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The effects of Rhizobium inoculation, lime and molybdenum on photosynthesis and chlorophyll 
content of Phaseolus vulgaris L. were investigated in a split-split plot design in a greenhouse and field 
experiment. Results showed that R. inoculation, molybdenum and lime had significant effects on the 
leaf chlorophyll content (Chl), the photosynthesis (A), the intercellular CO2 concentration (Ci) and the 
transpiration rate (E) of Phaseolus vulgaris L. Application of Mo and lime at the highest rates (12 g of 
Mo per kg seed and 3 t lime ha-1 respectively) was significantly superior to the control and the 6 g of Mo 
per kg seed and 2 t lime ha-1. The combination of these supplies at different levels resulted in significant 
interactions between some parameters suggesting that successful bean production in these acidic soils 
is unlikely unless attention is paid to supply these important nutrients in the study area. 
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INTRODUCTION 
 
It is well established that inadequate levels of any mineral 
nutrient in the growth media may limit growth, Chl synthe-
sis and photosynthesis process due to their involvement 
in carbohydrate synthesis (Lambers et al., 1998).  
Calcium (Ca2+) and Molybdenum (Mo) are essential plant 
nutrients whose roles in plant physiology have been well 
documented (Marschner, 1995; White and Broadley, 
2003). They are involved in several biochemical and 
physiological processes in plants (Bauchot et al., 1999, 
Hepler and Wayne, 1985). Rhizobium inoculation in 
legumes is accredited for stimulating growth and is an 
alternative to the expensive inorganic nitrogen fertilizers 
(Ndakidemi et al, 2006). The use of appropriate strains of 
inoculants in nitrogen deficient soils may offer an 
excellent opportunity for improving legume growth and 
development. 

Calcium may function directly in several aspects of 
photosynthesis. It appears to modulate activity of the 
phosphatase enzymes in the carbon reduction cycle in 
the synthesis of different sugar  components  (Brand  and 
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Becker, 1984; Haupt and Weisenseel, 1976). Some re-
search evidence also supports Ca2+ function in the water-
splitting complex, suggesting its role in the photosystem II 
(Brand and Becker, 1984).  As light is absorbed, this 
catalytic centre drives the photosynthesis process 
(Marschner, 1995). In the chlorophyll molecule embed-
ded in a protein, there is a catalytic centre of photosyn-
thetic water oxidation, which is composed of Mn4Ca 
cluster.  

In practice, Ca2+ deficiency is corrected by supplying 
agricultural lime or other sources of Ca2+. For instance, 
XiaoJun et al. (2004) showed that the photosynthesis and 
photosynthetic efficiency of the leaves of rice were 
significantly enhanced with the supply of Ca2+. In this 
study, levels of net photosynthetic rate, stomatal conduc-
tance, chlorophyll and soluble sugar of the leaves 
increased significantly compared with the control 
treatment without Ca2+. Furthermore, addition of Ca2+ 

decreased the content of malondialdehyde and the per-
meability of cell membrane, but increased the superoxide 
dismutase activity (XiaoJun et al., 2004) hence affecting 
photosynthesis. It is therefore obvious that the supply of 
Ca2+ through lime application may have a significant 
influence on the photosynthesis process at cellular level 
in Phaseolus vulgaris plants. 
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Molybdenum is an essential micronutrient for plants. It 
plays an important key role in Chl synthesis. In plants, it 
is absorbed as MoO4

2-. In Southern Africa, several cases 
of Mo deficiency have been identified in variety of crops 
(Kang and Osiname, 1985; Pienaar and Bartel, 1968; 
Rhodes and Kpaka, 1982; Tanner, 1978, 1982; 
Thibaund, 2005). Molybdenum deficiency in soil is a 
widespread agricultural problem that induces yield and 
quality losses in many crop species worldwide (Liu, 1991, 
2001, 2002). Molybdenum deficient plants exhibit poor 
growth and low contents of Chl, ascorbic acid and show 
reduced leaf blade formation, interveinal mottling and 
chlorosis around the edges and tips of older leafs as well 
as reduced photosynthesis (Liu, 2002; Marschner, 1995).  

It is generally accepted that legumes need more Mo 
than most other plants (Mcbride, 2005). Various studies 
have reported that the application of Mo enhances the 
yield in crops that grow in deficient soil (Liu, 2001; Min et 
al., 2005; Xue-Cheng et al., 2006). Thus, the objective of 
this investigation was to establish and quantify the 
influence of Rhizobium inoculation and Mo and Ca2+ 
supplied as lime on Chl formation and different 
photosynthetic activities in P. vulgaris L. grown in a 
selected area in South Africa.  
 
