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ABSTRACT 

 
A pot experiment was carried out under greenhouse conditions to trace the 

effect of water salinity and bacterial inoculation on growth parameters and nutrient 
uptake by lupin (Lupinus Albus L.). Experimental results showed that the growth 
parameters i.e. shoot and root dry weight and nutrient uptake by different plant parts 
were frequently affected by the effective factors. Dry matter yield of shoots was 
gradually increased with increasing water salinity levels. This phenomenon was more 
pronounced with 3 dS m-1 rather than 6 dS m-1 water salinity level. This holds true with 
all inoculation treatments. Similar trend was noticed with root dry matter yield but only 
in case of uninoculated treatment while the other inoculants reflected decline trend 
with increasing water salinity levels up to 6 dS m-1. N uptake by shoots was positively 
affected by water salinity levels under bacterial inoculation except the dual treatments 
where N uptake tended to decrease with increasing water salinity levels. N uptake by 
roots was severely affected by increasing water salinity levels as compared to fresh 
water treatment. N uptake by shoots was enhanced by inoculation under different 
water salinity levels as compared to the uninoculated treatment. Nitrogen uptake by 
roots was dramatically affected by inoculation. It was only increased by inoculation 
when plants were irrigated with fresh water. 

Acquisition of K by shoot and roots of lupin plants was frequently affected by 
either water salinity or bacterial inoculation. Concerning the effect of bacterial 
inoculation, in general, the values of K-uptake by  shoots was increased due to 
inoculation treatments. Opposite direction was noticed with root-K where it decreased 
with inoculation treatments comparable to uninoculated one. 

Sodium uptake by shoot and root was positively affected by either increasing 
water salinity levels or bacterial inoculation. It is obvious that Na absorption was 
gradually increased with increasing water salinity levels up to 6 dS m-1. This holds true 
under all inoculation treatments. Also, the results of both shoots and roots were nearly 
closed to each other. Generally, the highest values of Na content in shoots or roots 
were recorded with 6 dS m-1 water salinity level.   
Keywords: Bacterial inoculation, Lupin, Nutrient uptake, Sandy soil, Water salinity   

 

INTRODUCTION 
 
     The increased demand of freshwater resources is a global concern, but for 
the Mediterranean region and particularly the arid and semi-arid region, it 
becomes a serious challenge (Hamdy 2005).  
     Plant needs for water and nutrients are interdependent. Water is not only 
required for the growth of plants but is also the medium through which 
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nutrients are transported to the roots and absorbed by them. A good water 
supply improves the nutritional status of crops, and an adequate nutrient 
supply saves water. A crop can suffer from several types of stresses during 
its growth. These may be caused by soil, moisture, temperature, salinity, 
nutrient deficiencies or toxicities, pests and diseases. The response of crops 
to various stresses is often affected by their nutrient status. Optimizing plant 
nutrition can enable the crop to withstand such stresses and emerge with 
minimum loss of yield (Vlek and Vielhauer 1994). 

In saline and alkaline soils, exchangeable Na is present in very large 
amounts compared with exchangeable Ca and K. Na is not an essential plant 
nutrient. There are indications of an association between the tolerance of a 
crop or a crop variety to salinity and its K status. Salt-tolerant crops are 
generally found to contain more K than crops susceptible to salinity. It has 
been shown that crop varieties that can absorb K in preference over Na are 
relatively more tolerant to salinity and alkalinity (Rana, 1986). In tomatoes, 
the K+/Na+ selectivity ratio was also higher in the salt-tolerant variety than in a 
non-tolerant variety (Kant and Kafkafi, 2002). These results suggest that 
maintaining adequate levels of K and K+/Na+ ratios in plant cells is essential 
for normal growth under saline conditions. 
     Bacteria of the genus Rhizobium are able to establish symbiotic 
relationships with many leguminous plants, as a result of which the nitrogen 
gas (N2) of the air is “fixed” or converted to ammonium ions that can be 
utilized by plants. Inoculation with Rhizobium is recommended for legumes 
(pulses, oilseeds and forages). On average, yield response to Rhizobium 
inoculation varies from 10 to 60 percent depending on the soil–climate 
situation and efficiency of the strain (Roy et al. 2006). Salinity is one of the 
most important stresses affecting legume development and symbiotic N2-
fixation (Zahran, 1999), being rhizobial–legume symbiosis, including nodule 
development and nitrogen fixation more sensitive to salt than either symbiotic 
partner by itself. 

Lupine as a leguminous crop is grown well even on poor soils, which 
gives to Lupine a distinct advantage. Application of both single and multi-
strains of Rhizobia has a positive effect on nodulation of Lupine cultivars 
cultivated on poor sandy soils (Raza et al. 2000). They also concluded that 
considerable genotypes-rhizobial isolate interactions should be borne in 
mind, therefore, continuous monitoring of symbiotic compatibility of lupine 
and Rhizobium isolates is important Lupine-Rhizobium specificity and effects 
on enhancement of dry matter accumulation and N nutrition was defected 
(Howieson et al, 1994). 

