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Abstract 
 
Knowledge about changes of enzyme activities in the rhizosphere soil and secondary metabolites in Phaseolus vulgaris L. plant is 
necessary to understand especially during the management of acid soils. A glasshouse and field experiments were therefore conducted to 
investigate the effects of applying or not applying Rhizobium inoculation, molybdenum (0, 6, 12 g kg-1 seed) and lime (0, 2, 3 t ha-1) on 
the rhizosphere enzymes activities, flavonoids and anthocyanins concentration in P. vulgaris L. Glasshouse and field experiments 
indicated that Rhizobium inoculation, Mo at 12 g kg-1 seed and lime at 3 t ha-1 supply significantly showed lowest acid and alkaline 
phosphatase activities and flavonoids and anthocyanins concentration compared with control treatments which showed highest values. 
The lower rhizosphere activities of these enzymes and plants’ secondary metabolites with Rhizobium and greater supply of Mo and lime 
suggest less stress for mineral elements essential for plant growth such as N, Ca, and Mo compared with control. Furthermore, the data 
suggest that the lower the stress for mineral elements in the rhizosphere soils of legumes such as P. vulgaris L. the lower the phosphatase 
activities and plants’ flavonoids and anthocyanins concentrations. 
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Organic phosphorous; (R+)-With Rhizobium; (R-)-Without Rhizobium; Zn-Zinc 
 
Introduction 
 
Soil enzyme activities in the rhizosphere soils of legumes serve 
many important roles. They include release of soil organic (Po) 
into inorganic (Pi) phosphorous (Speir and Ross, 1978; 
Tabatabai, 1994; Makoi and Ndakidemi, 2008; Makoi et al., 
2010a), cycling of nutrients, fertilizer use efficiency, soil 
microbiological activities and act as indicators of soil fertility 
change (Dick et al., 2000; Ndakidemi, 2005 and 2006). These 
rhizosphere enzyme activities are similarly known to serve as 
an indicator of soil fertility, a catalyst for soil functions such as 
organic matter (OM) decomposition, N2 fixation, nitrification, 
and denitrification (Dick, 1997; Nadiya et al., 2000; Makoi and 
Ndakidemi, 2008). They are produced when plants and soil 
micro organisms are subjected to nutrient stress such as P 
(Ndakidemi, 2005 and 2006; Makoi and Ndakidemi, 2008), 
calcium (Ca) (Speir and Ross, 1978; Bremner and Mulvaney, 
1978) and molybdenum (Mo) (Sugiura et al., 1981; Gellatly et 
al., 1994; Guo et al., 1998; Bozzo et al., 2002; Lopez et al., 
2007). On the other hand, secondary metabolites such as 
flavonoids and anthocyanins are diverse group of 
phytochemicals that are produced by various plants in high 
quantities (Dixon and Steele, 1999). They exhibit a wide range  

 
 
of biological activities mainly from their antioxidant properties 
and ability to modulate several enzymes or cell receptors 
(Hodek et al., 2002). Flavonoids for example, play an important 
role in plant growth and development, defence of plants against 
insect pests and diseases (Dixon and Harrison, 1990; Dixon and 
Steele, 1999; Ndakidemi and Dakora, 2003; Makoi and 
Ndakidemi, 2007; Makoi et al., 2010b). 

The common bean (P. vulgaris L.) is a major grain legume 
grown and consumed in Africa and the world in general. 
However, yields P. vulgaris L.  in Africa are very low with only 
650 kg.ha-1  (Mukoko et al., 1995; Singh, 1999; Mloza-Banda et 
al., 2003). The poor yields are partly due to infertility caused by 
acidic soils which have low nutrient contents including Ca2+ 
(Wortman et al., 1995 and1998; Lunze et al., 2007), Mo content 
(Liebenberg, 2002) and compatible Rhizobium for adequate N2 
fixation. Supplying these mineral elements may not only 
improve the mineral element concentration in such soils, but 
will also improve plant growth and grain yield from P. vulgaris 
L. Although some studies on the effect of such treatments on 
some physiological attributes are available (Bambara and 
Ndakidemi, 2010a, b, c), the effect of Rhizobium inoculation 
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and the supply of Mo and lime on soil enzyme activities and 
plants’ secondary metabolites are limited. This study assesses 
the effects of Rhizobium, molybdenum and lime supply in P. 
vulgaris L. on the rhizosphere phosphatase enzyme activities 
and plants’ secondary metabolites such as flavonoids and 
anthocyanins.  
 
