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ABSTRACT 

 

The aim of this study was to identify common bean cultivars which can grow/yield better under 

rhizobial inoculation and at limited water condition. To attain the goal, two seasons field 

experiment and one season screen house experiment were conducted at Agricultural Seed 

Agency (ASA) in Arusha Tanzania in the year 2014 /2015 and 2016. The experiment was a split-

split plot with three replications, two levels of rhizobia, two stress levels and five cultivars of P. 

vulgaris (L.) (KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and JESCA). Stress 

periods of 10 days were imposed at vegetative and flowering stages of plant growth. Results 

showed that proline content was high in inoculated and water stressed plants. Concentrations of 

flavonoids and anthocyanins were higher in non-inoculated water stressed treatments. Leaf 

chlorophyll content, relative leaf water content and electrolyte leakage were higher in rhizobial 

inoculated and non-water stressed treatments. The nutrients uptake was higher in rhizobial 

inoculation and non-water stressed treatments. Rhizobial inoculation significantly increased 

growth parameters and seed yields while water stress significantly reduced growth parameters at 

both growth stages. F8 Drought Line and JESCA varieties significantly recorded higher proline 

content in field experiment and KAT B1 in the screen house experiment. Varieties F8 Drought 

line, JESCA and F9 Kidney Selection significantly recorded higher flavonoids and anthocyanins 

content in both experiment. Leaf chlorophyll content was significantly higher in F9 Kidney 

Selection and KAT B1 than in F8 Drought Line and JESCA. Cultivars F9 Kidney Selection, F8 

Drought Line and JESCA had significantly higher relative leaf water content than other cultivars. 

However, varieties KAT B9 and KAT B1 significantly increased percentage in electrolyte 

leakage.Varieties F9 Kidney Selection, F8 Drought Line and JESCA significantly recorded 

higher uptake of N, P, K, Ca and Mg. Varieties F9 Kidney Selection, F8 Drought Line and 

JESCA had significantly superior measurements reflected in increased plant height, shoot and 

root dry weight and seed yields. Significant interactions were observed between rhizobial 

inoculation, water stress and bean varieties. Cultivars F9 Kidney Selection, F8 Drought line, 

JESCA and KAT B1 showed highest level of tolerance against the water stress. With these 

observations, cultivars F9 Kidney Selection, F8 Drought line, JESCA and KAT B1 can be 

promoted for production especially in drought prone areas. 
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CHAPTER ONE 

Introduction 

1.1 Background Information 

Phaseolus vulgaris (L.) is a food legume that is consumed by many people world wide (Ramos 

et al., 1999). It is a fundamental source of minerals, proteins and vitamins, thus it is an 

alternative source of protein to meat and fish (Beebe et al., 2013). The usual intake of common 

beans has medicinal benefits which add to lower risks of some diseases such as cancer, diabetes 

and heart diseases (Tryphone et al., 2012). Apart from those important benefits of common bean 

water stress and nutrients limitations have been found to be the next to diseases as major 

constraints in bean production (Uddin et al., 2013). 

Nitrogen (N) is among the most abundant elements on earth, however, it is the critical limiting 

element for growth of most plants due to its unavailability (Graham and Vance, 2000). Plants 

acquire N from two principal sources, (a) the soil, through commercial fertilizer, manure, and/or 

mineralization of organic matter; and (b) the atmosphere through symbiotic N2 fixation. 

Primarily, N is necessary for the formation of amino acids which are building blocks of protein 

also aid for plant growth, which is triggered through cell division. It is an essential element in all 

living systems and needed by all cells and a major component of chlorophyll which converts 

sunlight into plant energy (Baligar, et al., 2001). N is very mobile and normally becomes 

available to plants in forms of NO3
- 
(nitrate) or NH4

+ 
(ammonium) ions (Marschner, 1995). It has 

been reported that nitrate is eagerly mobile in the xylem and can be stored in the vacuoles of 

roots, shoots and storage organs (Marschner, 1995). Nevertheless, ammonium has to be 

incorporated into organic compounds in the roots. Normally, leguminous crops meet up their N 

requirement through BNF which mainly depends on their proper growth, development and also 

leghemoglobin content of the root nodules (Serraj, 2003). P. vulgaris (L.) is a food legume that 

forms nodules with a range of rhizobial strains (Aguilar, et al., 2004). In a symbiotic association, 

legumes and bacteria contribute to each other and benefit as a result of their relationship 

(Redmon and Smith, 2004). However, the percentage of N-fixation percentage by P.vulgaris is 

lower than of other legumes (40-50%). Faba beans (Vicia faba) had around 75%, peas (Pisum 
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sativum) 70% and 95% with lupines (Werner, 1999). Therefore, rhizobial inoculation is an 

effective component in improving growth, yields, photosynthesis and plant nutrition in legumes.  

On the other hand, water deficit is the most crucial constraint in agriculture (Xoconostle-Cazares 

et al., 2011), and this is attributed by rainfall fluctuation which causes in some part by climate 

change. Water deficit causes a severe physiological, biochemical and molecular changes in 

plants (Siddiqui et al., 2015). For example, process of photosynthesis in plants is usually 

inhibited by water stress and this occurs by changing pathway regulation of stomatal closure and 

lessening flow of CO2 into mesophyll tissues and also weakening the activity of ribulose 1, 5-

bisphosphate carboxylase/oxygenase (Cornic, 2000). It has also being reported that water stress 

in plant tend to distress some crucial process in plants for instance respiration, translocation, ion 

uptake, carbohydrates and nutrient assimilation (Farooq et al., 2008). During water stress 

reactive oxygen species (ROS) are normally accelerated, therefore, affects the metabolic 

response of plants hence death of cells (De Carvalho, 2008). From this condition, oxidation of 

multicellular components like proteins, lipids and nucleic acids (i.e. DNA & RNA) are greatly 

accelerated. Plant growth hormones such as abscisic acid, auxins and gibberellins play a critical 

function in plant growth and development and it mediate various environmental stress responses 

(Sah et al., 2016). Abscisic acid (ABA) is a stress hormone and is the fundamental controller of 

abiotic stresses (Wani and Kumar, 2015). For example, when environmental conditions are 

inconsiderate, the intensity of abscisic acid (ABA) in plant tissues is enhanced through abscisic 

acid (ABA) biosynthesis. The increased abscisic acid (ABA) usually attach to its receptor to 

commence signal transduction leading to cellular responses to stress (Sah et al., 2016). ABA also 

regulates different physiological processes ranging from stomatal opening towards protein 

storage and adjustment to several stresses like water stress/drought, salt and cold stress. (Ullah et 

al., 2012). For the plants to cope with water stress and increase the tolerance mechanism, they 

usually develop a defensive system and cellular pathway by accumulation of osmolytes such as 

proline, glycinebetaine and proteins together with other bioactive compounds such as phenolic 

acids (Ndakidemi and Dakora, 2003; Kavikishor et al., 2005; Tairo et al., 2017). Kumar et al. 

(2006), showed that plants exposed to water stress tend to develop a series of morphological and 

physiological adaptations, which confer tolerance to these stresses. The overview of 

physiological and biochemical changes in beans which is attributed by abiotic stress such as 
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water stress and/or drought together with improved N trough rhizobial inoculation is crucial 

component to be assessed in legumes particularly P. vulgaris (L.). 

1.2 Problem Statement and Justification 

Phaseolus vulgaris is an important food crop and a useful source of proteins especially in Sub-

Saharan Africa. In Tanzania, common bean is an important food and cash crop, which is mostly 

grown by small-holder farmers. However, common bean production in Tanzania is low and does 

not meet the increasing demand (Mduruma et al., 1998). This is highly attributed to the soil 

moisture deficiency and nutrients limitation (Mduruma et al., 1998). Nutrient limitation results 

from either the unavailability of costly fertilizers or limited knowledge on their application. 

Nitrogen (N) is the key component of healthy growing of every plants, however is an expensive 

input in agriculture costing more than US$45 billion per year globally (Gyaneshwar et al., 2002). 

Supplying nitrogen to plants through biological nitrogen fixation has ecological and economic 

benefits (Ndakidemi et al., 2006) as it can fix up to 300 kg N ha
-1

per year (Anjum, et al., 2006). 

The need for artificial N fertilizers can be supplemented by N2 fixation resulting in an economy 

estimate of US$ 3 billion per crop season (Nicolás et al., 2006). In annual basis, the costs of 

production are usually reduced due to biological nitrogen fixation (BNF). Silva and Uchida 

(2000) demonstrated that field trials have shown the N captured by crops due to the use of 

rhizobia inoculants costing about $3.00/ha was equivalent to artificial N fertilizer costing $87.00. 

On the other hand, drought and/or water stress reduced common bean production in developing 

world in more than 60% (Ghanbari et al., 2013). As a result, the average global yield of beans 

remained low <900 kg ha
-1 

(Parida et al., 2007; Zadehbagheri, 2014). In Tanzania, bean yields 

are low ranging from 200 to 670 kg ha
-1 

and this is mostly due to unreliability of rainfall during 

the growing seasons (Mduruma et al., 1998). Water stresses may have great economic impacts in 

these regions, whereby, P. vulgaris (L.) is more prone and its poor adaptation to climatic stresses 

(Mouhouche et al., 1998).  

Knowing the threat of climate change currently, it is therefore justifiable to find common bean 

cultivars which will survive better under low soil moisture conditions with improved N through 

rhizobial inoculants and therefore be promoted to farmers particularly in drought prone areas in 

relevant agro ecological zones in Tanzania. 



4 
 

1.3 Objectives 

1.3.1 General Objective 

The proposed study intends to identify P.vulgaris cultivars that grow and yield more under water 

stress and rhizobial inoculation. 

1.3.2 Specific Objectives 

i. To quantify foliar accumulation of proline in Phaseolus vulgaris in response to water stress 

and   rhizobial inoculation 

ii. To evaluate the accumulation of flavonoids and anthocyanins in selected common bean 

(Phaseolus vulgaris (L.) cultivars as influenced by water stress and rhizobial inoculation  

iii.  To determine chlorophyll content in Phaseolus vulgaris (L.) cultivars as influenced by water 

stress and rhizobial inoculation  

iv.  To examine relative leaf water content and electrolyte leakage in selected common bean 

cultivars (Phaseolus vulgaris (L.) as influenced by water stress and rhizobial inoculation  

v. To assess nutrients uptake in Phaseolus vulgaris (L.) cultivars as influenced by water stress 

and rhizobial inoculation  

vi.  To determine growth components and seed yields in Phaseolus vulgaris (L.) as influenced by 

water stress and rhizobial inoculation 

1.3.3 Research Questions 

i. Which common bean cultivars will accumulate highest quantities of proline in their leaves as a 

result of rhizobial inoculation and water stress treatments? 

ii. Do rhizobial inoculation and water stress treatments increase or decrease the quantities of 

flavonoids and anthocyanins in Phaseolus vulgaris (L.) cultivars?  

iii. Which P. vulgaris (L.) cultivars accumulate the highest chlorophyll contents following 

rhizobial inoculation and water stress? 
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iv. How are relative leaf water contents and electrolyte leakage affected by water stress and 

rhizobial inoculation in P.vulgaris cultivars assessed? 

v. Will the nutrient uptake in P. vulgaris (L.) cultivars be affected by rhizobial inoculation and 

water stress treatments? 

vi. How are the growth components and seed yields of the P. vulgaris (L.) cultivars are affected 

by rhizobial inoculation and water stress treatments? 

The specific objectives above will enable the identification of P.vulgaris cultivars tolerant to 

water stress at high N levels after rhizobial inoculation for drought prone areas. 

1.3.4 Significance of the Study 

The study will identify common bean cultivars that have the ability to accumulate high content 

of proline and secondary metabolites such as flavonoids and anthocyanin which have significant 

role in drought tolerant studies. Furthermore, the use of rhizobial inoculants will enhance 

nitrogen fixation and improve the capacity of plants to grow well under water stress.  
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CHAPTER TWO 

Effects of water stress and rhizobial inoculation on physiological growth, mineral nutrition 

and accumulation of plant metabolites in Phaseolus vulgaris 

Abstract 

Water availability is one of the most essential factors that determine geographical distribution 

and productivity of plants. Common bean is a warm season crop requiring 90-120 days from 

planting to maturity. Positive performance of common bean in terms of yields and other growth 

factors is more dependent on adequate supply of water and in some part plant nutrients than any 

other single environmental factor. However, inadequate amount of moisture in the soil during the 

growing season affects the morpho-physiological mechanisms in plants and reduces its growth 

and development leading to hampered flower production and grain filling resulting to smaller 

and fewer seeds. Nitrogen fixation is of great deal as it may increase the world food supplies 

required to feed the rapidly increasing population and perhaps can substitute the expensive 

nitrogenous fertilizers mainly to smallholder farmers in Sub-Saharan Africa. The potential 

effects of water stress and rhizobial inoculation in legumes (mainly common beans) with respect 

to plant secondary compounds, chlorophyll formation and plant nutrition has been given 

consideration in this review. 

Key words; Drought, Common beans, Inoculants, Phytochemicals, varieties 

2.1 Introduction 

Common bean [Phaseolus vulgaris (L.)] is the most important food legume in east and southern 

Africa (Beebe et al., 2011). Common bean has great potential for improving human nutrition due 

to its high protein content (Manjeru et al., 2007), and it is one of the food legumes eaten by many 

people around the world in different forms (Makunde and Pombi, 2004). In Tanzania, the 

majority of the smallholder farmers use seeds of the common bean as a major source of protein 

in cereal-based diets (Peters, 1993). According to Schwarz et al. (1996), P.vulgaris is one of the 

best non-meat sources of iron; provide 23-30% of the daily-recommended levels from a single 

serving. Symbiosis between legumes and nodulating bacteria is the main source of N in most of 

the cropping systems. Common bean has a tendency to associate with Rhizobium and fixes 
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atmospheric nitrogen in the soil (Manjeru et al., 2007). The fixation of atmospheric nitrogen into 

a usable form improves the soil nitrogen levels and ultimately reducing the costs of production. It 

has been established that the ability of legumes to form a symbiosis with soil rhizobia by fixing 

atmospheric nitrogen plays a significant role in a range of agro-ecosystems (Mortier et al., 2012). 

For example, Study by Massawe et al. (2017) on legumes and cereals intercrops and inoculated 

with Rhizobium showed the benefit from the nitrogen fixed by the companion leguminous crop. 

Furthermore, Rahman, (2013) report the improved soil structure and water holding capacity in 

Rhizobium inoculated legumes intercropping system with cereals.  

Biologically fixed N2 is regarded as a renewable resource that should form part of sustainable 

agro-ecosystems worldwide as it sustains crop productivity (Abd-Alla, 1992). Apart of beneficial 

response of beans, yet are less adapted to extreme environments of very low rainfall, high 

temperatures or low fertility acid soils as compared to other legumes such as cowpeas. White and 

Singh (1991) report that 62% of common bean grown in different regions of the world suffers 

from water stress at some stage of their growth. Study done by Fairbairn (1993) indicates that 

93% of common bean growing areas, the physiological water requirements are not fulfilled and 

this reduces yields especially when water stress occurs during flowering stage. Common bean is 

cultivated largely by resource-poor farmers, often on soils that are deficient in important plant 

nutrients such as nitrogen (N) and phosphorus (P). Climatic and edaphic constraints cause severe 

yield losses given that heat and drought are widespread events that occur every year (Wortmann 

et al., 1998; Thung and Rao 1999).  

Drought is a major factor affecting the growth and development of plants especially in 

developing world and has caused severe reductions in crop yields in many countries of the world 

(Beebe et al., 2013). It is a serious threat to agriculture as it limits the plants to take up water, 

which in turn reduces growth rate along with several metabolic changes (Munns, 2002). Its 

importance is likely to increase in response to the effect of global climate change and increased 

competition for water. The first signs of drought in plants are visible in leaves, which appear 

prematurely senescent, although earlier changes, both morphological and metabolic occur in 

roots (Ramirez-Vallejo and Kelly, 1998). These changes reflect, not merely a progressive 

reduction of water content in the plant, but qualitative and quantitative changes in its 

metabolism, suggesting a number of mechanisms by which plants can, within different limits, 
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tolerate drought and recover from its effects (Ramirez-Vallejo and Kelly, 1998). An essential 

aspect of the strategy to improve the yield of legumes in stressed environments must involve a 

combination of stress tolerant cultivars and nutrients (Mabrouk and Belhadj, 2012). On the other 

hand, plants generate chemicals which are primary and secondary metabolites for their survival 

and growth. The primary metabolites are substances produced by all plant cells that are directly 

involved in growth, development or reproduction such as sugars, proteins, amino acids and 

nucleic acids. The secondary metabolites are not directly involved in growth or reproduction but 

they are often involved with plant defense (Dixon and Paiva, 1995). These compounds usually 

belong to one of these three large chemical classes: terpenoids, phenolics and alkaloids and are 

highly activated as a response to various environmental stresses occurring in plants for instance 

heat, moisture stress and temperature (Ramakrishna and Ravishankar, 2011). Generally, moisture 

stress in plants alter metabolic functions, such as reduced synthesis of photosynthetic pigments, 

accumulation of osmoprotectants like proline in the cell, reduced growth, loss of membrane 

stability and integrity and alterations of plant water potential and other physiological parameters 

including plant height and leaf area (Baroowa and Gogoi, 2012). Therefore, this review focuses 

on the effects of water stress and rhizobial inoculation on physiological growth, mineral nutrition 

and accumulation of plant metabolites in legumes and other plants, with emphasis on P vulgaris. 

2.1.1 Response of rhizobial inoculation and moisture deficiency in plant species 

Leguminous crops meet up their N requirement through biological nitrogen fixation (BNF) 

which mainly depends on their proper growth, development and also leghemoglobin content of 

the root nodules (Serraj, 2003). However, water stress influences all aspects of nodulation and 

symbiotic N2 fixation and in some cases reduces rhizobial survival and diversity in soil (Serraj et 

al., 1999). The effects of water stress on N2 fixation generally have been perceived as a result of 

physiological responses acting on nitrogenase activity, which involves carbon shortage, oxygen 

limitation or feedback regulation by N accumulation (Serraj and Adu-Gyamfi, 2004).Water 

stress affects nodulation process and nodule activity than metabolism of plant shoots and roots 

(Shirtliffe, et al., 1996). However, the adaptability of microsymbiont to water stress varies 

between rhizobial strains (Shirtliffe, et al., 1996). Cell morphology in Rhizobium meliloti for 

example, became irregular and its growth rate slowed down as water potential of the growth 

media decreased from -0.15 to -1.5 MPa (Busse and Bottomley, 1989). On the other hand, 
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several species of rhizobia can survive under severe drought conditions by a range of adaptive 

strategies including production of chaperones and sugars, synthesis of stress enzyme 1-

aminocyclopropane 1-carboxylic acid, production of oxopolysaccharides, production of low 

molecular weight organic compound like trehalose, phosphate solubilization and production of 

siderophores and phytohormones (Hussain et al., 2014). Nevertheless, other studies reveal that 

rhizobial strains are relatively resistant to soil dehydration and can stay alive in water films 

nearby soil particles (Serraj et al., 1999) as compared with host plants. Zahran et al. (1994) 

showed that subjecting rhizobia to osmotic stress resulted in modification of bacterial membrane 

lipopolysacharides, which are occupied in the Rhizobium host plant recognition process. The 

process of root hair infection by Rhizobium and the formation of infection threads have also been 

found to be seriously inhibited by water shortage (Graham, 1992). Therefore, characteristics of 

native rhizobial populations and the selection of strains for inoculation may be essential factor of 

N2 fixation in water limited environment (Serraj, 2003).  

The environmental conditions may affect the growth, proliferation, symbiotic process and 

nitrogen fixation by Rhizobium in association with leguminous plants. Rhizobium-legume 

response to different environmental stress is complex phenomena that require the intervention of 

many genetic and biochemical adaptation mechanisms which should be included in future 

studies. Hence, the better understanding of rhizobial physiological responses to different abiotic 

and biotic stresses factors is very important to improve crop production by harnessing biological 

nitrogen fixation process.  

2.1.2 Influence of moisture stress and rhizobial inoculation on proline accumulation in 

legumes 

In many developing countries, 20 % of the available protein is provided by beans (Beebe et al., 

2010). Beans represent also an integral part of dietary protein for 50 % of the world’s population 

(Beebe et al., 2010). An adequate N supplement is a key factor for growth and productivity in 

bean crops (Burns 1992; Mattson et al., 1991). Several functions have been proposed for proline 

accumulation as an adaptive response in plants; for example, proline may function as an organic 

osmolyte, a sink of energy and reducing power, N-storage compound, a hydroxy-radical 

scavenger, and a compatible solute that protects enzymes (Saradhi & Saradhi, 1991). Proline is a 

basic amino acid found in high percentage in basic protein, its non-toxic osmotic solutes which 
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stabilize the structures of macromolecules and organelles (Gadallah, 1999). In plants proline is 

synthesized by either glutamate or ornithine pathways in cytoplasm or mitochondria (Delauney 

et al., 1993). The first steps of the proline biosynthesis from glutamate are catalysed by a single 

bifunctional enzyme, 1-pryrroline-5-carboxylate synthestase (P5CS), which produces glutamic-

semialdehyde (GSA). The GSA produced is spontaneously converted into pyrroline-5-

carboxylate (P5C), which is then reduced by P5C reductase (P5CR) to proline (Zhang et al., 

1995). Plants also synthesise proline from ornithine, by omithine - aminotransferase (OAT). If 

the amino group of ornithine is transaminated, the product would be keto amino valerate, which 

cyclizes to 1-pryrroline-2-carboxylate (P2C) and is then reduced to proline. Otherwise, trans 

amination of the amino group yields GSA, which is converted to proline via P5C (Delauney and 

Verma, 1993). Hare et al. (1999) reported that metabolism and accumulation of proline mainly 

depends on its degradation, which is catalysed primarily by the action of proline dehydrogenase 

enzyme (PDH). In Prunus salicina and Lagerstroemia indica Andersen et al. (1995) showed that 

there was a positive relationship between N availability and proline accumulation in these plants. 

Studies involving French bean showed that there was a decrease in proline contents in their roots 

and leaves as results of N deficiency (Sánchez, et al., 2002). These were attributed by 

degradation of proline which was favoured by the stimulation of proline dehydrogenase (PDH). 

Other results by Dandekar and Uratsu (1988) indicated that under conditions of N deficiency, 

proline degradation produces glutamate, which is utilised as a nitrogenous source for the 

synthesis of other amino acids. However, under condition of sufficient N, proline level increase 

due to the action of ornithine, signifying majority of the ornithine pathway over the glutamine 

pathway, in addition to the inhibition of proline dehdrogenase activity (Sánchez, et al., 2002). 

Elboutahiri et al., (2010) reported that Rhizobium inoculated alfalfa had the highest leaf proline 

levels. Generally, N deficiency is characterized by a decrease in proline accumulation in plant 

tissues, essentially because the degradation of proline is favoured by the stimulation of proline 

dehdrogenase.  

Cellular responses of plants as a result of oxidative and osmotic stresses in plants have been 

found to act as protection of cellular structures (Hare and Cress, 1997). Oxidative stress is caused 

by the intracellular accumulation of reactive oxygen species (ROS) and these stress signals may 

come from the environment, but can also be generated internally and may cause molecular 

damage to proteins, DNA and membranes of plants (Mager et al., 2000; Sharma et al., 2012). 
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Osmotic stress leads to efflux or influx of water from or into the cell resulting to hyper-osmotic 

stress which causes shrinking and hypo osmotic stress which causes swelling (Kotchoni and 

Bartels, 2003). The cellular responses to this type of stress deal with the activity of water 

channels (Mager et al., 2000). Biotic and abiotic stress such as water limitation in higher plants 

result in metabolic irregularities in plants, hence huge accumulation of amino acids for instance 

proline and glycine betaine content (Tatar and Gevrek, 2008). One of the most remarkable stress 

characteristics to measure physiological dryness in plant is the tremendous free proline 

accumulation (Kavikishor et al., 2005; Bates et al., 1973). Proline, among other amino acids is 

commonly produced in higher plants and generally accumulates in large extent in response to 

environmental stresses; for example, exposure of plant to harsh environment such as pathogen 

attack, heavy metal, salinity, cold and others result in the increment of free proline (Ashraf and 

Foolad, 2007; Szabados and Savoure, 2009). Proline has been found to act as a vital compatible 

osmolyte and osmoprotective compound performing as molecular chaperone in osmotic 

adjustment and protection of cellular structures of the plants (Sharma et al., 2012).  A part of 

osmolyte for osmotic adjustment, it stabilizes sub cellular structures such as membrane and 

proteins and scavenging of free radicals (Matysik et al., 2002). It also contribute in alleviating 

cytoplasmic acidosis and maintaining appropriate NADP
+
/NADPH ratios compatible with 

metabolism (Hare and Cress, 1997). According to Stewart (1981), proline does not hamper with 

normal biochemical reactions but allows the plants to survive under stress. Accumulation of 

proline might respond to stresses such as temperature, drought and starvation (Sankar et al., 

2007). High levels of proline enable a plant to maintain low water potentials. By lowering water 

potentials the accumulation of compatible osmolytes involved in osmoregulation allows 

additional water to be taken up from the environment, thus buffering the immediate effect of 

water shortage within the organism (Kumar et al., 2006). Once plants accumulate proline in its 

plant tissues tends to reduce the toxic effects of ions in enzymes activity and also lowers the 

generation of free radicals formed by drought/water stress (Siddiqui et al., 2015). Hayat et al. 

(2012) report that proline is acting as hunter of reactive oxygen species (ROS) and diminish the 

damage of oxidative stress induced by water stress, heavy metal, salinity and other stresses. 

Studies reveal that proline perform as solute during stress, where an increase in the proline 

content would indicate resistance or tolerance to water deficit, serve as parameter for the 

assortment of highly resistant cultivars (Bates et al., 1973; Ashraf and Iram, 2005). In higher 
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plants, accumulated proline can have many other important functions, prevention of membrane 

disintegrations and enzyme inactivation in the environment of low water activity. Proline as a 

solute is widely distributed in plants greater than the other amino acids in the stressed plants; for 

example proline has found to be accumulated in different legumes, for example, Glycine max 

(L.) and Phaseolus vulgaris (L.) as a result of severe water stresses (Kapuya et al., 1995). The 

theory behind proline is therefore very useful to assess the physiological status and more 

generally to understand stress tolerance in plants species. However, the usefulness of 

physiological phenomenon is not enough exploited and perhaps not well understood as 

exceptional amino acids which is highly accumulated in plant cells under stressful environment. 

Practical understandings of proline as an organic solute accumulated in plant cells will be useful 

in plant improvement and adaptation in stress conditions. 

2.1.3 Effects of moisture stress and rhizobial inoculation on the accumulation of Flavonoids 

and Anthocyanins in legumes 

Plants produce a high diversity of natural products or secondary metabolites with a prominent 

function in the protection against various environmental stresses. Primary and secondary 

metabolism is both carried out by plant cell, whereby, primary metabolism entail synthesis of 

polysaccharides, proteins, lipids, RNA and DNA through utilization of sugars, amino acids, 

common fatty acids and nucleotides while secondary metabolism is stimulated only during 

particular stages of growth and development or during period of stress, limitation of nutrients or 

attack by micro-organisms or pathogens (Ndakidemi and Dakora, 2003; Shilpa et al., 2010). 

Secondary metabolites are more complex than primary metabolites and are generally derived 

from primary metabolites through modifications, for instance, methylation, hydroxylation and 

glycosylation (Ravishankar and Rao, 2000). Secondary metabolites are classified based on 

chemical structure (e.g. aromatic rings, sugar), composition (containing nitrogen or not) and their 

solubility in various solvents or the pathway by which they are synthesized. These metabolites 

have been categorized into terpenes (composed entirely of carbon and hydrogen), phenolics 

(composed of simple sugars, benzene rings, hydrogen and oxygen) and nitrogen and/or sulphur 

containing compounds (Shilpa et al., 2010).Various stresses have made higher plants to produce 

some bioactive compounds mainly secondary metabolites which facilitate the plant to interact 

with its environment for adaptation and defense (Ramakrishna and Ravishankar, 2011; 
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Ndakidemi and Dakora, 2003). Reports by Rao and Ravishankar (2002) and Varisree et al. 

(2004) pointed out that these bioactive compounds can serve important purposes such as acting 

as food additives, aroma as well as industrially fundamental pharmaceuticals. Besides, they have 

practical applications in medicinal, nutritive and plant stress physiology adaptation (Gupta et al., 

2014). The accumulation of secondary metabolites usually depends on the physiological and 

developmental stage of the plant and usually consists of various signal molecules and they are 

produced in low quantity less than 1% dry weight (Shilpa et al., 2010). 

Flavonoids are the most common and widely distributed class of plant phenolics consisting of 15 

carbon atoms joined by linear carbon chain (Enyiukwu et al., 2014). They are pigments which 

play an essential function of coloring flowers, fruits and seeds in plants (Veberic et al., 2008). 

