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Abstract 
Faba bean cultivar Giza 3 inoculated with Rhizobium leguminosarum RCR 1001 
was grown in a pot experiment and irrigated with saline water ( mixture of NaCl 
and CaC12 0.25 Ca:Na on molar basis). Salinity levels of 5.8, 8.8, 11.6 and 
14.6 d Sm "! (equivalent to 50, 75, 100 and 125 mM NaCl) significantly decreased 
nodule number, nodule fresh weight and total nitrogenase activity. Salinity in­ 
hibited specific nitrogenase activity, protein, leghaemoglobin and carbohydrate 
content of the nodules at 11.6 and 14.6 d Sm "! (100 and 125 mM NaCl). Salin­ 
ity levels of 8.8, 11.6 and 14.6 dSm-1 (75, 100 and 125 mM NaCl) caused a 
significant reduction in dry weights of roots, stems, leaves and total plant ni­ 
trogen. The results indicated that Rhizobium leguminosarum RCR 1001 formed 
an infective and effective symbiosis with faba bean under saline conditions. A 
noticeable decline in nitrogenase activity and total nitrogen concentration in 
the plant under saline conditions could be attributed to nodule senescence, as 
shown by the lowering trend of leghaemoglobin, soluble protein and carbohy­ 
drate contents of cytosol and bacteroids. 

Keywords: acetylene-reducing (nitrogenase) activity, nodulation, Rhizobium, salin­ 
ity, Vicia faba 
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1. Introduction 

Salinity is an osmotic stress responsible for major crop losses the world 
over, especially in semi-arid soil and irrigated agriculture. The area affected 
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by salinity in Egypt and elsewhere is increasing each year. In legumes salinity 
can result in a root system devoid of root hairs and a mucilaginous layer, and 
incapable of forming an infection thread (Singleton and Bohlool, 1984; Zahran 
and Sprent, 1986). 

Unsuccessful symbiosis may be attributed to failure in the infection process 
due to poor establishment of Rhizobium (Rai and Prasad, 1983). The reduction 
of nodulation in soybean under saline conditions was attributed to shrinkage of 
the root hairs (Tu, 1981). Yousef and Sprent (1983) showed that NaCl affected 
nodulation and they concluded that there may also be effects on infection. 
There have been only a few studies (Salem et al., 1982; Yousef and Sprent , 

1983) on the effect of salinity on growth, nodulation and nodule physiology 
of Vicia faba. In this investigation it was intended to study the effect of a 
continuous supply of salinity on the nodulation, symbiotic nitrogenase activity 
and plant growth of Vicia faba. Protein, carbohydrate and leghaemoglobin 
contents of nodules ( cytosol and bacteroids) were also assessed. 
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2. Materials and Methods 
Plant culture and experimental conditions 

Surface-sterilized faba bean seeds ( Vicia faba L. cv. Giza 3) were inoculated 
with Rhizobium leguminosarum RCR 1001 (from Rothamsted Experimental 
Station, Harpenden, UK) and planted into each of 17 cm diameter plastic pots 
containing 3 kg sterilized clay soil. The soil characteristics of the experimental 
site are shown in Table 1. Seedlings were thinned to two per pot after 5 days. 
Plants were grown in a wire proof greenhouse maintained at 24±4°C, under 
natural day light in October-November. 

Five levels of salinity (mixture of NaCl and Ca.Cl.,, 0.25 Ca:Na on molar 
basis) of 0, 5.8, 8.8, 11.6 and 14.6 dSm-1 at 28°C (equivalent to 0, 50, 75, 100 
and 125 mM NaCl) were used. 
Irrigation with saline water started 5 days after planting and 30 ml of rel­ 

evant solution was given daily to each pot for 25 days. Thereafter the plants 
received only tap water until the end of the experiment. Plants were harvested 
8 weeks after starting the salt treatment (61 days after planting). This time 
period has provided large enough samples of nodules for analysis. 