Materials and methods 
 
Site location and description  
 
The experiments were conducted in the glasshouse of the Cape 
Peninsula University of Technology, Cape Town Campus, 
Keizersgracht from August 2008 to January 2009 while the 
field experiment was conducted at the Agricultural Research 
council Nietvoorbij site (33°54’S, 18°14’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 rainfall on the farm is 713.4 mm and means annual day 
and night temperatures were 22.6°C and 11°C respectively. The 
experimental site had a previous history of grape cultivation. 
The soil type was sandy loam (Glenrosa, Hutton form) 
according to the soil classification working group (SCWG, 
1991), which is equivalent to skeletic leptosol according to 
FAO classification (FAO, 2001). Following land preparation, 
but prior to planting, soil samples were collected for nutrients 
analysis. Prior to planting, soil samples at 0 - 20 cm depth were 
collected from the experimental plots in a zigzag mode, pooled, 
and sub-samples taken for chemical analysis. Before planting 
the soil characteristics of the field plots have previously been 
reported (Bambara and Ndakidemi, 2010b; Makoi et al., 2010a 
and b). 
 
Field experimental design 
 
The experimental treatments consisted of 2 levels of Rhizobium 
inoculation (with Rhizobium and without Rhizobium), 3 levels 
of lime (0, 2 and 3 t.ha-1) and 3 levels of molybdenum (0, 6 and 
12 g.kg-1 of seeds). The experimental layout was 3-factorial in a 
randomised complete block design. Four replicates were used 
per treatment, and field plots measured 4 m × 4 m (16 m2) with 
4 rows spaced at 0.5 m apart from one another. P. vulgaris 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 populations were pegged at 200,000 plants ha-1. 
Planting was done after ploughing, harrowing, and lime 
application was done 2 weeks before planting. Twelve hours 
before planting, seeds were soaked into molybdenum solution. 
The control was also soaked in a water solution containing zero 
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 registrasie nr. L1795 wet 36/1947) in 
the planting hole. The inoculants used were obtained from the 
University of Pretoria. 
 
Collection and preparation of rhizosphere soil 
 
At 60 d after planting (DAP), rhizosphere soil was collected 
from around the roots of P. vulgaris L. plants for the bioassay 
of acid and alkaline phosphatase activities. Soil was collected 
by carefully digging up each plant with its roots intact. The 

loose soil around the roots was shaken off and the soil adhering 
to the roots (here after referred to as rhizosphere soil) was 
collected into a pre-labelled plastic bag. About 50 g of soil was 
collected from 5 - 10 plants plot-1. The rhizosphere soil samples 
were taken to the laboratory and frozen prior to bioassay for 
phosphatase activity. 
 
Bioassay of acid and alkaline phosphatase activity in 
rhizosphere soil 
 
The activity of acid and alkaline phosphatase activities in the 
rhizosphere were assayed as described in Makoi et al. (2010a). 
The p-nitrophenyl phosphate tetrahydrate was used in the 
colorimetric assay of acid and alkaline phosphatases. One mL 
p-nitrophenyl phosphate tetrahydrate was dissolved in acetate 
buffer previously adjusted to pH 6.5 with 0.1 M HCl and to pH 
11.0 with 0.1 M NaOH for acid and alkaline phosphatase, 
respectively. For each enzyme activity, 1.0 g of fresh 
rhizosphere soil in duplicates was transferred to a 50 mL 
Erlenmeyer flask and each treated separately with 0.2 mL of 
toluene and 4 mL of modified universal buffer (MUB) at pH 6.5 
or 11 for acid or alkaline phosphatases respectively. For each 
soil sample, controls were included where p-nitrophenyl 
phosphate tetrahydrate was added after halting the reaction by 
adding 1 mL of 0.5 M NaOH and 4 mL of 0.5 M CaCl2 
immediately before filtration. Samples were mixed thoroughly 
and incubated at 37ºC for 1h. Following incubation, enzyme 
activity was halted by addition of 1 mL of 0.5 M NaOH and 4 
mL of 0.5 M CaCl2. The contents were mixed and filtered 
through Whatman No. 2 filter paper. The supernatant was 
transferred to vials and the absorbance of the supernatant read 
at 420 nm using a spectrophotometer (UV Visible 
Spectrophotometer, Pharmacia LKB. Ultrospec II E). In order 
to account for non-enzymatic substrate hydrolysis, values for 
controls were subtracted from sample replicates. After 
correction for soil moisture content, the enzyme activity was 
expressed on soil dry wt basis as µg p-nitrophenol.g-1 soil dry 
weight h-1. One unit of acid phosphatases activity was defined 
as the activity per gram soil which produced 1 µmol p-
nitrophenol h-1. 
 