Azospirillum, a spiral-shaped N-fixing bacteria, is widely distributed in 
soils and grass roots. Major species of Azospirillum are Azospirillum 
brasilense and Azospirillum lipoferum. It can fix 20–50 kg N/ha in association 
with roots. It also produces hormones such as indole acetic acid (IAA), 
gibberellic acid (GA), cytokinins and vitamins. Free-living nitrogen (N) fixation 
can be important for sustainable soil fertility, particularly in extensively 
managed soils with low abundance of leguminous plant species. The activity 
of free-living N2-fixers is more important in soils having low active microbial 
biomass and low N-mineralization rates (Patra et al. 2006). 
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These bacteria are interesting because, firstly, they can assimilate 

atmospheric nitrogen and in this way contribute to nitrogen nutrition of plants; 
secondly, they promote absorption of nutritive substances by the plant and 
create beneficial conditions for the protection of the root system from 
pathogenic bacteria, and thirdly, they participate in the regulation of the flow 
of nutrients and the production of auxin phytohormones (Steenhoudt and 
Vanderleyden, 2000). Saatovich (2006) examined the tolerance of 
Azospirillum brasilense and Azospirillum lipoferum to salt stress and he found 
that Azospirilli strains displayed a varying salt resistance on potato medium 
containing a range of NaCl concentrations from 100 to 800 mM. The 
decrease in the nitrogen-fixing activity of azospirilli was detected starting from 
200 mM NaCl. 

Bashan et al. (1990) showed that the capacity of Azospirillum brasilense 
to enhance the accumulation of K+, P, Ca2+, Mg2+, S, Na+, Mn2+, Fe2+, B, 
Cu2+, and Zn2+ in inoculated wheat and soybean plants was evaluated by 
using two different analytical methods with five A. brasilense strains 
originating from four distinct geographical regions. The degree of plant 
response to inoculation varied among the different strains of A. brasilense. All 
strains were capable of colonizing roots, but the best root colonizer, 
Pseudomonas sp., had no effect on plant growth. They suggested that, 
although A. brasilense strains are capable of changing the mineral balance 
and content of plants, it is unlikely that this ability is a general mechanism 
responsible for plant improvement by A. brasilense. Similar findings were 
reported by Galal and Ali (2004, also see the references there in); Galal 
(1997).    

The objective of this work is to examine the response of lupin plant to 
bacterial inoculation under water salinity stress with special emphasis on 
growth parameters as well as nutrient availability to the host plant. 
 

MATERIALS AND METHODS 
 

A pot experiment was installed under greenhouse conditions using lupin 
(Lupinus Albus L. Giza 2) as a tested crop. Light texture sandy soil collected 
from the area of Inshas that belonging to Sharkeya Governorate. Some 
physical and chemical characteristics of soil samples are presented in Table 
1. Soil samples were packed in plastic pots at rate of  5 kg pot-1. Soil was 
prepared and mixed with base doses of 50 kg K fed-1  as potassium sulfate 
and 150 kg P fed-1 as superphosphate before planting. 

All pots were seeded with lupin at rate of 8 seeds pot-1. After emergency 
the lupin seedlings were thinned to 5 seedling pot-1. Thirty-six pots were 
arranged in greenhouse according to the completely randomized block 
design. Seeds of lupines were coated with peat-based carrier of Rhizobium 
leguminosarum as described by Vincent (1970). While Azospirillum 
brasilense inoculum was added as liquid broth into the holes of each seedling 
(1 ml hole-1). Uninoculated treatment was also included. After emergency, the 
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labeled 15N-fertilizer (15NH2SO4 with 2% atom excess), was applied at rate of  
20 units of N for both inoculated and uninoculated plants. 

 
Fertilizer was diluted in proper volume of bidistilled water according to 

calculated amounts of labeled N fertilizer needed for the experiments, then 
mixed thoroughly and applied carefully to the surface of each pot. The 
experimental treatments were as following: 

1- Uninoculated 
2- Inoculated with Azospirillum brasilense 
3- Inoculated with Rhizobium leguminosarum 
4- Inoculated with Azospirillum brasilense+ Rhizobium leguminosarum 

 
Irrigation water 

 All of these treatments were irrigated with F.W., 3 and 6 dS m-1. Saline 
irrigation water prepared by mixing sea water (35.5 dS m-1) with fresh water, 
according to the following equation, to give the following salinity levels: 

1- 50 ml of sea water + 1130 ml of fresh water to obtain 3 dS m-1 
salinity level. 