This type of secondary metabolites is widely distributed in plants and they are of six groups; 

flavonols, flavandiols, chalcones, flavones, anthocyanins and tannins (Veberic et al., 2008). 

Phenolic N containing compounds is extensively distributed secondary plant products and is 

generally derived from L-phenylalanine through nitrogen framework of cinnamate under phenyl 

propanoid metabolism (Razal et al., 1996). Flavonoids are usually synthesized using 

phenylalanine which may be affected by nitrogen metabolism. Under condition of low N, the 

level of Phenylalanine ammonia-lyase (PAL) activity increase hence enhances the accumulation 

of flavonoids (Kondorosi et al., 1995; Stewart et al., 2001; Mierziak et al., 2014). Study by Liu 

et al. (2010) in C. morifolium leaves showed that flavonoid concentrations were higher under 

low nitrogen supply, which implies that the activity of PAL (Phenylalanine ammonia-lyase) was 

abundant in the leaf of C. morifolium. It has been reported that N deficiency results in huge 

accumulation of secondary compounds mainly phenolics such as flavonols (Stewart et al., 2001) 

and anthocyanins (Chalker-Scott, 1999). For instance, Awad and Jager (2002) reported a decline 

in the concentration of flavonoids in the skin of apple as a result of nitrogen (N) supply. In 

Labisia pumila (sub- herbaceous plant), studies showed a significantly less production of 

phenolics under high N level (Ibrahim et al., 2011). It can be established that flavonoids 

metabolism in plants is highly favored in the presence of Phenylalanine ammonia-lyase (PAL) as 

a result of N deficiency. 

Different roles have been proposed for secondary compounds accumulation as an adaptive 

response towards various stresses such as water stress and/or drought. Water stress is the most 
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widespread abiotic stress that affects plant growth and development, and usually occurs when the 

available water in the soil is reduced to a serious level and changing in atmospheric condition 

adds to the excessive loss of water (Zadehbagheri, 2014). Furthermore, high temperature, solar 

radiation, cold, drought and salinity increase the loss of water in plant depending on plant species 

(Adnane, et al., 2015). Report by Odjegb and Alokolaro (2013) showed that moisture stress 

causes oxidative stress and it has been reported to increase the amount of phytochemicals in 

some plant parts such as flavonoids and phenolic acids. Apart from that, flavonoids participate in 

stress responses in plant and also play an important role in plant growth and development, 

defense of plants against insect pests and diseases (Dixon and Steele, 1999; Ndakidemi and 

Dakora, 2003; Makoi and Ndakidemi, 2007; Kumar and Pandey, 2013). Biosynthesis of 

flavonoids is noticeable due to oxidative stress formed in plant, which inhibit generation of 

reactive oxygen species, absorb most of the energetic solar wavelengths and quench reactive 

oxygen species once they are formed in the plant cells (Kumar and Pandey, 2013). Flavonoids 

contain antioxidant ability of scavenging reactive oxygen species and, suppressing their 

formation by either inhibition of enzymes involved in free radical generation or up regulation of 

antioxidant defenses (Das and Roychoudhury, 2014). Current facts show that flavonoids as 

antioxidant are situated in the nucleus of mesophyll cells and at the centre of chloroplast where 

generated H2O2, singlet oxygen and hydroxyl radical can be easily quenched (Sharma et al., 

2012). Flavonoids are recognized for their antioxidant and free radicals scavenging activities and 

they play a crucial role of preventing oxidative cell damage and also exhibit a high pesticidal 

activity (Okigbo et al., 2009).  Anthocyanins are reported to accumulate under various stresses in 

plants such as drought and cold temperatures (Makoi, et al., 2010). Plant tissues having 

anthocyanins provide a number of functions for example thermoproctection, defense against 

insect pests and pathogen attack and are relatively resistant to drought (Chalker-Scott, 1999). For 

the plant to overcome the problem of stress when exceed, they tend to produce secondary 

metabolites as a defensive mechanism for survive (Ndakidemi and Dakora, 2003). The role of 

secondary compounds (i.e. flavonoids and anthocyanins) in legume growth in response to water 

stress and rhizobial inoculation needs further investigation to explore the biochemical and 

physiology responses into the ecosystems.  
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2.1.4 Effects of moisture stress and rhizobial inoculation on Chlorophyll contents in 

legumes 

Chlorophyll is the main photosynthetic component of the chloroplast that determines 

photosynthetic rates (Shobhkhizi et al., 2014). Legumes play a fundamental role in agro 

ecosystems based on their ability to form a symbiosis with soil rhizobia that fix atmospheric 

nitrogen (Van Rhijn and Vanderleyden, 1995). Nitrogen is a major constituent of chlorophyll, the 

most essential pigment needed for photosynthesis and amino acids, the building blocks of 

proteins. It is also found in other bio molecules such as ATP and nucleic acids (Wood, et al., 

1995; Wagner, 2012). Its deficiency impairs growth and it constitutes one of the major yield 

limiting factors for crop production decline. Nitrogen is highly needed for all enzymatic 

reactions in a plant, also is a major part of the chlorophyll molecules and plays a necessary role 

in photosynthesis and is a major component of several vitamins (Hokmalipour et al., 2011). 

Furthermore, in legumes and other leafy vegetables, N improves the quality and quantity of dry 

matter and protein (Uchida, 2000). Nitrogen supply has large effect on leaf growth because it 

increases the leaf area of plants and on that way, its influences on photosynthesis functional 

(Bojovi ć et al., 2009). However, green colour in the leaf is vanished due to nitrogen deficiency 

and this may cause the decrease in leaf area and intensity of photosynthesis as well (Chu et al., 

2005). On the other hand, N can be supplied in plants through symbiotic fixing N2 in legumes 

and ultimately increase growth and chlorophyll contents in plant leaves.  Study done by Anjum 

et al. (2006) in mungbean showed that beneficial rhizobia bacteria influenced the physiological 

growth conditions of leguminous plants by increasing chlorophyll contents in leaves. It has also 

been reported that Bradyrhizobium japonicum inoculation increased growth and chlorophyll 

contents in soybean (Glycine max L.) (Tairo and Ndakidemi, 2013). 

Moisture stress is another detrimental factor which slows down the photosynthesis of plants by 

damaging the photosynthetic apparatus and cause changes in chlorophyll content (Ommen et al. 

1999). It has been reported that, drought stress destruct the thylakoid membrane of which 

photosynthesis and crop yields are being disturbed and this is described by both stomata and 

non-stomata factors (Anjum et al., 2011). Rate of photosynthesis in plants are normally 

decreased due to moisture stress and at the same time stomatal conductance are lowered in order 

to conserve water (Santos et al., 2006). Under condition of moisture stress in soil, the rate of CO2 
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fixation is reduced along with photosynthetic rate resulting in less assimilate production for 

growth and yields in plants (Mafakheri et al., 2010). The decrease in chlorophyll under moisture 

stress is mainly the result of damage to chloroplasts caused by reactive oxygen species (ROS) 

(Verbruggen and Hermans, 2008).  It has been reported that chlorophyll a and b are susceptible 

to soil dryness and results in changes of the ratio of chlorophyll a and b (Farooq et al., 2009; 

Farhad et al., 2011; Tourian et al., 2013). From physiological phenomena, leaf chlorophyll 

content is a unique entity with its own significant interest in plant. Studies revealed that water 

deficit results in negative impact in plants as majority of chlorophyll are being lost and it is 

normally occurring in mesophyll cells than in the bundle sheath (Anjum et al., 2011). Abu-

Muriefah (2013) showed that water stress in common bean (P.vulgaris L.) impairs 

photosynthetic pigments in plant tissues, mainly shoot. Report by Massacci et al. (2008) showed 

reduction in chlorophyll content in drought stressed cotton. Kiani et al. (2008) and Farooq et al. 

(2009) observed reduction in tissue concentrations of chlorophylls in sunflower and other plant 

species under water deficit condition. Santos et al. (2006) found that in even moderate water 

stress condition the net photosynthetic rate decreased in common beans. Both stomatal and non-

stomatal limitations are generally accepted to be the main factor of reduced photosynthesis under 

water stress condition (Chaves et al., 2002; Farooq et al., 2009). Water stress affects the growth, 

plant pigments and biomass yields in different plant species, however their tolerance mechanism 

vary significantly. The decline in photosynthesis observed under water stress could be attributed 

to stomatal factors, of which the concentration of CO2 in chloroplasts decreases because of a 

reduction in stomatal conductance (Daniel et al., 2007; Gama et al., 2007). However, these can 

be avoided through several ways for instance stomatal closure, leaf rolling, reductions and 

consequently decreases in cellular expansion, osmotic adjustments and alterations of various 

essential physiological and biochemical processes that can affect growth, productivity and yield 

quality (Lawlor and Cornic, 2002; Abu-Muriefah, 2013). Water stress is a major factor which 

destructs the photosynthetic apparatus of many plants and cause changes in chlorophyll content. 

Furthermore, lack of compatible rhizobial strain in a particular legume plants may result into 

poor plant growth resulting in less chlorophyll formation and photosynthesis.  
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2.1.5 Relative leaf water content and electrolyte leakage as influenced by moisture stress 

and rhizobial inoculation in legumes 

Relative leaf water content (RLWC) is a measure used to relate cellular water status in a plant 

(Kramer and Boyer, 1995; Lawlor and Cornic, 2002). RLWC provides an insight of assessing 

internal plant water status under drought conditions and has successfully been used to identify 

drought-resistant cultivars (Ghanbari et al., 2013). The measurement of RLWC under low soil 

moisture is of chief importance since high RLWC appears to be a common trait in drought 

resistant species as species which reveal limited changes in RLWC per unit reduction in water 

potential are often considered to be relatively drought resistant (Rahaman et al., 2000).  Study 

done by Schonfeld et al. (1988) indicated that wheat cultivars having high RLWC were more 

resistant against drought stress.  Furthermore, RLWC under well watered treatments in bean 

leaves was higher than in drought stress treatments (Ramos et al., 2003). Report by Lazacano-

Ferrat and Lovat (1999) in the stem of bean plant showed that RWC was significantly lower in 

water stressed treatments as compared with the control supplied with adequate water. Blackman 

et al. (1995) recognized the decline of RLWC of plants subjected to water stress to damages to 

the cell including cleavage in the membrane and sedimentation of cytoplasm content. Genotypes 

with high relative water content under stress condition have the ability to retain more water in the 

leaves under stress. Therefore assessment of water status in crop plants is of fundamental 

importance under various environmental conditions. 

Cell membrane stability is the ability of a plant to resist cellular membrane modification as a 

result of environmental stress such as drought (Turner et al., 2001). Drought stress damages the 

cell membranes, which leads to increased electrolyte leakage and results in cellular membrane 

dysfunction (Yordanov et al., 2003). Espevig, et al. (2012) suggested that increased solute 

leakage is attributed to the loss of membrane integrity by altering phospholipids and fatty acid 

composition and to the effect on membrane bound transport proteins, whereby these proteins 

play a significant role in preventing leakage. Study by Wu and Wallner (1993) showed that CMS 

is a rapid and sensitive method to evaluate drought tolerance in plants. For example, cell 

membrane stability was used to determine drought tolerance of 104 rice genotypes (Tripathy et 

al., 2000). It has been reported that cell membrane stability has also been used as a selection 

method for drought tolerance in grain sorghum (Sullivan et al., 1972). A study conducted to 
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determine the effect of induced drought on different growth and biochemical attributes of black 

gram (Vigna mungo) and green gram (Vigna radiata) showed a considerable decrease in the 

membrane stability in the plants grown under drought stress condition as compared with the 

control plants for both the cultivars (Baroowa and Gogoi, 2012). Therefore, cell membrane 

stability can be assessed by measuring the cellular electrolyte leakage, in plant cells (Saneoka et 

al., 2004; Farooq and Azam, 2006; Manavalan et al., 2009). 

Nitrogen plays a crucial important role for the formation of amino acids which is the building 

blocks of protein. It is also important for cell division and vital for plant growth (Uchida, 2000; 

Caliskan et al., 2008). The soil beneficial bacteria such as Rhizobium tend to liberate growth 

promoting substances which are phytohormones e.g. auxins as secondary compounds in 

inoculated plants. These phytohormones are known to play a key role in plant growth regulation 

by promoting root elongation and stimulation of leaf expansion, hence improved plant water 

relations for better cell membrane stability and relative leaf water content (Werner and Newton, 

2005). Determination of water status in response to Rhizobium inoculation is very important to 

maximize yield and economic profitability of common bean production in a particular 

environment. Biological nitrogen fixation through Rhizobium increased the leaf water content in 

chick pea (Namvar et al., 2013), leaf water relations in Agrostis palustrais Huds (Saneoka et al., 

2004), leaf water content in Sophora davidii seedling (Fuzhong et al., 2008) and in  sunflower 

hybrid (Gholinezhad et al., 2009). Therefore, there is a need to assess the effects of water stress 

and Rhizobium inoculation on physiological parameters including cell membrane stability and 

relative water contents in P. vulgaris (L) plants. 

2.1.6 Nutrients uptake in legumes as influenced by moisture stress and rhizobial 

inoculation 

Moisture availability plays a major importance in the mineral nutrition of plants since most of 

the nutrients are dissolved in the water for plant uptake (Lipiec et al., 2013). For high rate plant 

growth and development, crucial nutrients such as carbon, hydrogen and oxygen which are 

normally supplied from the atmosphere and soil water should be in a required amount (Tairo and 

Ndakidemi, 2013). Essential elements such as nitrogen (N), phosphorus (P), calcium (Ca), 

magnesium (Mg), iron (Fe) and zinc (Zn) can either be supplied from soil minerals, organic 

materials or can be supplied through organic fertilizers (Nyoki and Ndakidemi, 2014). Studies 
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done by Ndakidemi et al. (2011) revealed that rhizobial inoculants considerably enhanced the 

uptake of Mn, Fe, Cu, Zn, B and Mo in all plant parts of the common bean plant. Another study 

by Tairo and Ndakidemi, (2014) using strain of Bradyrhizobium japonicum showed positive 

response on the uptake of macronutrients for instance N, P, K, Ca and Mg in roots, shoots, pods 

and whole plant of the soybean plant.  

Water deficit is a major limitation to common bean production in many countries. Hose et al. 

(2001) reported that severity of the water deficit, affects the plant directly by dehydration and 

indirectly by reducing nutrient uptake. Mostly, common bean are cultivated in regions where 

water can cause reduction in growth and nutrient uptake, which ultimately reduce yields; 

therefore approximately, 60 % of common bean has been affected by drought globally (Garg, 

2003; Zadehbagher, 2014). Reduced water availability under water stressed conditions inhibits 

the total nutrient uptake (Farooq et al., 2008). Water stress increases root shrinkage that 

consequently affects nutrient transport to the root surface due to reduced contact between root 

and soil (Yordanov et al., 2003). Reduced absorption of the inorganic nutrients can result from 

interference in nutrient uptake and lowered transpirational flow due to water stress (Garg, 2003; 

McWilliams, 2003).  

Transpiration in plants is inhibited by drought, but this may not essentially affect nutrient uptake 

in a related way (Farooq et al., 2008). Influence of drought on plant nutrition may also be related 

to limited availability of energy for assimilation of NO3
−
/NH4

+
, PO4

3−
 and SO4

2−
 ions which must 

be converted through energy dependent processes before these ions can be used for growth and 

development of plants (Grossman and Takahashi, 2001). Ghanbari et al. (2011) noted that water 

stress normally results in reduced total nutrient uptake and usually reduces the levels of mineral 

nutrients in crops. It has been reported that water stress reduced the uptake of N, P and K in 

maize plants (Ali et al., 2008). N and K uptake was hampered under drought stress in cotton 

(McWilliams, 2003). In synopsis, drought stress reduces the availability, uptake, translocation 

and metabolism of nutrients. A reduced transpiration rate due to water deficit reduces the 

nutrient absorption and efficiency of their utilization. Although physiological mechanisms of 

water stress in relation to plant nutrient uptake are relatively understood, further studies are 

essential to determine the physiological basis of stress in respect to nutrient uptake in different 
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plant tissues and factors that modulate plant water stress responses for sufficient plant nutrition 

in plants.  

2.1.7 Effects of moisture stress and rhizobial inoculation on growth and seed yields in 

legumes 

Phaseolus vulgaris (L.) is the main essential food legume in east and southern Africa and mostly 

produced by resource-poor farmers. This crop is very vulnerable abiotic stresses such as water 

and low soil fertility (Miklas et al., 2006). Sufficient supply of nitrogen and water is necessary to 

attain high and potential yields in these crops (Wood et al., 1993). Availability of nitrogen in the 

soil is of fundamental importance as it increases the leaf area of the plants and as a result 

influences photosynthesis activity of the plants (Uchida, 2000). It has been reported that plant 

height in chick pea was increased as a results of nitrogen fertilizer application (Namvar et al., 

2013). Beneficial soil bacterium (Rhizobium) through biological nitrogen fixation can stand as a 

source of N in plants and reduce the cost of production hence improve crops production (Tairo 

and Ndakidemi 2013). The inoculation of seeds with sufficient Rhizobium is known to enhance 

nodulation, nitrogen uptake, growth and yield parameters of legume crops (Sogut, 2006; 

Namvar, et al., 2011). Poor soil N is a major limiting factor for crop growth in most areas of the 

world (Fuzhong et al., 2008; Salvagiotti et al., 2008). Therefore, determination of growth 

parameters of common bean crop in response to Rhizobium inoculation is very important to 

maximize yield and economic profitability of common bean production in a particular 

environment.  

Furthermore, of all the environmental factors limiting bean production, water deficit/stress plays 

a greater role in yield reduction in most of the crop producing areas (Teri et al., 1990).  
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Figure 1: Description of possible mechanisms of growth reduction under water stress 

Under water stress conditions, cell elongation in higher plants is inhibited by reduced turgor 

pressure. Reduced water uptake results in a decrease in tissue water contents; as a result turgor 

is lost. Likewise, water stress also trims down the photo assimilation and metabolites required 

for cell division. 

As a consequence, impaired mitosis, cell elongation and expansion hence reduced growth 

(Kuhad et al., 1990; Ramirez-Vallejo and Kelly, 1998). Research evidence has established that 

both quality and quantity of beans are negatively affected by brief periods of water shortage 

(Beebe et al., 2013). Inadequate soil water during the early growth stages in bean plants results 

in seedling mortality, poor germination and hence reduced plant populations (Rao, 2001). 

Ghassemi-Golezani et al. (2009) reported that water deficit at reproductive stage in plant growth 

has a great adverse effect on dry matter and biomass yields which have a great implication on 

seed yields of a particular crop. Water stress occurring during flowering and grain filling periods 

is the most damaging factor in bean productivity as may cause excessive abortion of flowers and 

young pods (White et al., 1990). Furthermore, study shows that moderate to high water stress 

levels reduce biomass, days to maturity, number of seeds per pod, harvest index, seed yields and 

seed weight in common bean (Ramirez-Vallejo and Kelly, 1998). It has been reported that there 

is a strong relationship between total plant biomass and seed yields under stressed and un-

stressed condition (Beebe et al., 2013). For instance, stress occurring during vegetative growth 

stages has little adverse effects on crop development and other yields components as compared 
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with the anthesis stage (Acosta-Gallegos and Kohashi-Shibata, 1989; Pena-Cabriales and 

Castellanos, 1993). It has been reported that moisture stress condition in P.vulgaris caused a 

reduction in yields during the reproductive growth stages by 58 - 87 % (Martínez et al., 2007). 

Studies show that in 93% of common bean growing areas, the physiological water requirements 

are not fulfilled and this affects yields especially when water stress occurs during the flowering 

stage (Ney et al., 1993; Sangakkara, 1994; Manjeru et al., 2007).  Study done by Kuhad et al. 

(1990) showed that due to water stress, numbers of pods per plant were reduced five to seven 

fold compared with the change in the mean weight of the seed in mungbean. In the bean, De 

Malgalhaes et al. (1978) attained a 31% decline of number of pods per plant and only 18% for 

number of seed per plant due to water stress. However, Romic et al. (1994) applied 

supplementary irrigation to beans during the reproductive period and showed pod number to 

increase from 36 to 105%. Therefore, proper plant growth and development depends on the 

availability of water and sufficient nutrients in each of the growing stage. Furthermore, 

inadequate compatible rhizobial strain and water deficit results into poor plant growth and 

insufficient yields. There is a need to establish the effects of moisture and N stress on growth and 

yield of P vulgaris cultivars growing under these adverse environmental conditions.  
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 Table 1: Economic yield reduction by drought stress in some crops 

Crop Drought imposed at (Growth 

stage) 

Yield reduction 

Barley Seed filling 49-57% 

Maize Grain filling 79-81% 

Maize Reproductive 63-87% 

Maize Reproductive 70-47% 

Maize Vegetative 25-60% 

Maize Reproductive 32-92% 

Rice Reproductive (mild stress) 53-92% 

Rice Reproductive (severe stress) 48-94% 

Rice Grain filling (mild stress) 30-55% 

Rice Grain filling (severe stress) 60% 

Rice Reproductive 24-84% 

Chickpea Reproductive 45-69% 

Pigeonpea Reproductive 40-55% 

Common beans Reproductive 58-87% 

Soybean Reproductive 46-71% 

Cowpea Reproductive 11-60% 

Sunflower Reproductive 60% 

Canola Reproductive 30% 

Potato Flowering 11% 

Source; Department of Agronomy, University of Agriculture, Faisalabad-38040, Pakistan, 

(Journal of Agronomy, 2008). 

2.1.8 Conclusion 

In conclusion, rhizobial inoculation is an effective component factor in improving growth, 

photosynthesis, yields and plant nutrition in legumes. However, its major role as an alternative to 

expensive nitrogenous fertilizers is not adequately investigated for improved productivity in 

various cropping systems involving legumes. On the other hand, water deficit reduces plant 

growth and development, leading to the production of smaller plant organs and hampered flower 
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production and grain filling. Plants use several physiological and biochemical processes at cell, 

tissue, organ and whole-plant levels at different stages of plant development to overcome stress 

conditions. This includes: accumulation of osmolytes such as proline and secondary compounds 

such as flavonoids and anthocyanins. The relative leaf water contents and cell membrane 

stability is another physiological mechanism to cope with stress in a range of plant species. 

Therefore, maintenance of water status and protection of cell membrane integrity and stability is 

one of the foremost mechanisms of protecting the plants against the water stress. 
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CHAPTER THREE 

Influence of Water Stress and Rhizobial Inoculation on Accumulation of Proline in 

Selected Cultivars of Phaseolus vulgaris (L.) 

Abstract 

A two season field experiment and a single season screen house experiment were conducted to 

assess the effect of water stress periods and rhizobial inoculation in five (5) P. vulgaris (L.) 

cultivars. The experiment consisted of 2 levels of rhizobia (with and without inoculation), two 

stress levels (With and without water stress) and five cultivars of P. vulgaris (L.) (KAT B9, KAT 

B1, F9 Kidney Selection, F8 Drought Line and JESCA). The field experiment was conducted for 

two consecutive seasons, while the screen house study was done in a season. Results showed that 

proline content (μmol g
-1

.FW) was higher in inoculated and water stressed treatments. Variety 

number 4 (F8 Drought Line) and 5 (JESCA) significantly recorded higher proline content in field 

experiment as compared to the rest. However, in the screen house experiment, variety 2 (KAT 

B1) and 4 (F8 Drought Line) significantly accumulated more proline than the other tested 

varieties. Significant interactive effects were also observed between inoculation, water stress 

periods and the tested P. vulgaris varieties. 

Key words; Drought, Common bean, Inoculants, Varieties, Water 

International Journal of Current Microbiology and Applied Sciences, (2017) 6(3): 2205-2214 

3.1 Introduction 

Proline is an organic osmolyte, N containing compound which stand as osmoprotection agent 

involved in reducing oxidative damage in plants by reducing free radicals (Matysik et al., 2002; 

Tatar and Gevrek, 2008). Apart from acting as an osmolyte, proline accumulation has other 

important cell functions. Proline tends to act as N source in the cell under stress conditions, 

where the accumulation of this nitrogenous compound could be utilized as a form of stored N 

(Dandekar and Uratsu, 1988). Under condition of N deficit, proline accumulation in plants 

declines which implies that the degradation of proline is influenced by the stimulation of the 

enzyme proline dehydrogenase. However, under conditions of sufficient N, proline level increase 

due to the action of ornithine, signifying majority of the ornithine pathway over the glutamine 
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pathway, in addition to the inhibition of proline dehdrogenase activity (Sánchez, et al., 2002). 

Elboutahiri et al. (2010) reported that Rhizobium inoculated alfalfa had the highest leaf proline 

levels. Generally, N deficiency is characterized by a decrease in proline accumulation in plant 

tissues, essentially because the degradation of proline is favoured by the stimulation of proline 

dehdrogenase. Proline in plant is synthesized mainly from glutamate (pyrroline-5-carboxylate 

(P5C), synthetase (P5CS) and P5C reductase (P5CR) and converted back into glutamate by 

proline dehydrogenase (PDH) and P5C dehydrogenase (Szabados and Savoure, 2009; Delauney 

and Verma, 1993; Kishor et al., 2008). From the above background, inoculating legumes with 

appropriate rhizobial strain may result in more accumulation of proline in plant tissues and hence 

rendering them tolerant to water stress.  

Abiotic stress conditions such as water limitation in higher plants result in the accumulation of 

plant osmolytes mainly proline and glycine betaine (Kavikishor et al., 2005). Majority of plants 

accumulate compatible osmolytes like proline (Pro), glycine betaine and sugar alcohols, when 

they are exposed to water stress and/or drought (Tatar and Gevrek, 2008). Proline among other 

amino acids is commonly produced in higher plants and generally accumulates in large extent in 

response to environmental stresses (Ashraf and Foolad, 2007). Proline play a very important role 

in plants, a part of osmolyte for osmotic adjustment, it stabilize sub cellular structures such as 

membrane and proteins and scavenging free radicals (Matysik et al., 2002; Tatar and Gevrek, 

2008; Mafakheri et al., 2010). It also contribute in alleviating cytoplasmic acidosis and 

maintaining appropriate NADP+/NADPH ratios compatible with metabolism (Hare and Cress, 

1997). According to Stewart (1981), proline does not hamper with normal biochemical reactions 

but allows the plants to survive under stress. Studies have revealed that proline perform as solute 

during stress, where an increase in the proline content would indicate resistance or tolerance to 

water deficit, serve as parameter for the assortment of highly resistant cultivars (Bates et al., 

1973). For example, the proline content increased under drought stress in pea (Sanchez et al., 

1998). In higher plants, accumulated proline can have many other important functions, 

prevention of membrane disintegrations and enzyme inactivation in the environment of low 

water activity. Once plants accumulate proline in their tissues, the proline tends to reduce the 

toxic effects of ions in enzyme activity and also lowers the generation of free radicals formed by 

abiotic stresses (Siddiqui et al., 2015). The theory behind proline is therefore very useful to 

assess the physiological status and more generally to understand stress tolerance in plants 
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species. Therefore the aim of this work is to assess the effects of water stress/drought among the 

five (5) common bean varieties as influenced by stress phases and rhizobial inoculation 

respectively.  

3.2 Materials and Methods 

3.2.1 Description of Site Location 

The trial was conducted at Agricultural Seed Agency (ASA) farm in Arusha, located at latitude 

3°18′S and longitude 36°38′06.29″E. ASA receives the mean annual rainfall of 819mm, mean 

temperature of 19.2°C with relative humidity of about 94% and altitude of 1520 m.a.s.l. The 

field trial was carried out during dry season of January to March 2014 and January to March, 

2015 while the screen house experiment was carried out from mid January to March, 2016 under 

irrigation.  

3.2.2 Experimental Design and Treatment Application 

The experiment was designed in split split plot with 3 replications. The plot size was 3m x 4m. 

The field experimental treatments consisted of 2 levels of Rhizobia (with and without 

inoculation) as the main factor followed by imposing of stress (sub factor) in vegetative and 

flowering stages of plant growth. Five cultivars of P. vulgaris (L.) (KAT B9, KAT B1, F9 Kidney 

Selection, F8 Drought Line and JESCA) were assigned to sub-sub plots. The common bean seeds 

were sown at a spacing of 50 cm x 20 cm, making a plant population density of 200,000 plants 

per hectare. The BIOFIX legume inoculants were obtained from MEA Company Nairobi-Kenya, 

sold under license from the University of Nairobi. Common bean seeds lines and/or varieties 

KAT B9, KAT B1, F9 Kidney Selection, F8 Drought Line and JESCA were obtained from the 

breeding unit based at Selian Agricultural Research Institute (SARI), Arusha, Tanzania.  