Analyses 

Nitrogenase activity was determined on a detached root system, using the 
acetylene reduction assay (Hardy et al., 1968). Assays were conducted in a 
closed system. Roots were cut-off at coteledonary nodes, gently shaken to 
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Table 1. Some physical and chemical properties of a representative soil sample of the exper­ 
imental site 

Properties Values 

Texture analysis (w/w) 

Clay% 45.6 
Silt% 30.25 
Sand% 20.60 

Textural grade 

Saturation % H20 70.0 
Field capacity % H20 70.4 
Ece mmhos/cm (1:2) 1.51 

Soluble cations 
ca++meq/100 g soil 0.29 
Mg++meq/100 g soil 0.27 
Na+meq/100 g soil 0.55 

I K+meq/100 g soil 0.04 
~ Soluble anions 

C032- + HC03-meq/lOO g soil 0.25 
Cl-meq/100 g soil 0.75 
S042-meq/100 g soil 0.08 
pH (1:2 soil:water suspension) 7.5 
Organic matter % 1.55 
CaC03 % 5.45 
Total nitrogen % 0.05 

remove loose soil particles, placed in 556 ml mannitol bottles and sealed with 
a rubber septum. Fifty-five ml of acetylene were injected into the bottles 
which were then incubated at 28°C for 1 hr. The reaction was terminated 
using HCl (6 N). A 500 µl gas sample for each bottle was injected into a 
Pye Unicame 104 Gas Chromatograph containing a flame ionization detector 
and a 5 ftxl/8 inch glass column of activated alumina (80-100 mesh) at a 
temperature of 150°C. The carrier gas was nitrogen at 30 ml/min. Afterwards 
nodules of each individual root were counted and nodule fresh weights were 
measured. Dry weights of leaves, stems, roots and total nitrogen content of 
each organ were determined using Kjeldahal digestion (Black et al., 1965). 

Nodule fractionation and bacieroid isolation 

One gram of nodules was rinsed thoroughly with distilled water and im­ 
mediately handground in an ice-chilled mortar with 5 ml of bidistilled water. 
The homogenate was filtered through four layers of cheesecloth, and the fil­ 
trate was centrifuged at 500 g for 2 min to remove nodule debris. The 
resulting supernatant was centrifuged at 12,000 xg for 15 min to sediment 
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the bacteroids. The supernatant, referred to as nodule cytosol, was used for 
the determination of protein, leghaemoglobin and carbohydrate. Bacteroids 
were resuspended in bidistilled water and broken by Sonication (MSE Ultra­ 
sonic Disintegrator, MSE Co., USA) for 8 min. Cell debris was removed by 
centrifugation at 25,000xg for 30 min and the supernatant was saved for pro­ 
tein and carbohydrate determinations. Protein was determined according to 
Lowry et al. (1951). For the determination of water-soluble carbohydrates, the 
phenol-sulphuric acid method was used (Dubois et al., 1956). Leghaemoglobin 
was measured by colorimetry, essentially as described by Larue and Child 
(1979) using spectronic 2000 (Bausch and Lomb). The colorimetric assay was 
standardized using freshly prepared Hemetrol reagent (solution of cyanmethe­ 
moglobin titrated exactly according to the recommendations of BioMerieux, 
Marcy Ietoile, 69260 Chabon nieres les Bains, France). 

3. Results and Discussion 
Nodulation 

The total number of nodules on faba bean cv. Giza 3 plants significantly 
reduced as salinity increased. The inhibitory effect of salt on nodulation of 
Vicia Jaba appeared at the lowest salt level of 5.8 dSm-1 (50 mM NaCl) and 
became more inhibitory with increase in salt concentration (Table 2). The 
reduction in number was 24, 40, 51 and 68% for 5.8, 8.8, 11.6 and 14.6 dSm-1, 
respectively. 

Table 2. Effect of salinity (NaCl+ CaC'2) on nodulation and nodule activity of Vicia faba cv. 
Giza 3 inoculated with Rhizobium leguminosarum RCR 1001. Each value represents 
the mean of three replicates. 

Salt level Nodule no. Nodule F.W. Acelytne reduction 
dSm-1 (per plant) (mg/plant) 

µmol C2H4/hr/plant n mo! C2H4/hr/mg nodule 
F.W. 