Plant harvest and sample preparation 
 
At 60 d after planting, 10 common bean (P. vulgaris L.) plants 
were sampled from the middle rows of each plot. The plants 
were carefully dug out with their entire root system, washed 
and divided into roots, shoots and pods. The plant parts were 
oven-dried at 60°C for 48 h, weighed, ground into a fine 
powder (0.85 mm) and stored prior to the bioassay for 
flavonoids and anthocyanins concentrations.  
 
Bioassay of levels of flavonoids and anthocyanins in the 
shoots parts of P. vulgaris L. 
 
Flavonoids and anthocyanins concentration in shoots of P. 
vulgaris L. were bioassay as described in Makoi et al. (2010b). 
In this method, 0.10 g of well-ground (0.85 mm) shoot  material 
was weighed and mixed with 10 mLs of acidified methanol 
prepared from a ratio of 79:20:1 MeOH H2O HCl. The mixture 
was incubated for 72 h in darkness for auto-extraction, filtered 
through Whatman paper Number 2 and absorbance of the clear 
supernatant measured spectrometrically at 300, 530, and 657 
nm  using  acidified  methanol  as standard.  Concentrations  of  
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Table 1. Effect of with and without Rhizobium, Mo and lime supply on acid and alkaline phosphatises (μg p-nitrophenol.g-1 soil dry 
weight.h-1) in the rhizosphere soils of P. vulgaris L. as measured in field and in glasshouse.  

Treatments  Acid phosphatases Alkaline phosphatases 

 Field Glass Field Glass 

Rhizobium     

R- 0.178±0.014a 0.180±0.013a 0.069±0.005a 0.071±0.005a 

R+ 0.138±0.007b 0.144±0.007b 0.056±0.003b 0.059±0.003b 

Molybdenum (g.kg-1) 

0 0.202±0.019a 0.199±0.019a 0.077±0.007a 0.080±0.007a 

6 0.139±0.007b 0.153±0.008b 0.060±0.003b 0.062±0.003b 

12 0.134±0.007b 0.134±0.007b 0.051±0.003b 0.053±0.003b 

Lime (t.ha-1)     

0 0.182±0.015a 0.195±0.014a 0.078±0.005a 0.079±0.006a 

2 0.157±0.012ab 0.159±0.011b 0.062±0.004b 0.064±0.004b 

3 0.135±0.012b 0.132±0.012b 0.049±0.004c 0.051±0.005b 

3 - Way ANOVA (F-Statistic) 

Rhizobium 8.37** 7.26** 7.912** 5.54* 

Molybdenum 10.27*** 8.44*** 10.43*** 9.11*** 

Lime 3.95* 7.34** 12.43*** 9.63*** 
Values (Mean ± SE, n = 4) followed by dissimilar letters in a column are significantly different at *: P≤0.05; **: P≤0.01; ***: P≤0.001; 
according to Fischer least significance difference. (SE = Standard error). 
 
 
flavonoids were measured at 300 nm and expressed as Abs 
g.DM-1 (Mirecki and Teramura, 1984), while anthocyanin 
concentration in seed exudates was measured as Abs530 - 
1/3Abs657 (Lindoo and Caldwell, 1978) and expressed as Abs g 
DM-1 
 
Statistical analysis 
 
A 3-factorial design (3-Way ANOVA) was used to analyse 
rhizosphere acid and alkaline phosphatase activities, as well as 
flavonoids and anthocyanins concentration in shoots of P. 
vulgaris L. Analysis of data was performed using 
STATISTICA program 2009 (StatSoft Inc., Tulsa, OK, USA). 
Where the f-value was found to be significant, Fisher’s least 
significant difference was used to compare treatment means at 
P=0.05 (Steel and Torrie, 1980).  
 