Land for field experiment was cleared and all the necessary practices like ploughing and 

harrowing were done before planting. Moreover, in the screen house experiment, wooden box 

technique was used to establish the experiment. This was done by collecting the same soil used 

at field experiment and beans were planted using the protocol developed by Agbicodo et al., 

(2009) with some modifications. Common bean seeds were thoroughly mixed with Rhizobium 

inoculants to supply 10
9
 cells g

-1 
seed, following procedure stipulated by products manufacturer. 
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To avoid contamination, all non-inoculated seeds were sown first, followed by inoculated seeds. 

Three seeds were sown and thinned to two plants per hill after full plant establishment. Stress 

period of 10 days were imposed at vegetative and flowering stages of plant growth by not 

irrigating.  

3.2.3 Plant Harvest and Sample Preparation 

Plant leaf samples from field and glasshouse experiments were collected for proline analysis. In 

the field experiment, 10 plants were randomly sampled from the middle rows of each plot while 

in the glasshouse experiment two plants from each pot were sampled. The fresh plant leaf 

samples from each of the growth stages (i.e. vegetative and flowering) were collected from the 

third young leaf from the top and kept in ice container to maintain their freshness for proline 

determination.  

3.2.4 Determination of Proline Contents in Plant Leaves 

Extraction of proline contents in plant leaves was done as described by Bates et al. (1973). 

Extract of 0.5g of plant material were homogenized in 10mL of 3% aqueous sulphosalicylic acid. 

The homogenate were filtered through Whatman No. 2 filter paper. The 2mL of filtrate were 

taken in a test tube and 2mL of glacial acetic acid were added followed by 2mL acid ninhydrin. 

The mixture was then heated in the boiling water bath for 1 hour. The reaction was then 

terminated by placing the tube in ice bath and 4mL of toluene was added to the reaction mixture 

and stirred well for 20 - 30 seconds. The toluene layer was separated and warmed to room 

temperature. The red color intensity was then measured at 520 nm using 2800 UV/Vis 

Spectrophotometer. A standard curve was developed and the amounts of proline in the test 

sample were obtained from the standard curve. The proline content on fresh-weight basis was 

calculated as follows; μmoles/gram tissues = [(μg proline/ml) × ml toluene)/115.5μg/μmole]/[(g. 

sample)/5]  

3.2.5 Statistical Analysis 

A 3-way ANOVA was used to analyze data collected. The analysis was done using 

STATISTICA software programe of 2013. Fisher’s least significant difference was used to 

compare treatment means at p = 0.05 (Steel and Torrie, 1980). 
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3.3 Results and Discussion 

3.3.1 Effect of inoculation with Rhizobium and stress periods on proline content in selected 

P. vulgaris (L.) varieties 

Significance increase in proline content (μmol g
-1

FW) was observed in inoculated compared with 

non-inoculated treatments (Table 2 & 3). Rhizobial inoculation significantly increased proline 

content during vegetative stage by 12% and 8% in season one and two respectively (Table 2). In 

screen house experiment, inoculation with Rhizobium strain increased the proline content by 

34% in vegetative stage and 31% in flowering stage when compared with un inoculated 

treatments (Table 3). Water stress treatments significantly increased proline content by 35 and 

39% in season one and by 33 and 48% in season two at vegetative and flowering stages 

respectively (Table 2). In the screen house experiment, water stress treatment increased the 

proline levels in plants by 36% and 49% during the flowering and vegetative phases (Table 3). 
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Table 2: Proline content (μmol g
-1

FW) in P. vulgaris (L.) plant leaves as influenced by water 

stress periods and rhizobial inoculation in field experiment for two consecutive 

seasons 

1st Season   2nd Season  

Growth Phases  Vegetative  Flowering   Vegetative  Flowering  

Inoculation 

R+  

 

4.39±0.31a  

 

5.65±0.29a  

  

4.96±0.25a  

 

5.70±0.43a  

R-  4.36±0.23a  4.95±0.28b   4.57±0.24b  5.65±0.55a  

Stress Levels   

StrL1  3.45±0.15b  4.02±0.23b   3.81±0.11b  3.88±0.18b  

StrL 2/StrL 3  5.30±0.25a  6.58±0.10a   5.72±0.22a  7.47±0.48a  

Varieties   

Vrty 1  3.82±0.32c  4.80±0.53b   4.06±0.35b  4.58±0.57c  

Vrty 2  3.63±0.38c  4.87±0.46b   4.42±0.30b  4.55±0.41c  

Vrty 3  4.16±0.26bc  4.89±0.47b   4.32±0.25b  3.97±0.45c  

Vrty 4  4.58±0.25b  6.12±0.35a   5.69±0.45a  6.43±0.90b  

Vrty 5  5.69±0.59a  5.83±0.40a   5.32±0.37a  7.84±0.97a  

3-Way Anova (F-Statistics)   

Rhz  0.02ns  17.24***   5.58*  0.02ns  

StrL  67.67***  227.86***   135.86***  88.80***  

Vrty  10.50***  10.80***   14.83***  11.33***  

Rhz*StrL  0.004ns  2.23ns   0.87ns  1.54ns  

Rhz*Vrty  1.03ns  0.87ns   0.35ns  0.38ns  

StrL*Vrty  1.37ns  3.06*   4.15**  3.48*  

Rhz*StrL*Vrty  2.11ns  1.50ns   0.34ns  0.52ns  

+R: With Rhizobium, −R: Without Rhizobium. StrL 1: No water stress, StrL 2: Water stress at 

Vegetative Stage, StrL 3: Water stress at Flowering Stage. Vrty 1: KAT B9. Vrty 2: KAT B1. 

Vrty 3: F9 Kidney Selection. Vrty 4: F8 Drought Line. Vrty 5: JESCA. Values presented are 

means ± SE. *, **, *** = significant at p ≤ 0.05, at p ≤ 0.01 and at p ≤ 0.001 respectively, ns = 

Not significant. Means followed by similar letter(s) in a given column are not significantly 

difference from each other at p = 0.05. 
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Table 3: Proline content (μmol g
-1

FW) in P. vulgaris (L.) plant leaves as influenced by water 

stress periods and rhizobial inoculation in the screen house 

Growth Phases  Vegetative   Flowering  

Treatments inoculation   

R+  4.60±0.47a   5.20±0.49a  

R-  3.03±0.43b   3.57±0.42b  

Stress levels   

StrL 1  2.98±0.43b   2.98±0.43b  

StrL 2/StrL 3  4.66±0.46a   5.79±0.41a  

Varieties   

Vrty 1  2.62±0.71b   3.72±0.89a  

Vrty 2  5.34±0.76a   5.13±0.61a  

Vrty 3  2.99±0.67b   4.69±0.74a  

Vrty 4  4.08±0.70ab   4.09±0.77a  

Vrty 5  4.06±0.71ab   4.27±0.73a  

3-Way Anova (F-Statistics)   

Rhz  7.80**   8.29**  

StrL  8.97**   24.58***  

Vrty  2.87*   0.75ns  

Rhz*StrL  0.18ns   0.09ns  

Rhz*Vrty  0.70ns   1.07ns  

StrL*Vrty  0.69ns   0.48ns  

Rhz*StrL*Vrty  3.27*   1.63ns  

+R: With Rhizobium, −R: Without Rhizobium. StrL 1: No water stress, StrL 2: Water stress at 

Vegetative Stage, StrL 3: Water stress at Flowering Stage. Vrty 1: KAT B9, Vrty 2: KAT B1, 

Vrty 3: F9 Kidney Selection, Vrty 4: F8 Drought Line, Vrty 5: JESCA. Values presented are 

means ± SE. *, **, *** = significant at p ≤ 0.05 at p ≤ 0.01 and at p ≤ 0.001 respectively, ns = 

Not significant. Means followed by similar letter(s) in a given column are not significantly 

difference from each other at p = 0.05. 
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Figure 2: Interactive effects of stress level and five (5) P. vulgaris (L.) on proline content (μmol 

g
-1

FW) in season (1) field experiment at flowering stage. StrL 1: Control, StrL 3: 

Water stress at flowering stage. Vrty 1: KAT B9, Vrty 2: KAT B1, Vrty 3: F9 Kidney 

Selection, Vrty 4: F8 Drought Line, Vrty 5: JESCA 

 

Figure 3: Interactive effects of stress level and five (5) P. vulgaris L. on proline content (μmol g
-

1
FW) in season (2) field experiment at vegetative stage. StrL 1: Control, StrL 2: Water 
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stress at vegetative stage. Vrty 1: KAT B9, Vrty 2: KAT B1, Vrty 3: F9 Kidney 

Selection, Vrty 4: F8 Drought Line, Vrty 5: JESCA 

 

Figure 4: Interactive effects of stress level and five (5) P. vulgaris (L.) on proline content (μmol 

g
-1

FW) in season (2) field experiment at flowering stage. StrL 1: Control, StrL 3: 

Water stress at flowering stage. Vrty 1: KAT B9, Vrty 2: KAT B1, Vrty 3: F9 Kidney 

Selection, Vrty 4: F8 Drought Line, Vrty 5: JESCA 
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Figure 5: Interactive effects of rhizobial inoculation, stress level and five (5) P. vulgaris (L.) on 

proline content (μmol g
-1

FW) screen house experiment at vegetative stage. -R: 

Without rhizobial inoculation, +R: With rhizobial inoculation. StrL 1: Control, StrL: 

Water stress at vegetative stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, 

V4: F8 Drought Line, V5: JESCA 

Significant increase in proline content (μmol g
-1

FW) was also recorded in variety 4 (F8 Drought 

Line) and 5 (JESCA) in field experiment, in season 1 and 2 respectively (Table 2). However, in 

the screen house experiment the proline content in bean varieties was as follows; KAT B1>F8 

Drought Line >JESCA >F8 Kidney Selection>KAT B9 (Table 2).  

3.3.2 Interactive effects of inoculation with Rhizobium and stress period on proline content 

in selected P. vulgaris (L.) varieties 

There were significant interactive effects between stress levels and variety in proline content 

(μmol g
-1

FW) at field experiments (Figs. 2, 3 and 4). However, significant interaction was 

observed in the screen house between rhizobial inoculation, stress and bean varieties during the 

vegetative stage (Fig. 5). Generally, the water stressed and rhizobial inoculated treatments had 

increased proline.  

Rhizobial inoculation significantly improved proline content (μmol g
-1

FW) of P. vulgaris (L.) as 

compared with non-inoculated treatment. Studies by other researchers (Kirda et al., 1989; Djibril 

et al., 2005; Ramos et al., 2005; Daniel et al., 2007; Sassi-Aydi and Abdelly, 2012) have also 

reported elevated level of proline under condition of sufficient N in which the proline levels 

increased in the tissues due to the action of ornithine pathway in enhancing proline synthesis, 

over the glutamine pathway (Sánchez et al., 2002). Elboutahiri et al. (2010) reported that 

Rhizobium inoculation in alfalfa resulted in highest leaf proline levels. Another study by Kohl et 

al. (1991) in Glycine max plants inoculated with Bradyrhizobium japonicum showed higher 

amounts of proline in their tissues similar to what was found in this study. There was 

significance increase in proline content (μmol g
-1

FW) in water stress treatment as compared with 

un-stressed water treatment. Research evidence has shown that proline is commonly produced in 

higher plants and generally accumulates in large extent in response to environmental stresses 

such as water stress and /or drought (Kapuya et al., 1995; Ashraf and Foolad, 2007; Lobato et 
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al., 2008; Tatar and Gevrek, 2008; Siddiqui et al., 2015) and hence serving as a bio indicator of 

resistance or tolerance to water deficit (Bates et al., 1973). In a closely related study, Sanchez et 

al., (1998) reported increased proline content in pea plants subjected to drought stress.  

Varieties 4 (F8 Drought line), 5 (JESCA) and 2 (KAT B1) significantly increased proline content 

(μmol g
-1

FW) of P. vulgaris L. in field and screen house experiment as compared with the other 

studied varieties. It has being established that accumulation of proline in plant tissues has been 

used as a biomarker and a parameter of choice for water stress tolerance in plants. This is due to 

the fact that water stressed plants produce proline as an adaptive and survival mechanism under 

water stress conditions (Ford, 1984; Chiang and Dandekar, 1995; Jaleel et al., 2007; Verbruggen 

and Hermans, 2008; Farooq et al., 2009; Masoudi-Sadaghiani et al., 2011; Hayat et al., 

2012).The significantly higher amount of proline in varieties 4 (F8 Drought line), 5 (JESCA) and 

2 (KAT B1) suggests the potential of involving them in more advanced studies related to drought. 

Furthermore, the interactive effects between rhizobial inoculation, water stress and varieties 4 

(F8 Drought line), 5 (JESCA) and 2 (KAT B1) in producing elevated levels of proline is an 

indication which may warrant further studies.  

3.3.3 Conclusion 

It can be concluded that rhizobial inoculation and water stress increased proline content in P. 

vulgaris (L.) cultivars. Furthermore, the proline content was higher in varieties number 4 (F8 

Drought line), 5 (JESCA) and 2 (KAT B1) and hence indicating their potential to tolerate 

drought. Interactive effects between rhizobial inoculation, water stress and few identified 

varieties in enhancing the proline levels in the plants is an indication of various factors which 

may play a significant role in developing appropriate technology related to water stress tolerance 

in P. vulgaris.  
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CHAPTER FOUR 

Influence of water stress and rhizobial inoculation on accumulation of flavonoids and 

anthocyanins in selected common bean (P.vulgaris) cultivars  

Abstract 

A two season field experiment and a single season screen house experiment were conducted to 

assess the effectof water stress periods and rhizobial inoculation in five (5) P. vulgaris (L.) 

cultivars. The experiment consisted of 2 levels of rhizobia (with and without rhizobial 

inoculation), two stress levels (with and without water stress) and five cultivars of P. vulgaris 

(L.) (KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and JESCA). Results showed that 

flavonoids and anthocyanins (g DM
-1

) concentrations were higher in non- inoculated and water 

stressed treatments. Varieties F8 Drought Line, JESCA and F9 Kidney Selection significantly 

recorded higher flavonoids and anthocyanins content in both field and screen house experiment 

as compared with the other tested varieties. Significant interactive effects were also observed 

between inoculation, water stress periods and the tested P vulgaris (L.) varieties. 

Key words; Inoculants, Water, Varieties, Phytochemicals, Legumes 

International Journal of Biosciences (IJB), 10(3): 333-342. 

4.1 Introduction 

Nitrogen (N) is an essential major element for growth and productivity of plants. N is a building 

block of proteins and important in enzyme biosynthesis and amino acids (Ayoola, 2010). 

Phenolic compounds containing N are extensively distributed secondary plant products and is 

generally derived from L-phenylalanine through nitrogen framework of cinnamate under phenyl 

propanoid metabolism (Razal et al., 1996). Flavonoids are usually synthesized using 

phenylalanine which may be affected by nitrogen metabolism. Under condition of low N, the 

level of Phenylalanine ammonia-lyase activity increase hence enhances the accumulation of 

flavonoids (Kondorosi et al., 1995; Stewart et al., 2001; Mierziak et al., 2014). Study by Liu et 

al. (2010) in C. morifolium leaves showed that flavonoid concentrations were higher under low 

nitrogen supply, which implies the activity of PAL (Phenylalanine ammonia-lyase) was abundant 

in the leaf of C. morifolium. It has been reported that N deficiency results in huge accumulation 
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of secondary compounds mainly phenolics such as flavonols (Stewart et al., 2001) and 

anthocyanins (Chalker-Scott, 1999). For instance, Awad and Jager (2002) reported a decline in 

the concentration of flavonoids in the skin of apple as a result of nitrogen (N) supply. Other 

study by Ibrahim et al. (2011) on Labisia pumila (sub- herbaceous plant) showed a significantly 

less production of phenolics. It can be concluded that flavonoids metabolism in plants is highly 

favored in the presence of Phenylalanine ammonia-lyase (PAL) as a result of N deficiency in 

growth-promoting N availability such as rhizobial inoculation.  

Scarcity of water is a severe environmental constraint to plant productivity as it causes severe 

physiological, biochemical and molecular changes in plants (Siddiqui et al., 2015). It tends to 

distress some crucial process in plants such as respiration, translocation, ion uptake, 

carbohydrates and nutrient assimilation (Farooq et al., 2008). During water stress periods, higher 

plants are forced to produce some secondary metabolites, which enable the plants to adapt to 

their environmental conditions (Ramakrishna and Ravishankar, 2011). Secondary metabolites 

play crucial roles in various biochemical processes in plants (Horbowicz et al., 2008; 

Ramakrishna and Ravishankar, 2011). For example, phenolic compounds such as flavonoids and 

anthocyanins are known to play key role(s) in plant growth and development, defense of plants 

against insect pests and diseases, phytopathogens, signaling during nodulation (Chalker-Scott, 

1999; Dixon and Steele, 1999; Ndakidemi and Dakora, 2003; Falcone Ferreyra et al., 2012). 

Plant flavonoids are known for, among other roles, to modulate enzymatic activities, protect 

plant from UV light, oxidant and free radicals, allelopathy, insect attraction or repulsion, nectar 

guides, probing stimulants, viral, fungal and bacterial protection, nodulation in leguminous 

plants, pollen germination (Ramchandra and Ravishankar, 2002). Flavonoids and anthocyanins 

accumulate in plants when subjected to various stress conditions. The production of secondary 

metabolites in plants can be considered as a strategy of enhancing the defensive mechanism in 

plant when subjected to nutrient and water stress such as drought. Therefore, this study was 

conducted to assess the influence of water stress and rhizobial inoculation in accumulation of 

flavonoids and anthocyanins in selected common bean (Phaseolus vulgaris L.) cultivars.  
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4.2 Material and Methods 

4.2.1 Description of Site Location 

The trial was conducted at Agricultural Seed Agency (ASA) farm in Arusha, located at Latitude 

3°18′S and Longitude 36°38′06.29″E. ASA receives the mean annual rainfall of 819mm, mean 

temperature of 19.2°C with relative humidity of about 94% and altitude of 1520m.a.s.l. The field 

trial was carried out during dry season of January, to March 2014 and January, to March, 2015 

while the screen house experiment was carried out from mid-January to March, 2016 under 

irrigation. 

4.2.2 Experimental Design and Treatment Application 

The experiment was designed in split, split plot with 3 replications. The plot size was 3mx4m. 

The field experimental treatments consisted of 2 levels of Rhizobia (with and without 

inoculation) as the main factor followed by imposing of stress (sub factor) in vegetative and 

flowering stages of plant growth. Five cultivars of P. vulgaris (L.) namely KAT B9, KAT B1, F9 

Kidney Selection, F8 Drought line and JESCA were assigned to sub-sub plots. The common bean 

seeds were sown at a spacing of 50 cm x 20cm, making a plant population density of 200,000 

plants per hectare. The BIOFIX legume inoculants were obtained from MEA Company Nairobi-

Kenya, sold under license from the University of Nairobi. P.vulgaris (L.) cultivars were obtained 

from the breeding unit based at Selian Agricultural Research Institute (SARI), Arusha, Tanzania. 

Land for field experiment was cleared and all the necessary practices like ploughing and 

harrowing were done before planting. Moreover, in the screen house experiment, wooden box 

technique was used to establish the experiment using the protocol developed by (Agbicodo et al., 

2009) with some modifications. This was done by collecting the same soil used for field 

experiment. The common bean seeds were thoroughly mixed with Rhizobium inoculants to 

supply (10
9
 cells g

-1 
seed), following procedure stipulated by products manufacturer. To avoid 

contamination, all non-inoculated seeds were sown first, followed by inoculated seeds. Three 

seeds were sown and thinned to two plants per hill after full plant establishment. Stress period of 

10 days were imposed at vegetative and flowering stages of plant growth by not irrigating. 
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4.2.3 Plant Harvest and Sample Preparation 

Shoot plant samples from field and glasshouse experiments were collected for flavonoids and 

anthocyanins analysis. In the field experiment, 10 plants were randomly sampled from the 

middle rows of each plot while in the glasshouse experiment two plants from each pot were 

sampled. The shoots of the plants samples were oven dried at 60°C for 48 hours, ground into a 

fine powder (2 mm sieve) for flavonoids and anthocyanins analysis. 

4.2.4 Measurement of Flavonoids (g DM
-1

) and Anthocyanins (g DM
-1

) levels in shoots of P. 

Vulgaris (L.) 

Flavonoids and anthocyanins concentration in plant parts were measured by the method 

described by Makoi et al. (2010b). In this method, 0.10 g of well-ground (0.85 mm) plant 

material was weighed and mixed with 10 mLs of acidified methanol prepared at 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 657nm using acidified methanol as standard. Concentrations 

of flavonoids was measured using 2800 UV-Vis Spectrophotometer at 300nm and expressed as 

Abs g
-1

 DM (Mirecki and Teramura, 1984), while anthocyanins concentration in plant shoots 

was measured as Abs530-1/3Abs657 (Lindoo and Caldwell, 1978) and expressed as Abs g-1 

DM. Concentrations of flavonoids compounds were expressed as: Flavonoids (Abs g DM
-1

) = 

Abs300. Anthocyanins content was calculated as described in Lindoo and Caldwell, (1978): 

Anthocyanins (Abs g DM
-1

) =Abs530 -1/3 Abs 657.  

4.2.5 Statistical Analysis 

A 3-way ANOVA was used to analyze the data collected. The analysis was done using 

STATISTICA software programe of 2013. Fisher’s least significant difference was used to 

compare treatment means at p = 0.05 (Steel and Torrie, 1980).  
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4.3 Results 

4.3.1 Effect of inoculation with Rhizobium and stress periods on flavonoids (g DM
-1

) in 

selected P. vulgaris (L.) varieties 

There were significant increases in flavonoids concentration (g DM
-1

) in P. vulgaris (L.) shoots 

on non-inoculated treatments as compared with inoculated treatments by 18% in season one at 

vegetative stage and 28% in season two at flowering stage respectively (Table 4). In screen 

house experiment, there was a significant increase in flavonoids (g DM
-1

) on non-inoculated 

treatments as compared with inoculated treatments at vegetative stage by 3% (Table 6). 

Flavonoid content significantly increased by 15 % for plants that were stressed at flowering stage 

and 30% in the second season when plants were water stressed during the vegetative stage (Table 

4). For the screen house experiment, water stress significantly increases flavonoids (g DM
-1

) 

content by 61% at flowering stage (Table 6). Significant increase in flavonoids (g DM
-1

) content 

was recorded in varieties F8 Drought Line, JESCA and F9 Kidney Selection as compared with 

varieties KAT B9 and KAT B1 under field experiments (Table 4). Similarly, significant increase 

in flavonoid (g DM
-1

) concentrations was also recorded in varieties F8 Drought Line, JESCA and 

F9 Kidney Selection in screen house experiments (Table 6). 
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Table 4: Effects of inoculation with Rhizobium, water stress and five P. vulgaris (L.) varieties on 

the accumulation of Flavonoids (g DM
-1

) in common bean shoots for two consecutive 

season’s field experiment 

1
st
 Season 2

nd
 Season 

Growth Phases Vegetative Flowering Vegetative Flowering 

Treatments 

inoculation 

    

R+  2.85±0.05b  2.91±0.07a  3.00±0.17a  2.75±0.10b  

R-  3.46±0.06a  2.92±0.08a  3.08±0.18a  3.81±0.06a  

Stress Levels     

S1  3.13±0.07a  2.69±0.04b  2.51±0.17b  3.27±0.14a  

S2/S3  3.18±0.09a  3.15±0.07a  3.57±0.12a  3.29±0.12a  

Varieties     

V1  2.97±0.12a 2.58±0.03c  2.46±0.21b  2.87±0.21b  

V2  3.06±0.11a 2.72±0.08c  2.20±0.25b  2.98±0.20b  

V3  3.24±0.15a  2.95±0.10b  3.42±0.19a  3.58±0.19a  

V4  3.26±0.13a  3.19±0.11a  3.72±0.18a  3.62±0.17a  

V5  3.25±0.11a  3.16±0.11a  3.40±0.27a  3.34±0.17a  

3-Way Anova 

(F-Statistics) 

    

Rhz  69.44***  0.01ns  0.30ns  137.22***  

StrL  0.39ns  84.01***  51.14***  0.02ns  

Vrty  2.58ns  22.37***  16.22***  11.31***  

Rhz*StrL  9.04**  2.26ns  0.10ns  2.64ns  

Rhz*Vrty  0.65ns  1.32ns  0.25ns  1.27ns  

StrL*Vrty  0.20ns  4.60**  1.79ns  0.65ns  

Rhz*StrL*Vrty  0.05ns  0.68ns  0.20ns  0.80ns  

+R: With Rhizobium; −R: Without Rhizobium. S1: No water stress, S2: Water stress at 

Vegetative Stage. S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney 

Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. **, *** = 

significant at p ≤ 0.01 and at p ≤ 0.001 respectively, ns = Not significant. Means followed by 

similar letter(s) in a given column are not significantly difference from each other at p = 0.05. 

4.3.2 Effect of inoculation with Rhizobium and stress period on anthocyanins (g DM
-1

) in 

selected P. vulgaris (L.) varieties 

Anthocyanins (g DM
-1

) concentration significantly increased by 71% in non-inoculated treatment 

in season one at flowering stage and 48% in season two at vegetative stage (Table 5). In screen 

house experiment, significant increase in anthocyanins (g DM
-1

) content was 7% and 8% in non-
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inoculated as compared with inoculated treatment at vegetative and flowering respectively 

(Table 6). Water stress significantly increased anthocyanin (g DM
-1

) concentrations by 46% in 

season one at vegetative stage and 61% and 59% in season two at vegetative and flowering stage 

respectively (Table 5). In the screen house experiment, anthocyanins (g DM
-1

) concentration 

increased by 91% as a result of stress in flowering stage (Table 6). Anthocyanins (g DM
-1

) 

concentrations were significantly more pronounced in varieties F8 Drought Line, F9 Kidney 

Selection and JESCA in season one under vegetative stage (Table 5). However variety F8 

drought line shows significant increase in anthocyanins concentration as compared with the other 

studied varieties in season one at flowering stage in field experiment (Table 5). Significant 

increase in anthocyanins (g DM
-1

) content was recorded in varieties F9 Kidney Selection, F8 

Drought Line and JESCA as compared with varieties KAT B9 and KAT B1 in season two under 

field experiment (Table 5). In the screen house experiment, an anthocyanins concentration was 

higher in variety F8 Drought Line in vegetative stage and variety KAT B1 in flowering stage 

(Table 5). 
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Table 5: Effects of inoculation with Rhizobium, water stress and five P. vulgaris (L.) varieties on 

the accumulation of anthocyanins (g DM
-1

) in common bean shoots for two consecutive 

season’s field experiment 

1
st
 Season 2

nd
 Season 

Growth Phases Vegetative Flowering Vegetative Flowering 

Treatments 

inoculation 

    

R+  0.21±0.01a  0.06±0.007b  0.11±0.009b  0.14±0.01a  

R-  0.22±0.02a  0.21±0.02a  0.21±0.04a  0.17±0.02a  

Stress Levels     

S1  0.15±0.007b  0.13±0.01a  0.09±0.01b  0.09±0.01b  

S2/S3  0.28±0.01a  0.15±0.03a  0.23±0.03a  0.22±0.02a  

Varieties     

V1  0.15±0.02d  0.08±0.02c  0.09±0.01b  0.12±0.01a 

V2  0.19±0.02cd  0.10±0.02bc  0.10±0.01b  0.12±0.01a 

V3  0.24±0.03ab  0.12±0.02bc  0.23±0.06a  0.19±0.05a  

V4  0.27±0.03a  0.22±0.06a  0.22±0.06a  0.18±0.03a 

V5  0.22±0.02bc  0.17±0.04ab  0.16±0.03ab  0.16±0.02a 

3-Way Anova 

(F-Statistics) 

    

Rhz  1.55ns  48.03***  9.10**  1.81ns  

StrL  92.49***  0.88ns  19.47***  39.63***  

Vrty  8.79***  5.33**  3.59*  2.35ns  

Rhz*StrL  1.18ns  1.79ns  3.19ns  1.71ns  

Rhz*Vrty  0.36ns  1.16ns  1.65ns  0.66ns  

StrL*Vrty  0.81ns  1.30ns  1.12ns  1.18ns  

Rhz*StrL*Vrty  0.15ns  0.78ns  0.68ns  0.57ns  

+R: With Rhizobium; −R: Without Rhizobium. S1: No water stress. S2: Water stress at 

Vegetative Stage. S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney 

Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** = 

significant at p≤ 0.05, p≤ 0.01 and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05. 
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Table 6: Effects of inoculation with Rhizobium, water stress and five P. vulgaris (L.) varieties on 

the accumulation of Flavonoids (g DM
-1

) and Anthocyanins (g DM
-1

) in common bean 

shoots grown in the screen house 

Growth Phases Vegetative   Flowering 

Treatments 

inoculation 

Flavonoids 

 
Anthocyanins 

 
Flavonoids 

 
Anthocyanins 

 

R+  2.65±0.05b  0.42±0.005b  1.92±0.14a  0.23±0.03b  

R-  2.73±0.02a  0.45±0.009a  1.86±0.15a  0.25±0.03a  

Stress Levels     

S1  2.68±0.03a  0.44±0.007a  1.06±0.09b  0.04±0.009b  

S2/S3  2.71±0.04a  0.44±0.008a  2.72±0.03a  0.44±0.007a  

Varieties     

V1  2.37±0.10c  0.39±0.005e  1.52±0.27c  0.22±0.04a 

V2  2.69±0.02b  0.41±0.03d  1.71±0.26b  0.26±0.05a  

V3  2.73±0.01ab  0.43±0.005c  1.85±0.24b  0.25±0.05a 

V4  2.82±0.02a  0.50±0.02a  2.19±0.16a  0.24±0.05a 

V5  2.84±0.02a  0.45±0.004b  2.18±0.17a  0.24±0.04a 

3-Way Anova 

(F-Statistics) 

    

Rhz  4.49*  27.06***  0.98ns  4.83*  

StrL  0.58ns  0.05ns  780.26***  1276.32***  

Vrty  17.50***  46.20***  20.12***  1.31ns  

Rhz*StrL  0.26ns  2.11ns  0.84ns  0.70ns  

Rhz*Vrty  4.48**  5.49***  0.21ns  1.03ns  

StrL*Vrty  0.66ns  0.72ns  8.45***  1.01ns  

Rhz*StrL*Vrty  0.33ns  2.10ns  0.38ns  1.28ns  

+R: With Rhizobium, −R: Without Rhizobium. S1: No water stress, S2: Water stress at 

Vegetative Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney 

Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** = 

significant at p ≤ 0.05 at p ≤ 0.01 and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05. 