2- 100 ml of sea water + 930 ml of fresh water to obtain 6 dS m-1 
salinity level. 

3- Fresh water was also included as control treatment. 
The equation of Ayers and Westcot (1989) for calculating the irrigation water 
EC. 

ECs.w    ECF.w 
   [ ECs.w * proportion used ] + [ ECF.w  * proportion used ]  =  ECmix.water 

 
At harvest time, the plants were picked up from the soil, carefully washed 

with tape water then separated into shoots and roots. Both organs were oven 
dried at 70 0C for 48 h, then the dry weight of shoots and roots were 
recorded. The plant parts were subjected to chemical analyses. 
 
Bacterial Inoculants 

Rhizobium leguminosarum var viceae and Azospirillum brasilense NO 40 
were provided by culture collection unit of biofertilizers production, 
Agricultural Research Center (ARC). It practically adapted to saline soil 
conditions.  

Rhizobium leguminosarum var viceae culture was maintained and 
multiplied on yeast extract mannitol medium (YEM) agar slops (Vincent, 
1970). Azospirillum brasilense was multiplied on NFb liquid medium 
containing 0.1%NH4Cl (Döbereiner and Day, 1976) 
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Table 1. Some physical and chemical properties of the experimental soil 

samples. 

 
The chemical analysis of saline water used in the present study is listed in 
Table (2). 

 
Table 2. Chemical analysis of saline water used for irrigation. 

Property Value 

pH 8.4 
EC 35.5 dS m-1 
Cl- 336.7 meq l-1 
Mg++ 147.4 meq l-1 
Ca++ 22.1   meq l-1 
B 4.35   meq l-1 
HCO3

- 3.4     meq l-1 

 
Determinations 

- All chemical analysis of soil samples were determined according to 
Page et al. (1982). 

- All chemical analysis of plant samples were determined according to 
ICARDA Manual (Ryan et al., 2001) and Hamdy (2005). 

 
Statistical Analysis 

Analysis of variance (ANOVA) for the final data obtained in the present 
study was carried out and Least Significant Differences (LSD) among the 
means of various treatments followed by Duncan’s multiple range test was 
also applied at 5% level according to SAS, (1987).  
 

 

Property Value 

Soil texture (%)  
Sand 88.5 
Clay 8.8 
Silt 2.7 
pH (1:2.5 H2O) 7.8 
EC (dS m-1) 0.35 
Organic matter (%) 0.03 
Total N (%) 0.08 
Available P (mg kg-1 soil) 2.1 
Available K (mg kg-1 soil) 15.0 
Cations (meq 100 g-1 soil)  
Na+ 0.32 
K+ 0.09 
Ca++ 1.2 
Mg++ 1.0 
Anions (meq 100 g-1 soil)  
HCO3

- 0.88 
CO3

2- 0.00 
SO4

2- 0.53 
Cl- 1.20 
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RESULTS AND DISCUSION 

 
Dry matter yield 

Experimental data presented in Table (3) indicated that the dry matter 
yield of shoot and root was significantly affected by either inoculation or water 
salinity levels. Dry matter yield of shoots was gradually increased with 
increasing water salinity levels. This phenomenon was more pronounced with 
3 dS m-1 rather than 6 dS m-1 water salinity level. This holds true with all 
inoculation treatments. Similar trend was noticed with root dry matter yield but 
only in case of uninoculated treatment while the other inoculants reflected 
decline trend with increasing water salinity levels up to 6 dS m-1. High values 
of root dry matter yield were recorded under fresh water when the plants 
inoculated with Azospirillum either individually or in combination with 
Rhizobium. In this regard, the shoot dry matter, under 3 dSm-1 water salinity 
level, was relatively increased by about 10.6%, 40.5%, 12.5% and 7.9% over 
fresh water, for uninoculated, Azospirillum, Rhizobium and dual inoculants, 
respectively. Under 6 dS m-1 level these relative increments were 10.6%, 
29.1%, 3.4% and -1.1% for the same sequence. Regarding the root dry 
matter yield, under inoculation treatments, reduction was induced by 
increasing water salinity levels up to 3 and 6 dS m-1. Reduction was about 
24.7%, 11.7% and 6.8%, 14.3% for Azospirillum and Az + Rh under 3 and 6 
dS m-1,  respectively. Variation in root dry matter as affected by water salinity 
levels under Rhizobium inoculation was negligible. These results are in 
harmony with those obtained by Ali (2003) who found that the dry weight of 
lupin shoots and seeds were slightly increased at 3 dS m-1 water salinity level 
comparable to fresh water treatment while roots were decreased with the 
same level and up to 9 dS m-1 levels. Also, he found that the growth 
parameters of plants inoculated with salt-tolerant strains of Rhizobium were 
better than those inoculated with normal one. Reduction of plant growth and 
dry-matter accumulation under saline conditions has been found in several 
important grain legumes (Delgado et al., 1994). On the same line, Tejera et 
al., (2006) reported that the parameters of growth and nitrogen fixation were 
affected under salt stress in all chickpea cultivars tested; plant dry weight 
decreased by about 15% in ILC1919; and in Sirio and Lechoso about 50% 
with the highest salt dosage (100mM NaCl). ILC1919 showed a less growth 
accompanied by a lower dry matter formation under low salt conditions 
compared with most of the salt sensitive cultivar. Nitrogenase activity 
decreased by about 60% in the salt-resistant cultivar (cv. ILC1919) and more 
than 90% in salt-sensitive cultivars (cv. Sirio and Lechoso) with the highest 
salt dosage during the reproductive growth. 
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Table 3. Effect of irrigation water salinity and bacterial inoculation on 