 
MATERIALS AND METHODS 
 
Site location and description 
 
The experiments were conducted in the glasshouse of the Cape 
Peninsula University of Technology (CPUT), Cape Town Campus, 
Keizersgracht from October 2008 to December 2008. Field 
experimentation was also conducted under irrigation at the 
Agricultural Research Council Nietvoorbij site (33º54’S, 18º14’E) in 
Stellenbosch, South Africa, during the summer seasons, from 
October 2008 to March 2009. The site lies in the winter rainfall 
region of South Africa at an elevation of 146 m above sea level. 
The mean annual rainfalls on the farm is 713.4 mm and mean 
annual temperatures range from 22.6ºC (day temperature) to 11ºC 
(night temperature). 

According to the soil classification working group, the soil type 
was sandy loam classified as Glenrosa, Hutton form, (SCWG, 
1991) equivalent to skeletic leptosol according to FAO classification 
system (FAO, 2001). Following land preparation, but prior to 
planting, soil sample was collected for nutrients analysis at a depth 
of 20 cm.  
 
 
Experimental design 
 
The experimental treatments consisted of 2 levels of Rhizobium 
inoculation (with rhizobia and without rhizobia), 3 levels of lime (0, 2 
and 3 t.ha-1) and 3 levels of Mo (0, 6 and 12 g per kg of seeds). The 
experimental design followed a spilt-split-plot design with 4 repli-
cations per treatment. The field plots measured 2.5 m x 4 m with 5 
rows 0.5 m apart from one another. P. vulgaris L. was sown with 
inter-row planting distance of 20 cm. The plots were interspaced by 
small terraces of 1 m to prevent contamination. The plant 
population density was 200,000 plants per hectare. 

Planting was done after ploughing and harrowing. Lime applica-
tion was done 2 weeks before planting. Twelve hours before 
planting, seeds were soaked into Mo solution. The zero Mo control 
was also soaked in a  water  solution  containing  no  Mo.  To  avoid  

 
 
 
 
contamination, all Rhizobium uninoculated treatments were sown 
first. Rhizobium inoculation was done manually by putting the 
inoculant (Rhizobium leguminosarum biovar phaseoli-bakteriee 
registrasienr. L1795 wet 36/1947) in the planting hole. The 
inoculants used were obtained from University of Pretoria, South 
Africa. 
 
 
Determination of chlorophyll (Chl) contents in plant leaves 
 
Extraction of Chl concentrations by dimethylsulphoxide (DMSO) 
was done as described in Hiscox and Israelstam, (1979). A third of 
the plants leaves from the tip were collected from each pot and/or 
plot. A hundred (100) mg of the middle portion of fresh leaf slices 
was placed in a 15 ml vial containing 7 ml DMSO and incubated at 
4°C for 72 h. After the incubation, the extract was diluted to 10 ml 
with DMSO. The DMSO technique extracts Chl from shoot tissue 
without grinding or maceration (Hiscox and Israelstam, 1979). A 3 
ml sample of Chl extract was then transferred into curvets for 
absorbance determination. A spectrophotometer (UV/Visible Spec-
trophotometer, Pharmacia LKB. Ultrospec II E) was used to 
determine absorbance values at 645 and 663 nm, which was then 
used to determine total leaf Chl as proposed by Arnon (1949) and 
expressed as mg L-1 as follows:  
 
Chlorophyll total (Chlt = 20.2D645 + 8.02D663) 
 
 
Measurement of photosynthesis in plant leaves 
 
The photosynthesis measurements of intact leaves that were still 
attached to the main plant stem (flag leaf) was made at flowering 
stage with a portable infra-red gas chromatograph (LCpro+ 1.0 
ADC, Bioscientific Ltd., 12 Spurling Works, Pinder Road, 
Hoddesdon, Hertfordshire, EN11 ODB, UK) in the glasshouse and 
in the field.  
 
 
Statistical analysis 
 
The data from this experiment was analyzed using the software of 
STATISTICA program 2008 (StatSoft Inc., Tulsa, OK, USA). 
Fisher’s least significant difference was used to compare significant 
treatment means at P � 0.05 level of significance (Steel and Torrie, 
1980).  
 
 
RESULTS 
 
Effect of Rhizobium inoculation on the leaf 
chlorophyll content, the photosynthesis, the 
intercellular CO2 concentration and the transpiration 
of Phaseolus vulgaris L. 
 