4.3.3 Interactive effects of inoculation with Rhizobium and stress period on flavonoids (g 

DM
-1

) and anthocyanins (g DM
-1

) in selected P. vulgaris (L.) 

There were significant interactions between Rhizobium, water stress period and varieties in shoot 

flavonoids and anthocyanins (g DM
-1

) concentrations in both fields and screen house experiment 

(Fig. 6 - 10). Generally, the interactive effects between water stressed, rhizobial inoculated 
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treatments and varieties had a significant effects in flavonoids and anthocyanins concentrations 

(Fig. 6 - 10). 

 

Figure 6: Interactive effects of Rhizobium and stress level on shoot flavonoids concentration in 

season (1) field experiment at vegetative stage. (+R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S2: Water stress at vegetative stage. 

 

Figure 7: Interactive effects of stress level and five (5) P. vulgaris (L.) on shoot flavonoids 

concentration in season (1) field experiment at flowering stage. S1: Control, S3: 

Water stress at flowering stage. Vrty1: KAT B9, Vrty2: KAT B1, Vrty3: F9 Kidney 

Selection, Vrty4: F8 Drought Line, Vrty5: JESCA 
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Figure 8: Interactive effects of Rhizobium and five (5) P. vulgaris (L.) on shoot flavonoids 

concentration in screen house experiment at vegetative stage. +R: With Rhizobium, -

R: Without Rhizobium. Vrty1: KAT B9, Vrty2: KAT B1, Vrty3: F9 Kidney Selection, 

Vrty4: F8 Drought Line, Vrty5: JESCA 

 

Figure 9: Interactive effects of Rhizobium and five (5) P. vulgaris (L.) on shoot anthocyanins 

concentration in screen house experiment at vegetative stage. +R: With Rhizobium, -

R: Without Rhizobium. Vrty1: KAT B9, Vrty2: KAT B1, Vrty3: F9 Kidney Selection, 

Vrty4: F8 Drought Line, Vrty5: JESCA 
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Figure 10: Interactive effects of stress level and five (5) P. vulgaris (L.) on shoot flavonoids 

concentration in screen house experiment under flowering stage. S1: Control, S3: 

Water stress at flowering stage. Vrty1: KAT B9, Vrty2: KAT B1, Vrty3: F9 Kidney 

Selection, Vrty4: F8 Drought Line, Vrty5: JESCA 

4.4 Discussion 

Rhizobial inoculation significantly reduced the secondary metabolites (i.e. flavonoids and 

anthocyanins) in bean shoots at all seasons with field and screen house experiments (Tables 1, 2 

and 3). The low concentration of these metabolites under rhizobial inoculation suggests that 

plants were not nutritionally stressed by nitrogen and hence lower accumulation of the secondary 

metabolites in their tissue. Similar to this study, Makoi et al. (2010) showed a decreased level of 

flavonoids and anthocyanins concentration in P. vulgaris (L.) shoots both in fields and screen 

house experiment inoculated with rhizobia. Studies have revealed that flavonoids are synthesized 

using phenylalanine pathway which may be affected by nitrogen metabolism (Laurentius et al., 

2002). Under conditions of low N, the levels of Phenylalanine ammonia-lyase (PAL) activity 

increase hence increasing accumulation of flavonoids (Stewart et al., 2001; Mierziak et al., 

2014). Study by Liu et al. (2010) in C. morifolium leaves showed that flavonoids concentrations 

were low under higher nitrogen supply. Therefore, the reduced levels of flavonoids and 

anthocyanins` in this study in the inoculated treatments may be due to enhanced nitrogen fixation 
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and reduced nitrogen stress in the plant. There was significance increase in flavonoids and 

antocyanins (g
-1

 DM) concentration in water stress treatment as compared with un-stressed water 

treatment. Several studies have shown that many of secondary compounds are commonly 

accumulated in plant tissues in response to various environmental stresses such as water stress 

and/or drought (Balakumar et al., 1993; Barnabas et al., 2008; Farooq et al., 2009; Odjegb et al., 

2013). Synthesis of these compounds stands as a defensive mechanism of plant metabolites such 

as sugars, proteins, amino acids, nucleic acids, membrane and lipids against reactive oxygen 

species (ROS), thus serving as an indicator of tolerance to water deficiency in plants (Larson, 

1988; Agati et al., 2012). In closely related studies, significant increases in flavonoids and 

anthocyanins in plant tissues were reported as a result of water stress in various crop plants 

(Chalker-Scott, 1999; Fini et al., 2011). For instance, drought stress significantly increased 

anthocyanins levels in cowpea seedlings (Balakumar et al., 1993) a phenomenon similar to our 

study.  

Generally, the results obtained in this study showed variations in the accumulation of flavonoids 

and anthocyanins. Varieties F8 Drought Line, JESCA and F9 Kidney Selection significantly 

contained more flavonoids and anthocyanins as compared with the other studied varieties. 

Accumulation of these secondary metabolites in plant tissues has been established as a tolerance 

mechanism towards several abiotic stresses including water (Larson, 1988; Bergman, 1992; 

Bongue-Bartelsman and Phillips, 1995; Mazid et al., 2011; Di Ferdinando et al., 2012; Di 

Ferdinando et al., 2014; Zadehbagheri, 2014). This confirms the previous finding which reported 

that bean variety JESCA was able to withstand moderate salinity in a potted study (Ndakidemi 

and Makoi, 2009), and varieties F8 Drought line, JESCA and KAT B1 accumulated significantly 

higher amounts of proline in their tissues (Tairo et al., 2017) and hence indicating their potential 

in drought tolerance studies. The significantly higher amounts of flavonoids and anthocyanins 

concentration in the mentioned varieties provide a room for further detailed studies related to 

drought and/or water stress in P. vulgaris (L.). Significant interaction was also observed between 

rhizobial inoculation, water stress and varieties. Highest flavonoids values were recorded in 

water stressed treatments which were not inoculated with rhizobial inoculants, indicating that 

stress levels were key in controlling the biosynthesis of flavonoids in the P. vulgaris (L.) shoots.  
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4.5 Conclusion 

In conclusion, these results showed that flavonoids and athocyanins concentrations (g 
-1

 DM) 

were higher in non rhizobial inoculated treatments as compared with inoculated plots. 

Furthermore, water stress treatments significantly accumulated more of flavonoids and 

anthocyanins as compared with unstressed treatments. The accumulation of flavonoids and 

anthocyanins in plant tissues may be taken as a mechanism used by plants against water deficit. 

Varieties F8 Drought Line, JESCA and F9 Kidney Selection recorded higher concentrations of 

flavonoids and anthocyanins as compared with other studied cultivars. These results suggests 

that flavonoids and anthocyanins are released when plants are subjected to nutritional and water 

stresses such as those evaluated in this study. 
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CHAPTER FIVE 

Influence of Water Stress and Rhizobial Inoculation on the Accumulation of Chlorophyll in 

Phaseolus vulgaris (L.) Cultivars 

Abstracts 

Aims: To assess the effect of water stress periods and rhizobial inoculation in five (5) P. vulgaris 

(L.) cultivars. 

Study Design: The experiment was designed in split-split plot and replicated 3 (three) times. 

Place and Duration of Study: The field experiment was carried out for two consecutive seasons 

inthe year 2014 and 2015, whereas, the screen house experiment was planted in a single season 

inthe year 2016 at the Agricultural Seed Agency (ASA) farm in Arusha-Tanzania. 

Methodology: The experiment consisted of 2 levels of rhizobia (with and without inoculation), 

twostress levels (with and without water stress) and five cultivars of P. vulgaris (L.) (KAT B9, 

KAT B1, F9 Kidney Selection, F8 Drought line and JESCA). The stress period of 10 days were 

imposed at vegetative and flowering stages of plant growth by not irrigating. Chlorophyll was 

extracted usingdimethyl sulphoxide (DMSO). Absorbance values were read at 645 nm and 663 

nm by 2800 UV/Vis Spectrophotometer. 

Results: Results indicated that leaf chlorophyll content was higher in rhizobial inoculated and 

non-stressed water treatments. Leaf chlorophyll content was significantly higher in varieties 3(F9 

Kidney Selection) and 2(KAT B1) as compared with varieties 1(KAT B9), 4(F8 Drought line) and 

5(JESCA). Significant interactions were observed between rhizobial inoculation x water stress 

and beanvarieties. 

Conclusion: Rhizobial inoculation and adequate water supply significantly improved leaf 

Chlorophyll content in the tested cultivars. 

Keywords: P. vulgaris (L.), water stress; rhizobial inoculation; chlorophyll 

International Journal of Plant & Soil Science, 15(4): 1-13, 2017; Article no. IJPSS.32306 

5.1 Introduction 

Light is the environmental factor that has most influence on growth and yield quantity and 

quality of crops, however low light intensity lowers the rate of photosynthesis (Montanaro et al., 

2005). Chlorophyll is the main chloroplast component for photosynthesis and substantial 
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chlorophyll content has a constructive association with photosynthetic rate (Shobhkhizi et al., 

2014). From physiological phenomena, leaf chlorophyll content is a unique entity with its own 

significant interest in plant (Mafakheri et al., 2010). Water stress is a serious threat to agriculture 

as it affects growth and plant pigments such as chlorophyll in different plant species. However, 

water stress tolerance mechanism varies significantly in different plant species. Changes in 

photosynthetic pigments are of chief importance to water stress and tolerance (Santos et al., 

2006). Under condition of moisture stress in soil, the rate of CO2 fixation is reduced along with 

photosynthetic rate resulting in less assimilate production for growth and yields in plants 

(Mafakheri et al., 2010). A study by Ommen et al. (1999) indicated that, moisture stress slow 

down photosynthesis of plants and cause changes in chlorophyll content by affecting chlorophyll 

components and by damaging the plant photosynthetic apparatus. The decreases in chlorophyll 

under this condition are mainly the result of destruction of chloroplasts caused by reactive 

oxygen species (ROS) (Verbruggen and Hermans, 2008). It has been reported that chlorophyll a 

and b are susceptible to soil water deficit (Farooq et al., 2009; Farhad et al., 2011; Tourian et al., 

2013). Studies have revealed that water deficit results in negative impact in plants as majority of 

chlorophyll are lost (Ommen et al., 1999; Mafakheri et al., 2010; Shobhkhizi et al., 2014). 

Normally, these losses occur in mesophyll cells than in the bundle sheath (Anjum et al., 2011). 

Study by Baroowa and Gogoi (2012) in Black gram and Green gram indicated that chlorophyll 

content decreased with the increasing water stress and hence confirming that photosynthetic 

pigments were sensitive to water stress conditions. Report by, Massacci et al. (2008) shows 

reduction in chlorophyll content in drought stressed cotton. Santos et al. (2006) found that in 

moderate water stress conditions, the net photosynthetic rate decreased in common beans. 

Another study in sunflower plants also shows a significant decrease in chlorophyll content at 

higher water deficits (Kiani et al., 2008). The photosynthetic rate of higher plants is known to be 

reduced as the relative water content and leaf water potential decreases (Lawlor and Cornic, 

2002). Abu-Muriefah, (2013) showed that water stress in common bean (P. vulgaris L.) impairs 

photosynthetic pigments in plant tissues, mainly shoot. It has been further reported that, 

reduction in leaf chlorophyll content under drought stress might be due to the excessive swelling 

of chloroplast membranes and distortion of the lamellae vesiculation in the plant tissues (Kaiser 

et al., 1981; Kaiser, 1987). It can be established that the decline in photosynthesis observed 

under water stress could be attributed by stomatal factors (i.e.stomatal and non-stomatal 



52 
 

limitations); of which the concentration of CO2 in chloroplasts decreases because of a reduction 

in stomatal conductance (Chaves et al., 2002; Daniel et al., 2007; Gama et al., 2007; Farooq et 

al., 2009). Apart from water, nitrogen is the major component of the chlorophyll molecules and 

plays an essential function in photosynthesis process, protein formation and many enzymatic 

processes in plants (Ahmadi, 1985; Uchida, 2000; Zhou et al., 2006; Sara et al., 2013). With N2 

deficient soils, the use of nitrogenous fertilizers and/or suitable rhizobial strains might improve 

legume growth by enhancing photosynthesis and chlorophyll formation. Study by Anjum et al. 

(2006) in Mungbean showed that beneficial rhizobia bacteria influence the physiological growth 

conditions by providing N through fixation thus increasing chlorophyll contents in leaves. 

However, N2 deficiency give a negative responsein plants by showing symptoms of yellowing 

which demonstrate chlorophyll deterioration hasoccurred in plants and therefore cause reduction 

in photosynthesis rate (Tairo and Ndakidemi, 2013). It is established that soil moisture deficit has 

a distinct effect on N2 fixation as it affects nodule formation, growth and photosynthesis 

activities. However, appropriate competitive nodulating strains and suitable tolerant host legume 

varieties may play a significant role in the photosynthesis process and chlorophyll formation 

under stressed environment (Daniel et al., 2007). Study done by Tajini et al. (2012) shows 

reduction in chlorophyll concentration under water deficit in common beans using two strains of 

rhizobia. Therefore, the objective of this study is to investigate the influence of water stress and 

rhizobial inoculation on the accumulation of chlorophyll content in selected P. vulgaris (L.) 

cultivars. 

5.2 Materials and Methods 

5.2.1 Description of Site Location 

The trial was conducted at Agricultural Seed Agency (ASA) farm in Arusha, located at Latitude 

3°18 ′S and Longitude 36°38 ′06.29″E. ASA receives mean annual rainfall of 819 mm, mean 

temperature of 19.15°C with relative humidity of about 94% and altitude of 1520 masl. The field 

trial was carried out during dry season of January, to March 2014 and January, to March, 2015 

while the screen house experiment was carried out from mid January to March, 2016 under 

irrigation. 
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5.2.2 Experimental Design and Treatment Application 

The experiment was designed in split, split plot with 3 replications. The plot size was 3m by 4m. 

The field experimental treatments consisted of 2 levels of Rhizobia (with and without 

inoculation) as the main factor followed by imposing of stress (sub factor) in vegetative and 

flowering stages of plant growth. Five cultivars of P. vulgaris (L.) (KAT B9, KAT B1, F9 Kidney 

Selection, F8 Drought line and JESCA) were assigned to subsubplots. These cultivars were 

selected based on the fact that Varieties F8 Drought Line, KAT B1 performed well in preliminary 

screening studies for drought tolerance (Abate, 2012; Mukankusi et al., 2015). Bean variety 

JESCA was included because in a potted study, it showed moderate tolerance to salinity 

(Ndakidemi and Makoi, 2009). Cultivars F9 Kidney Selection, F8 Drought Line and KAT B9 

have good adaptability in some production areas in the medium altitude zone of Tanzania. They 

have earned good approval by beneficiaries and are early maturing, drought tolerant, resistant to 

major diseases and have sufficient yielding (Abate, 2012; Mukankusi et al., 2015). The common 

bean seeds were sown at a spacing of 50 cm by 20 cm, making a plant population density of 

200,000 plants per hectare. The BIOFIX legume inoculants were obtained from MEA Company 

Nairobi-Kenya, sold under license from the University of Nairobi. Common bean seeds lines 

and/or varieties KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and JESCA were 

obtained from the breeding unit based at Selian Agricultural Research Institute (SARI), Arusha, 

Tanzania. Land for field experiment was cleared and all the necessary land preparations like 

ploughing and harrowing were done before planting. Moreover, in the screen house experiment, 

wooden box technique was used to establish the experiment. This was done by collecting the 

same soil used at field experiment and beans were planted using the protocol developed by 

Agbicodo et al. (2009) with some modifications. Common bean seeds were thoroughly mixed 

with Rhizobium inoculants to supply (10
9
 cells g

-1 
seed), following procedure stipulated by 

products manufacturer. To avoid contamination, all non inoculated seeds were sown first, 

followed by inoculated seeds. Three seeds were sown andthinned to two plants per hill after full 

plant establishment. Stress period of 10 days were imposed at vegetative and flowering stages of 

plant growth by not irrigating. 
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5.2.3 Plant Harvest and Sample Preparation 

Plant leaf samples from field and glasshouse eexperiments were collected for chlorophyll 

analysis. In the field experiment, 10 plants were randomly sampled from the middle rows of each 

plot while in the glasshouse experiment two plants from each pot were sampled. The fresh plant 

leaf samples from each of the growth stages (i.e. vegetative and flowering) were collected from 

the third young leaf from the top and kept in ice container to maintain their freshness for 

chlorophyll analysis. 

5.2.4 Determination of Chlorophyll (Chl) Contents in Plant Leaves 

Extraction of chlorophyll 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 plot. A hundred (100 mg) of the middle portion of fresh leaf slices was placed in a 15 ml 

vial containing 7 ml dimethylsulphoxide (DMSO) and incubated at 4°C for 72 hours. After 

incubation, the extract was diluted to 10 ml with DMSO. The DMSO technique extracts 

chlorophyll from shoot tissue without grinding or maceration (Hiscox and Israelstam, 1979). A 3 

ml sample of chlorophyll extract was then transferred into curvets for absorbance determination. 

A spectrophotometer (2800 UV/Vis Spectrophotometer) was used to determine absorbance 

values at 645 and 663nm, which was then used by Arnon, (1949) to determine Leaf Chlorophyll 

‘a’, Leaf Chlorophyll ‘b’ and Total Leaf Chlorophyll expressed as mgL
−1

. The equation is 

expressed as follows; Chlorophyll ‘a’ = [(12.7 * OD at 663) – (2.69 * OD at 645)] Chlorophyll 

‘b’ = [(22.9 * OD at 645) – (4.68 * OD at 663)] and Chlorophyll Total = [(20.2 * OD at 645) + 

(8.02 * OD at 663)]. Where by OD = Optical density which present the absorption in 645 and 

663 nm. 

5.2.5 Statistical Analysis 

A 3-way ANOVA was used to analyze the data collected. The analysis was done using 

STATISTICA software program of 2013. Fisher’s least significant difference was used to 

compare treatment means at P = 0.05 (Steel and Torrie, 1980). 
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5.3 Results 

5.3.1 Effect of Inoculation with Rhizobium and Stress Period in Chlorophyll ‘a’, ‘b’ and 

Total Chlorophyll in Selected P. vulgaris (L.) Varieties 

Results in Tables 7 and 8 showed that water stress and rhizobial inoculation significantly 

influenced chlorophyll ‘a’, ‘b’ and total chlorophyll content in both field and screen house 

experiment. Rhizobial inoculation significantly increased chlorophyll ‘a’ by 17 %, ‘b’ by 30 % 

and total chlorophyll content by 20 % in vegetative stage and 18 % in flowering stage in season 

one (Table 7). Significant increase in chlorophyll ‘a’, ‘b’ and total chlorophyll via rhizobial 

inoculation was also observed in season two by 47, 70 and 42 % in vegetative and 18 % for 

chlorophyll ‘b’ and 15 % for total chlorophyll in flowering stage respectively (Table 7). In 

season one, water stress period significantly increased the chlorophyll ‘a’ at flowering stage by 

14 % over the control (Table 7). In season two, water stress periods significantly influenced 

chlorophyll ‘a’, ‘b’ and total chlorophyll content at vegetative stage by 27, 10 and 39 % and at 

flowering stage by 47, 57 and 38 % respectively (Table 7). However, for screen house 

experiment, water stress significantly affected chlorophyll ‘b’ and total chlorophyll at flowering 

stage by 5 and10 % respectively (Table 8). In general term, varieties 2 and 3 proved to have 

significantly greater chlorophyll content under field and screen house experiment in both seasons 

(Tables 7 and 8). 

5.3.2 Interactive effects of inoculation with Rhizobium and stress period on chlorophyll ‘a’, 

‘b’ and total chlorophyll in selected P. vulgaris (L.) varieties 

There was a significant interaction between Rhizobium and stress period/levels in chlorophyll 

‘a’, chlorophyll ‘b’ and total chlorophyll content in season one at vegetative and flowering stages 

together with total chlorophyll in season two at vegetative stage respectively (Figs. 11 - 14 and 

16). Rhizobium treatment without water stress resulted into increased levels of chlorophyll ‘a’, 

‘b’ and total chlorophyll (mg L
-1

) content compared with treatments with no Rhizobium 

inoculants with water stress (Figs. 11- 14 and 16). The trend of interaction in chlorophyll ‘b’ was 

also observed between Rhizobium and bean varieties at vegetative stage in season two (Fig. 15). 

Significant interaction in chlorophyll ‘a’ content was also observed between water stress and 

bean varieties in the second season at flowering stage (Fig. 17). Under all the interactions 
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mentioned, rhizobial inoculation and the control (No stress treatment SI) increased chlorophyll 

‘a’, ‘b’ and total chlorophyll content in both seasons in this study (Figs. 11-17). 

5.4 Discussion 

Nitrogen is a primary nutrient which plays most important roles in legumes and is a major 

constituent of chlorophyll which is the most essential pigment needed for photosynthesis and 

amino acids in plants (Tairo and Ndakidemi, 2013). In this study, rhizobial inoculation was 

reported to increase chlorophyll content of P. vulgaris (L.) cultivars compared with un-

inoculated treatments. The increased chlorophyll in inoculated treatments may be dueto 

improved plant growth due to enhanced photosynthesis and hence chlorophyll formation. In 

similar studies, Lalitha and Santhaguru, (2012) showed increased chlorophyll content in 

inoculated plants with Rhizobium. In relation to this study, it has been reported that rhizobial 

inoculation may influence the physiological growth condition of leguminous plants by increasing 

leaf photosynthesis (Lippi et al., 1999; Zhao et al., 2006) and Chl contents in the leaves (Serraj 

et al., 1999; Tajini et al., 2008; Bambara and Ndakidemi, 2009; Tairo and Ndakidemi, 2013; 

Nyoki and Ndakidemi, 2014). Results from this study suggest that the supplied Rhizobium 

promoted the plant growth through a mechanism which increased Chl synthesis and 

photosynthetic rate in plants. 
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Figure 11: Interactive effects of Rhizobium and stress level on chlorophyll ‘b’ contents at 

vegetative stage in season (1) field experiment. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S2: Water stress atvegetative stage 

 

Figure 12: Interactive effects of Rhizobium and stress level on total chlorophyll content at 

vegetative stage in season (1) field experiment. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S2: Water stress at vegetative stage 
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Table 7: Effect of with and without Rhizobium, stress period, and five (5) P. vulgaris (L.) in the Chlorophyll ‘a’, Chlorophyll ‘b’ and 

Total Chlorophyll on plant leaves as measured on field experiment in two consecutive seasons 

Growth phases 1st season 2nd season 

Vegetative Flowering Vegetative Flowering 

Treatments 

inoculation 

Chl a(mgL-

1) 

Chl 

b(mgL-1) 

Total Chl 

(mgL-1) 

Chl a(mgL-

1) 

Chl 

b(mgL-1) 

Total Chl 

(mgL-1) 

Chl a(mgL-

1) 

Chl 

b(mgL-1) 

Total Chl 

(mg-1) 

Chl a( mgL-

1) 

Chl b(mgL-

1) 

Total Chl 

(mg-1) 

R+ 8.34±0.45a 4.43±0.38a 13.18±0.71a 9.99±0.76a 6.06±0.59a 14.81±1.07a 11.29±0.73a 8.38±0.39a 15.98±0.98a 11.65±0.95a 7.28±0.65a 20.20±1.14a 

R- 6.91±0.38b 3.12±0.41b 10.58±0.69b 8.24±0.58b 5.70±0.54a 14.07±0.90a 6.04±0.25b 2.54±0.19b 9.21±0.54b 12.94±0.99a 5.94±0.63b 17.25±1.02b 

Stress levels  

S1 7.73±0.43a 3.61±0.44a 11.99±0.86a 9.82±0.80a 6.12±0.62a 14.90±1.08a 10.00±0.83a 5.75±0.68a 15.66±0.93a 16.09±0.90a 9.26±0.47a 23.06±0.93a 

S2/S3 7.52±0.45a 3.95±0.39a 11.77±0.61a 8.42±0.55b 5.65±0.51a 13.98±0.88a 7.33±0.50b 5.17±0.55b 9.53±0.72b 8.49±0.31b 3.96±0.38b 14.38±0.58b 

Varieties             

V1 7.44±0.44b 3.23±0.34c 12.77±1.08b 8.34±0.31bc 6.44±0.52b 15.04±0.85b 8.67±1.19a 5.43±0.84b 12.80±1.51ab 12.19±1.27bc 6.99±0.98ab 18.51±1.24b 

V2 8.68±0.59b 4.70±0.64b 13.58±0.59ab 9.46±0.41b 7.98±0.50a 16.72±0.72b 9.84±1.36a 6.68±1.09a 14.19±1.81a 16.03±2.05a 8.40±1.03a 23.39±2.13a 

V3 10.41±0.49a 6.48±0.50a 15.31±1.03a 13.92±1.52a 8.92±0.67a 20.39±1.33a 9.53±1.32a 6.81±1.13a 14.33±1.79a 13.62±1.62b 7.51±0.99a 20.46±1.53b 

V4 5.82±0.43c 2.25±0.42c 9.51±0.99c 6.97±0.50c 2.25±0.29d 9.76±1.30c 7.51±0.91a 4.14±0.87c 10.79±1.37b 9.62±0.85d 4.84±0.82c 16.06±1.30c 

V5 5.77±0.36c 2.24±0.38c 8.22±0.76c 6.89±0.70c 3.82±0.57c 10.28±0.95c 7.79±0.90a 4.26±0.73c 10.87±1.30b 10.00±0.94cd 5.32±1.08bc 15.20±1.52c 

3-Way Anova (F-Statistics)  

Rhz 12.55** 15.75*** 14.36*** 6.71* 0.75ns 0.53ns 51.35*** 462.41*** 89.69*** 3.25ns 6.04* 18.96*** 

StrL 0.26ns 1.04ns 0.10ns 4.27* 1.27ns 0.82ns 13.27*** 4.56* 73.69*** 113.65*** 94.74*** 163.32*** 

Vrty 19.15*** 24.19*** 14.62*** 14.51*** 35.96*** 15.58*** 1.56ns 17.63*** 4.63** 11.06*** 6.04*** 19.23*** 

Rhz*StrL 0.68ns 16.07*** 16.84*** 7.03* 9.17** 3.27ns 2.54ns 2.08ns 4.57* 0.40ns 0.82ns 1.41ns 

Rhz*Vrty 0.89ns 1.09ns 0.19ns 0.33ns 1.59ns 0.10ns 0.23ns 3.56* 0.36ns 0.16ns 0.33ns 0.15ns 

StrL*Vrty 0.40ns 1.44ns 0.87ns 0.29ns 1.04ns 0.37ns 0.13ns 0.87ns 0.38ns 3.42* 0.09ns 2.23ns 

Rhz*StrL*Vrty 0.25ns 1.29ns 0.46ns 0.82ns 1.88ns 0.35ns 0.19ns 2.41ns 0.48ns 0.33ns 0.08ns 0.96ns 

+R: With Rhizobium, −R: Without Rhizobium. S1: No water stress, S2: Water stress at Vegetative Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** = significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not 

significant. Means followed by similar letter(s) in a given column are not significantly difference from each other at p = 0.05 
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Table 8: Effects of chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll in five (5) P. vulgaris (L.) plant leaves as influenced by 

water stress periods and rhizobial inoculation on screen house experiment in a single season 

Growth phases Vegetative Flowering 

Treatments 

inoculation 

Chlorophyll 

‘a’(mgL
-1

) 

Chlorophyll 

‘b’(mgL
-1

) 

Total 

Chlorophyll(mgL
-1

) 

Chlorophyll 

‘a’(mgL
-1

) 

Chlorophyll 

‘b’(mgL
-1

) 

Total 

Chlorophyll(mgL
-1

) 

R+ 15.88±0.90a 14.46±0.33a 30.33±1.22a 16.39±0.96a 14.84±0.44a 32.22±1.35a 

R- 17.45±0.95a 15.30±0.54a 32.74±1.38a 16.57±0.86a 14.55±0.42a 30.77±1.33a 

Stress levels       

S1 17.81±1.03a 15.00±0.46a 32.81±1.46a 16.59±1.02a 15.04±0.45a 33.19±1.41a 

S2/S3 15.52±0.78a 14.76±0.44a 30.26±1.11a 16.37±0.79a 14.36±0.41b 29.79±1.21b 

Varieties       

V1 16.67±1.18ab 14.87±0.45a 31.53±1.60ab 13.51±0.34c 14.46±0.15c 30.32±0.68c 

V2 18.62±1.58a 15.99±0.75a 34.60±2.13a 18.63±0.66b 15.89±0.19b 35.81±0.59b 

V3 19.27±1.80a 15.85±0.84a 35.11±2.60a 25.25±0.76a 18.33±0.28a 43.38±1.09a 

V4 14.31±0.86b 13.76±0.29a 28.06±1.13b 13.04±0.93c 12.21±0.57d 24.09±1.37d 

V5 14.46±1.42b 13.93±0.90a 28.38±2.09b 11.96±0.74c 12.59±0.54d 23.87±1.11d 

3-Way Anova (F-Statistics) 
Rhz 1.58ns 1.83ns 1.84ns 0.08ns 0.76ns 3.26ns 

StrL 3.37ns 0.15ns 2.04ns 0.11ns 4.11* 17.73*** 

Vrty 2.68* 2.24ns 2.79* 56.99*** 45.57*** 84.13*** 

Rhz*StrL 0.12ns 2.33ns 0.60ns 0.13ns 0.98ns 0.19ns 

Rhz*Vrty 0.35ns 0.22ns 0.25ns 0.32ns 2.30ns 1.12ns 

StrL*Vrty 1.22ns 0.54ns 0.84ns 1.82ns 0.84ns 1.80ns 

Rhz*StrL*Vrty 1.12ns 1.40ns 1.29ns 0.52ns 0.61ns 0.45ns 

+R: With Rhizobium, −R: Without Rhizobium. S1: No water stress, S2: Water stress at Vegetative Stage, S3: Water stress at Flowering Stage. V1: 

KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, *** = significant at p ≤ 

0.05 and at p ≤ 0.001 respectively, ns = Not significant. Means followed by similar letter(s) in a given column are not significantly difference from 

each other at p = 0.05 
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Figure 13: Interactive effects of Rhizobium and stress level on chlorophyll ‘a’ content in season 

(1) field experiment at flowering stage. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S3: Water stress at flowering stage 

 

Figure 14: Interactive effects of Rhizobium and stress level on chlorophyll ‘b’content in season 

(1) field experiment at flowering stage. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S3: Water stress at flowering stage 
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In the present study, we assessed the effects of water stress in the accumulation of leaf 

chlorophyll content. Water stress caused a decrease in chlorophyll ‘a’, ‘b’ and total chlorophyll 

content of the common beangrowth in fields and screen house experiments. The decreased or 

increased chlorophyll level during water stress at particular stages of plant growth has been 

reported in other plant species depending on the extent and severity of stress (Kpyoarissis et al., 

1995). The reduction of chlorophyll under water stress condition might be contributed by 

moisture limitation which affected the photosynthesis process and hence the chlorophyll 

formation. Cornic, (2000) reported that reduced water content in the plant results in the closure 

of the stomata and eventually reduces the rate of photosynthesis. Similarly, Foyer et al. (1994), 

Emam et al. (2010), Keyvan (2010), Baroowa and Gogoi (2012), Sharma et al. (2012), Beebe et 

al. (2013), Uddin et al. (2013) and Zadehbagheri (2014) showed that water stress damaged the 

photosynthetic machinery of the plants and reduced the chlorophyll content. 