dry matter yield (g pot-1) of shoot and root of lupin plants 
Inoculation 
treatment 

Shoot Root 

Irrigation water salinity dS m-1 

F. water 3 6 F.  water 3 6 

Uninoc 8.5 9.4 9.4 3.8 7.3 5.5 

Az 7.9 11.1 10.2 7.3 5.5 6.8 

Rh 8.8 9.9 9.1 5.4 5.4 5.1 

Az + Rh 8.9 9.6 8.8 7.7 6.8 6.6 

LSD 0.05       

Inoculation       

Salinity       

I x S       
Means in the same column followed by the same letter are not significantly different at P≤ 
0.05 

 
Growth response to NaCl treatment varied with the common bean  

genotypes, as shown by shoot and root dry weights. The growth of plants of 
the five cultivars tested was very much affected by salinity at 25 mM, where 
an important and significant shoot and root dry weight decrease was noticed 
(p<0:05). Maximal reductions in shoot and root dry weights caused by 25mM 
of salinity were respectively 69% and 71%, registered for Coco Blanc 
(Bouhmouch et al. 2005).  

Concerning the effect of bacterial inoculation, the dry weight of shoots 
and roots was significantly affected under different water salinity levels. Shoot 
dry matter was decreased with individual Azospirillum but increased with 
individual Rhizobium and dual inoculum when plants were irrigated with fresh 
water. Under 3 dS m-1 water salinity level, all inoculation treatments induced 
an increase of shoot dry weight as compared to the uninoculated control. 
With 6 dS m-1, only Azospirillum inocula induced increase in shoot dry weight 
while a slight reduction was indicated with Rhizobium either alone or in 
combination with Azospirillum. Another view was noticed with root dry weight 
where it increased by inoculation, in general, when irrigation with fresh water 
taken place. In this respect, the highest value was recorded with dual 
inoculum followed by Azospirillum then Rhizobium. It accounts for more than 
one fold, 92% and 42% over the uninoculated treatment for dual inoculum, 
Azospirillum and Rhizobium, respectively. Application of 3 dS m-1 water 
salinity level showed a reduction in root dry weight as affected by inoculation 
treatments. Reduction was more pronounced with individual inoculants than 
dual one. Under 6 dS m-1 water salinity level, the trend was fluctuated where 
the root dry matter yield was increased over the uninoculated control with 
Azospirillum alone and dual inoculum while it slightly decreased with 
Rhizobium. In general, our results are partially agree with Bashan et al. 
(1990) who stated that all growth parameters measured for soybean were 
significantly higher for A. brasilense-inoculated plants than for noninoculated 
plants, regardless of the bacterial strain. Similarly, Molla et al. (2001) reported 
that the treatment of clipped soybean roots with A. brasilense Sp7 caused a 
63% increase in root dry weight, but more than a 6-fold increase in specific 
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root length (root length per unit root dry weight), and more than a 10-fold 
increase in total root length. 

Vessey (2003) reviewed evidence for a number of modes of action for 
PGPR stimulation of legume–rhizobia symbioses, but the most commonly 
implicated mode is phytohormone-induced (usually IAA) stimulations of root 
growth (e.g., Molla et al., 2001; Srinivasan et al., 1996; Vessey and Buss, 
2002). In this way, the stimulation of nodulation is most commonly an indirect 
effect; the PGPR stimulates root growth, which provides more sites for 
infection and nodulation. However, this is not always the case. Cattelan et al. 
(1999) found that a number of putative PGPR had positive effects on shoot 
and/or root growth in soybean and were positive for production of IAA or ACC 
deaminase, but these putative PGPR had no positive effects on nodulation. In 
fact, Cattelan et al. (1999) found several rhizospheric isolates which 
stimulated aspects of the soybean–bradyrhizobia symbiosis and which had â-
glucoanase or cyanide production (if these substances were involved or how 
they might stimulate the soybean–bradyrhizobia symbiosis is unclear). Some 
PGPR that stimulate legume–rhizobia symbioses appear to more directly 
influence the development of the symbioses. Burdman et al. (1996) related 
Azospirillum brasilense-mediated stimulation in nodulation of common bean 
to an increased production of flavonoids by the legume host. 
 