Results 
 
Effects of Rhizobium, molybdenum and lime on acid 
phosphatase activities in the rhizosphere soil of P. vulgaris L. 
 
There were significant (P ≤ 0.05) differences in acid 
phosphatase activity in the rhizosphere of P. vulgaris L. 
associated with Rhizobium inoculation, Mo and lime supply in 
glasshouse and field experiments (Table 1). For example, 
Rhizobium inoculation decreased the levels of acid phosphatase 
activity in the rhizosphere soil by 22.2% (field) and 20.0% 
(glasshouse) compared with the uninoculated control. 
Supplying Mo at 6 and 12 g kg-1 of seeds during field 

experiment decreased (P ≤ 0.05) the acid phosphatase activity 
by 31.3% and 33.6% respectively compared with the control. 
Similarly, this activity was decreased by 23.2% and 32.9% in 
glasshouse experiment (Table 1). Furthermore, lime at 2 and 3 t 
ha-1 significantly (P ≤ 0.05) decreased the levels of acid 
phosphatase activity by 14.0% and 25.7% in field experiment 
while in glasshouse these levels were reduced by 18.2% and 
32.1% respectively compared with the control treatment (Table 
1).  
 
Effects of Rhizobium, molybdenum and lime on alkaline 
phosphatase activities in the rhizosphere soil of P. vulgaris L. 
 
There were significant (P ≤ 0.05) differences in alkaline 
phosphatase activity in the rhizosphere of P. vulgaris L. 
associated with Rhizobium inoculation, Mo and lime supply in 
glasshouse and field experiments (Table 1). For example, 
Rhizobium inoculation decreased the levels of alkaline 
phosphatase activity in the rhizosphere soil by 19.3% (field) 
and 17.3% (glasshouse) compared with the uninoculated 
control. Supplying Mo at 6 and 12 g kg-1 of seeds during field 
experiment decreased (P ≤ 0.05) the alkaline phosphatase 
activity by 22.5% and 33.8% respectively compared with the 
control. Similarly, this activity was decreased by 22.4% and 
33.7% in glasshouse experiment (Table 1). Furthermore, lime at 
2 and 3 t ha-1 significantly (P ≤ 0.05) decreased the levels of 
alkaline phosphatase activity by 20.5% and 37.3% in field 
experiment while in glasshouse these levels were reduced by 
19.4% and 35.4% respectively compared with the control 
treatment (Table 1).  
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Table 2. Effect of with and without Rhizobium, Mo and lime supply on the secondary metabolites (Abs.g DM-1) in shoots of P. vulgaris 
L. as measured in field and in glasshouse.  

Treatments  Flavonoids Anthocyanins 

 Field Glass Field Glass 

Rhizobium     

R- 0.210±0.005a 0.206±0.005a 0.036±0.002a 0.033±0.002a 

R+ 0.174±0.009b 0.172±0.008b 0.030±0.002b 0.032±0.002a 

Molybdenum (g.kg-1) 

0 0.222±0.006a 0.223±0.005a 0.040±0.002a 0.039±0.002a 

6 0.191±0.008b 0.192±0.006b 0.033±0.002b 0.033±0.002b 

12 0.162±0.009c 0.153±0.009c 0.027±0.002c 0.027±0.002c 

Lime (t.ha-1)     

0 0.222±0.007a 0.210±0.007a 0.043±0.002a 0.042±0.002a 

2 0.192±0.008b 0.190±0.008b 0.032±0.001b 0.032±0.001b 

3 0.162±0.009c 0.167±0.010c 0.024±0.001c 0.024±0.001c 

3 - Way ANOVA (F-Statistic) 

Rhizobium 44.39*** 47.38*** 34.603*** 1.252ns 

Molybdenum 43.22*** 67.41*** 44.183*** 25.982*** 

Lime 42.19*** 25.53*** 94.004*** 58.512*** 
Values (Mean ± SE, n = 4) followed by dissimilar letters in a column are significantly different at ***: P≤0.001 according to Fischer least 
significance difference. (ns = not significant, SE = Standard error).  
 