0 126.7 425 3.63 8.90 
5.8 96.0 355 3.02 8.63 
8.8 75.7 250 2.08 8.43 
11.6 61.0 209 1.19 5.20 
14.6 40.0 116 0.65 4.73 

L.S.D 
p = 5% 3.4 11 0.10 1.29 
p = 1% 5.0 16 0.15 1.38 
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In salt-treated plants, total nodule weight per plant was reduced with in­ 
creasing amounts of salt given. A reduction of 16. 7, 41.2, 50.8 and 72.6% in 
nodule weight was caused by salinity levels of 5.8, 8.8, 11.6 and 14.6 dSm-1, 
respectively. Total nodule weight per plant followed a similar pattern to nodule 
number per plant. 

These results agree with the results of Yousef and Sprent (1983), Zahran and 
Sprent (1986), and Elsheikh and Wood (1990). Twenty mM NaCl (2.3 dSm-1) 
inhibited nodulation of ckickpea inoculated with four different Rhizobium 
strains by 16-20% (Lauter et al., 1981). Hafeez et al. (1988) reported that 
the nodulation of Vigna radiata was reduced by about half at a salinity level 
of 5.0 dSm-1 compared to 1.4 dSm-1. They also found that nodulation was 
completely depressed when salinity was raised to 10.0 dSm-1, regardless of the 
plant growth stage. In the experiments reported here nodulation was recorded 
at 125 mM NaCl (14.6 dSm-1 ). The reduction of failure in nodulation at high 
salinity might be attributed to shrinkage of root hairs (Tu, 1981; Zahran and 
Sprent, 1986). The processes of nodule initiation in soybean was reported to 
be extremely sensitive to NaCl. A reduction in nodule number and weight of 
50% occurred with 26.6 mM NaCl (3.1 dSm-1) in the rooting medium (Sin­ 
gleton and Bohlool, 1984). In this study, nodulation was reduced by 24% at 
50 mM NaCl (5.8 dSm-1 ). 

Nodule activity 

Nitrogenase (acetylene-reduction) activity per plant (total activity) was 
severely depressed by salinity (Table 2). A reduction of 16.8, 42.2, 67.2 
and 82.1 % in total activity was caused by salinity levels of 5.8, 8.8, 11.6, 
14.6 dSm-1, respectively. The results suggest that the depression in total ac­ 
tivity was due to salt reducing the nodule fresh weights per plant (Table 2). 
Specific nitrogenase activity (ethylene production per mg nodule) was signif­ 
icantly inhibited by salinity levels of 11.6 and 14.6 dSm-1 (100 and 125 mM 
NaCl) (Table 2). 
In salt-treated nodules, leghaemoglobin content was reduced with rising 

amount of salt. A reduction of 17, 13, 14 and 53% in leghaemoglobin content 
was caused by salinity levels of 5.8, 8.8, 11.6 and 14.6 dSm-1. The reduction 
in protein content of the bacteroids was 1.4, 10.4, 11.5 and 43.5 and of the 
corresponding cytosol was 11.9, 22. 7, 25.6 and 60% at salinity levels of 5.8, 
8.8, 11.6 and 14.6 dSm-1, respectively. Also, carbohydrate contents of both 
the bacteroids and the cytosol were decreased by 1.7, 7.1, 12.5 and 32.2 and 21, 
39, 45 and 70% at salinity levels of 5.8, 8.8, 11.6 and 14.6 dSm-1, respectively 
(Table 3). 
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Table 3. Effect of salinity on protein, carbohydrate and leghaemoglobin (Lhb) content of Vici a /aha nodules. 
Each value represents the mean of three replicates. 

Salt level Lhb Protein concentration Carbohydrate 
dSm-1 (mg(g fw nodulesj=+] (mg(g fw nodulesj=+) (mg(g fw nodulesj r+) 

Bacteroid Cytosol Bacteroid Cytosol 

0 2.15 3.65 4.53 0.56 1.66 
5.8 1.78 3.60 3.99 0.55 1.31 
8.8 1.80 3.27 3.50 0.52 1.01 