Nitrogen uptake 

Nitrogen uptake by shoot and root of lupin was presented in Table (4). It 
seems that the N uptake by shoots was positively affected by water salinity 
levels under bacterial inoculation except the dual treatments where N uptake 
tended to decrease with increasing water salinity levels. Relatively, results 
showed the following orders: 

Uninoculated: 6 dS m-1(33%) > 3 dS m-1 (10.4%) > Fresh water 
Azospirillum: 6 dS m-1(113%) > 3 dS m-1 (89%) > Fresh water 
Rhizobium:    3 dS m-1 (1.5%) > Fresh water > 6 dS m-1 (-19%) 
Az + Rh:        Fresh water > 6 dS m-1 (-2.7%) > 3dS m-1 (-8.2%)  
These trends reflected that lupin plants grew well under uninoculated 

treatment, inoculation with Azospirillum and to somewhat extent with 
Rhizobium but negatively affected when the dual inoculation was concerned. 
Despite of that, the reduction in nitrogen uptake by shoots was non significant 
and could be neglected . Concerning roots, N uptake, in general, tended to 
decrease with increasing water salinity levels up to 6 dS m-1 under all 
inoculation treatments. In this respect, the interaction between water salinity 
and bacterial inoculation revealed the following orders: 

 Uninoculated: 3 dS m-1 (40.5%) >  6 dS m-1(33%) > Fresh water 
Azospirillum: Fresh water > 3 dS m-1 (-25.6%) > 6 dS m-1(-33.5%)   
Rhizobium:    Fresh water > 3 dS m-1 (-16.6%) > 6 dS m-1(-28.6%)   
Az + Rh:        Fresh water > 3 dS m-1 (-39.5%) > 6 dS m-1(-42%)   

This indicates, except the uninoculated treatment, that N uptake by roots was 
severely affected by increasing water salinity levels as compared to fresh 
water treatment.   

Bacterial inoculation, in most cases, reflected enhancement of N uptake 
by shoots under different water salinity levels as compared to the 
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uninoculated treatment. With exception of fresh water treatment, Azospirillum 
inoculation cause increments in N uptake under both 3 and 6 dS m-1 salinity 
levels. In this respect, the relative increments were 28.8% and 20.3% for 3 dS 
m-1 and 6 dS m-1 water salinity levels, respectively.  In case of Rhizobium 
alone or in combination with Azospirillum, increase of N uptake by shoots 
was only recorded with fresh water and 3 dS m-1 treatments, but a little bit 
reduction was noticed under 6 dS m-1 salinity level. Relative increments were 
account for 36.8% and 25.8% ; 26.1% and 4.9% under fresh water and 3 dS 
m-1 for Rhizobium and Rhizobium plus Azospirillum, respectively. On the 
other hand, the relative reductions induced under 6 dS m-1 salinity level were 
-16.6% and -7.7% for the same sequence of bacterial inoculants. Nitrogen 
uptake by roots was dramatically affected by inoculation.  
 
Table 4. Effect of irrigation water salinity and bacterial inoculation on N 

uptake   (mg pot-1) by shoot and root of lupin plants 
Inoculation 
treatment 

Shoot Root 

Irrigation water salinity dS m-1 

F. water 3 6 F.  water 3 6 

Uninoc 7.23 CD 7.98 BCD 9.61 ABC 2.94 C 4.13 ABC 3.68 ABC 

Az 5.43 D 10.28 AB 11.56 A 4.96 AB 3.69 ABC 3.30 ABC 

Rh 9.89 ABC 10.04 AB 8.01 BCD 4.34 ABC 3.62 ABC 3.10 C 

Az + Rh 9.12 ABC 8.37 BCD 8.87 ABC 5.19 A 3.14 BC 3.01 C 

LSD 0.05 

Inoculation 
Salinity 
I x S 

1.957 
2.292 
2.606 

1.333 
1.560 
1.775 

Means in the same column followed by the same letter are not significantly different at P≤ 
0.05 

 
It was only increased by inoculation when plants were irrigated with fresh 

water. Under both 3 and 6 dS m-1 salinity levels, slight decrease was noticed 
with inoculation comparing to uninoculated treatment. Relative increments in 
root-N, under fresh water,  as affected by bacterial inoculation could be as 
following: 

 Azospirillum+Rhizobium > (76.5%) Azospirillum (68.7%) > Rhizobium 
(47.6%) 