 

Figure 15: Interactive effects of Rhizobium and five (5) P. vulgaris (L.) on chlorophyll ‘b’ 

content in season (2) field experiment at vegetative stage. +R: With Rhizobium, -R: 

Without Rhizobium. Vrty1: KAT B9, Vrty2: KAT B1, Vrty3: F9 Kidney Selection, 

Vrty 4: F8 Drought Line, Vrty5: JESCA 
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Figure 16: Interactive effects of Rhizobium and stress level on chlorophyll total in season (2) 

field experiment at vegetative stage. +R: With Rhizobium, -R: Without Rhizobium. 

S1: Control, S2: Water stress at vegetative stage 

 

Figure 17: Interactive effects of stress level and five (5) P. vulgaris (L.) on chlorophyll ‘a’ 

content inseason (2) field experiment at flowering stage. S1: Control, S3: Water 
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stress at flowering stage. Vrty1: KAT B9, Vrty2: KAT B1, Vrty3: F9 Kidney 

Selection, Vrty4: F8 Drought Line, Vrty5: JESCA 

In the present study, significant increase in chlorophyll ‘a’, ‘b’ and total chlorophyll content was 

seen in F9 Kidney Selection and KAT B1 in fields and screen house experiment as compared with 

varieties KAT B9, F8 Drought line and JESCA. The significance difference among the studied 

cultivars might be attributed by the genetic makeup in their chlorophyll metabolism. Moreover, 

the low chlorophyll content in varieties KAT B9, F8 Drought line and JESCA could be attributed 

by damage to leaf pigments as a result of water deficit. The results of the current study propose 

that the photosynthesis potential of the tested varieties is different, and hence may affect some of 

the physiological functions of the plant. These results are in agreement with Nyachiro et al. 

(2001) who reported a significant decrease in chlorophyll ‘a’ and ‘b’ in six Triticum aestivum 

cultivars. Similar study on common bean showed reduction in net photosynthetic rate and 

chlorophyll concentration as a result of water stress (Ramos et al., 1999; Santos et al., 2006). 

The significant interactive effects observed between Water stress x Rhizobia x Varieties in 

Chlorophyll ‘a’, Chlorophyll ‘b’ and total Chlorophyll is an indication that N from N2 fixation, 

enough moisture in the growth media and efficient cultivars are necessary in improving 

chlorophyll synthesis in P. vulgaris (L.). 

5.5 Conclusion 

In conclusion, rhizobial inoculation and adequate water supply significantly improved total leaf 

chlorophyll content at vegetative and flowering in season 2 and at flowering in glasshouse and 

field experiment. Furthermore, the varieties tested also differed significantly in their potential to 

accumulate chlorophyll in their tissues. 
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CHAPTER SIX 

Influence of Water Stress and Rhizobial Inoculation on Relative Leaf Water content and 

Electrolyte Leakage in Selected Common Bean cultivars (Phaseolus vulgaris L.) 

Abstracts 

Two seasons’ field and one season screen house experiments were conducted to assess the effect 

of water stress periods and rhizobial inoculation in five P. vulgaris cultivars on relative water 

content and electrolyte leakage. The experiment consisted of 2 levels of rhizobia (with and 

without inoculation), two stress levels (with and without water stress) and five cultivars of P. 

vulgaris (KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and JESCA). Rhizobial 

inoculated treatments and un-stressed water treatments increased relative leaf water content and 

electrolyte leakage in field and screen house experiment. Cultivars F9 Kidney Selection, F8 

Drought Line and variety JESCA significantly increased relative water content as compared with 

the other tested cultivars. However, varieties KAT B9 and KAT B1 significantly increased 

electrolyte leakage as compared with the other studied cultivars. Significant interactions were 

also observed between inoculation x water stress periods and the tested P vulgaris cultivars.  

Key words; Moisture, Inoculants, Varieties, ions  

SAUSSUREA Journal, 7(2): 115-128 

6.1 Introduction 

Relative leaf water content (RLWC) is a measure of relative change in cell volume. It sums up 

the effect of cell turgor and osmotic potential and always depends both on solute concentration 

and rigidity of cell wall (Kramer and Boyer, 1995). Relative leaf water content (RLWC) is 

regarded as an essential parameter for quantifying plant water status and a constructive sign of 

plant water balance as it states the relative water available on the plant tissues (Farooq and 

Azam, 2006; Manavalan et al., 2009). Plant water status is closely related to numerous 

physiological variables, mainly leaf turgor, growth, stomatal conductance and respiration. 

Investigation of water status is an essential function of assessing plant growth and predicting 

potential yields (Waraich et al., 2011). Under low soil moisture condition, the quantification of 
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RLWC is of fundamental role since high RLWC appears to be a common characteristic in 

drought resistant species (Rahaman et al., 2000). Alizade (2002) reported that RLWC is of the 

best growth/biochemical indicator revealing the stress intensity. Report by Schonfeld et al. 

(1988) showed that wheat cultivars comprised of high RLWC were more resistant against 

drought stress. Ramos et al. (2003) reported that RLWC of bean leaves under drought stress 

significantly was lesser than control treatments receiving adequate water. Study done on stem of 

bean plant under water stress condition indicated that there was a significant reduction in RLWC 

as compared with control (Lazacano-Ferrat and Lovat, 1999). It has been identified that the 

reduction of RLWC of plants subjected to water stress is associated with the cell damage which 

consists of cleavage in the membrane and sedimentation of cytoplasm (Blackman et al., 1995). 

Therefore assessment of water status in crop plants is of fundamental importance under various 

environmental conditions. 

Cell membrane stability (CMS) is the ability of a plant to resist cellular membrane modification 

as a result of environmental stress such as drought (Dhanda et al., 2004). Drought stress damages 

the cell membrane which leads to increased electrolyte leakage. Cell membrane is affected by 

various detrimental environmental factors. It is generally accepted that maintenance of their 

integrity and stability is one of the foremost mechanism of achieving high and acceptable yield 

(Namvar et al., 2013). Malfunction of cell membrane as a result of several environmental factors 

allow and increase more ample space for permeability and leakage of ions, which can be 

measured by the efflux of electrolytes (Saneoka et al., 2004). Study by Wu and Wallner (1993) 

showed that CMS is a rapid and sensitive method to evaluate drought tolerance in plants. For 

example, cell membrane stability was used to determine drought tolerance of 104 rice genotypes 

(Tripathy et al., 2000). It has been reported that cell membrane stability has also been used as a 

selection method for drought tolerance in grain sorghum (Sullivan et al., 1979). A study 

conducted to determine the effect of induced drought on different growth and biochemical 

attributes of black gram (Vigna mungo) and green gram (Vigna radiata) showed a considerable 

decrease in the membrane stability in the plants grown under drought stress condition as 

compared to the control plants for both the cultivars (Baroowa and Gogoi, 2012). Therefore, 

assessment of membrane status can be examined by measuring cellular electrolyte leakage, 

hence cell membrane stability (CMS) in plant cells (Saneoka et al., 2004; Farooq and Azam, 

2006; Manavalan et al., 2009). 
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Nitrogen is an essential element for growth and development of plants (Sogut, 2006). It plays 

vital significant roles in photosynthesis, protein formation, DNA synthesis and many other 

functions (Caliskan et al., 2008; Salvagiotti et al., 2008). Supplementation of adequate nitrogen 

to crops can increase their growth and development and ultimately plants are able to produce 

higher values of yield components that result in higher seed yields (Caliskan et al., 2008). The 

soil beneficial bacteria such as Rhizobium tend to release/synthesize growth promoting 

substances which are phytohormones like auxins as secondary metabolites in inoculated plants. 

These phytohormones are known to play a key role in plant growth regulation by promoting root 

elongation and stimulation of leaf expansion. In addition, great root development and 

proliferation of plants in response to Rhizobium activities improve plant water relations and 

nutrient uptake that result in a better cell membrane stability and relative leaf water content 

(Werner and Newton, 2005). Determination of water status in response to Rhizobium inoculation 

is very important to maximize yield and economic profitability of common bean production in a 

particular environment. N fertilization and/or N as a result of Rhizobium inoculation had 

anticipated to increase the leaf water content in chick pea (Namvar et al., 2013), leaf water 

relation in Agrostis palustrais Huds (Saneoka et al., 2004), leaf water content in Sophora davidii 

seedling (Fuzhong et al., 2008) and in  sunflower hybrid (Gholinezhad et al., 2009). Therefore, 

there is a need to assess the effects of water stress and Rhizobium inoculation on physiological 

parameters including cell membrane stability in P. vulgaris (L) plant cells. 

6.2 Materials and Methods 

6.2.1 Narrative of Site Location 

The trial was conducted at Agricultural Seed Agency (ASA) farm in Arusha, located at Latitude 

3°18′S and Longitude 36°38′06.29″E. ASA receives the mean annual rainfall of 819mm, mean 

temperature of 19.15°C with relative humidity of about 94% and altitude of 1520 m.a.s.l. The 

two field trials were carried out under controlled irrigation during dry season of January to 

March 2014 and January to March, 2015 respectively, while the screen house experiment was 

carried out from mid January to March, 2016 under irrigation. 

 

 



67 
 

6.2.2 Experimental Design and Treatment Application 

The experiment was designed in split, split plot with 3 replications. The plot size was 3 m x 4 m. 

The field experimental treatments consisted of 2 levels of Rhizobia (with and without 

inoculation) as the main factor followed by imposing of stress (sub factor) in vegetative and 

flowering stages of plant growth. Five cultivars of P. vulgaris (L.) namely, KAT B9, KAT B1, F9 

Kidney Selection, F8 Drought line and JESCA were assigned to sub-sub plots. The common bean 

seeds were sown at a spacing of 50 cm x 20 cm, making a plant population density of 200,000 

plants per hectare. The BIOFIX legume inoculants were obtained from MEA Company Nairobi-

Kenya, sold under license from the University of Nairobi. Common bean seeds lines and/or 

varieties KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and JESCA were obtained 

from the breeding unit based at Selian Agricultural Research Institute (SARI), Arusha, Tanzania. 

Land for field experiment was cleared and all the necessary practices like ploughing and 

harrowing were done before planting. Moreover, in the screen house experiment, the wooden 

box technique was used to establish the experiment. This was done by collecting the same soil 

used at field experiment and beans were planted using the protocol developed by (Agbicodo et 

al., 2009) with some modifications. Common bean seeds were thoroughly mixed with Rhizobium 

inoculants to supply (10
9
 cells g

-1
 seed), following procedure stipulated by products 

manufacturer. To avoid contamination, all non-inoculated seeds were sown first, followed by 

inoculated seeds. Three seeds were sown and thinned to two plants per hill after full plant 

establishment. Stress period of 10 days were imposed at vegetative and flowering stages of plant 

growth by not irrigating. 

6.2.3 Study of Physiological Parameters in P. vulgaris (L.) 

(i) Relative Leaf Water Contents (RLWC) 

To determine RLWC, 1.5 g of plant leaf were selected and weighed immediately to record fresh 

weight (FW). In order to determine the turgid weight (TW), which represents fully hydrated 

weight, the samples were floated in distilled water inside a closed Petri dish for 20 h to regain 

full turgor. Samples were then placed in an oven at 70 °C for 24 h, so as to obtain dry weight 

(DW). The RLWC were determined by the equation proposed by Mansouri-far et al. (2010) as 

follows: RLWC = [(fresh weight – dry weight)/ (turgid weight - dry weight)] x 100. 
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(ii) Measurement of Electrolyte Leakage (EL) 

Cell membrane permeability was estimated by electrolyte leakage (EL) according to Valentovic 

et al. (2006) with few modifications. Leaves samples (0.5 g) were excised, washed with 

deionized water, and placed in test tubes containing 20 mL distilled ionized water and incubated 

at 25°C after which the electrical conductivity of bathing solution (L1) was determined. The 

samples were then autoclaved at 120°C for 20 min to release all electrolytes, cooled to 25°C. 

After cooling, the final electrical conductivity (L2) was determined. The EL was expressed 

following the formula; EL= (L1/L2) × 100. 

6.2.4 Statistical Analysis 

A 3-Way ANOVA was used to analyze data collected. The analysis was done using 

STATISTICA software programe of 2013. Fisher’s least significant difference was used to 

compare treatment means at p = 0.05 (Steel and Torrie, 1980). 

6.3 Results 

6.3.1 Relative leaf water content and electrolyte leakage in P. vulgaris (L.) plant leaves as 

influenced by water stress periods and rhizobial inoculation in field and screen house 

experiments 

The significance increase in leaf relative water content was observed in inoculated compared 

with non-inoculated treatments (Tables 9 - 11). Rhizobial inoculation significantly increased leaf 

relative water content during vegetative and flowering growth stages by 9 % and 7 % in season 

one (Table 9). In screen house experiment, inoculation with Rhizobium strain increased the leaf 

relative water content by 15 % in flowering as compared with un-inoculated treatments (Table 

11). Water stress treatments significantly increased leaf relative water content by 7 % in season 

two at vegetative stage in field experiment and by 13 % in screen house experiment at vegetative 

stage (Tables 9 & 11). In field experiment, significant increase in leaf relative water content (%) 

was also recorded in varieties F8 Drought Line, JESCA and F9 Kidney Selection as compared 

with varieties KAT B9 and KAT B1 respectively (Table 9). Varieties JESCA, F8 Drought Line, 

F9 Kidney Selection and KAT B1 significantly increased leaf relative water content in screen 

house experiment at flowering stage as compared with variety KAT B9 (Table 11). The cell 
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membrane stability was significantly (P ≤ 0.05) affected by rhizobial inoculation. Inoculated 

treatment had statistically more electrolyte leakage than non-inoculated treatment. Rhizobial 

inoculation increased electrolyte leakage by 6 % and 7 % in season one at flowering stage and 

season two in vegetative stage respectively (Table 9). Water stress treatments significantly 

increased electrolyte leakage by 8 % in season one at vegetative stage (Table 9). Varieties KAT 

B9 and KAT B1 significantly increased electrolyte leakage percentage in season one and two at 

vegetative and flowering growth stages as compared with the other varieties (Table 9). In screen 

house experiment, significant increase in electrolyte leakage percentage was also recorded in 

varieties KAT B9 and KAT B1 as compared with varieties F9 Kidney Selection, F8 Drought Line 

and JESCA respectively (Table 11).  

6.3.2 Interactive effect of inoculation with Rhizobium and stress periods on relative leaf 

water content and electrolyte leakage in selected P. vulgaris (L.) cultivars 

There were significant interactive effects between rhizobial inoculation and water stress 

treatments in Relative Leaf water content in fields and screen house experiments (Figs. 18 & 20). 

Rhizobial inoculated treatments and un- stressed water treatments increased relative leaf water 

content in the studied P.vulgaris (L.) cultivars. Significant interaction in leaf relative water 

content (%) was also observed between rhizobial inoculation and varieties whereby varieties F8 

Drought Line, JESCA and F9 Kidney Selection significantly increased relative leaf water content 

at inoculated and non-inoculated treatments as compared with KAT B9 and KAT B1 in field 

experiment at flowering stage (Fig. 19). However, significant interaction in Electrolyte leakage 

(%) was observed in the screen house experiment between rhizobial inoculation, stress level and 

bean varieties during flowering stage whereby varieties KAT B9 and KAT B1 did well at non-

stressed water treatments and at rhizobial inoculated treatments in screen house experiments 

(Fig. 21). Generally, non- stressed water treatments and rhizobial inoculated treatments had 

increased relative leaf water content and Electrolyte leakage in the selected P. vulgaris cultivars.  
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Table 9: Effect of Rhizobium, stress period and five (5) P. vulgaris in Relative Leaf Water 

Content as measured on field experiment in two consecutive seasons  

 1
st
 Season 2

nd
 Season 

  Vegetative 

Stage 

 Flowering 

Stage 

Vegetative 

Stage 

 Flowering 

Stage 

Treatments         

R+  55.70±2.30a  51.67±2.39a 52.77±2.19a  51.00±2.63a 

R-  50.67±2.21b  48.27±2.14b 51.76±1.81a  47.20±2.50a 

Stress Levels        

S1  54.90±2.42a  50.70±2.32a 54.10±2.02a  50.33±2.70a 

S2/S3  51.47±2.15a  49.23±2.26a 50.43±1.93b  47.87±2.45a 

Varieties        

V1  41.67±1.88c  35.75±1.46c 40.75±1.49c  38.42±1.91c 

V2  44.00±4.06c  40.50±2.07c 41.75±1.62c  32.75±1.45c 

V3  55.17±2.64b  53.83±2.66b 55.42±1.94b  51.75±3.23b 

V4  65.00±1.81a  60.25±1.78a 61.75±1.19a  60.33±2.41a 

V5  60.08±1.62ab  59.50±2.60a 61.67±1.97a  62.25±1.97a 

3-Way Anova 

(F-Statistics) 

 

 

      

Rhz  5.31*  4.45* 0.44ns  3.28ns 

StrL  2.47ns  0.83ns 5.98*  1.38ns 

Vrty  17.12**  38.73*** 38.37***  31.20*** 

Rhz*StrL  0.20ns  13.24*** 3.83ns  2.83ns 

Rhz*Vrty  1.29ns  2.97* 0.26ns  0.74ns 

StrL*Vrty  0.89ns  0.41ns 0.35ns  0.05ns 

Rhz*StrL*Vrty  1.02ns  1.78ns 0.48ns  0.28ns 

+R: With Rhizobium, −R: Without Rhizobium. S1: No water stress, S2: Water stress at Vegetative 

Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3:  F9 Kidney Selection, 

V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** = significant at p 

≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means followed by 

similar letter(s) in a given column are not significantly difference from each other at p = 0.05.  
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Table 10: Effect of Rhizobium, stress period and five (5) P. vulgaris in Electrolyte Leakage as 

measured on field experiment in two consecutive seasons 

 1
st
 Season 2

nd
 Season 

  Vegetative 

Stage 

 Flowering 

Stage 

Vegetative 

Stage 

 Flowering Stage 

Treatments         

R+  58.03±2.37a  64.40±1.98a 65.87±2.75a  66.20±2.56a 

R-  60.90±2.76a  60.33±2.01b 61.20±3.03b  65.80±2.51a 

Stress Levels        

S1  62.10±2.66a  63.63±1.89a 63.63±2.72a  66.40±2.32a 

S2/S3  56.83±2.41b  61.10±2.14a 63.43±3.11a  65.60±2.73a 

Varieties        

V1  72.25±2.20a  73.83±1.54a 81.00±1.93a  81.08±1.94a 

V2  73.50±2.80a  70.42±1.82a 79.33±2.23a  79.25±1.95a 

V3  53.58±2.72b  53.42±2.69b 54.08±2.34b  52.92±1.67b 

V4  45.58±1.97c  56.33±2.25b 52.25±1.88b  58.17±2.38b 

V5  52.42±2.52bc  57.83±2.49b 51.00±3.22b  58.58±2.40b 

3-Way Anova 

(F-Statistics) 

 

 

      

Rhz  1.67ns  4.80* 5.09*  0.04ns 

StrL  5.63*  1.86ns 0.01ns  0.16ns 

Vrty  25.83***  19.33*** 43.38***  33.58*** 

Rhz*StrL  0.23ns  0.05ns 0.13ns  0.85ns 

Rhz*Vrty  0.81ns  2.30ns 0.49ns  0.44ns 

StrL*Vrty  0.36ns  1.22ns 1.74ns  0.36ns 

Rhz*StrL*Vrty  0.48ns  0.23ns 0.92ns  0.60ns 

+R: With Rhizobium, −R: Without Rhizobium. S1: No water stress, S2: Water stress at Vegetative 

Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3:  F9 Kidney Selection, 

V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. * and *** = significant at p 

≤ 0.05 and at p ≤ 0.001 respectively, ns = Not significant. Means followed by similar letter(s) in 

a given column are not significantly difference from each other at p = 0.05.  
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Table 11: Effect of Rhizobium, stress period, and five (5) P. vulgaris in Relative Leaf water 

Content (%) and Electrolyte leakage (%) as measured on Screen house experiment in 

a single season 

 Relative Leaf water Content (%) Electrolyte leakage (%) 

 Vegetative Flowering Vegetative Flowering 

Treatments     

R+ 77.28±2.51a 74.23±2.23a 60.90±1.99a 70.90±2.96a 

R- 73.73±2.71a 63.11±2.58b 63.47±1.93a 71.67±2.54a 

Stress Levels     

S1 80.76±2.30a 68.85±2.64a 62.30±1.92a 71.20±2.52a 

S2/S3 70.25±2.66b 68.50±2.50a 62.07±2.03a 71.37±2.98a 

Varieties     

V1 74.96±3.33a 57.51±3.10b 76.25±1.28a 78.58±4.45a 

V2 73.93±5.09a 69.75±3.17a 69.50±1.70b 77.50±3.95a 

V3 78.50±4.07a 75.65±4.09a 51.58±2.05d 72.17±3.15ab 

V4 75.12±4.50a 69.61±4.05a 57.25±1.47c 63.50±3.70b 

V5 75.00±3.88a 70.84±4.59a 56.33±1.45cd 64.67±4.85b 

3-Way Anova (F-

Statistics) 

    

Rhz 1.05ns 11.34** 2.94ns 0.05ns 

StrL 9.22** 0.01ns 0.02ns 0.002ns 

Vrty 0.20ns 3.30* 37.69*** 3.12* 

Rhz*StrL 4.34* 1.27ns 0.04ns 1.46ns 

Rhz*Vrty 0.87ns 0.69ns 0.05ns 0.83ns 

StrL*Vrty 1.83ns 0.59ns 0.36ns 0.25ns 

Rhz*StrL*Vrty 0.91ns 0.88ns 1.60ns 2.91* 

+R: With Rhizobium, −R: Without Rhizobium. S1: No water stress, S2: Water stress at Vegetative 

Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, 

V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** = significant at p 

≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means followed by 

similar letter(s) in a given column are not significantly difference from each other at p = 0.05.  
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Figure 18: Interactive effects of Rhizobium and stress level on Relative leaf water content (%) in 

season (1) field experiment at flowering stage. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S3: Water stress at flowering stage 

 

Figure 19: Interactive effects of Rhizobium and (5) P.vulgaris L. on Relative leaf water content 

(%) in season (1) field experiment at flowering stage. +R: With Rhizobium, -R: 

Without Rhizobium. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 

Drought Line, V5: JESCA 
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Figure 20: Interactive effects of Rhizobium and stress level on Relative leaf water content (%) 

screen house experiment at vegetative stage. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S2: Water stress at vegetative stage 

 

Figure 21: Interactive effects of rhizobial inoculation, stress level and five (5) P. vulgaris (L.) on 

Electrolyte Leakage (%) in screen house experiment at flowering stage. -R: Without 

rhizobial inoculation, +R: With rhizobial inoculation. StrL1: Control, StrL3: Water 
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stress at flowering stage, V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 

Drought Line, V5: JESCA 

 

6.4 Discussion 

In the present study, we assessed the effects of Rhizobium inoculation and water stress periods on 

agronomic parameters in common bean (P. vulgaris L). Rhizobium inoculation had significantly 

positive response in relative leaf water content (RLWC) and electrolyte leakage (EL) both in 

field and screen house experiment (Table 9 - 11). These improvements in inoculated treatments 

could be attributed to improved BIOFIX legume inoculants which increased nitrogen supply to 

the plants and consequently improved the parameters examined. Relative leaf water content of 

the common bean showed significant response to Rhizobium inoculation.  Rhizobium inoculation 

increased the leaf RWC compared with non-inoculated plants. Study done by Saneoka et al. 

(2004) and Fuzhong et al. (2008) on Agrostis palustrais Huds and Sophora davidii seedling 

showed similar findings as a result of inoculation. It has been reported that adequate level of 

nitrogen tend to increase the protein synthesis, cell wall thickness and cause absorption of 

additional water by protoplasm and improve the relative leaf water content (Saneoka et al., 

2004). Study by Namvar et al. (2013) on chick pea showed a significant increase in RLWC as a 

result of Rhizobium inoculation.  

Measuring plant water status is an important physiological index in identification of plant 

response to drought stress. Results showed that water stress significantly affected relative leaf 

water content (Tables 9 & 11). This decrease under moisture stress may be due to decreased leaf 

water potential and decreased availability/absorption and translocation of water from soil to roots 

and ultimately to leaves. These results are in line with the results of Khadem et al. (2010) who 

reported the reduction of RLWC as a result of water stress in corn leaf. It has been reported that 

RLWC in lentil was decreased by drought stress as compared with non-stressed conditions 

(Saneoka et al., 2004). Decline in RLWC of the leaf due to water stress is related to the reduction 

of soil moisture. Under such conditions, the stomata tend to be closed to avoid more water loss. 