 
 
Effects of Rhizobium, molybdenum and lime on flavonoids 
concentrations in the shoots of Phaseolus vulgaris L. 
 
The flavonoids concentration (Abs g DM-1) differed (P ≤ 0.05) 
with Rhizobium inoculation, Mo and lime supply (Table 2). The 
data showed that with Rhizobium inoculation, levels of 
flavonoids in shoots of P. vulgaris L. decreased by 16.8% 
(field), 16.5% (glasshouse) relative to control (Table 2). 
Supplying Mo at 6 and 12 g kg-1 of seeds in field experiment 
decreased (P ≤ 0.05) the levels of flavonoids by 14.0% and 
27.0% respectively compared with the control. Similarly, this 
concentration was decreased by 22.4% and 33.7% in glasshouse 
experiment (Table 2). Furthermore, lime at 2 and 3 t ha-1 
significantly (P ≤ 0.05) decreased the levels of flavonoids by 
13.1% and 26.8% in field experiment while in glasshouse these 
levels were reduced by 9.3% and 20.5% respectively compared 
with the control treatment (Table 2).  
 
Effects of Rhizobium, molybdenum and lime on anthocyanin 
concentrations in the shoots of Phaseolus vulgaris L. 
 
The anthocyanin concentration (Abs g DM-1) differed (P ≤ 
0.05) with Rhizobium inoculation, Mo and lime supply (Table 
2). The data showed that with Rhizobium inoculation, levels of 
anthocyanin in shoots of P. vulgaris L. decreased by 17.5% 
(field), 4.5% (glasshouse) relative to control (Table 1). 
Supplying Mo at 6 and 12 g kg-1 of seeds during field 
experiment decreased (P ≤ 0.05) the anthocyanin concentration 
by 17.1% and 31.5% respectively compared with the control. 
Similarly, this activity was decreased by 24.0% and 42.6% in 

glasshouse experiment (Table 2). Furthermore, lime at 2 and 3 
t.ha-1 significantly (P ≤ 0.05) decreased the levels of 
anthocyanins by 15.4% and 30.9% in field experiment while in 
glasshouse these levels were reduced by 23.6% and 42.7% 
respectively compared with the control treatment (Table 2).  
 
Interactive effect of Rhizobium, molybdenum on the 
concentration of flavonoids in shoots of P.  vulgaris L. 
 
There was significant (P ≤ 0.05) interaction between 
Rhizobium, molybdenum and lime in flavonoids concentration 
in P. vulgaris L. shoots (Figs. 1, and 2). Whether grown in the 
glasshouse or field, combining Rhizobium inoculation with Mo 
lowered the levels of flavonoids concentration compared with 
no Rhizobium inoculation (Fig. 1A, B). Although the data from 
glasshouse experiment interaction showed no significant 
difference when Rhizobium inoculation was combined with 
lime, in the field however, Rhizobium inoculation combined 
with lime significantly reduced the levels of flavonoids 
concentration compared with when Rhizobium was not 
combined with lime (Fig. 2). 
    
Discussion 
 
In this study, acid and alkaline phosphatase activities in the 
rhizosphere soils as well as flavonoids and anthocyanins in 
shoots of P. vulgaris L. were assayed with the objective of 
quantifying their levels when supplied with or without 
Rhizobium, Mo and lime. The data showed significant 
differences in acid and alkaline phosphatase activities with the 
supply  of Rhizobium, Mo and lime  showing lowest levels with  
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Fig. 1: Interactive effects of Rhizobium and molybdenum on shoot flavonoids concentration A) Glasshouse and B) Field 
experiments (R-: Without Rhizobium, R+: With Rhizobium, Mo1: molybdenum at 0 g.kg-1 seed, Mo2: molybdenum at 6 g.kg-1 seed 