Opposite direction was recorded with 3 and 6 dS m-1 water salinity levels 
where the root-N tended to decrease with inoculation. Decreases followed the 
next trends: 
Under 3 dS m-1: 
Azospirillum (-10.7%) > Rhizobium (-12.3%) > Azospirillum + Rhizobium  
(-24%) 
Under 6 dS m-1: 
Azospirillum (-10.3%) > Rhizobium (-15.8%) > Azospirillum + Rhizobium  
(-18.2%) 

These results indicted that the bacterial inoculants were negatively 
affected by salinity stress of irrigation water.  
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In accordance, Tilak et al. (2006) stated that the Rhizobium strain AR-2–
2 k interacted differentially with PGPR isolates and showed significant 
variations in nodulation, N2 fixation and total N content in shoots of 
pigeonpea. Co-inoculation of all cultures of PGPR produced more nodules, a 
greater dry weight of nodules and more N in shoots than a single inoculation 
with Rhizobium strain AR-2–2 k and uninoculated control plants. Also, he 
added that the N in shoots increased by 15.2, 8.5 and 14.3% after combined 
inoculation of seed with Rhizobium and Pseudomonas putida, P. fluorescens 
and Bacillus cereus, respectively, compared with Rhizobium inoculation 
alone. 

Despite the lack of evidence indicating that N applied to saline soils or 
media above a level considered optimal under non-saline conditions 
improves plant growth or yield ( Grattan and Grieve 1999), a number of 
laboratory and greenhouse studies have shown that salinity can reduce N 
accumulation in plants (Pessarakli, 1991; Al-Rawahy et al., 1992). This is not 

In a greenhouse experiment conducted by Mer et al. (2000) on four crop 
plants in the western region of Gujarat State\ India to assess their responses 
to increasing levels of soil salinity. Of the four crop plants tested (Hordeum 
vulgare, barley; Triticum aestivum, wheat; Cicer arietinum, gram and Brassica 
juncea, mustard), barley appeared to be the most tolerant to salinity with 
regard to seed germination and early growth of the plants. Wheat; gram and 
mustard were tolerant only to low soil salinity. However, high salt 
concentrations in the soil reduced the absorption of nitrogen and phosphorus 
by the young plants. The imbalance of mineral nutrients resulted in a 
reduction or an inhibition of plant growth. High salinity also caused burning 
symptoms on the leaves and shoot apices of barley. 
 
Potassium uptake by shoot and root 

As shown in Table (5), the acquisition of K by shoot and roots of lupin 
plants was frequently affected by either water salinity or bacterial inoculation. 
Potassium in shoots tended to increase with increasing water salinity levels 
up to 6 dS m-1. This holds true with different inoculants including the 
uninoculated treatment. It is worthy to mention that the highest values of 
potassium accumulated in shoots as affected by water salinity were recorded 
with Rhizobium inoculation while the lowest were under uninoculated 
treatment. Ascending order of K accumulation in shoots with increasing water 
salinity could be arranged as following: 

Uninoculated:  6 dS m-1 > 3 dS m-1 > Fresh water 
Azospirillum:  3 dS m-1 > 6 dS m-1 > Fresh water 
Rhizobium:     3 dS m-1 > 6 dS m-1 > Fresh water 
Az + Rh:         6 dS m-1 > 3 dS m-1 > Fresh water 

Another view was recorded with root-K, where it increased with 
increasing water salinity level only with dual inoculation (Az + Rh). Reversible 
trend was noticed with the rest of inoculation treatments where it declines 
with increasing water salinity levels up to 6 dS m-1. In this regard, the highest 
reduction in absorbed  K was recorded with 6 dS m-1 under the uninoculated 
treatment (58.3 mg pot-1). While the highest increment in root-K was noticed 
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also with 6 dS m-1 but under dual inoculation of Azospirillum plus Rhizobium 
(74.3 mg pot-1). 
 
Table 5. Effect of irrigation water salinity and bacterial inoculation on K 

uptake   (mg pot-1) by shoot and root of lupin plants 
Inoculation 
treatment 

Shoot Root 

Irrigation water salinity dS m-1 

F. water 3 6 F.  water 3 6 

Uninoc 33.7 C 34.0 C 40.3 ABC 78.7 A 69.7 A 58.3 A 

Az 34.0 C 43.7 ABC 38.7 BC 74.7 A 63.3 A 63.3 A 

Rh 42.0 ABC 52.7 A 52.3 AB 71.0 A 65.3 A 67.0  A 

-Az + Rh 40.3 ABC 45.3 ABC 47.0 ABC 59.7 A 61.7 A 74.3 A 

LSD 0.05 

Inoculation 9.834 
11.51 
13.10 

21.90 
25.64 
29.16 

Salinity 

I x S 
Means in the same column followed by the same letter are not significantly different at P≤ 
0.05 
 

Concerning the effect of bacterial inoculation, in general, the values of K-
uptake by  shoots was increased due to inoculation treatments. In this regard, 
the best values were recorded with individual Rhizobium followed by dual 
inoculum then the Azospirillum. This holds true under all water salinity levels. 
Opposite direction was noticed with root-K where it decreased with 
inoculation treatments comparable to uninoculated one. This holds true under 
fresh water and 3 dS m-1 water salinity levels, but with 6 dS m-1 level the 
absorption of K by roots was increased due to different inoculation 
treatments. Under this level, the best value of K uptake was recorded with 
dual inocula followed by Rhizobium, the Azospirillum. Relative increments in 
this case were accounted for 27.4%, 14.9% and 8.6% over the uninoculated 
control for dual inoculum, Rhizobium and Azospirillum, respectively. 
 