The closure of stomata is due to abscisic acid made in the root of the stressed plants which is 

accumulated in stomata cells (Chaves et al., 2002). Furthermore, the decrease in relative leaf 

water content under water stress treatment could be associated with their ability of water 
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absorption from soil. Report by Ghanbari et al. (2013) showed that relative leaf water content is 

an essential indicator of assessing internal plant water status under drought conditions and has 

effectively been used to recognize drought-resistant cultivars of common bean. Cultivars and/or 

genotypes contained higher amount of relative water content condition have the ability to retain 

more water in their tissues. Report by Siddiqui et al. (2015) on different genotypes of faba bean 

showed that drought tolerance genotypes reveal high leaf RLWC as compared with sensitive 

genotypes. Study done by Khanna-Chopra and Selote (2007) showed that drought-resistant 

wheat plants exhibit better leaf water relations in terms of turgor potential and RLWC as 

compared to sensitive genotypes. Sanchez- Rodriguez et al. (2010) showed that RLWC was 

accepted for separating resistant and sensitive cultivars in tomato plants as well.  

The cell membrane stability was significantly affected by N through inoculation with Rhizobium 

(Tables 10 and 11). Inoculated treatments contained significantly more stable cell membrane 

than non-inoculated plants. Rhizobium inoculation increased the cell membrane stability (CMS) 

as compared with non-inoculated one. Similar results were also reported by Saneoka et al. (2004) 

in Agrostis palustrais Huds. These researchers suggested that higher N levels helped to increase 

cell membrane stability which suggests that N nutrition may play an important role in 

maintaining cell compartmentalization and hence preventing the efflux of electrolyte under 

different condition in the cell. Under various environmental conditions, plant membranes are 

often associated with permeability and loss of its integrity (Blokhina et al., 2003). Increased 

leakage of solutes is an indication of damage caused to membrane (Surendar et al., 2013). 

Therefore, the ability of cell membranes to control the rate of ion movement in and out of the 

cells is used as a test of damage to a great range of tissues. Study done by Daniells and Watson, 

(1984) in wheat showed that cell membrane stability decreased under moisture stress and 

temperature stress at anthesis stage. Cell membrane stability was reduced in upland rice as a 

result of moisture stress condition (Konwar, 2009). It has been shown that the reduction in cell 

membrane stability (CMS) estimated by taking relative ion leakage, is an indicator of membrane 

damage as a result of membrane and/or lipid peroxidation caused by reactive oxygen species 

(ROS) (Upadhaya et al., 1989). The reduction in CMS is related to production of ROS which 

causes damage to membrane, lipids and protein. However, in some other studies indicated higher 

cell membrane stability under water stress condition.  
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Varieties F9 Kidney Selection, F8 Drought line and JESCA significantly increased relative leaf 

water content as compared with the other tested varieties. It has being established that leaf 

relative water content was introduced as a best criterion for plant water status, thus an indicator 

of choice for water stress tolerance in plants. There were significantly higher amount of 

electrolyte leakage in varieties KAT B9 and KAT B1 as compared with the other tested 

varieties.The movement of ions across the membrane is mainly associated with various adverse 

environmental conditions hence test of damage to plant tissues. It has been reported that the 

electrolyte leakage of the sensitive maize cultivar was seemed to be higher as compared with the 

resistant cultivar (Valentovic et al., 2006). Furthermore, the interactive effect between rhizobial 

inoculation, water stress and the tested varieties in the assessed physiological parameters is an 

indication which may justifies the genetic potentiality of some of the tested cultivars and hence a 

need for further studies under adverse environmental conditions such as drought and  nutritional 

requirements. 

6.5 Conclusion 

In conclusion, rhizobial inoculation and non- stressed water treatments increased the relative 

water content and electrolyte leakage among the studied P.vulgaris cultivars. Furthermore, 

percentage relative leaf water content was higher in varieties F9 Kidney Selection, F8 Drought 

Line and JESCA hence indicating their potential to tolerate drought. The percentage electrolyte 

leakage was recorded in varieties KAT B9 and KAT B1. The interactive effects between rhizobial 

inoculation, water stress and some identified cultivars provide insights for further studies in 

addressing the drought problem in P. vulgaris (L.). 
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CHAPTER SEVEN 

Nutrient uptake in Phaseolus vulgaris (L.) cultivars as influenced by water stress and 

Rhizobial Inoculation 

Abstract 

Two season’s field experiments were conducted to assess the effect of water stress periods and 

rhizobial inoculation in five P. vulgaris (L.) cultivars. The experiment consisted of with and 

without rhizobial inoculation, with and without water stress and five cultivars of P. vulgaris (L.) 

namely, KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and JESCA. Results showed 

that nutrients uptake (mg
 
plant

-1
) were higher in rhizobial inoculation and non-stressed water 

treatments. Varieties F9 Kidney Selection, F8 Drought Line and JESCA significantly recorded 

higher uptake of N, P, K, Ca and Mg in each growth stage of both seasons as compared with the 

other tested varieties. Additionally, significant interactive effects were observed between 

rhizobial and varieties on K and N uptake in both seasons, rhizobial and stress periods on P, Mg 

and K uptake in all seasons. Furthermore,  significant interactive effects were also observed 

between inoculation, water stress periods and the tested P. vulgaris (L.) cultivars on N in season 

one and two respectively. Therefore, inoculated, non-stressed water treatments contain positive 

significant effects in the uptake of mineral nutrients. However, non-inoculated water stressed 

treatments had a negative effects on mineral nutrients uptake in the studied cultivars of 

P.vulgaris (L.). 

Key words; Nutrients, P.vulgaris, inoculants, lines 

Manuscript ready for submission to a journal 

7.1 Introduction 

Plant nutrition is of crucial role for plant growth and development. Plants require essential and 

non-essential elements of which every element and/or nutrients plays different functions which 

allow the plant to grow and reproduce (Uchida, 2000). Every plant nutrient is needed in different 

amounts by the plant and varies in how mobile it is within the plant. Most of the mineral 

elements  for example nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium 
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(Mg), sulfur (S), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), boron (B), molybdenum 

(Mo) and chlorine (CI) are supplied either from soil minerals and soil organic matter or by 

organic or inorganic fertilizers (Roy et al., 2006). However, carbon (C), hydrogen (H) and 

oxygen (O) are supplied by atmospheric carbon dioxide and water (Roy et al., 2006) and they 

represent 90 - 96 % of the dry matter of all plants (Samarah et al., 2004). The plant obtains the 

remaining 4 - 10 % from the soil and/or fertilizer inputs (Uchida, 2000). Uptake of the major 

elements N, P, K, Ca and Mg in various plant organs highly depends on the action of fauna 

activities available in the rhizosphere soils and the capability of the soil to replenish in the 

particular soil solutions (Makoi et al., 2013). For plant to grow and reproduce properly, mineral 

nutrients are essential chemical elements which are normally acquired in the form of inorganic 

ions from the soil (Taiz and Zeiger, 2006). All macronutrients are incorporated into important 

organic compounds such as amino acids and proteins (N and S), nucleic acids (N and P), 

phospholipids (P) and chlorophyll (Mg) apart from K and Ca (Amtmann and Blatt, 2009).  

Mineral nutrients uptake by plants is a very effective process due to the large surface area of the 

roots and their ability to absorb inorganic ions at low concentrations in the soil solution. 

Therefore, availability of moisture in the soil is the great determinant of mineral nutrients to 

move through the soil matrix and be taken up by plants (Taiz and Zeiger, 2006); however, 

drought is an environmental factor which may result in nutrient deficiency.The physiochemical 

characteristics of the soil can lead to a reduced mobility and absorbance of individual nutrients 

(Amtmann and Blatt, 2009). Water stress inhibits the root to take plentiful nutrients from the soil 

because of reduced root activity, slow down of ion diffusion and reduction rates of water 

movement in the soil solution (Silva et al., 2011).  

N is necessary for the formation of amino acids which are building blocks of protein also aid for 

plant growth which stimulated through cell division. It is an essential element in all living 

systems and needed by all cells and a major component of chlorophyll which converts sunlight 

into plant energy (Baligar, et al., 2001). N is very mobile and is normally available to plants in 

forms of NO3
-
(nitrate) or NH4

+ 
(ammonium) ions (Marschner, 1995). It has been reported that 

nitrate is eagerly mobile in the xylem and can be stored in the vacuoles of roots, shoots and 

storage organs (Marschner, 1995); however ammonium has to be incorporated into organic 

compounds in the roots. Specifically, the demand for N can be fulfilled by mineral N fertilizers 
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or by other alternative means of using beneficial bacteria such as Rhizobium (Uchida, 2000). 

However, water stress reduces N fixation and growth in nodulated legumes (Zahran, 1999). The 

nitrogen status of a plant has a significant influence over its water relation as nitrogen and water 

often interact. When the soil faces a prolonged period of drought, nitrogen mobility is severely 

restricted by the dehydrated soil. Therefore moisture is directly proportional to mineral nutrients 

(N) absorption by plants and translocation from the roots to the shoots. Therefore, N is a 

constituent of plant proteins and is required for vegetative growth of plants. 

Furthermore, phosphorus (P) is an essential mineral nutrient required in relatively large amount 

in order to maintain growth. P plays a significant fundamental role in conserving and 

transporting energy in the cell metabolism (Amtmann and Blatt, 2009). P occur in the soil in the 

form of orthophosphate and plants absorb in the form of H2PO4
-
 and HPO4

2- 
according to the pH 

of the growing medium (Mengel and Kirkby, 2001). P is essential for plant growth and function 

including symbiotic N2-fixation processes. Microorganisms such as Bradyrhizobium inoculants 

may have effects on the chemistry of nutrients in soils by enhancing nutrients uptake by plants. 

For example, Makoi et al. (2013) reported improved uptake of macronutrients following 

inoculation with efficient strains of Rhizobium. Additionally supply of water is required for 

phosphate availability and absorption by plants. Phosphate ions move through diffusion and if 

the water content in the soil decreases, the amount of water-filled pores decrease hence P 

mobility decreases (Faye et al., 2006). Drought causes a reduction in P absorption and transport 

within the plant, therefore a decrease in available P in the soil, reduces P uptake by plants 

(Sardans and Penuela, 2004). It has been reported that water stress and/or dry soil decreases P 

content in the roots and shoots of Spartina alterniflora (Brown et al., 2006). Therefore, a strong 

regulation effect which is brought about by P in various plant functions such as carbohydrate 

synthesis during reproductive phase and root formation indicate its significance effects in this 

study.  

Not only that but also K is another macronutrients which is taken up in great quantity by plants 

and is of essential role in the regulation of water status (Mengel and Kirkby, 2001). K is highly 

mobile in within individual cells and tissues as well as in extensive distance through xylem and 

phloem tissues of the plants (Marschner, 1995); it is the most abundant cation in the cytoplasm. 

Taiz and Zeiger (2006) reported that K is accumulated passively by both the cytosol and vacuole 
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however when extracellular K
+ 

concentrations are in small amount then it can be taken up 

actively. It has been reported that K ion plays a crucial physiological processes in plants for 

instance stomatal movement, protein synthesis, enzyme activation, osmoregulation, 

photosynthesis, cell extension (Marschener, 1995; Mengel and Kirkby, 2001; Mengel, 2007; 

Farooq et al., 2009). Potassium ion (K
+
) accumulation in plant tissues are normally influenced by 

water condition in plants (Restrepo-Diaz et al., 2008). Studies showed that stomata opening 

mechanism is normally governing by K
+
 concentration (Mengel and Kirkby 2001; Larcher, 

2006; Taiz and Zeiger, 2006; Mengel, 2007). Plants tend to reduce stomata aperture beneath 

minimal water stress (Silva et al., 2003) however, when water stress becomes severe the stomata 

normally close (Larcher, 2006). Study by Mahouachi (2007) in banana plants found reduced 

levels of K
+
 under drought condition. Restrepo-Diaz et al. (2008) also showed similar results on 

K
+
 in the stressed leaves of olive plants.  

Magnesium (Mg) is small, strongly electropositive divalent, whereby its major function is in 

chlorophyll molecules (Mengel and Kirkby, 2001; Amtmann and Blatt, 2009). Mg uptake is 

affected by the conditions of the soil and rhizosphere such as drought or irregular water 

availability. As Mg is not physically or physiologically available under conditions of water 

deficit, the plant roots are not capable of absorbing adequate Mg to sustain normal plant growth. 

It has been reported that Mg uptake in both the roots and shoots of Spartina alterniflora were 

reduced under drought conditions (Brown et al., 2006). 

Besides, calcium is an alkaline earth metal that plays essential role in living organisms, it plays a 

fundamental functions as a signal for many cell processes for instance synthesis of new cell walls 

in the mitotic spindle during cell division (Taiz and Zeiger, 2006; Shao et al., 2008). Ca is 

abundant element in the soil and is readily available macroelements for plant uptake (Utrillas et 

al., 1995). Calcium desorption in the soil solution is normally attributed by the release of protons 

from the roots which eventually promotes the exchange reaction of the Ca bond in the organic 

and mineral soil phases (Van Praag et al., 2000). Study done on Bermuda grass (Cynodon 

dactylon (L.)) showed that Ca content increased during drought when grown in Mediterranean 

field conditions. However, contradictory results claim that drought tended to decrease Ca 

concentrations in the above ground biomass and this effect was attributed to the reduction in 

transpiration flux (Sardans et al., 2008). Therefore, there is a need to assess the effects of water 
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stress and Rhizobium inoculation on nutrient uptake in selected P. Vulgaris (L) cultivars and 

identify the potential ones which can perform well in water stressed environment. 

7.2 Material and Methods 

7.2.1 Description of Site Location 

The trial was conducted at Agricultural Seed Agency (ASA) farm in Arusha, located at Latitude 

3°18′S and Longitude 36°38′06.29″E. ASA receives the mean annual rainfall of 819mm, mean 

temperature of 19.15°C with relative humidity of about 94% and altitude of 1520 m.a.s.l. The 

trial was carried out during dry season of January, to March 2014 and January, to March, 2015 

under irrigation. 

7.2.2 Experimental Design and Treatment Application 

The experiment was designed in split-split plot with 3 replications in plots of 3m x 4m size. The  

treatments consisted of 2 levels of Rhizobia (with and without inoculation) as the main factor, 

imposing stress in vegetative and flowering stages of plant growth as sub factor plot and five 

cultivars of P. vulgaris (L.) namely, KAT B9, KAT B1, F9 Kidney Selection, F8 Drought line and 

JESCA were assigned to sub-sub plots. The common bean seeds lines / varieties were obtained 

from the breeding unit based at Selian Agricultural Research Institute (SARI), Arusha, Tanzania. 

BIOFIX legume inoculants were obtained from MEA Company Nairobi-Kenya, sold under 

license from the University of Nairobi. Land for field experiment was cleared and all the 

necessary practices like ploughing and harrowing were done before planting. The bean seeds 

were thoroughly mixed with Rhizobium inoculants to supply (10
9
 cells g

-1
 seed) as prescribed by 

products manufacturer. The seeds were sown at a spacing of 50 cm x 20 cm, making a plant 

population density of 200,000 plants per hectare and to avoid contamination, all non-inoculated 

seeds were sown first, followed by inoculated seeds. Three seeds were sown and thinned to two 

plants per hill after full plant establishment. Stress period of 10 days were imposed at vegetative 

(between 20 days when third trifoliolate leaf unfolded secondary branching begins to show from 

branch up to 30 days)  and at flowering stages (around 40 days when plants begin to exhibit 

blossom and one blossom opens at any node in the given plants)  by not irrigating. Plant samples 

were taken immediately after imposing of stress in each of the growth stages of vegetative and 

flowering respectively. 
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7.2.3 Plant Harvest and Sample Preparation 

Shoot plant samples were collected for nutrients analysis. The common bean cultivars were 

sampled for dry matter and nutrient determination. 10 plants were randomly sampled from the 

middle rows of each plot. The shoots of the plant samples were oven dried at 60˚C for 48 hours, 

ground into a fine powder (2 mm sieve) for nutrients analysis. 

7.2.4 Determination of Nutrients in the Shoots of P.vulgaris Cultivars 

The dried shoot samples were taken to determine mineral nutrient content by appropriate 

methods for each nutrient element: Kjeldahl digestion method for N determination and wet 

oxidation method using spectrophotometer and flame photometer for P and K determination as 

described by Kaewpradit et al. (2009). Ca and Mg content were determined through atomic 

absorption spectrophotometer as decribed by Broekaert (2002). Nutrient uptake (mg plant
-1

) was 

then calculated as the product of nutrient concentration (mg g
-1

) and the weight of the plant dry 

weight (g plant
-1

).  The nutrients uptake was calculated following standard method; Nutrient 

Uptake (mg plant
-1

) = Concentration of nutrient (mg g
-1

) x plant dry weight (g plant
-1

) 

7.2.5 Statistical Analysis 

A 3-Way ANOVA was used to analyze the data collected. The analysis was done using 

STATISTICA software 2013. Fisher’s least significant difference was used to compare treatment 

means at p = 0.05 (Steel and Torrie, 1980). 

7.3 Results 

The study presents results that were obtained from field experiment conducted twice (season 1 

and 2). 

7.3.1 Nutrients uptake (mg plant
-1

) as influenced by water stress periods and rhizobial 

inoculation in selected P.vulgaris cultivars  

The nutrient uptake in the two seasons is presented in Tables 12 and 13. Significance increase in 

nutrients uptake (mg plant
-1

) was observed in inoculated compared with non-inoculated 

treatments (Tables 12 and 13). Rhizobial inoculation significantly increased Ca uptake by 3 % in 

season one at vegetative stage and P by 13% as well as Mg by 23 % in season one during 

flowering stage (Table 12). Furthermore rhizobial inoculation showed significant increase in N 
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uptake by 20 %, Mg by 32 % in season two at vegetative stage and K by 36 % and Ca by 18 % in 

season two at flowering stage respectively (Table 13). For plants imposed with stress at 

flowering stage in season one the water stress treatments significantly decreased Ca uptake 

(Table 1) and K uptake in season two at flowering stage (Table 13). For varieties, significant 

increase in nutrients uptake (mg plant
-1

) was recorded in varieties F9 Kidney Selection, F8 

Drought Line and JESCA as compared with varieties KAT B9 and KAT B1 at season 1 and 2 

respectively (Tables 12 and 13).  

7.3.2 Interactive effect of inoculation with Rhizobium and stress periods on nutrients 

uptake (mg plant
-1

) in selected P. vulgaris (L.) cultivars  

The interaction effects are presented in Figs. 22-28. There was a significant interaction between 

Rhizobium inoculation and stress period/levels in P uptake and Mg uptake both in season one 

and two at flowering stage (Figs. 24 and 25) as well as K uptake at flowering stage in season two  

(Fig. 28). Interactive effects of Rhizobium treatment and varieties increased K uptake where by 

varieties F9 Kidney Selection and F8 Drought Line significantly showed increased K uptake at 

inoculated treatments in season one at vegetative stage (Fig. 22); and N uptake in season two at 

vegetative stage (Fig. 26). Furthermore significant interaction was also observed between 

rhizobial inoculations, stress periods and bean cultivars during flowering stage in season one and 

at vegetative stage in season two  (Figs. 23 and 27). 
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Table 12: Effect of Rhizobium, stress period and five (5) P. vulgaris on nutrients uptake (mg
 
plant

-1
) as measured on fields 

experiments in two consecutive seasons 

                                     1st Season 

Growth Phases Vegetative Flowering 

Treatments N P K Ca Mg N P K Ca Mg 

R+ 3.22±0.05a 0.18±0.003a 1.78±0.03a 1.49±0.02a 0.40±0.02a 3.07±0.21a 0.23±0.009a 1.36±0.03a 1.44±0.04a 0.39±0.01a 

R- 3.21±0.04a 0.19±0.007a 1.74±0.02a 1.45±0.01b 0.36±0.01a 2.72±0.18a 0.20±0.008b 1.43±0.04a 1.39±0.03a 0.30±0.02b 

Stress Levels           

S1 3.24±0.04a 0.18±0.005a 1.77±0.03a 1.46±0.02a 0.38±0.02a 2.79±0.19a 0.22±0.011a 1.38±0.04a 1.48±0.04a 0.34±0.02a 

S2/S3 3.20±0.05a 0.19±0.006a 1.75±0.03a 1.47±0.02a 0.37±0.02a 3.00±0.21a 0.21±0.009a 1.41±0.03a 1.35±0.04b 0.35±0.01a 

Varieties           

V1 3.04±0.07b 0.18±0.004bc 1.82±0.04a 1.47±0.01a 0.32±0.02c 3.23±0.30a 0.23±0.017a 1.17±0.04b 1.24±0.05b 0.32±0.01b 

V2 3.02±0.06b 0.17±0.005c 1.70±0.05b 1.48±0.03a 0.33±0.03bc 2.74±0.32ab 0.21±0.014a 1.26±0.04b 1.23±0.05b 0.33±0.01b 

V3 3.37±0.05a 0.20±0.008ab 1.71±003b 1.46±0.02a 0.44±0.03a 2.34±0.17b 0.19±0.011a 1.52±0.03a 1.54±0.03a 0.35±0.02a 

V4 3.34±0.04a 0.21±0.014a 1.74±0.06ab 1.45±0.02a 0.41±0.04ab 3.12±0.37ab 0.22±0.015a 1.56±0.04a 1.55±0.02a 0.36±0.02a 

V5 3.33±0.07a 0.19±0.002ab 1.84±0.03a 1.50±0.03a 0.39±0.02abc 3.04±0.35ab 0.22±0.018a 1.46±0.06a 1.50±0.05a 0.35±0.01ab 

3-Way Anova 

(F-Statistics) 

          

Rhz 0.01ns 0.59ns 1.25ns 4.34* 2.86ns 1.83ns 5.74* 3.89ns 1.38ns 201.30*** 

StrL 0.57ns 1.27ns 0.61ns 0.07ns 0.12ns 0.67ns 0.04ns 0.82ns 11.65** 0.04ns 

Vrty 7.27*** 4.29** 2.68* 0.83ns 3.12* 1.52ns 0.74ns 14.09*** 13.55*** 4.69** 

Rhz*StrL 2.78ns 0.01ns 0.09ns 2.51ns 5.99ns 1.93ns 0.57ns 0.06ns 1.38ns 0.26ns 

Rhz*Vrty 0.56ns 0.69ns 4.60** 1.75ns 0.34ns 1.17ns 0.71ns 0.26ns 0.72ns 0.12ns 

StrL*Vrty 0.31ns 0.54ns 0.81ns 1.47ns 1.33ns 0.27ns 0.24ns 1.17ns 0.50ns 0.30ns 

Rhz*StrL*Vrty 0.40ns 0.75ns 0.53ns 1.01ns 0.20ns 2.72* 0.27ns 0.58ns 0.15ns 0.35ns 

+R: inoculation, −R: no inoculation. S1: No water stress, S2: Water stress at Vegetative Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney 

Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. **, *** = significant at p ≤ 0.01 and at p ≤ 0.001 respectively, ns = Not significant. Means followed 

by similar letter(s) in a given column are not significantly difference from each other at p = 0.05.  
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Table 13: Effect of Rhizobium, stress period, and five (5) P. vulgaris on nutrients uptake (mg plant
-1

) as measured on field’s 

experiments in two consecutive seasons  

                        2nd Season 

Growth Phases Vegetative  Flowering 

Treatments N P K Ca Mg  N P K Ca Mg 

R+ 4.86±0.03a 0.26±0.006a 2.12±0.04a 1.62±0.05a 0.60±0.02a  4.36±0.14a 0.24±0.017a 2.54±0.06a 1.73±0.05a 0.49±0.02a 

R- 3.88±0.11b 0.25±0.009a 2.05±0.05a 1.54±0.04a 0.41±0.01b  4.24±0.12a 0.22±0.013a 1.63±0.02b 1.42±0.03b 0.48±0.03a 

Stress Levels            

S1 4.40±0.12a 0.26±0.007a 2.09±0.04a 1.62±0.04a 0.51±0.02a  4.32±0.13a 0.23±0.017a 2.14±0.11a 1.60±0.05a 0.51±0.02a 

S2/S3 4.34±0.13a 0.25±0.009a 2.08±0.05a 1.54±0.05a 0.50±0.02a  4.28±0.11a 0.22±0.014a 2.02±0.08b 1.55±0.04a 0.46±0.03a 

Varieties            

V1 3.98±0.23c 0.22±0.011c 1.81±0.04d 1.40±0.06c 0.43±0.02c  3.78±0.12bc 0.19±0.026a 1.90±0.13b 1.57±0.08a 0.46±0.04a 

V2 4.19±0.22bc 0.21±0.012c 1.95±0.05c 1.50±0.06bc 0.46±0.02c  3.69±0.13c 0.24±0.023a 1.89±0.14b 1.56±0.07a 0.54±0.03a 

V3 4.75±0.09a 0.29±0.002a 2.32±0.03a 1.62±0.08ab 0.59±0.04a  5.09±0.09a 0.25±0.022a 2.26±0.16a 1.58±0.07a 0.46±0.03a 

V4 4.60±0.12a 0.28±0.003ab 2.20±0.04ab 1.71±0.07a 0.56±0.03a  4.75±0.14a 0.20±0.010a 2.19±0.15a 1.59±0.08a 0.48±0.04a 

V5 4.33±0.19b 0.27±0.001b 2.13±0.05b 1.68±0.06ab 0.50±0.03b  4.17±0.14b 0.24±0.036a 2.17±0.17a 1.58±0.09a 0.50±0.05a 

3-Way Anova 

(F-Statistics) 

           

Rhz 180.71*** 2.81ns 2.70ns 1.82ns 215.75***  0.80ns 0.74ns 457.45*** 21.90*** 0.09ns 

StrL 0.73ns 0.65ns 0.05ns 1.59ns 0.06ns  0.10ns 0.01ns 8.17** 0.46ns 2.06ns 

Vrty 14.54*** 15.91*** 20.21*** 3.49* 21.88***  18.91*** 1.18ns 13.12*** 0.02ns 0.63ns 

Rhz*StrL 2.98ns 1.94ns 1.01ns 0.19ns 0.02ns  0.71ns 8.77** 12.47** 0.56ns 4.15* 

Rhz*Vrty 5.84*** 0.47ns 0.38ns 0.58ns 0.68ns  0.45ns 1.17ns 2.13ns 0.35ns 0.99ns 

StrL*Vrty 2.11ns 0.86ns 0.45ns 0.81ns 1.02ns  0.11ns 0.89ns 1.38ns 0.23ns 1.32ns 

Rhz*StrL*Vrty 3.16* 0.68ns 0.15ns 1.90ns 0.09ns  0.34ns 0.25ns 1.34ns 0.22ns 0.06ns 

+R: inoculation, −R: no inoculation. S1: No water stress, S2: Water stress at Vegetative Stage, S3: Water stress at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney 

Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. **, *** = significant at p ≤ 0.01 and at p ≤ 0.001 respectively, ns = Not significant. Means followed 

by similar letter(s) in a given column are not significantly difference from each other at p = 0.05.  
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Figure 22: Interactive effects of Rhizobium inoculation and five P. vulgaris (L.) cultivars in K 

uptake (mg plant
-1

) on field experiment at vegetative stage in season one. +R: 

inoculation, -R: no inoculation. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, 

V4: F8 Drought Line, V5: JESCA 

 

Figure 23: Interactive effects of rhizobial inoculation, stress level and five (5) P. vulgaris (L.) on 

N uptake (mg
 
plant

-1
) at flowering stage in season one. +R: inoculation, -R: no 
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inoculation.  StrL1: Control, StrL3: Water stress at flowering stage. V1: KAT B9, V2: 

KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, V5: JESCA 

 

Figure 24: Interactive effects of Rhizobium and Stress level on P uptake (mg plant
-1

) in field 

experiment at flowering stage in season two. +R: inoculation, -R: no inoculation. 

StrL1: Control StrL3: Water stress at flowering stage 
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Figure 25: Interactive effects of Rhizobium and Stress level on Mg uptake (mg
 
plant

-1
) in field 

experiment at flowering stage in season two. +R: inoculation, -R: no inoculation. 

StrL1: Control StrL3: Water stress at flowering stage 

 

Figure 26: Interactive effects of Rhizobium and five (5) P. vulgaris (L.) on N uptake (mg
 
plant

-1
) 

in field experiment at vegetative stage in season two. +R: inoculation, -R: no 

inoculation, Vrty1: KAT B9, Vrty2:  KAT B1, Vrty3: F9 Kidney Selection, Vrty4: F8 

Drought Line, Vrty5: JESCA 
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Figure 27: Interactive effects of Rhizobium and Stress level and five (5) P. vulgaris (L.) on N 

uptake (mg
 
plant

-1
) in field experiment at vegetative stage in season two. +R: 

inoculation, -R: no inoculation. StrL1: Control, StrL2: Water stress at vegetative 

stage, V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, 

V5: JESCA 

 

Figure 28: Interactive effects of Rhizobium and Stress level on K uptake (mg plant
-1

) in field 

experiment at flowering stage in season two. +R: inoculation, -R: no inoculation. 