and Mo3: molybdenum at 12 g.kg-1 seed) 
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addition of these with supplies (Table 1). The rhizosphere soil 
of P. vulgaris L. supplied with Mo at 12 g kg-1 seeds and lime 
at 3 t ha-1 secreted less acid and alkaline phosphatases 
compared with the other treatments (i.e. 0 and 6 g kg-1 seeds for 
Mo as well as 0 and 2 t ha-1 for lime) during glasshouse and 
field experiments (Table 1). The lower acid and alkaline 
phosphatase activities exhibited in the rhizosphere of P. 
vulgaris L. suggest less stress for mineral elements for plant 
growth. For instance, supply of Rhizobium to P. vulgaris L. 
showed lower levels of acid and alkaline phosphatases in the 
rhizosphere soil. The lower levels of these compounds reflected 
how the micro-organisms in the rhizosphere reacts and interacts 
to the many metabolites released by the roots of grain legumes 
such as  P. vulgaris L. in a variety of ways including N2 
fixation, enhanced solubilization of P, and phytohormone 
production (Vessey, 2003; Barea et al., 2005). Such interactions 
may change nutrient dynamics, thus, altering plant’s stress and 
indirectly affecting the accumulation of the rhizosphere 
phosphatase activities.  

Likewise, supplying of Mo at 12 g kg-1 seeds may have 
facilitated the synthesis of ascorbic acid, thus, enabling 
physiological availability of Fe to plants for growth (Nicholas, 
1975). Similarly, Mo could have catalyzed the N2 fixation by 
Rhizobium in P. vulgaris L. by changing dinitrogen gas to 
ammonia, making it available for plant growth. There is also 
evidence that calcium (Ca) deficiency increase stress for plant 
growth (Speir and Ross, 1978; Bremner and Mulvaney, 1978). 
In this study, supply of Ca as lime at 3 t ha-1 decreased the 
secretion of acid and alkaline phosphatases suggesting that Ca 
availability was not limiting for plant growth. Higher mineral 
elements stress in the rhizosphere of legumes such as P. 
vulgaris L. have also been related to greater secretion of acid 
and alkaline phosphatase activities (Vance et al., 2003; 
Hammond et al., 2004; Makoi et al., 2010a). In fact Jones et al. 
(2003) reported increased secretion of acid phosphatase by 20-
fold in lupins (L. albus L.) under P stress. Similarly, many plant 
species exude organic anions such as citric and malic acids in 
response to deficiency of several nutrients, including P, K, Fe, 
and Mn. Overall, these mechanisms leads to less stress for 

mineral elements in the rhizosphere soil, thus, lower secretion 
of acid and alkaline phosphatases. 

The study also showed that Rhizobium, Mo and lime supply 
significantly reduced the levels of flavonoids and anthocyanins 
in shoots of P. vulgaris L. compared with control (Table 2). For 
example, Rhizobium inoculation lowered the secondary 
metabolites (Abs g DM-1) from 0.210±0.005 (R-) to 
0.174±0.009 (R+) and from 0.206±0.00 (R-) to 0.172±0.008 
(R+) in glasshouse and field experiments respectively (Table 2). 
The reduced flavonoids and anthocyanins concentrations with 
Rhizobium inoculation suggest that stress for plant growth 
factors are not limiting. Lack of stress for plant growth factors 
in P. vulgaris L. could be attributed to greater accumulation of 
Ca, P, Mg, K, Zn and other mineral elements stimulated with 
different rhizosphere strains as similarly shown by Howell 
(1987). There is also evidence that most rhizobial strains 
produce siderophores, indole acetic acid (IAA), organic acids 
(OA), gibberellins, and cytokinins compounds which are used 
to mobilize Fe or solubilise P and other mineral elements (Law 
and Strijdom, 1989; Plessner et al., 1993; Antoun et al., 1998). 
However, when such mineral elements are found to be limiting, 
these secondary metabolites are raised in plant tissues 
indicating the stress for mineral elements encountered by the 
plant. That is why Bergman (1992) in his study involving 
different variety of plants reported accumulation of 
anthocyanins and attributed it to P and N deficiency symptoms. 
Similarly, the concentration of total phenolics was lower in P 
deficient plants (Juszczuk et al., 2004).  