Sodium uptake by shoot and root 

Data presented in Table (6) showed that Na uptake by shoot and root 
was positively affected by either increasing water salinity levels or bacterial 
inoculation. It is obvious that Na absorption was gradually increased with 
increasing water salinity levels up to 6 dS m-1. This holds true under all 
inoculation treatments. Also, the results of both shoots and roots were nearly 
closed to each other. Generally, the highest values of Na content in shoots or 
roots were recorded with 6 dS m-1 water salinity level.   

Bacterial inoculation reflected, in general, increase in Na uptake by 
shoots (F.W. and 3 dS m-1) or roots (F.W. and 6 dS m-1 )especially in case of 
dual inoculation treatment where the highest values were recorded. 
Relatively, it accounts for 9.7%, 14% and -06%; 40.3%, -0.5% and 21.2% for 
fresh water, 3 dS m-1 and 6 dS m-1 under shoots and roots, respectively. 
Sometimes, the interaction between water salinity levels and inoculation 
treatments reflected fluctuated trends in sodium uptake by either shoots or 
roots. 
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The salinity sensitivity of soybean cultivars was studied to determine the 
effect of salinity on seed germination, shoot and root dry weights, and leaf 
mineral contents (Essa 2002). He added that salinity stress induced a 
significant increase in leaf sodium (Na+) and chloride (Cl-) in all cultivars. 
However, the cultivar Lee maintained lower Na+ and Cl- concentrations, a 
higher potassium (K+) concentration and a higher K+/Na+ ratio at higher 
salinity levels than Coquitt and Clark 63. Saline stress reduced the 
accumulation of K+, calcium (Ca2+) and magnesium (Mg2+) in the leaves of 
the cultivars studied. 
 
Table 6. Effect of irrigation water salinity and bacterial inoculation on Na 

uptake   (mg pot-1) by shoot and root of lupin plants 
Inoculation 
treatment 

Shoot Root 

Irrigation water salinity dS m-1 

F. water 3 6 F.  water 3 6 

Uninoc 62.0 C 74.3 BC 97.3 A 66.3 BC 79.7 ABC 83.3 ABC 

Az 62.0 C 81.3 AB 92.0 A 63.7 BC 76.0 ABC 90.3 ABC 

Rh 60.7 C 94.0 A 96.0 A 61.7 C 86.0 ABC 99.3 A 

Az + Rh 68.0 C 84.7 AB 96.7 A 93.0 AB 79.3 ABC 101.0 A 

LSD 0.05 

Inoculation 11.36 
13.30 
15.13 

20.94 
24.52 
27.89 

Salinity 

I x S 
Means in the same column followed by the same letter are not significantly different at P≤ 
0.05 

 
 Numerous studies with a wide variety of horticultural crops have shown 

that K+ concentration in plant tissue, expressed on a dry mass basis, declines 
as the Na-salinity or as the Na+/Ca2+ in the root media is increased (e.g. 
Graifenberg et al., 1995; Perez-Alfocea et al., 1996). In contrast, other 
research has demonstrated that K+ may be preferentially acquired and 
transported against a strong Na+ concentration gradient. As a result, K+ levels 
in the cell sap of bean leaves increased with increasing NaCl-salinity 
(Cachorro et al., 1993). Often, however, leaf-Na+ accumulation increases in 
concert with leaf-K+ and both K+/Na+ ratio and K+:Na+ selectivity coefficient 
decrease with increases in salinity (Akhavan-Kharazian et al., 1991; Cachorro 
et al., 1993). 