StrL1: Control StrL3: Water stress at flowering stage 

7.4 Discussion 

The results revealed a significant increase in the uptake of mineral elements as a result of 

rhizobial inoculation. Secretion of chemical substances by rhizobia bacteria and production of 

plant growth hormones might have stimulated plant growth and eventually increased the uptake 

of nutrients in plant tissues (Perveen et al., 2002; Khan and Zaidi, 2007). Studies (Noel et al., 

1996; Ahmad et al., 2008; Wani et al., 2008a) indicated that rhizobia bacteria tend to synthesize 

phytohormones, siderophores, indole 3-acetic acid (IAA) and cytokinins which stimulate plant 

growth and eventually increase the uptake of these nutrients by plants. Report by Mausumi and 

Raychaudhuri (2008) indicated significant increase of P and Ca uptake in groundnuts as a result 

of Rhizobium inoculation. The increase in mineral nutrients uptake might have been influenced 
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by enough soil volume thus increased root length which facilitated the plants to capture nutrients 

in the nearby plant roots and allow for more nutrients uptake. The rhizosphere tends to be 

modified by the released dead cells of rhizobial inoculants. The dead cells of rhizobial inoculants 

may contain mineral nutrients that can solubilise unavailable soil nutrients to become available 

and utilized by plants (Halder and Chakrabartty 1993; Abd-Alla, 1994; Phillips and Dakora, 

2002). Microorganisms such as rhizobial inoculants may have effects on the chemistry of 

nutrients in soils by enhancing nutrients uptake by plants. Study done by Makoi et al. (2013) in 

common bean showed improvement of macronutrients using strain of Rhizobium. It has also 

been reported that rhizobial inoculation significantly increased the uptake of macronutrients (N, 

P, K, Ca and Mg) in roots, shoots, pods and the whole plant of soybean grown in glasshouse and 

field experiment respectively (Tairo and Ndakidemi, 2014). 

Generally, the decrease in nutrient uptake during water stress was observed throughout the 

experiments. Water stress causes decrease in moisture availability in soils which strongly 

influences nutrient absorption and uptake by plants (Garg, 2003). Decreasing water availability 

under drought results in limited total nutrient uptake and their diminished tissue concentrations 

in crop plants. An important effect of water deficit is on the acquisition of nutrients by the root 

and their transport to shoots. Furthermore, in this study, water stress in some of the tested bean 

lines increased their nutrient uptake. It is reported that plant species and genotypes may vary in 

their response to mineral elements uptake under water stress (Garg, 2003). Most nutrients are 

absorbed by plant roots as ions and water is the medium of transport. Under fully irrigated 

conditions, when soil water potential is high, the absorption and transport of water and nutrients 

are also high. During the soil dryness roots are not capable of taking up nutrients from the soil 

because of the lack of activity of fine roots, water movement and ionic diffusion of nutrients 

(Prasad et al., 2008). Therefore, limited soil moisture due to drought results in a reduction of 

total nutrients uptake in crop plants (Baligar et al., 2001; Gunes et al., 2006). Non- stressed 

water treatments significantly increased the uptake of Ca in season one at flowering stage and K 

in season two at flowering stage respectively. The significance difference in response to nutrient 

uptakes could possibly be due to root responses to water stress as roots play an important role in 

drought adaptation in different soil types (Vadez et al., 2007). Baligar et al. (2001) noted that 

drought stress generally results in reduced total nutrients uptake and frequently reduces the levels 

of mineral nutrients in crops. Ali et al. (2008) reported that water stress decreased uptake of N, P 
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and K in corn plants. Study done by Ghanbari et al. (2011) in Pearl Millet showed a decreased 

level of N, P and K under drought stress condition as well. Likewise, N and K uptake was 

hindered under drought stress in cotton (McWilliams, 2003). On the other hand, moisture stress 

stimulates an increase in N, a decline in P, however, no ultimate effects on K (Garg, 2003). 

Therefore water is one of the main factors determining the availability of mineral nutrients in the 

soil as well as absorption by plants and translocation from the roots to the shoots. 

In this experiment, variety F8 Drought line, JESCA and F9 Kidney Selection significantly 

increased mineral nutrients uptake of P. vulgaris (L.) in season one and two in either of the 

growth stages as compared with the other studied varieties (i.e. KAT B9 and KAT B1). Study 

done by Nyoki and Ndakidemi (2014) showed that B. japonicum inoculation significantly 

improved the uptake of macro elements such as N, P, K, Ca, Mg and Na in different tissues of 

cowpea in both screen house and field experiments as compared with the control treatments. In a 

closely related studies by Tairo and Ndakidemi (2014) indicated that Rhizobium inoculation 

significantly increased the uptake of macronutrients in various organs of the soybean plants. 

Report by Baqual and Das (2006) showed that Rhizobium inoculation significantly improved the 

uptake of N, P, and K in the leaves of mulberry plant. However, water stress reduced the uptake 

of mineral nutrients in varieties KAT B9 and KAT B1 in this study. Study done by Nahar and 

Gretzmacher (2002) showed diminishing concentrations of N, P, K, S, Na, Ca and Mg with 

increasing water stress in tomato plants. Report by Bharambe and Joshi (1993) in Sorghum 

indicate the uptake of N, P, K, Ca and Mg was negatively affected under irrigation treatments of 

decreasing soil water potential below -33 Kpa. Furthermore, the interactive effects between 

rhizobial inoculation, water stress and few identified cultivars in mineral nutrients uptake in the 

shoots of P.vulgaris is an indication which may justify additional studies under adverse 

environmental conditions of water and nutritional status. 

7.5 Conclusion 

Rhizobial inoculation and non- stressed water treatments increased mineral nutrients in P. 

vulgaris (L.) cultivars. Furthermore, mineral nutrients were higher in cultivars F8 Drought line, 

JESCA, and F9 Kidney Selection as compared with KAT B9 and KAT B1 and hence indicating 

their potential to tolerate drought and accumulate mineral nutrients in their tissues/organs. 

Therefore, cultivars F9 Kidney Selection, F8 Drought line and variety JESCA can be promoted 
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for production especially in drought prone areas; however KAT B9 and KAT B1 might be 

preferred for further examination. Interactive effects between rhizobial inoculation, water stress 

and few identified varieties in enhancing the mineral nutrients in the plants is an indication of 

various factors which may play a significant role in developing appropriate technology related to 

water stress tolerance in P. vulgaris. 
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CHAPTER EIGHT 

Influence of Water Stress and Rhizobial Inoculation on Growth and Yield of Selected 

Common Bean cultivars (Phaseolus vulgaris L.)  

Abstract 

Two season’s field experiment and a single season screen house experiment were conducted to 

assess the effect of water stress periods and rhizobial inoculation in five P. vulgaris cultivars. 

The experiment consisted of two levels of rhizobia (with and without inoculation), two water 

stress levels (with and without water stress) and five cultivars of P. vulgaris (KAT B9, KAT B1, 

F9 Kidney Selection, F8 Drought line and JESCA). Results showed that rhizobial inoculation 

significantly increased plant height (cm), leaf area (cm
2
), shoot and root dry weight (g plant

-1
) 

and seed yields (kg ha
-1

) at vegetative and flowering in field experiment. Furthermore, water 

stress treatments significantly reduced plant height (cm), stem diameter (mm), shoot and root dry 

weight (g plant
-1

) and seed yields (kg ha
-1

) in both growth stages at field experiment. For screen 

house experiment rhizobial inoculation significantly increased leaf area (cm
2
), number of leaves, 

stem girth (mm), shoot and root dry weight (g plant
-1

) at both growth stages. Additionally, water 

stress treatments significantly reduced number of leaves, stem diameter (mm), shoot and root dry 

weight (g plant
-1

) in both growth stages. Varieties F9 Kidney Selection, F8 Drought Line and 

JESCA had significantly superior measurements reflected in increased plant height (cm), shoot 

and root dry weight (g plant
-1

) and seed yields (kg ha
-1

) as compared with KAT B9 and KAT B1. 

Furthermore, significant interactive effects were also seen between rhizobial inoculation x stress 

level and the tested bean cultivars on plant height, number of leaves per plant, stem diameter, 

shoot dry weight and seed yields. 

Key words; Moisture, Inoculants, Varieties, Growth 

Journal of Biodiversity and Environmental Sciences, 11 (2):164 - 178 

8.1 Introduction 

Nitrogen is the major element in all plants and constitutes a constructive effect on growth of 

legumes as it improves the quality and quantity of dry matter yields and proteins (Wood et al., 
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1993; Caliskan, et al., 2008). The most important role of nitrogen in the plant is its presence in 

the structure of protein and nucleic acids, which are the most important building and information 

substances of every cell. For that reason, sufficient supply of nitrogen is necessary to attain high 

potential yields in crops. Nitrogen availability in the soil plays a positive significance functions 

on plant growth as it increases the leaf area of the plants and as a result influences photosynthesis 

activity of the plants (Uchida, 2000). Report by Namvar et al. (2013) on chick pea showed that 

plant height was increased with application of nitrogen fertilizer. However, inadequate N in the 

growth media/soil is the major limiting factor for crop growth in most areas of the world 

(Fuzhong et al., 2008; Salvagiotti et al., 2008). On the other hand, the source of N through 

fixation using beneficial soil bacterium (Rhizobium) can efficiently reduce the cost of production 

and improve crops production (Tairo and Ndakidemi, 2013). Common bean can acquire its N2 

requirement through N fixation when grown in association with effective and compatible 

Rhizobium strain (Makoi et al., 2010). Inoculation of seeds with sufficient Rhizobium is known 

to enhance nodulation, nitrogen fixation, growth rate and yield parameters of legume crops 

(Sogut, 2006; Namvar et al., 2011). Therefore, determination of growth parameters of common 

bean crop in response to Rhizobium inoculation is very important to maximize yield and 

economic profitability of common bean production in a particular environment. 

Plants experience water stress either when the water supply to their roots becomes limiting or 

when the transpiration rate becomes intense (Nielsen and Nelson, 1998). Water stress is one of 

the most restrictive features in crop growth which mainly decrease growth and finally the dry 

matter production. Water stress has been found to impair plant growth and development, 

whereby, the foremost effect of water stress in plants impairs germination and poor stand 

establishment (Harris et al., 2002). Cell growth is the one which is highly affected during water 

deficit in plants due to reduction in turgor pressure. Expansion of young cells is given by growth 

which is brought about by daughter-cell production by meristematic cell division. Nonami 

(1998) reported that in severe water shortage, cell elongation of higher plants can be inhibited by 

disruption of water flow from xylem to the surrounding elongating cells. In general terms, water 

deficit diminish cell division, cell elongation and cell enlargement as a result reduce growth of 

the crop (Hussain et al., 2008; Farooq, et al., 2009). At the same time, plant height, number of 

leaves per plant, leaf area, leaf longevity and soil water potential as well as fresh and dry 

biomass production are also reduced due to adverse effect of water deficit (Zhao et al., 2006; 
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Emam et al., 2010; Baroowa and Gogoi, 2012). It has been reportedthat growth, development 

and performance of common bean isadversely affected if the quantity of water supplied is 

insufficient to meet the basic needs of plants (Seki et al., 2002). Therefore, there is a need to 

assess the effects of water stress and Rhizobium inoculation on growth and yield of selected P. 

Vulgaris (L) cultivars and identify the potential ones which can perform well in water stressed 

environment. 

8.2 Materials and Methods 

8.2.1 Narrative of Site Location 

The trial was conducted at Agricultural Seed Agency (ASA) farm in Arusha, located at Latitude 

3°18′S and Longitude 36°38′06.29″E. ASA receives the mean annual rainfall of 819mm, mean 

temperature of 19.15°C with relative humidity of about 94% and altitude of 1520 m.a.s.l. The 

field trial was carried out during dry season of January to March 2014 and January to March, 

2015 while the screen house experiment was carried out from mid-January to March, 2016 under 

irrigation.  

8.2.2 Experimental Design and Treatment Application 

The experiment was designed in a split, split plot arrangement with 3 replications. The plot size 

was 3m x 4m. The field experimental treatments consisted of 2 levels of Rhizobia (with and 

without inoculation) as the main factor followed by imposing water stress (sub factor) in 

vegetative and flowering stages of plant growth. Five cultivars of P. vulgaris: (KAT B9, KAT B1, 

F9 Kidney Selection, F8 Drought line and JESCA) were assigned to sub-sub plots. The common 

bean seeds were sown at a spacing of 50 cm x 20 cm, making a plant population density of 

200,000 plants per hectare. The BIOFIX legume inoculants were obtained from MEA Company 

Nairobi - Kenya, sold under license from the University of Nairobi. Common bean seeds were 

obtained from the breeding unit based at the Selian Agricultural Research Institute (SARI), 

Arusha, Tanzania. Land for field experiment was cleared and all the necessary practices like 

ploughing and harrowing were done before planting. Moreover, in the screen house experiment, 

the wooden box technique was used to establish the experiment. This was done by collecting the 

same soil used at field experiment and beans were planted using the protocol developed by 
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(Agbicodo et al., 2009) with some modifications. Common bean seeds were thoroughly mixed 

with Rhizobium inoculants to supply (10
9
 cells g

-1
 seed), following procedure stipulated by 

products manufacturer. To avoid contamination, all non-inoculated seeds were sown first, 

followed by inoculated seeds. Three seeds were sown and thinned to two plants per hill after full 

plant establishment. Water stress period of 10 days were imposed at vegetative and flowering 

stages of plant growth by not irrigating. 

8.2.3 Study of Growth Parameters and Yield in P. vulgaris (L.) 

Growth parameters in field and screen house experiment were collected in vegetative and 

flowering growth stages upon stress periods correspondingly. Plant height (cm) was taken using 

a meter rule. Plant height was measured from the base to the growing tip of the shoot in (cm) in 

each of the season at each growth stages. In field experiment, 10 plants were randomly selected 

in the two middle rows from each field plot for measuring the height of the plant at two stress 

periods. The same procedure was applied to the screen house experiment, whereby only two 

plants in each row were measured for height. After recording the data, the average was worked 

out to get a representative plant height from each of the experimental units. Number of leaves per 

plant was recorded in each of the growth stages of the P. vulgaris (L.). This was conducted in the 

same interval to the height of the plant at each stages of the common bean growth. The same 

exercise was also conducted for the glasshouse experiment and the average worked out as well. 

Stem girth (mm) was measured and measured at each of the growth stages using a veneer caliper 

in both glasshouse and field experiments. Leaf area (LA) was estimated according to Peksen, 

(2007), i.e. LA = 0.919 + 0.682LW, Where by LA = Leaf area (cm
2
), L = Leaflet length (cm), W 

= Maximum width of the leaflet (cm). Shoot and root dry weight (g plants
-1

) was also measured 

after oven drying the plant samples at 65°C for 48 hours and average worked out. Seed yields (g 

plot
-1

) were evaluated by randomly sampling two middle rows from each stressed stages of the 

net plot threshed and then adjusted to constant moisture by air drying and weighs them. The plot 

yield was then converted to kg ha
-1

. 
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8.2.4 Statistical Analysis 

A 3-Way ANOVA was used to analyze data collected. The analysis was done using 

STATISTICA software programe of 2013. Fisher’s least significant difference was used to 

compare treatment means at p = 0.05 (Steel and Torrie, 1980). 

8.3 Results 

8.3.1 Effect of inoculation with Rhizobium and stress periods on plant height, number of 

leaves per plant, stem girth, leaf area, shoot dry weight root dry weight and seed 

yields  

Rhizobial inoculation increased plant height (cm) by 12 and 9 % at vegetative and flowering 

growth stages respectively in field experiment (Table 14). Furthermore, rhizobial inoculation 

significantly increased leaf area by 17 % in the second seasonat vegetative growth stage (Table 

17). Shoot and root dry weight (g plant
-1

) were significantly increased through rhizobial 

inoculation by 32 % in season one atvegetative stage and 31 % and 20 % in season two 

atvegetative and flowering stage both in field experiments respectively (Table 18). Rhizobial 

inoculation showed significant increase in seed yields (kg ha
-1

) by 53 %, 59 % and 33 %, 31 % in 

season one and two both at vegetative and flowering growth stages under field experiment (Table 

19). For screen house experiment, rhizobial inoculation significantly increased the number of 

leaves by 39 % at vegetative stage and 30 % at flowering stage (Table 21). Stem diameter were 

also increased as a result of rhizobial inoculation by 29 % and 20 % at vegetative and flowering 

growth stages respectively (Table 21). Rhizobial inoculation significantly increased the shoot 

and root dry weight (g plant
-1

) by 28 % at vegetative stage and 32 % and 28 % at vegetative and 

flowering stages respectively (Table 22). 

For plants exposed to water stress at vegetative stage, the water stress treatments significantly 

decreased plant height (Table 14), stem girth (Table 16) shoot and root dry weight (Table 18) in 

season one. Water stress imposed at vegetative stage also significantly decreased shoot and root 

dry weight (Table 18) and seed yield in season 2 (Table 19). Imposing water stress at flowering 

stage significantly reduced plant height (Table 14), shoot and root dry weight (Table 18) and 

seed yield (Table 19) for measurements taken in season 2. In the screen house experiment, water 
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stress treatment imposed at vegetative stage significantly reduced number of leaves per plant, 

stem girth (Table 21) shoot and root dry weight (Table 22).  

For the measured parameters, the performance of the varieties was as follows; Varieties F9 

Kidney Selection, F8 Drought line and JESCA had superior measurements for girth (Table 16), 

shoot and root dry weight (Table 18) and seed yield (Table 19) in plants imposed with stress at 

vegetative stage in season one as compared with other tested varieties. Imposing stress at 

flowering stage in season one significantly reduced number of leaves (Table 15), shoot and root 

dry weight (Table 18) and seed yield (Table 19) in varieties KATB9 and KATB1 as compared 

with varieties F9 Kidney Selection, F8 Drought line and JESCA which had better performances.  

In season two, measurements taken from plants imposed with stress at vegetative stage indicated 

the superiority in varieties F9 Kidney Selection, F8 Drought line and JESCA with respect to 

number of leaves per plant (Table 15), shoot and root dry weight (Table 18) and seed yield 

(Table 19). Water stress imposed at flowering stage also significantly decreased plant height 

(Table 1), number of leaves per plant (Table 15), stem girth (Table 16), leaf area (Table 17), 

shoot and root dry weight (Table 18) and seed yield in season 2 (Table 19) in varieties KATB9 

and KATB1 as compared with varieties F9 Kidney Selection, F8 Drought line and JESCA. In the 

screen house experiment, varieties F9 Kidney Selection and JESCA had superior root dry weight 

(g plant
-1

) as compared to other varieties in plants imposed with stress at vegetative stage (Table 

22). 

8.3.2 Interactive effect of inoculation with Rhizobium and stress periods on plant height, 

number of leaves per plant, stem girth, leaf area, shoot dry weight, root dry weight, 

and seed yields 

There was significant interaction between Rhizobium and water stress in plant height (cm), shoot 

dry weight (g plant
-1

) and seed yields (kg ha
-1

) (Fig. 29, 33-36). Applying Rhizobium inoculants 

and stressing plants with water enhanced the growth parameters of plant height, shoot dry weight 

and seed yields in vegetative and flowering growth stages respectively compared with the un-

inoculated treatments. Furthermore, significant interactive effects was also seen between stress 

level and varieties on plant height (cm) during flowering stage, number of leaves  and stem girth 

(mm) (Fig. 30 - 32). Even under water stress treatments at vegetative and flowering stages of 
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growth, varieties JESCA, F9 Kidney Selection and F8 Drought Line performed well in the above 

measured parameters as compared with varieties KAT B9 and KAT B1 respectively. 

Table 14: Plant height (cm) in P. Vulgaris as influenced by rhizobial inoculation and water 

stress periods in field experiments for two consecutive seasons  

 1
st
 Season 2

nd
 Season 

 Vegetative Stage Flowering 

Stage 

Vegetative 

Stage 

Flowering 

Stage 

Treatments     

R+ 10.83±0.23a 17.63±0.46a 13.01±0.22a 19.95±0.45a 

R- 9.57±0.32b 16.05±0.50b 12.90±0.23a 19.36±0.46a 

Stress Levels     

S1 10.62±0.27a 17.14±0.48a 13.05±0.22a 20.82±0.38a 

S2/S3 9.78±0.32b 16.53±0.51a 12.87±0.22a 18.49±0.42b 

Varieties     

V1 10.39±0.30a 16.68±0.89a 13.32±0.37a 18.76±0.96b 

V2 10.25±0.48a 17.03±0.66a 13.24±0.23a 18.73±0.76b 

V3 10.82±0.41a 16.04±0.49a 12.56±0.21a 19.32±0.45b 

V4 10.14±0.49a 17.78±0.69a 13.17±0.41a 20.19±0.62ab 

V5 9.40±0.61a 16.68±1.10a 12.50±0.44a 21.26±0.48a 

3-Way Anova 

(F-Statistics) 

    

Rhz 13.06*** 5.06* 0.10ns 1.44ns 

StrL 5.71* 0.75ns 0.32ns 22.32*** 

Vrty 1.74ns 0.66ns 1.19ns 3.83** 

Rhz*StrL 4.70* 0.23ns 0.06ns 0.09ns 

Rhz*Vrty 0.88ns 0.50ns 0.84ns 0.20ns 

StrL*Vrty 0.86ns 0.54ns 0.95ns 4.86** 

Rhz*StrL*Vrty 2.40ns 1.46ns 0.69ns 0.06ns 

+R:  With Rhizobium, −R:  Without Rhizobium. S1: No water stress, S2:  Water stress imposed at 

Vegetative Stage, S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05.  
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Table 15: Number of leaves in P.vulgaris as influenced by rhizobial inoculation and water stress 

periods in field experiments for two consecutive seasons 

 1
st
 Season 2

nd
 Season 

 Vegetative 

Stage 

Flowering Stage Vegetative 

Stage 

Flowering Stage 

Treatments      

R+ 6.23±0.31a 10.95±0.53a 6.80±0.18a 10.47±0.21a 

R- 6.17±0.20a 10.10±0.41a 6.47±0.17a 10.37±0.20a 

Stress Levels     

S1 5.97±0.26a 10.55±0.56a 6.57±0.19a 10.60±0.20a 

S2/S3 6.43±0.24a 10.50±0.39a 6.70±0.16a 10.23±0.21a 

Varieties     

V1 6.33±0.19a 8.58±0.43c 5.67±0.14d 9.33±0.19d 

V2 6.00±0.58a 10.58±0.66b 6.17±0.17cd 10.17±0.24bc 

V3 6.50±0.44a 12.00±0.72a 7.75±0.22a 11.83±0.27a 

V4 6.50±0.34a 11.78±0.91a 7.17±0.21b 10.75±0.22b 

V5 5.67±0.40a 9.68±0.61bc 6.42±0.23c 10.00±0.17c 

3-Way Anova (F-

Statistics) 

    

Rhz 0.04ns 2.37ns 3.70ns 0.25ns 

StrL 2.11ns 0.01ns 0.59ns 3.36ns 

Vrty 1.01ns 5.36** 18.20*** 17.64*** 

Rhz*StrL 1.55ns 0.05ns 2.37ns 1.36ns 

Rhz*Vrty 0.90ns 1.06ns 0.28ns 0.67ns 

StrL*Vrty 3.72ns 4.06** 0.31ns 0.72ns 

Rhz*StrL*Vrty 2.09ns 0.97ns 1.72ns 0.81ns 

−R: Without Rhizobium, +R: With Rhizobium. S1: No water stress, S2: Water stress imposed at 

Vegetative Stage. S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05.  
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Table 16: Stem girth (mm) in P. vulgaris as influenced by rhizobial inoculation and water stress 

periods in field experiments for two consecutive seasons 

 1
st
 Season 2

nd
 Season 

 Vegetative 

Stage 

Flowering 

Stage 

Vegetative Stage Flowering 

Stage 

Treatments     

R+ 3.93±0.17a 6.91±0.11a 3.80±0.10a 6.64±0.10a 

R- 3.75±0.08a 6.78±0.13a 3.69±0.11a 6.55±0.07a 

Stress Levels     

S1 3.97±0.06a 6.95±0.13a 3.81±0.11a 6.66±0.09a 

S2/S3 3.70±0.18b 6.75±0.11a 3.68±0.10a 6.53±0.08a 

Varieties     

V1 3.02±0.35c 6.95±0.16a 3.79±0.18a 6.21±0.16d 

V2 3.81±0.09b 6.93±0.23a 3.75±0.14a 6.35±0.04cd 

V3 4.31±0.09a 6.75±0.16a 3.71±0.22a 7.12±0.08a 

V4 4.15±0.08ab 6.84±0.14a 3.75±0.14a 6.76±0.09b 

V5 3.91±0.07ab 6.78±0.25a 3.72±0.16a 6.51±008bc 

3-Way Anova (F-

Statistics) 

    

Rhz 1.91ns 0.54ns 0.48ns 0.91ns 

StrL 4.24** 1.37ns 0.59ns 2.08ns 

Vrty 11.68*** 0.21ns 0.03ns 12.33*** 

Rhz*StrL 0.58ns 0.78ns 0.02ns 3.83ns 

Rhz*Vrty 1.99ns 0.72ns 0.38ns 0.11ns 

StrL*Vrty 3.44* 0.57ns 0.46ns 0.40ns 

Rhz*StrL*Vrty 1.82ns 1.47ns 0.80ns 0.59ns 

−R: Without Rhizobium, +R: With Rhizobium. S1:  No water stress, S2: Water stress imposed at 

Vegetative Stage. S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05.  
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Table 17: Leaf Area (cm
2
) in P. vulgaris as influenced by rhizobial inoculation and water stress 

periods in field experiments for two consecutive seasons 

 1
st
 Season  2

nd
 Season 

 Vegetative 

Stage 

Flowering 

Stage 

 Vegetative 

Stage 

Flowering 

Stage 

Treatments       

R+ 110.86±1.02a 149.29±9.57a  128.00±5.43a 163.71±5.61a 

R- 113.54±1.02a 161.82±8.75a  105.86±5.41b 161.32±4.79a 

Stress Levels      

S1 111.89±1.11a 144.84±9.12a  116.03±5.31a 164.22±4.92a 

S2/S3 112.51±0.99a 166.27±8.93a  117.84±6.24a 160.81±5.49a 

Varieties      

V1 114.47±1.68a 181.75±12.81a  126.44±5.65a 130.10±4.25e 

V2 109.95±1.40a 131.06±14.30a  114.36±8.89a 142.72±3.47d 

V3 112.32±1.66a 142.02±15.85a  107.64±7.94a 200.07±4.67a 

V4 112.54±1.51a 157.77±11.97a  109.60±7.76a 178.15±3.76b 

V5 111.72±1.95a 165.16±14.85a  126.61±13.36a 161.54±3.45c 

3-Way Anova (F-

Statistics) 

     

Rhz 3.79ns 1.01ns  8.08** 0.43ns 

StrL 0.20ns 2.96ns  0.05ns 0.88ns 

Vrty 1.11ns 2.02ns  1.09ns 47.02*** 

Rhz*StrL 3.51ns 0.01ns  0.62ns 1.40ns 

Rhz*Vrty 2.03ns 0.67ns  0.46ns 0.80ns 

StrL*Vrty 1.57ns 1.82ns  1.50ns 0.49ns 

Rhz*StrL*Vrty 0.29ns 0.47ns  0.83ns 0.05ns 

−R: Without Rhizobium, +R:  With Rhizobium. S1: No water stress, S2: Water stress imposed at 

Vegetative Stage, S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05.  
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Table 18: Shoot dry weight (g plant
-1

) and Root Dry weight (g plant
-1

) in P.vulgaris as influenced by rhizobial inoculation and water 

stress periods in field experiments for two consecutive seasons 

 Shoot dry weight (g plant
-1

) Root Dry weight (g plant
- 1

) 

 1
st
 Season 2

nd
 Season 1

st
 Season 2

nd
 Season 

 Vegetative 

Stage 

Flowering 

Stage 

Vegetative 

Stage 

Flowering 

Stage 

Vegetative 

Stage 

Flowering 

Stage 

Vegetative 

Stage 

Flowering 

Stage 

Treatments         

R+ 1.36±0.04a 3.81±0.15a 3.37±0.21a 5.45±0.33a 0.33±0.01a 0.43±0.02a 1.59±0.04a 2.59±0.17a 

R- 0.93±0.05b 3.70±0.19a 3.25±0.14a 5.12±0.32a 0.34±0.01a 0.41±0.01a 1.10±0.05b 2.06±0.19b 

Stress Levels         

 S1 1.20±0.05a 3.91±0.17a 4.05±0.15a 5.67±0.33a 0.36±0.01a 0.43±0.02a 1.43±0.06a 2.96±0.14a 

S2/S3 1.09±0.06b 3.60±0.17a 2.57±0.08b 4.91±0.30b 0.33±0.01b 0.41±0.01a 1.26±0.07b 1.69±0.15b 