The results in Table 1 clearly indicate that rhizobial inocu-
lation had significant effects on leaf Chl content and all 
the other parameters assessed in this study. All para-
meters measured that is, the leaf Chl content, A, Ci and E 
were significantly increased with rhizobial inoculation. For 
example, the leaf Chl content for the glasshouse experi-
ment increased significantly with rhizobial inoculation by 
123% and 178% for the field experiment relative with 
uninoculated control (Table 1). 

The photosynthesis similarly increased significantly 
with rhizobial inoculation by 140% for the glasshouse 
experiment and by 81% in the field experiment compared 
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Table 1. Effects of Rhizobium inoculation, lime and molybdenum on photosynthesis and chlorophyll content in Phaseolus vulgaris. 
 

Treatments 

Glasshouse Field 
Leaf chl 
content  
(mgL-1) 

Photosynthesis 
(A) (µ mol CO2 

m-2S-1) 

Intercellular CO2 
concentration (Ci) 

(mmol CO2 mol-1 air) 

Transpiration 
(E) (mmol 

H2O m-2 S-1) 

Leaf chl 
content  
(mgL-1) 

Photosynthesis 
(A) (µ mol CO2 

m-2S-1) 

Intercellular CO2 
concentration (Ci) 

(mmol CO2 mol-1 air) 

Transpiration (E) 
(mmol H2O m-2 S-1) 

-R 
+R 

F Statistic 

5.9±0.50b 
13.2±0.44a 

319.7*** 

4.4±0.29b 
10.6±0.27a 
1199.1*** 

222.2±3.15b 
309.6±3.8a 

934.0*** 

1.4±0.04b 
1.6±0.02a 

54.8*** 

7.6±0.45b 
21.2±0.64a 
1334.9*** 

5.4±0.36b 
9.8±0.22a 
497.9*** 

254.0±4.19b 
298.4±2.81a 

225.7*** 

1.5±0.06b 
2.3±0.04a 
208.2*** 

         
Mo 
M1 
M2 

F Statistic 

7.2±0.93c 
9.1±0.81b 

12.4±0.78a 
56.7*** 

6.1±0.76c 
7.6±0.65b 
9.0±0.65a 

92.8*** 

251.5±9.53c 
267.6±9.31b 
278.6±10.5a 

30.1*** 

1.3±0.05a 
1.6±0.01b 
1.6±0.02b 

84.8*** 

11.1±1.36c 
14.7±1.43b 
17.5±1.61a 

98.9*** 

5.9±0.55c 
7.4±0.61b 
9.4±0.33a 

99.7*** 

257.9±5.92c 
273.2±6.12b 
297.4±3.90a 

60.8*** 

1.7±0.09c 
1.9±0.10b 
2.1±0.09a 

21.3*** 
         

L0 
L1 
L2 

F Statistic 

8.5±0.99a 
9.7±0.90b 

10.4±0.93b 
7.1** 

6.9±0.74b 
7.3±0.73b 
8.4±0.69a 

24.1*** 

253.1±8.91a 
270.0±10.43b 
274.6±10.26b 

20.8*** 

1.5±0.05a 
1.6±0.03b 
1.5±0.04b 

3.4* 

13.05±1.50c 
14.3±1.52b 
15.9±1.63a 

20.1*** 

7.2±0.63b 
7.6±0.57ab 
8.1±0.55a 

6.3** 

269.9±7.40b 
276.0±5.52ab 
282.6±5.78c 

6.2** 

1.8±0.12b 
1.9±0.10b 
1.8±0.12a 

4.9* 
 

-R = without rhizobia; +R = with rhizobia; M0 =  zero-Mo ;  M1 = 6 g Mo per kg seed; M2 = 12 g Mo per kg seed; L0 = zero-lime; L1 = 2 t lime per ha; L2 = 3 t lime per ha.Values presented are means 
±*,**,*** = significantly p � 0.05 p � 0.01 and p � 0.001 respectively. 
 
 
with control. The intercellular CO2 concentration 
was increased by 39% for the glasshouse experi-
ment and by 17.4% for the field experiment in the 
treatment supplied with rhizobial inoculation 
compared with the control. The transpiration rate 
(E) similarly increased significantly with rhizobial 
inoculation by 14.2% for the glasshouse experi-
ment and 53% for the field experiment compared 
to the uninoculated treatment (Table 1). 
 