Supplying Mo at 12 g kg-1 and Ca2+ as lime at 3 t ha-1 
significantly reduced the levels of flavonoids and anthocyanins 
compared with the other treatments (Table 2). The reduced 
levels of these secondary metabolites could be partly ascribed 
to the ability of Ca2+ supplied as lime to offset or decrease the 
stress of mineral elements probably by neutralizing the toxic 
effects of H+, Al3+ and Mn2+ in the soil just as it increases soil 
pH so as to decrease the activities of Fe and Al oxides which 
are good sinks for Mo in soils (Mandal et al., 1998; Staley and 
Brauer, 2006). As a result, these mineral elements are made 
available  for  plant  growth,  thus,  less  stress,  leading  to  low  
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Fig. 2: Interactive effects of Rhizobium and lime on shoot flavonoids concentration in field 
experiment. (R-: Without Rhizobium, R+: With Rhizobium, L1: lime at 0 t.ha-1 , L2: lime at 2 t.ha-1

and L3: lime at 3 t.ha-1 ) 
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release of secondary metabolites such as flavonoids and 
anthocyanins. On the other hand, mineral element stress has 
been shown to have a notable effect on the concentrations of 
secondary metabolites in plant organs (Rengel, 1999). In this 
experiment, supply of Mo at 0 and 6 g kg-1 as well as lime at 0 
and 2 t ha-1 showed relatively greater levels of flavonoids and 
anthocyanins compared with the other treatments (Table 2). The 
higher levels of these compounds could indicate stress for 
nutrients encountered by P. vulgaris L. during growth. Nitrogen 
(N) stress for example, may cause increased activity of L-
phenylalanine ammonia-lyase (PAL), a key enzyme of 
phenylpropanoid metabolism leading to the biosynthesis and 
accumulation of secondary metabolites in P. vulgaris L. for 
example, as similarly reported previously in French bean (P. 
vulgaris L. cv Strike, Dakora and Phillips, 1996; Sánchez et al., 
2000). There is also evidence that when P, Ca, Mg, S and Fe are 
deficient, secondary metabolites are stimulated and released in 
plant organs and in root exudates which then solubilise different 
mineral elements from unavailable sources and facilitate their 
uptake by plants for growth (Gerschenzon, 1983, Rengel, 
2002). These compounds may also form stable chelate with Fe 
and Al present in insoluble Fe- and Al-phosphates, and in so 
doing, solubility of Fe and P is enhanced and therefore made 
available for plant growth (Dakora and Phillips, 2002), thus, 
lowering the stress for such mineral elements required for plant 
growth. 

There was also significant interaction between Rhizobium, 
molybdenum and lime on flavonoids concentration in shoots of 
P. vulgaris L. (Figs. 1 and 2). Whether planted in field or in 
glasshouse, and regardless of Mo and lime supply, flavonoids 
concentration in shoots of P. vulgaris L. was consistently 
higher in without Rhizobium inoculation treatments compared 
with Rhizobium inoculation (Figs. 1 and 2). However, supply of 
Mo at 0 and 6 g kg-1 seeds as well as lime at 0 and 2 t ha-1 were 
significantly higher relative to the higher supply of Mo (12 g 
kg-1) and lime (3 t ha-1). These results suggest that regardless of 
inoculating or not inoculating Rhizobium, flavonoids 
concentration in shoots of P. vulgaris L. decreased as Mo and 
lime supply increased, and as a result, Mo and lime in this 
context controlled the flavonoids levels in shoots of P. vulgaris 
L (Figs. 1 and 2).  
 

 
Conclusion 
 
In conclusion, our result showed greatest acid and alkaline 
phosphatase activities as well as flavonoids and anthocyanins 
concentrations in control treatments involving no Rhizobium 
and zero Mo and lime. On the contrary, these parameters were 
lowest where supply of Mo and lime was highest. These results 
suggest that acid and alkaline phosphatase activities as well as 
flavonoids and anthocyanins concentrations are released when 
legumes such as P. vulgaris L. are confronted with low 
availability of mineral elements such as those tested in this 
study. Overall, this finding is important in the management of 
acid soils where several mineral elements are deficient 
including N, Mo and Ca.  
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