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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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rectal cancer (Baan et al., 2007). Still other studies have indicated no or slight difference in 

risk between the two types of cancer (Pericleous et al., 2013; WHO, 2015b). 

2.8 Age and gender in r elation to CRC  

Although CRC can occur at any age, the chances of developing the disease increase with age 

and peak after the age of fifty (Cho, 2004). Of note, age-gender difference in CRC incidence 

exists with women developing CRC at an older age than men (Mc Michael, 2008; Moskal et 

al., 2007). In general, a four-to ten-year age difference by gender has been reported, with 

female incidence higher in the age range of 70�±74 and male incidence higher in the age range 

of 60�±64 (Iacopetta, 2002 and WHO, 2004). In most developing countries, diagnosis occurs 

at a relatively younger age than in developed countries (Cao et al., 2015). Age distributions 

must be a consideration in the predictions of current and future prevalence of CRC. 

2.9 Accessibility of health services for d iagnosis  

For CRC, health care accessibility is important for early detection and treatment. People in 

low-to-middle income countries have less access to health services than those in developed 

countries (Colditz et al., 1997). Several barriers to health service accessibility are reported in 

the literature, which have been categorized at the patient level, provider level, and system 

level (Pischon et al., 2006). At the patient level, barriers relate to individual traits (i.e., sex, 

ethnicity and income); at the provider level to services characteristics (i.e., skills and 

attitudes); and at the system level traits to broad factors (i.e. policy and organizational 

factors). 

2.10 Summary  

Adoption of cancer risky lifestyles has been associated with a rapid increase in cancer 

incidence in Africa (Moore et al., 2009). In general, dietary patterns (i.e., high consumption 

of red meat and high caloric foods) and lifestyle choices (i.e., alcohol, smoking, and 

sedentary lifestyle) are significantly associated with an increased risk of CRC (Baan et al., 

2007; Maletnlema, 2002; Mendez et al., 2005; Ott et al., 2011; Parkin, 2011; Wiseman, 

2008). Demographic risk factors have also been linked to CRC including being male, 

increased age, and low socioeconomic status (Wei et al., 2004). High consumption of fiber, 

fruits, and vegetables is associated with protective roles against CRC (Adámková et al., 

2011). Lack of access to health care services may also influence pattern and distribution of 

CRC (Colditz et al., 1997; Pischon et al., 2006). 
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incidence rates increased for both males and females. Regions of Dar es Salaam, Coast, 

Kilimanjaro and Arusha had more CRC cases compared to others. The disease was almost 

equally distributed between males and females, although gender likelihood of diagnosis type 

(i.e., rectal or colon) was significantly different. There was a 2% increase in incidences levels 

of colon cancer and 1.5% decrease for rectal cancer every year from 2005 to 2015. Arusha 

was among the top four regions with higher rates. We hypothesized that; a number of factors 

may be acting either singly or in combination to influence the observed trend. 

Epidemiological studies suggest correlation between the incidence of CRC and several 

lifestyle factors (diet, alcohol intake, cigarette smoking, lack of physical activities etc) and 

genetic factors (Katalambula et al., 2016). We decided to evaluate the status of these factors 

in the general population of Arusha Tanzania. Therefore the study goal was to understand 

local dietary pattern as a potential predictor contributing to the previously observed pattern 

and distribution of CRC in Arusha Tanzania. 

3.2 Methodology  

3.2.1 Study area  

The study occurred in the Arusha Region, which is located in the north-eastern corner of 

Tanzania. It lies below the equator between latitudes 2o and 6o. Longitudinally the region is 

situated between 35o and 38o east of Greenwich. The region has a common border with 

Kenya in the north, to the east it borders with Kilimanjaro and Tanga Regions. To the south, 

it shares a border with Manyara Region and to the west with, Shinyanga and Mara Regions 

(URT, 2016). The main economic activities of Arusha region are agriculture, tourism, 

mining, and livestock keeping. Both commercial and peasant farming are carried out in the 

region. Commercial farming is for seed beans, wheat, coffee, and floriculture. Maize and 

beans though produced by small landholders are grown widely and substantially contribute to 

the region's economy. Tourism contributes roughly 20% to the region's Gross Domestic 

Product (GDP). Similarly, the large livestock population is estimated to make an annual 

contribution of about 20 percent to the region's GDP. Industries and mining sectors contribute 

roughly 5 and 2 percent to the regional GDP respectively (URT, 2016). Administratively, the 

Region is subdivided into seven districts including Arusha City. According to the2012 

population census, the city had 416 000 individuals (URT, 2016) across 25 wards of which 

four (i.e., Sekei, Unga Ltd, Muriet, and Sokon I).  
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The BMI status of individuals are ordinal outcomes, that is an individual can be classified as 

normal if BMI is between 18 and 20, underweight if BMI is less than 18, overweight if BMI 

is between 20 and 25, and obesity if BMI is more than 25. A proportional odds logistic 

regression was used to compare BMI and other variables. The risk factors with p-value less 

than 0.05 were considered to be associated with probability of observing normal BMI 

(reference category) versus higher level outcomes. 

Probability of observing an individual with normal BMI versus higher outcomes against risk 

factors: 

 

Where:  

4.4 Results  

4.4.1 General characteristics of the study popul ation  

A total of 650 eligible adults participated in the survey and consented. Of these, 101 

(15.54%) had incomplete data set thus were removed from analysis. The final sample had 549 

(84.46%) respondents. The average age of participants was 40.7 years (SD=12.07). Of the 

549 participants who were included in the analysis 57.6% were female and 81.2% had less 

than or up to primary level of education, while 34.6%,and were in the 35 to 44 year age 

range. The fewest participants were 55 years and older (15.8%) while more than two thirds 

(86.2%) were self-employed, and more than half (64.8%) were married or cohabiting (Table 

11). 
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Figure 7: Body Mass Index distribution among study sample 

 

4.4.3 Overweight and obesity in relation to other variables  

Prevalence of obesity in females was higher than in males (26.9% and 23.6%, respectively). 