 
Effect of molybdenum on the leaf chlorophyll 
content, the photosynthesis, the intercellular 
CO2 concentration and the transpiration of 
Phaseolus vulgaris L. 
 
In this experiment, the results in  Table  1  indicate  

that Mo at 6 and 12 g per kg of seeds had 
significant response on leaf Chl content, A, Ci and 
E of Phaseolus vulgaris L. compared with the 
control (zero-level Mo). In the glasshouse experi-
ment, compared with the control, supplying 6 or 
12 g Mo per kg of seed increased the leaf Chl 
content by 26% and 72% respectively. In the field 
experiment, the leaf Chl content increased signifi-
cantly in plant supplied with 6 or 12 g Mo per kg 
by 32.4% and 58% respectively compared with 
the control (Table 1).  

The value of A increased significantly by 27 and 
50% for the glasshouse experiment with the 
application of 6 or 12 g Mo per kg of seeds and by 
25.4 and 59.3% in the field experiment 
respectively. 

The Ci increased with the supply of Mo  at  6  or  

12 g per kg of seeds by 6.4 and 11% for the 
glasshouse experiment and 6 and 15.3% for the 
field experiment. The transpiration of P. vulgaris L. 
increased significantly with Mo supply at 6 or 12 g 
Mo per kg of seeds by 23 and 23% for the glass-
house experiment and 12 and 24% respectively 
for the field experiment. 
 
 
Effect of lime on the leaf chlorophyll content, 
the photosynthesis, the intercellular CO2 
concentration and the transpiration of 
Phaseolus vulgaris L. 
 
The result in Table 1 indicate that lime had signifi-
cant effects on the leaf Chl content, A, Ci and E. 
Application of lime at the highest rate (3 t lime ha-1) 
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Figure 1. Interactive effect of Rhizobium inoculation and molybdenum (Mo) on: A) Leaf chlorophyll content (glasshouse); B) 
Leaf chlorophyll content (Field); C) Photosynthesis (Field); and D) Intercellular CO2 concentration (Field). M0 = control; M1 = 6 
g Mo per kg seed; M2 = 12 g M0 per kg seed. Bars followed by similar letter are significantly different at p � 0.05. 

 
 
 
was significantly superior to the control and 2 t lime ha-1. 
In the glasshouse experiment, compared with the control, 
supplying 2 t or 3 t lime ha-1 increased the leaf Chl con-
tent by 14 and 22.3% respectively. In the field experi-
ment, the leaf Chl content was increased significantly in 
plots supplied 2 or 3 t lime ha-1 by 10 and 22% 
respectively. 

The photosynthesis of P. vulgaris L. in the glasshouse 
experiment was increased significantly with the appli-
cation of 2 or 3 t lime ha-1 by 6 and 22% respectively. In 
the field experiment, the supply of 2 or 3 t lime ha-1 
increased significantly the values of A by 6 and 12% 
compared with the control. 

In the glasshouse experiment, Ci increased significantly 
with application of 2 or 3 t lime ha-1 by 7 and 9% com-
pared with the control. In the field experiment, the value 
of Ci increased significantly with application of 2 or 3 t 
lime ha-1 by 2.3% and 4.5% compared with the control. 

The values of E for both glasshouse and field were 
significantly different for the treatments involving 2 t lime 
ha-1 compared with 0 or 3 t lime ha-1. In the glasshouse 
experiment, the value of E increased by 7% when 
supplied with 2 t lime ha-1 compared with 0 or 3 t lime ha-

1. In the field experiment, E values increased by 6% when 
supplied with 2 t lime ha-1 compared with 0 or 3 t lime ha-

1. 
 
 
Interactive effects of Rhizobium, molybdenum and 
lime. 
 
The results in Figure 1 show that there was a significant 
interaction between Rhizobium and molybdenum on the 

leaf Chl content for both glasshouse and field experiment, 
A for the field experiment only, Ci for the field experiment 
and E for the glasshouse experiment. In all measure-
ments, the lowest values were recorded in the control 
treatment, and the highest in treatments supplied with 
Rhizobium and 12 g Mo per kg of seeds (Figure 1).  

The Rhizobium x lime interaction was significantly 
different for E in glasshouse experiment only. The values 
of E in the field experiment, the leaf Chl content in the 
glasshouse and field experiment, A and Ci in the 
glasshouse and field experiment were not significantly 
different. 