The effective role of Azospirillum inocula on growth and nutrient uptake 
when accompanied with other microorganisms has excellently reviewed by 
Bashan et al. (2004). The most notable phenomenon in Azospirillum 
inoculation, as in the early 1990s (Bashan and Holguin 1997a, b), is that 
inoculation is more successful and more profitable when other 
microorganisms are co-inoculated with Azospirillum. Inoculation consortia 
apparently work better when phosphate-solubilizing bacteria, Azotobacter, 
rhizobia, bacilli, and VAM fungi are incorporated, perhaps aiding the growth 
of each other by synergistically providing nutrients, removing inhibitory 
products, and in the process, enhancing plants’ ability to grow better. 
Although most mechanisms by which co-inoculation affects plant growth are 
as yet unknown, apparently co-inoculation allows plants to achieve a more 
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balanced nutrition and (or) absorption of nutrients is improved. The most 
notable phenomena reported are increased mineral uptake, reduction in the 
use of N and P fertilizers by 25%–50%, increases in available NPK from soil, 
enhanced quality characteristics of the yield, higher net return, and better 
cost-benefit ratio. In many inoculation tests, especially in developing 
countries, it appeared that co-inoculation was the method of choice in the last 
decade. With better characterization of the strains and better inoculant 
carriers, it might be the preferred future mode of application for Azospirillum 
at the field level. 
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اه تعزيز امتصاص المغذيات بواسطة نبات الترمس الملقح  بالبتتيريحا والمحروا بالميح
 المالحة

 عحدل ، محمحد 2، يحيح  الح م محمحد الح م2، سليمان محمحد سحليمان1السيد محمود الحديدا
 1السيد سليمان

والمياه، مرتحز البححوث  األراض قسم بحوث  2، تلية الزراعة، الامعة المنصورة ، األراض قسم  1
 15731 أبو زعبمالنووية، هيئة الطاقة الذرية، 

 

بالميعا  المالحعة والتيحعي   العر لتتبع  أرعر  وبة الزجاجيةالصأجريت تجربة أصص تحت ظروف 
محاييس النمو وامتصاص المغذيات بواسطة نبات الترمس. أوضحت النتائج أن محاييس عيى  البكتير 

النمععو مرععو الععوزن الجععاف ليسععوو والجععذور وكععذلي امتصععاص المغععذيات تععرررت بت ععاوت بميععا  الععر  
معامالت التيحعي  البكتيعر . العوزن الجعاف ليسعوو ازداد تعدريجيا بزيعاد  مسعتوم ميوحعة ميعا  وكذلي 

ديسيسععيمينز ع عن ععا اععى حالععة  3الععر  و ععد كانععت ظععذ  الظععاظر  أكرععر وضععوحا عنععد مسععتوم ميوحععة 
ديسيسيمينز ع. كان ظذا اى ظو جمي  معامالت التيحي  البكتير . ن س االتجعا  لعوحظ مع   6المستوم 

المعامالت تراج  اى نتاج المعاد   با يور ولكن احط م  معامية الشاظد غير الميححة بينما عكست الجذ
. امتصعاص النيتعروجين بواسعطة السعوو تعررر العر الجااعة ليجعذور مع  زيعاد  مسعتويات ميوحعة ميعا  

  المعزدوج ايمعا ععدا معاميعة التيحعي البكتير الميا  واى ظو معامالت التيحي   بمستويات ميوحةايجابيا 
. اى حالة الجذور الر التنا ص م  زياد  مستويات ميوحة ميا   إلىحيث اتجه امتصاص النيتروجين 

بالميعا  العذبعة. تحسعن امتصعاص  بعالر تررر امتصاص النيتروجين بشد  بزياد  ميوحة الميعا  محارنعة 
حعة المتتي عة محارنعة اعى ظعو مسعتويات الميو البكتيعر النيتروجين بواسطة السعوو بمععامالت التيحعي  

احعط  البكتير بمعامية الشاظد غير الميححة. زاد امتصاص النيتروجين بواسطة الجذور مترررا بالتيحي  
 بالميا  العذبة. الر اى ظو 

تحعت  البكتيعر تررر امتصعاص البوتاسعيوع بواسعطة السعوو كعان مت اوتعا تبععا لمععامالت التيحعي  
عموما زاد امتصاص البوتاسيوع بواسعطة السعوو اعى ظعو  .لر االمستويات المتتي ة من ميوحة ميا  

. لوحظ اتجاظا معاكسا اى حالة الجذور حيث تنا ص امتصعاص البوتاسعيوع البكتير معامالت التيحي  
 محارنة بمعامية الشاظد غير الميححة. البكتير مترررا بالتيحي  

وكععذلي  الععر ميوحععة ميععا   تععررر امتصععاص الصععوديوع بواسععطة السععوو والجععذور ايجابيععا بزيععاد 
معععامالت التيحععي  احععد كععان واضععحا الزيععاد  المتدرجععة اععى امتصععاص الصععوديوع معع  زيععاد  مسععتويات 
الميوحة تحت جمي  معامالت التيحي . كانت  يع الصوديوع متحاربة جدا اى كو معن السعوو والجعذور. 

ر مع  مسعتوم الميوحعة بوجه عاع رصدت أعيى  يمة المتصاص الصوديوع بواسطة السوو أو الجعذو
     ديسيسيمينز ع.   6
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