The prevalence of obesity (33.3%) was highest among respondents who were widowed 

although not statistically significant (P=0.472) (Table 13).  

Obesity prevalence was highest (38.7%) among older people age 45-54 years closely 

followed by age group 55-64 years (35.7%). Age group differences in obesity were 

statistically significant, (P< 0.001) (Table 13). Prevalence of obesity was higher in 

participants with secondary level of education (26.7%) compared to those with primary level 

(25.4%), and college level of education (23.1%), (P= 0.478) (Table 13). It was noted that, 

those who were employees had the highest prevalence of obesity (28.3%), followed by those 

who were self employed (25.9%) while those who were neither employees nor self employed 

had obesity prevalence of 7.6%, (p < 0.001, for trend.) (Table 13).The prevalence of obesity 
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CHAPTER SIX  

General d iscussion, Conclusion and Recommendations  

6.1 General d iscussion  

6.1.1 Context  

Owing to the absence of published data on CRC epidemiology, this study aimed to determine 

CRC epidemiology in Tanzania by determining incidence and visualizingpatterns, and 

distribution among regions. Furthermore, the study aimed to characterize potential lifestyle 

factors associated with the observed patterns. 

6.1.2 Issues under consideration  

As a first step toward planning for prevention and control of NCD�¶s,WHO recommend 

assessment of the epidemiological situation by identifying the distribution of risk factors 

among different population groups (WHO, 2013). The core objectives of prevention include 

the reduction or modification of exposure. Quantifying risks to health as an essential 

prerequisite for effective public health.CRC has been called a disease of the environment 

often related to risk factors such as adoption of westernized diets, obesity and reduced 

physical activity (Center et al., 2009; Wiseman, 2008). The study assessed the prevalence and 

determinants of five major factors established by literature to be causes of CRC. The factors 

are diet, overweight and obesity, physical activities, tobacco smoking and alcohol intake. 

Furthermore, the study established prevalence of other NCD�¶s. 

6.1.3 Target population  

Stage one of this study included all patient charts indicating a diagnosis of CRC in 

accordance with the International Statistical Classification of Diseases and Related Health 

Problems 10th Revision (ICD-10)-WHO Version for 2016. Stage two of the study recruited a 

sample of self-reported healthy individuals residing in four wards of the City of Arusha, 

Tanzania aged between 25 to 64 years. 
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APPENDICES  

Appendix 1: Informed consent form (English version) 

THE NELSON MANDELA AFRICAN INSTITUTION OF SCIENCE AND 

TECHNOLOGY  

 

 

 

CONSENT FORM  

Research  on diet, lifestyle and genetic factors in relation to large intestine health 

This Informed Consent Form has two parts : 

�x Part I: Introduction (to share information about the research, risk and benefits, 

confidentiality and anonymity of participants ) 

�x Part II: Certificate of Consent (for signatures if you agree to take part) 

PART I: Introduction  

�x My name is Leonard Kamanga a ph.D student at Nelson Mandela African Institution 

of Science and Technology. I am doing a research on the relationship between diet, 

li festyle, genetic factor and large intestine health in Tanzania.  

Aim of the study  

This research is being conducted to help us learn more about risk factors and markers that 

might be associated with large intestine health. Upon your acceptance you will be asked 

questions regarding diet and lifestyle in relation to large intestine health. Then you will be 

asked to donate small portion of stool samples for further checking of intestinal health.  

Furthermore you will be checked for blood sugar and blood pressure and height and weight 

measurements will be taken. During interview your responses will be recorded to help us in 

analysis. Your sincerity and honesty is highly needed for the success of this study. Give the 

best answers as much as you can and whenever you can not give the exact answer give the 

best estimate. 

Regarding annonymit and confidentiality  

You are not obliged to answer any questions that make you feel uncomfortable and you are 

allowed to withdraw from the study at any stage. Your responses will remain strictly 

confidential and will be used for research purpose only. You are not supposed to identify 
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yourself by name rather you and samples collected from you will be identified by your ID 

number.  

Regarding risks and benefits  

i. The risk associated with blood draw, stool sample collection and weight and height 

measurements are minimal. 

ii.  There are direct benefits to you by participating in this study as you will have an 

opportunity to know your health status with regard to intestinal health and other non 

communicable diseases. You will have an opportunity for check up and doctors 

consultation free of charge.  

PART II: Certificate of Consent  

I have read/ have been read to me the forgiven information, and I have had the opportunity to 

ask questions and the questions have been answered to my satisfaction.  I consent voluntarily 

to participate in this research. 

Name of Participant __________________      

Signature of Participant ___________________Date ___________________________ I 

confirm that the participant was given an opportunity to ask questions about the study, and all 

the questions asked by the participant have been answered correctly and to the best of my 

ability. I confirm that the individual has not been coerced into giving consent, and the consent 

has been given freely and voluntarily.  

Name of Researcher________________________   

Signature of Researcher _____________________Date _________________   

In case of any problem as a result of your participation in the study please contact any of the 

following; 

Leonard Kamanga (Principal investigator) National Health Research Ethics Sub-Comitee 

Nelson Mandela African Institution of National Institute of Medical Research (NIMR) 

Science and Technology,    P. O. BOX  9653 

P. O. BOX 447     Dar es Salaam 

Arusha Tanzania    Tel No: +255-22-2121400 

Phone: 0758 92 10 00 

OR 
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Appendix 2: Study questionnaire 
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