The results in Figure 3 show that there was significant 
interaction between Mo and lime only in A, Ci and E of P. 
vulgaris L. in the glasshouse experiment, whereas the 
highest values were recorded: for A in treatments 
supplied with lime at 3 t ha-1 and 12 g Mo per kg of 
seeds, Ci in treatment supplied with lime 0, 2 t lime per 
ha with 0 level Mo and E in treatment supplied with lime 
at 0, 2 and 3 t ha-1 with 6 and 12 g Mo per kg of seeds. 

The interaction between Rhizobium, Mo and lime in 
Figure 4 was significantly different only in the rates of A 
and Ci of P. vulgaris L. in glasshouse experiment, where-
as the highest values were recorded for A in treatments 
supplied with rhizobia with 12 g Mo and 3 t lime ha-1 com-
pared with the treatments without rhizobia and Ci in 
treatments supplied without rhizobia with 0 level Mo and 
0 level lime compared to the treatment with rhizobia.  
 
 
DISCUSSION 
 
In our study, P. vulgaris plants inoculated with  R. legum
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Figure 2. Interactive effect of Rhizobium inoculation and lime on the transpiration rate in 
the glasshouse. L0 = control; L1 = 2 t lime per ha; L2 = 3 t lime per ha. Bars followed by 
similar letter are significantly different at p � 0.05. 

 
 
 

 
 
Figure 3. Interactive effects of molybdenum and lime on: A) Intercellular CO2 concentration (glasshouse); B) photosynthesis 
(glasshouse) and C) transpiration (glasshouse). M0 = control, M1 = 6 g Mo per kg seed, M2 = 12 g Mo per kg seed, L0 = control, L1 
= 2 t lime per ha, L2 = 3 t lime per ha. Bars followed by similar letter are significantly different at p � 0.05. 

 
 
 
nosarum had leaves with the highest Chl content and 
recorded better measurements in A, Ci and E (Table 1) 
as compared with the uninoculated control. The leaf Chl 
content for the glasshouse experiment was increased by 
123% and 178% for the field experiment relative to the 
vulgaris plants 

In this study, Mo played an important role in the 
nutrition of P. vulgaris plant by improving the leaf Chl 
content, A, Ci and E. Results in Table 1, Figures 1, 3  and  

4 clearly demonstrate that Mo at 6 and 12 g per kg of 
seeds increased significantly the leaf Chl content, the 
value of A, Ci and E of P. vulgaris L. Molybdenum is an 
important micronutrient for nitrogen fixing legumes 
(Andrade et al., 2002; Bottomley, 1992; Banath et al., 
1996; Graham et al., 1982; Kucey and Hynes, 1989; Tu, 
1992). Soils with a pH below 6.0, such as those used in 
this study, (Kang and Osiname, 1985; Pienaar and 
Bartel, 1968; Rhodes  and  Kpaka,  1982;  Tanner,  1978, 
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Figure 4. Interactive effect of rhizobia, molybdenum and lime on: A) photosynthesis (glasshouse); B) Intercellular CO2 
concentration (glasshouse). M0= control, M1 = 6 g Mo per kg seed, M2 = 12 g Mo per kg seed, L0 = control, L1= 2 t lime per ha, L2 
= 3 t lime per ha. Bars followed by similar letter(s) are significantly different at p � 0.05. 

 
 
 
1982; Thibaund, 2005) usually have low Mo available to 
the plants and need to be supplied with this micronutrient 
(Brady, 2008). The remarkable increase of Chl, A, Ci and 
E in leaves supplied with Mo at 6 and 12 g Mo per kg of 
seeds is an indication that this nutrient was limiting as 
observed in the zero control treatment. Molybdenum in 
plants is known to be responsible in various redox reac-
tions (Mendel and Hänsch, 2002; Williams and Frausto 
da Silva, 2002) such as those related to water relations 
and transpiration rates through stomatal control (Kaiser et 
al., 2005).  

It is worth mentioning that these parameters are closely 
related to the photosynthesis processes in plants. From 
this background, it is logical to appreciate its contribution 
in improving Chl synthesis, A, Ci and E as reported in our 
study.  Similar to our study, Liu (2002) and Marschner 
(1995) also reported that Mo deficient plants exhibited 
low Chl contents and showed reduced A in their leaves. 
As indicated in this study and in a separate work by 
Mcbride (2005), our results suggest that Mo is one of the 
limiting factors to crop productivity in the study area. 