Varieties         

V1 1.00±0.07cd 3.07±0.15b 2.83±0.25d 3.86±0.26b 0.29±0.01c 0.33±0.02b 1.17±0.08cd 1.89±0.28b 

V2 0.95±0.06d 2.90±0.18b 2.95±0.20cd 3.86±0.37b 0.28±0.01c 0.37±0.02b 1.13±0.08d 1.80±0.21b 

V3 1.42±0.09a 4.25±0.21a 3.96±0.32a 6.74±0.47a 0.40±0.02a 0.47±0.02a 1.65±0.10a 2.93±0.29a 

V4 1.10±0.07c 4.36±0.27a 3.35±0.28bc 6.15±0.34a 0.35±0.01b 0.47±0.03a 1.32±0.09bc 2.47±0.26a 

V5 1.25±0.08b 4.18±0.16a 3.47±0.28b 5.82±0.46a 0.35±0.02b 0.46±0.02a 1.45±0.11b 2.53±0.30a 

3-Way Anova 

(F-Statistics) 

        

Rhz 97.64*** 0.39ns 0.77ns 0.89ns 1.15ns 0.85ns 89.53*** 10.05** 

StrL 6.52* 2.78ns 123.64*** 4.75* 26.05*** 0.31ns 10.42** 56.80*** 

Vrty 15.47*** 12.07*** 9.20*** 11.73*** 19.05*** 6.90*** 13.86*** 6.32*** 

Rhz*StrL 2.65ns 1.17ns 3.58ns 2.55ns 2.60ns 5.35ns 1.18ns 1.30ns 

Rhz*Vrty 0.33ns 0.67ns 0.86ns 0.57ns 0.37ns 0.56ns 0.31ns 0.22ns 

StrL*Vrty 0.48ns 0.67ns 1.21ns 0.48ns 0.95ns 0.18ns 0.19ns 0.41ns 

Rhz*StrL*Vrty 0.15ns 0.77ns 0.65ns 0.26ns 0.13ns 0.09ns 0.28ns 0.97ns 

+R: With Rhizobium, −R:  Without Rhizobium. S1:  No water stress, S2:  Water stress imposed at Vegetative Stage, S3:  Water stress 

imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented 

are means ± SE. *, **, *** = significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means followed 

by similar letter(s) in a given column are not significantly difference from each other at p = 0.05.  
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Table 19: Seed yields (kg ha
-1

) in P.vulgaris as influenced by rhizobial inoculation and water 

stress periods in field experiments for two consecutive seasons 

 1
st
 Season 2

nd
  Season 

 Vegetative Stage Flowering Stage Vegetative Stage Flowering Stage 

Treatments     

R+ 674.97±33.91a 557.12±24.87a 979.33±64.63a 828.53±67.86a 

R- 319.11±30.23b 227.04±13.77b 655.73±36.31b 575.60±44.43b 

Stress Levels     

S1 509.29±48.92a 409.23±39.08a 941.60±69.44a 841.87±68.49a 

S2/S3 484.78±42.94a 374.93±33.75a 693.47±37.65b 562.27±40.53b 

Varieties     

V1 316.40±67.89b 291.78±45.05b 635.00±74.23c 427.33±92.58d 

V2 400.98±59.79b 340.98±53.10b 628.00±96.43c 608.33±71.23c 

V3 586.94±73.79a 446.33±63.47a 859.00±71.40b 706.33±71.67bc 

V4 624.77±58.84a 459.18±58.75a 988.67±98.41a 778.00±81.67b 

V5 556.10±67.51a 422.15±58.88a 977.00±84.28ab 990.33±97.16a 

3-Way Anova 

(F-Statistics) 

    

Rhz 96.22*** 189.27*** 64.50*** 43.67*** 

StrL 0.46ns 2.04ns 37.93*** 53.36*** 

Vrty 10.60*** 7.30*** 15.48*** 23.64*** 

Rhz*StrL 0.53ns 5.04* 50.01*** 65.04*** 

Rhz*Vrty 0.32ns 0.46ns 0.71ns 0.45ns 

StrL*Vrty 0.97ns 0.71ns 0.68ns 1.01ns 

Rhz*StrL*Vrty 0.60ns 0.11ns 0.22ns 0.42ns 

−R: Without Rhizobium; +R: With Rhizobium. S1: No water stress, S2: Water stress imposed at 

Vegetative Stage, S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05.  
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Table 20: Plant height and Leaf area in P.vulgaris as influenced by rhizobial inoculation and 

water stress periods in the screen house experiment 

 Plant height (cm) Leaf area (cm
2
) 

 Vegetative Stage Flowering Stage Vegetative Stage Flowering Stage 

Treatments     

R+ 25.09±0.90a 33.09±0.82a 153.91±4.54a 171.98±3.75a 

R- 24.33±0.92a 32.82±0.96a 118.44±1.45b 181.09±4.23a 

Stress Levels     

S1 25.87±0.73a 33.46±0.84a 133.83±3.21a 177.43±4.05a 

S2/S3 23.55±1.03a 32.44±0.94a 138.52±5.32a 175.64±4.08a 

Varieties     

V1 24.49±1.24a 30.64±0.95a 130.14±6.22a 169.93±5.23a 

V2 24.89±1.55a 32.29±1.35a 134.52±5.38a 180.49±5.46a 

V3 22.30±1.85a 34.40±1.79a 139.83±6.90a 177.51±6.96a 

V4 25.07±0.85a 33.56±1.51a 143.38±9.74a 175.60±8.38a 

V5 26.79±1.43a 33.88±1.26a 133.01±5.94a 179.13±5.91a 

3-Way Anova 

(F-Statistics) 

    

Rhz 0.35ns 0.04ns 61.82*** 2.33ns 

StrL 3.26ns 0.60ns 1.08ns 0.09ns 

Vrty 1.24ns 1.04ns 1.13ns 0.38ns 

Rhz*StrL 4.42ns 0.82ns 3.76ns 0.10ns 

Rhz*Vrty 0.31ns 0.05ns 0.71ns 0.62ns 

StrL*Vrty 0.46ns 0.55ns 1.74ns 0.87ns 

Rhz*StrL*Vrty 0.60ns 0.97ns 2.04ns 0.64ns 

−R: Without Rhizobium, +R: With Rhizobium. S1: No water stress, S2: Water stress imposed at 

Vegetative Stage, S3:  Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: 

F9 Kidney Selection, V4: F9 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, 

*** = significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. 

Means followed by similar letter(s) in a given column are not significantly difference from each 

other at p = 0.05. 
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Table 21: Number of leaves and Stem girth in P.vulgaris as influenced by rhizobial inoculation 

and water stress periods in the screen house experiment  

 Number of leaves/plant Stem girth (mm) 

 Vegetative 

Stage 

Flowering Stage Vegetative Stage Flowering 

Stage 

Treatments     

R+ 7.17±0.16a 10.38±0.28a 4.03±0.43a 5.41±0.37a 

R- 4.35±0.22b 7.22±0.27b 2.87±0.26b 4.31±0.29b 

Stress Levels     

S1 6.16±0.32a 10.06±0.31a 4.56±0.42a 5.16±0.23a 

S2/S3 5.36±0.25b 7.53±0.32b 2.34±0.18b 4.56±0.42a 

Varieties     

V1 5.59±0.57a 8.76±0.68a 3.07±0.55a 4.79±0.55a 

V2 5.87±0.45a 9.02±0.51a 3.63±0.82a 5.70±0.68a 

V3 5.95±0.48a 8.40±0.57a 2.96±0.37a 4.21±0.46a 

V4 6.25±0.39a 8.92±0.65a 3.22±0.38a 4.58±0.39a 

V5 5.16±0.42a 8.90±0.61a 4.36±0.64a 5.01±0.54a 

3-Way Anova 

(F-Statistics) 

    

Rhz 134.06*** 122.62*** 7.07* 5.62* 

StrL 10.77** 78.94*** 25.99** 1.68ns 

Vrty 2.29ns 0.58ns 1.38ns 1.15ns 

Rhz*StrL 2.57ns 0.01ns 1.47ns 1.63ns 

Rhz*Vrty 0.73ns 1.01ns 1.04ns 1.25ns 

StrL*Vrty 0.94ns 0.96ns 0.73ns 0.87ns 

Rhz*StrL*Vrty 1.13ns 0.66ns 0.66ns 0.57ns 

−R: Without Rhizobium, +R: With Rhizobium. S1: No water stress, S2: Water stress imposed at 

Vegetative Stage, S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05. 
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Table 22: Shoot Dry weight and Root dry weight in P. vulgaris as influenced by rhizobial 

inoculation and water stress periods in the screen house 

 Shoot Dry weight (g plant
-1

) Root dry weight (g plant
-1

) 

 Vegetative Stage Flowering Stage Vegetative Stage Flowering 

Stage 

Treatments     

R+ 1.34±0.14a 2.21±0.29a 0.19±0.01a 1.11±0.08a 

R- 0.96±0.09b 2.14±0.15a 0.13±0.01b 0.80±0.03b 

Stress Levels     

S1 1.52±0.14a 2.83±0.26a 0.18±0.01a 0.98±0.07a 

S2/S3 0.78±0.06b 1.52±0.14b 0.13±0.01b 0.93±0.06a 

Varieties     

V1 1.02±0.18a 1.96±0.30a 0.11±0.01c 0.79±0.08a 

V2 1.21±0.27a 2.31±0.41a 0.10±0.02c 0.83±0.11a 

V3 0.99±0.12a 2.03±0.35a 0.23±0.02a 1.06±0.11a 

V4 1.07±0.13a 1.79±2.23a 0.16±0.02b 1.07±0.10a 

V5 1.45±0.21a 2.78±0.49a 0.19±0.02ab 1.03±0.10a 

3-Way Anova 

(F-Statistics) 

    

Rhz 7.07* 0.04ns 25.44*** 10.97** 

StrL 25.99*** 18.88*** 22.93*** 0.27ns 

Vrty 1.38ns 1.32ns 15.64*** 1.75ns 

Rhz*StrL 1.47ns 4.27* 0.26ns 0.34ns 

Rhz*Vrty 1.04ns 0.29ns 0.39ns 0.06ns 

StrL*Vrty 0.73ns 0.37ns 1.10ns 0.19ns 

Rhz*StrL*Vrty 0.66ns 0.79ns 2.50ns 0.06ns 

−R: Without Rhizobium, +R: With Rhizobium. S1: No water stress, S2: Water stress imposed at 

Vegetative Stage, S3: Water stress imposed at Flowering Stage. V1: KAT B9, V2: KAT B1, V3: F9 

Kidney Selection, V4: F8 Drought Line, V5: JESCA. Values presented are means ± SE. *, **, *** 

= significant at p ≤ 0.05, at p ≤ 0.01, and at p ≤ 0.001 respectively, ns = Not significant. Means 

followed by similar letter(s) in a given column are not significantly difference from each other at 

p = 0.05.  
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Figure 29: Interactive effects of Rhizobium and stress levels on plant height (cm) in season one 

at vegetative stage. +R: With Rhizobium, -R: Without Rhizobium. S1: Control, S2: 

Water stress imposed at vegetative stage 

 

Figure 30: Interactive effects of stress level and five (5) P. vulgaris on Plant height (cm) in 

season two at flowering stage. S1: Control, S3: Water stress imposed at flowering 

stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, 

V5: JESCA 
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Figure 31: Interactive effects of stress level and five (5) P. vulgaris (L.) on number of leaves in 

season one at flowering stage. S1: Control, S3: Water stress imposed at flowering 

stage. V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, 

V5: JESCA 

 

Figure 32: Interactive effects of stress level and five (5) P. vulgaris (L.) on stem girth (mm) in 

season one at vegetative stage. S1: Control, S2: Water stress imposed at vegetative 
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stage.  V1: KAT B9, V2: KAT B1, V3: F9 Kidney Selection, V4: F8 Drought Line, 

V5: JESCA 

 

Figure 33: Interactive effects Rhizobium and stress levels on Shoot Dry weight (g
 
plant

-1
) in 

screen house experiment at flowering stage. +R: With Rhizobium, -R: Without 

Rhizobium. S1: Control, S3: Water stress imposed at flowering stage 
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Figure 34: Interactive effects of Rhizobium and stress level on seed yields (kg ha
-1

) in season 

one at flowering stage. +R: With Rhizobium, -R: Without Rhizobium. S1: Control, 

S3: Water stress imposed at flowering stage 

 

Figure 35: Interactive effects of Rhizobium and stress level on seed yields (kg ha
-1

) in season 

two at vegetative stage. +R: With Rhizobium, -R: Without Rhizobium. S1: Control, 

S2: Water stress imposed at vegetative stage 
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Figure 36: Interactive effects of Rhizobium and stress level on seed yields (kg ha
-1

) in season 

two at flowering stage. +R: With Rhizobium, -R: Without Rhizobium. S1: Control, 

S3: Water stress imposed at flowering stage 

8.4 Discussion 

In the present study, we assessed the effects of Rhizobium inoculation and water stress periods on 

growth parameters in common bean (P.vulgaris). This study clearly showed that Rhizobium 

inoculation was supportive in improving growth parameters of the common bean. Rhizobium 

inoculation had great positive effects on plant height at vegetative and flowering stages, number 

of leaves per plant, stem girth (mm) in both growth stages at screen house experiment and Leaf 

area (Tables 1, 4-6 ) as compared with the control. Significant observation were also observed in 

shoot dry weight (g
-1

 plant) and root dry weight (g plant
-1

) as well as seed yields (kg
 
ha

-1
) (Tables 

1-2 & 4) as compared with the control. These improvements in inoculated treatments could be 

attributed to the legume inoculants BIOFIX, which increased nitrogen supply to the plants and 

consequently improved the growth parameters of the plant. Our results are similar to those 

reported by Uchida, (2000) in which plant growth potential was enhanced as a result of 

Biological Nitrogen Fixation; and Tairo and Ndakidemi, (2013) who reported the improvement 

of growth parameters in B.japonicum inoculated soybeans. The plant height was significantly 

affected by Rhizobium inoculation. The least plant height was recorded in non- inoculated 

control. Findings by (Amany, 2007; Caliskan et al., 2008; Aminifardet al., 2010, Tairo and 

Ndakidemi, 2013; Mfilinge et al., 2014; Nyoki and Ndakidemi, 2014) showed that plant height 

was increased byrhizobial inoculation in different legumes.Moreover inoculated plants showed 

more dry matter and seed yields than non-inoculated plants. Inoculation with Rhizobium bacteria 

increased the shoot and root dry weight (g plants
-1

) and seed yields (kg ha
-1

) as compared with 

the non-inoculatedcontrol. Nitrogen is known to be an essential nutrient for plant growth and 

development. In this study, rhizobial inoculation increasedthe production of total dry matter in 

plants (Salvagiotti et al., 2008) which enhanced the potential of the plant growth and ultimately 

resulted in higher seed yields. 

Water stress significantly reduced plant height (cm), number of leaves, stem girth (mm) and Leaf 

area (cm
2
), shoot and root dry weight (g plant

-1
)  as well as seed yields (kg ha

-1
) as compared 
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with control treatments which received adequate water supply. These findings are in line with 

studies by Hiler et al. (1972); Afolabi, (1998) and Aderolu, (2000) which showed decreased in 

plant height (cm) and number of leaves as a result of water stress. Thedecrease in the assessed 

growth parameters may be due to the impairment of cell division, cell enlargement caused by 

loss of turgor and inhibition of various growth metabolisms (Yordanov et al., 2003; Farooq et 

al., 2012). Common bean has been reported to respond differently to soil moisture stress during 

various stages depending on the severity of water stress (Emman et al., 2010). For example, in a 

study by Hayatu and Mukhtar, (2010) in cowpea genotypes, it was reported that drought affected 

dry matter production and many other aspects of plant growth such as plant height, stem 

diameter, leaf area and number of leaves, results similar to our study. In closely related studies 

involving maize, Khan et al. (2001) conducted a study comprising of six irrigation treatments 

and concluded that plant height, stem diameter, leaf area decreased noticeably with increasing 

water stress. The reduction in plant height could be attributed to decline in the cell enlargement 

and more leaf senescence in the plant under water stress (Manivannan et al., 2007a). 

Furthermore, Akinci and Losel (2009) also reported that water stress caused major reductions in 

plant height, leaf number and leaf area index of some Cucurbitaceae members. Apart from 

diseases, water stress has been reported to be the second major constraints in the legume seed 

yields (Rao, 2001). The reduced seed yields in bean yields as a result of water stress can be 

attributed to reduction in individual yield components such as dry matter yields, number of pods 

per plant, number of seeds per pod, seed weight as well as harvest index (Ramirez-Vallejo & 

Kelly, 1998; Shenkut & Brick, 2003). Report by Nielsen and Nelson (1998) on bean showed that 

seed yields were reduced due to reduced number of pods per plant and seeds per pod during 

water stress at flowering and/or reproductive stage. Similarly, in a study by Remenyik and 

Nemeske, (2010) in French bean (Phaseolus vulgaris (L.)) great variation was reported in yields 

as a result of irregular occurrence of drought periods accompanied by high temperature. Our 

findings are also similar with studies by (Molina et al., 2001; Nielsen and Nelson, 1998; Emam, 

1985; Emam and Seghatoleslami, 2005). They all reported a reduction in grain yields and dry 

weight following water stress and this is attributed by lower percentage of pod production when 

the water stresses occurring especially during flowering. 

P.vulgaris (L.) varieties F9 Kidney Selection, F8 Drought line and JESCA showed significant 

increase in seed yields (kg ha
-1

), shoot and root dry weight (g
 
plant

-1
) compared with varieties 
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KAT B9 and KAT B1. The reduced yields in varieties KAT B9 and KAT B1 might be attributed by 

their low genetic potential to deal with water stress imposed at either vegetative or flowering 

growth stages. Study by Singh (1995) showed that water stress during flowering and grain filling 

reduced seed yield and seed weight and accelerated maturity of dry bean. It has been reported 

that the quality and the yield of beans were negatively affected by short periods of water shortage 

(Ramirez-Vallejo and Kelly 1998). 

There was a significant interaction between Rhizobium,water stress treatments and varieties in 

plant height, number of leaves per plant, stem girth, shoot dry weight and seed yields of P. 

vulgaris.The interactions between inoculations showed that Rhizobium inoculation in water 

stress treatment imposed at vegetative and flowering stage had greater effect on the above 

parameters as compared with un-inoculated treatments. These results suggest that inoculating 

beans with rhizobial inoculants enhanced growth even in water stressed environment. However, 

further studies on the mechanism involved warrants further studies. Furthermore, the interactive 

effects of varieties, F9 Kidney Selection, F8 Drought Line and JESCA under water stressed 

environmentshows the potential of these varieties to be used in drought tolerant studies. In a 

closely salt stress related study by Ndakidemi and Makoi, (2009) bean variety JESCA showed 

moderate tolerance to salinity, suggesting the potentiality of this variety in adverse 

environmental condition such as water stress. 

8.5 Conclusion 

In conclusion, rhizobial inoculation significantly improved plant height (cm), number of leaves 

per plant, stem girth (mm), shoot and root dry weight (g
 
plant

-1
) as well as seed yields (kg

 
ha

-1
) as 

compared with un-inoculated treatments. Furthermore, water stress treatments imposed at 

vegetative and flowering stage significantly reduced plant height (cm), number of leaves, stem 

girth (mm), shoot and root dry weight (g
 
plant

-1
) as well as seed yields (kg

 
ha

-1
) as compared with 

plants supplied with water optimally. Varieties F9 Kidney Selection, F8 Drought Line and 

JESCA recorded best bean yields as compared with KAT B9 and KAT B1, hence indicating their 

genetic potential in performing in adverse water supply.The interactions between inoculations 

showed that Rhizobium inoculation in water stress treatment imposed at vegetative and flowering 

stage had greater positive effects on growth and yield as compared with un-inoculated 

treatments. These results suggest that inoculating beans with rhizobial inoculants enhanced 
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growth even in water stressed environment.The interactive effects of varieties F9 Kidney 

Selection, F8 Drought Line and JESCA by performing well under water stressed environment 

demonstrates their potential of being used in drought tolerance studies. 
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CHAPTER NINE 

9.0 GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

9.1 DISCUSSION 

The study showed significant effects of rhizobial inoculationon proline content (μmol g
-1

.FW) in 

the leaves of P.vulgaris (L.). The un-inoculated treatments were, however, characterized by 

lower proline accumulation in the leaves of P.vulgaris cultivars. Study by Andersen et al. (1995) 

indicated thatthere is a positive relationship between N availability and proline accumulation in 

plants. Further evidence in this study showed significantly higher proline accumulation as results 

of water stress. It has been reported that water stressed plants produce proline as an adaptive and 

survival mechanism under water stress conditions (Farooq et al., 2009).Varieties F8 Drought 

Line and JESCA significantly recorded higher proline content as compared with other tested 

varieties and hence are potential candidates in stress tolerant studies (Chapter 3). 

The study further indicated the potential of rhizobial inoculation and water stress in the 

accumulation of secondary compounds (i.e. Flavonoids and Anthocyanins) in the shoots of P. 

vulgaris cultivars. The results showed that non- inoculated treatments significantly increased the 

level of Flavonoids and Anthocyanis in the common bean cultivars. These suggest the up 

regulation of some enzymes in the shoots of the identified P. vulgaris cultivars such as 

Phenylalanine ammonia-lyase (PAL) under non-inoculated treatments. Kondorosi et al. (1995) 

reported the enhanced level of Phenylalanine ammonia-lyase (PAL) under low N condition, 

which also ressemble our findings. Additionally, the study also indicate that water stress 

treatments significantly increased the level of flavonoids and antocyanins (g DM
-1

) concentration 

in the common bean cultivars (Tairo et al., 2017). Generally, various studies indicated the 

accumulation of secondary compounds as a result of different stresses for instance drought 

and/or water stress (Tairo et al., 2017; Farooq et al., 2009). It has been reported that this 

compounds protects the macro-molecules against several oxygen species produced following 

stress condition (Agati et al., 2012). The high contents of these compounds showed their 

potentiality under water stress. Varieties F8 Drought Line, JESCA and F9 Kidney Selection 

significantly contained more flavonoids and anthocyanins as compared with the other studied 

varieties, therefore can be involved in other drought studies (Chapter 4). 
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In the current study, rhizobial inoculation increased the level of chlorophyll contents in the 

common bean cultivars. This signifies the presence of N through rhizobial inoculation as 

nitrogen is the major component of the chlorophyll molecules and plays an essential function in 

photosynthesis process. However water stress proves negative effects by diminishing chlorophyll 

a, b and total chlorophyll contents among the P.vulgaris cultivars. The decrease in chlorophyll 

could be attributed by chloroplasts damage caused by reactive oxygen species (ROS) 

(Verbruggen and Hermans, 2008) occurring during the stress periods of either vegetative or 

flowering growth stages.This study revealed that chlorophyll content decreased with increased 

water stress indicating that photosynthetic pigments are sensitive to water stress conditions. 

Varieties F9 Kidney Selection and KAT B1 significantly increased chlorophyll a, b and total 

chlorophyll contents in this study which suggests it’s capability in chlorophyll metabolism as 

compared with the other studied common bean cultivars (Chapter 5). 

In chapter 6, the study indicated that the rhizobial inoculation and un-stressed water treatments 

enhanced the relative leaf water contents and cell membrane stability in P vulgaris. These results 

suggest that through rhizobial inoculants and the presence of moisture had great input in water 

relations in this study. The high relative leaf water contents in this study as a result of rhizobial 

inoculation verify the findings of Namvar et al. (2013) on chick pea who showed a significant 

increase in relative leaf water contents as a result of rhizobial inoculation. The low relative leaf 

water contents and reduced cell membrane stability in stressed water treatments might be 

attributed to the decrease in leaf water potential and decreased availability/absorption and 

translocation of water from soil to roots and ultimately to leaves in the studied common bean 

cultivars. Among the studied cultivars, varieties F9 Kidney Selection, F8 Drought line and 

JESCA had great leaf relative water contents as compared with KAT B9 and KAT B1and hence 

demonstrating their potential against drought.The interaction between rhizobial inoculation, 

water stress and the tested varieties on relative water content and electrolyte leakage implies the 

genetic potentiality of some of the identified varieties in relation of moisture and rhizobial 

inoculation. 

In chapter 7 the study showed the significant effects on nutrients uptake (N, P, K, Ca and Mg) as 

a results of N through rhizobial inoculation and moisture in P. vulgaris (L.). The inoculated 

treatments increased the uptake of the nutrients assessed as compared with non inoculated 
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treatments. Rhizobia are known to secrete some chemical substances and stimulate plant growth 

of which eventually increased the uptake of nutrients in plant tissues (Perveen, et al., 2002; Khan 

and Zaidi 2007). In this study, water stress reduced the uptake on N, P, K, Ca and Mg as 

compared with un-stressed treatments. This reduction might be attributed by root shrinkage 

which was created during water stress. It has been reported thatwater stress affects nutrient 

transport to the root surface due to reduced contact between root and soil, hence limited transport 

to the other plant organs (Yordanov et al., 2003). The common bean cultivars F8 Drought line, 

JESCA and F9 Kidney Selection were efficient on mineral nutrients uptake as compared with 

KAT B9 and KAT B1. The interaction effects in the current study indicate the capability of 

rhizobial inoculants and moisture status in the soil in enhancing nutrient uptake in the specific 

tested common bean cultivars.  

In this study, Rhizobium inoculation was supportive in improving growth parameters and seed 

yields of the common bean cultivars. However water stress significantly reduced the parameters 

assessed. Nitrogen is the major elements and its availability plays a significance role as it 

influences photosynthesis activity of the plants (Uchida, 2000), which ultimately enhances 

growth and yields. Therefore, rhizobial inoculation had a positive function in improving growth 

parameters assessed indicating its potential for maximizing yields. The reduction in growth 

parameters due to water stress might be caused byimpairment of cell division and cell 

enlargement which could be attributed by loss of turgor associated by water stress in the growth 

stages. The varieties which showed positive results in growth and seed yields signify their 

genetic potential under water stress condition. The interactive effects of varieties, F9 Kidney 

Selection, F8 Drought Line and JESCA under water stressed environment shows the potential of 

these varieties to be used in drought tolerant studies (Chapter 8). 

9.2 CONCLUSION 

In this study rhizobial inoculation enhanced the accumulation of proline, chlorophyll a, b and 

total chlorophyll in the leaves of the P. vulgaris cultivars. Significant effects were also observed 

in relative leaf water contents and electrolyte leakage as well as nutrients uptake and seed yields 

respectively. However, negative effects were observed in flavonoids and anthocyanins as a result 

of rhizobial inoculation. Furthermore, water stress during the production phase affected the 

physiology and morphological characteristics of the tested plants and hence influencing growth, 
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productivity and final yields. Generally,water stress imposed at either of the growth stages 

(vegetative and flowering) showed negative effects by reducing leaf chlorophyll contents, 

relative leaf water contents, electrolyte leakage, mineral nutrients uptake, growth and seed yields. 

However, proline accumulation as well as flavonoids and anthocyanins significantly increased as 

a result of water stress treatments. Based on proline, flavonoids and anthocyanins accumulation; 

the tested cultivars F8 Drought line, JESCA and F9 Kidney Selectioncan be promoted for 

agricultural production especially in drought prone areas, while still involved for further 

examination. These study suggest that water stress had positive effects on secondary compounds 

assessed (flavonoids and anthocyanins) and amino acids (proline), however negative effects were 

observed in growth parameters and seed yields, nutrients uptake, chlorophyll contents and 

relative leaf water contents and electrolyte leakage as a results of rhizobial inoculation and water 

stress in five P. vulgaris cultivars studied. 

 

9.3 RECOMMENDATION 

For improvement of soil fertility and sustainable productivity of P vulgaris, the use of rhizobial 

inoculation is recommended because growth and yield improvements were achieved in this study. 

Furthermore, rhizobial inoculation is also recommended as they facilitated plant uptake of Ca, P, 

Mg N, and K. Therefore, appropriate rhizobial strain specific to a particular legume should be 

applied in order to improve yields and attain sustainable economic performance in legume 

production. The uses of rhizobial inoculants in the country can be promoted to farmers along with 

government subsidy or through national agriculture inputs in Tanzania.  

Water stress resulted into the accumulation of proline and secondary plant metabolites such as 

flavonoids and anthocyanin. These compounds played significant role in protecting the plants under 

water stress conditions. However, further investigations are recommended to explore different 

functions of these metabolites in defending the plants and improving their growth and 

development. Varieties F8 Drought line, JESCA and F9 Kidney Selection demonstrated the 

capability to accumulate proline and secondary plant metabolites such as flavonoids and 

anthocyanin as compared with other tested cultivars. Research evidence elsewhere has demonstrated 

positive association of these compounds and tolerance to stress.  From these preliminary results, the 

varieties are recommended for further studies under different levels of water stress conditions. 
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