11.6 1.25 3.23 3.37 0.49 0.91 
14.6 1.01 2.06 1.79 0.43 0.49 

L.S.D. 
p = 5% 0.48 0.11 0.34 0.05 0.08 
p = 1% 0.70 0.16 0.49 6.08 0.11 

It is likely that the depression in specific nitrogenase activity was due to salt 
reducing the protein, leghaemoglobin and carbohydrate contents of both the 
cytosol and the bacteroids (Table 3). Salinity levels at 11.6 and 14.6 dSm-1 in­ 
duced a 37 and 59% decline in carbohydrate and 41 and 53% in leghaemoglobin 
and 19 and 53% in protein content of nodules, while nodule C2H2 reduction 
(specific nitrogenase activity) showed a 55 and 61 % decreases, respectively. 
Protein synthesis is readily inhibited by water stress because of the decreases 
in the level of polyribosomes (Bewley, 1981). Thus, the decline of nodule 
soluble protein may result from a general reduction of protein synthesis and 
from an increased protease activity in the cytosol (Becana et al., 1986). The 
disappearance of nodule soluble protein induced by plant water stress can be 
compared to the situation naturally occurring during nodule senescence (Pla­ 
dys and Rigaud, 1985; Vance et al., 1986) or after feeding the plant with nitrate 
(Pladys et al., 1988). In both cases, the presence of active proteases was re­ 
sponsible for the protein digestion, and it seems likely that these enzymes may 
also be induced under water restricted conditions (Guerin et al., 1990; 1991). 
The results presented in Table 3 suggest that most biochemical parameters 

of the bacterial and plant components of the nodules ( cytosol) were affected 
by high levels of salinity (100 and 125 mM NaCl). Both the protein and 
carbohydrate contents of nodule cytosol were more sensitive to salinity than 
the corresponding bacteroids at the same levels of salinity. 

Plant growth and nitrogen content 

An inhibitory effect of salt on the dry weight of the root, stem and leaves 
was apparent at salinity levels of 8.8 dSm-1 (75 mM NaCl). Salinity levels 
of 8.8, 11.6 and 14.6 dSm-1 caused a reduction in dry weight of each organ 
(Table 4). Also, salinity significantly decreased the total nitrogen of each organ 
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Table 4. Effect of salinity on dry weights and total nitrogen of plants. Each value represents 
the mean of three replicates. 

Salt value Dry weight Total nitrogen" 
dSm-1 (mg/plant) (mg/plant) 

Root Stem Leaves Root Stem Leaves 

0 256 205 321 21.20 23.53 30.30 
5.8 261 205 318 20.66 22.03 29.93 
8.8 245 192 287 18.56 19.70 29.03 

11.6 195 177 221 8.30 10.20 13.66 
14.6 173 107 153 6.17 8.03 11.86 

L.S.D. 
p = 5% 8.9 6.6 11.0 1.53 1.88 3.36 
p = 1% 12.9 9.6 15.9 2.18 2.68 4.78 

• Sum of nodule N2 fixation and N uptake from soil 

(Table 4). 
Salinity has been reported to reduce shoot and root weights in legumes, 

e.g. faba bean (Yousef and Sprent , 1983; Zahran and Sprent, 1986), soybean 
(Grattan and Mass, 1988) and chickpea (Lauter and Munns, 1987). For Vigna 
radiata, at maturity (65 d), 95% of the plants survived at 7.5 dSm-1 (68 mM 
NaCl). However, all plants died at 10.0 dSm-1 (90.0 mM NaCl) regardless of 
the presence or absence of inoculation (Hafeez et al., 1988). Results reported 
here confirm that faba bean cv. Giza 3 is less sensitive to saline conditions, 
compared to other legumes reported above. 
The sensitivity of plants to salt may be linked to the inhibition of plant 

growth through accumulation of Na in the shoots due to the inability of the 
plant to decrease J.rans_pir.ati.on_(Lauter and Munns, 1986). Excessive accu­ 
mulation of Na adversely affects enzymatic activity, photosynthesis rate, and 
the translocation and further utilization of photosynthates (Poljakoff-Mayber, 
1982; Durand et al., 1987; Sheoran et al., 1988; Vassey and Sharkey, 1989). 
The reduction in plant growth under saline conditions could be accounted for 
in part by the depression in nitrogenase activity. This was closely related to 
the decrease in the content of carbohydrate in the nodules, due to decrease in 
photosynthesis (Table 3). 

In conclusion, decreased N rfixation in faba bean nodules under salt stress 
seems to some extent to be due to nodule senescence, as shown by the lowering 
trends of acetylene reduction activity, leghaemoglobin and soluble protein and 
carbohydrate contents of both the cytosol and the bacteroid fractions. More 
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work is required to elucidate the mechanisms by which salinity interferes with 
normal nodule physiology and function. 
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