Data collected in this experiment show that soil 
application of lime at 2 or 3 t ha-1, significantly increased 
the leaf Chl content for both glasshouse and field 
experiment, A for the field experiment only, Ci for the field 
experiment and E of P. vulgaris L. (Table 1, Figures 2, 3 
and 4). Calcium is an important constituent of plant 
tissues and has a vital role in maintaining and modulating 
various cell functions such as stabilizing cell wall struc-
tures, regulating ion transport and selectivity and 
controlling ion-exchange behaviour as well as cell wall 
enzyme activities (Conway, 1982; Conway and Sams, 
1987; Elad and Kirshner, 1992; Marschner, 1995; 
Rengel, 1992). The reduced calcium availability as 
observed in our study site (which was acidic in nature), 
could have impaired these functions as they are closely 
related to Chl synthesis and photosynthesis process. 
uninoculated control. The photosynthesis increased by 
140% for the glasshouse experiment and by 81%  for  the  

field experiment compared with the control. The inter-
cellular CO2 concentration was increased by 39% for the 
glasshouse experiment and by 17.4% for the field in the 
treatment supplied with rhizobial inoculation compared 
with the control (Table 1). The transpiration increased 
significantly by 14.2% for the glasshouse experiment and 
53% for the field experiment compared with the union-
culated treatment (Table 1). The supplied treatments in 
this study were essential as they improved most of the 
parameters measured (Table 1; Figures 1 -4). Similar to 
our study, it has been reported that rhizobial inoculation 

may influence the physiological growth conditions of legu-
minous plants (Lanier et al., 2005; Volpin and Phillips, 
1998) by increasing leaf photosynthesis (DeJong and 
Phillips, 1981; Lippi et al., 1999; Zhou et al., 2006) and 
Chl contents in the leaves (Sekhon et al., 2002; Tajini et 
al., 2008). Results from this study suggest that the 
supplied R. leguminosarum promoted the plant growth 
through a mechanism which increased Chl synthesis and 
photosynthetic rate in P 

In the present study, the addition of Ca2+ in form of lime 
increased the Chl content in P. vulgaris L. In a study 
involving cucumber, the supply of calcium stabilized the 
apoproteins of the light-harvesting Chl a/b-protein 
complex of photosystem II and finally improved the Chl 
contents in the leaves (Tanaka et al., 1995), results which 
were similar to our study. 

Physiologically, Ca plays a key role in water oxidation 
during the process of photosynthesis (Yocum, 1991). In 
their study, Barry et al. (2005) confirmed that low levels of 
Ca2+ were associated with reduced A in plants. Similar to 
our study, XiaoJun et al. (2004) showed that the A and 
photosynthetic efficiency of rice leaves were significantly 
enhanced with the supply of Ca2+. The levels of net 
photosynthetic rate, stomatal conductance and the 
contents of Chl in the leaves increased more significantly 
than the control treatment without Ca2+. Therefore, the 
addition of Ca in the form of lime in deficient soils could 
offer an economical and simple solution to P.  vulgaris  L.  



 
 
 
 
production problems caused by high acidity. 

Results from this study showed that there was a 
marked Rhizobium x Mo x lime interaction on the Chl 
content, A, Ci and E, with better results when Rhizobium, 
molybdenum and lime were supplied together than when 
either treatment was applied alone (Figures 1 - 4). In all 
measurements, lowest values were recorded in the 
control treatment, whereas highest values were recorded 
in treatments supplied in combination. The result reported 
in this study suggests that P. vulgaris L. yields on these 
acidic soils cannot be maximized unless all limiting 
nutrients are supplied. In their studies, (Bauchot et al., 
1999; Hepler and Wayne, 1985; Lambers et al., 1998; 
Marschner, 1995; White and Broadley, 2003) established 
that inadequate levels of any mineral nutrient in the 
growth media may limit A and plant growth due to their 
involvement in carbohydrate synthesis. Calcium and Mo 
are essential plant nutrients. They are involved in several 
biochemical and physiological processes in plants such 
as those involving photosynthesis.  
 
 
Conclusion 
 
Rhizobium inoculation and the supply of Mo and lime 
significantly improved the leaf Chl content, A, Ci and E in 
our study. The interactive effects were also observed in 
different combinations of the above treatments in which 
significant interactive effects were reported by inoculating 
the soil with Rhizobium and supplying Mo and lime at the 
highest levels, indicating the impact and importance of  
these inputs in the study area. The potential of improving 
Chl synthesis, A, Ci and E in P. vulgaris L. through Rhizo-
bium inoculants and the addition of lime and Mo was 
clearly explored. Successful bean production in these 
acidic soils is unlikely unless attention is paid to supply 
these important nutrients in the study area. 
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