
0 

 

0 

00000000 

Farming crops agriculture maize peas 

beans sorghum sunflower grain crops 

sustainable climate ecology diversity 

rice potato sugarcane fabaceae cotton 

farming crops agriculture maize rice 

sorghum sunflower grain sustainable 

climate ecology diversity rice potato 

legume sugar cacccane farming crops 

agriculture maize sorghum sunflower 

grain rice crops sustainable climate 

ecology diversity rice potato cassava 

sugarcane farming crops agriculture 

maize sorghum sunflower grain peas 

sustainable climate ecology yam nuts 

beans green grain diversity rice grass 

maize wheat potato sugarcane coffee 

farming crops agriculture maize bean 

sorghum sunflower grain sustainable 

 

 

 

 

 

 

Agricultural Systems in Babati 
 

Zea mays and its alternatives 
 

By: Iris Lee Thompson 
 

Supervisor: Kari Lehtilä 

 

 

 

 

 

 

 

The Department for Natural Science 
Biology 
Spring 2009 
Bachelor’s Thesis 
15p 



1 

 

Abstract: 

This paper aims to give an understanding on the aspects that influences the choice of crops 

and agricultural methods in Babati, Tanzania. Drought is a reoccurring problem in this part of 

Tanzania, which affects a majority of the towns’ farmers. This fact is likely to affect the 

choice of crop as well as the limitations when it comes to the choices in cultivation. But the 

choice itself has implications on its surrounding and can be affected by the surrounding. To 

understand the circumstances, a wider picture will be depicted and an evaluation of the 

geography of Babati and on its climate conditions. The results from this study suggest that 

lack of crop rotation pose as a problem that should be studied. Furthermore, green manure 

from legumes and plants like Tithonia could be a less expensive alternative but can still 

function as an effective fertilizer. Concerning the drought issue the study can not conclude 

that drought resistant crops would have any big improving effects. Nevertheless there is some 

evidence advocating that it could be apart of the solution in terms of avoiding some of the 

negative effects brought on by drought.     

 

Key Words: ITCZ, CAB, Zea mays, Xerophyte.
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Explanations: 

LAMP - Land and Agricultural management Project 

Town Council - Elected council itself and the supporting technical administration 

 

District Executive - The head of the administration of a local authority 

 

CAM – Crassulacean Acid Metabolism 

 

Village Council -   The elected government of villages 

 

CAB – Congo Air Boundary 

 

ITCZ - Intertropical Convergence Zone 
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Introduction  

Africans rely heavily on agriculture as a food resource as well as their primary income.  They 

are therefore strongly tied to their climate and land characteristics. However, soil structure 

and surrounding environment is at the same time affected by agricultural activities. This work 

is going to aim for better understanding of fodder crops and its effect on the land and water. 

The world food demand is only going to rise and land degradation is said to contribute to a 

large part of that problem and depress the production rate by 30 percent in coming 25-50 

years (Pimentel, 2006).  

With the position of food crops changing for the worse, the local cultivation plays an 

important part. Babati district is situated within the Manyara region, in Tanzania. The 

agricultural land adds up to 4 percent, but employees up to 80 percent of the population 

(Department of Agriculture Babati, 2008. Unpublished). So agriculture is more than a way to 

make a living, but it is incorporated as a way of life. Cash crops such as pigeon peas, maize, 

bananas are a large part of the agricultural arena. With this kind of pressure on the land and 

land use, it is important to analyse and evaluate the condition of the land. The crops of choice 

are vital when accessing the factors that affect the land, which includes taking a closer look at 

the variety of crops, which can withstand drought. This aspect becomes crucial considering 

the seasonal rain periods followed by drought periods. However, these conditions diverge 

depending on the ecological agro-zone microclimates and land elevation, therefore 

influencing the choice of crops immensely. The main aim of this essay is to accumulate better 

understanding for the agricultural systems in Babati, Tanzania, with the focus of maize (Zea 

Mays) and xerophytic plants.  

Climate in Africa and Tanzania  

Africa is the second largest continent after Asia, with an area of ca. 30 million km
2
. The 

coastlines are levelled, while the inlands have variables of remarkably topography, mainly in 

the eastern parts with mountain like Kilimanjaro, Ruwenzori, etc. As for the climate, it’s often 

moist in the air, but with exception to areas where it is drier during certain months, which are 

very much varied by the tropical air. In Tanzania, the coast is said to be hot, but humid, with 

the inland being of a mountainous and plateaux topography, are much cooler with less 

humidity (World Encyclopaedia, 2008).  



5 

 

Africa can be divided into eight different climate zones: “1) tropical wetness, 2) tropical, short 

dry, 3) tropical, long dry, 4) tropical desert, 5) tropical highland, 6) subtropical desert, 7) 

subtropical summer and 8) subtropical winter” (Oliver, 2005).  But the focus of this project is 

mainly going to lie on the tropical, since that is the most common climate in Tanzania. The 

tropics can be divided into different parts, depending on what region one is referring to, but 

Tanzania is more commonly known as the East African Savannah or tropical savannah.  The 

rainy season occurs between the months of March to June and the second rain period lasts 

between November to January, which is mainly in the North western highlands, where the 

weather is cool and pleasant. The coastal plains are humid, with the inlands having drier air, 

with the mean temperature of 23°C (Todorov, 1984). The vegetation characteristics are 

typically found to be of grassland and savannah trees like Acacia.   

Theorem 

“If only it would rain.” Those words spoken by farmers in drought affected areas are what 

inspired this essay. The lack of rain cannot be the only factor affecting farmers in Eastern 

Africa, but the crops and the particular fodder crop, maize. In the article; “If only it would 

rain”: Farmers’ perceptions of rainfall and drought in semi-arid central Tanzania (Slegers, 

2008), the farmers are made aware of the problems facing their agriculture and realising the 

threats posed to them. There have been a handful of studies done on subsistence farmers in 

East Africa, especially the semi-arid areas and the farmers’ perceptions on drought and soil 

degradation. The focus put on this project is to analyse the effects of the dominating crops of 

Babati, such as maize, have on the soil and the effects leguminous and xerophytic can have 

with the inducement of crop rotation. The decreased intake of nutrition is a result of soil 

degradation and in the sub-Saharan Africa, has dramatically decline over the past 40 years 

(Love, et al., 2006) and still remains as one of the highest concerns where a third of the fast 

growing population has no food security (FAO, 2006).  Slegers (2008) also claims that, even 

though different programs are available addressing these issues, they tend to wander from the 

“productivity-reducing problems identified and perceived by scientists”. 

Questions of the Issue 

How does the most popular crop of Babati affect the land and water availability? 

How can crop rotation be intertwined into the farming systems for optimal results? 

 



6 

 

Methodology 

Upon arrival in Babati, the time was taken to familiarise with the surrounding and take in all 

the new impressions with daily visits to parts of the various parts that make up the town. The 

contact with the farmers and town council personal was conducted in form of semi-structured 

interviews to collect quantitative and qualitative information needed for this study. With this 

method of interaction, one is able to exchange information openly and surfacing of extra 

information was inevitable. The downside of this can be that misunderstandings might occur 

and that confusion can be shared by several individual if it is a group that is being 

interviewed.  

The question were recorded in written form with main points and referenced as their answers. 

The questions for these interviews had simple, but essential guide lines as in pre-written 

keywords; e. g. soil managements, the manure availability, crop rotation, etc. These key 

guidelines were explicated, improvised and formulated as questions during the interviews. 

Questions where based on to acquire more knowledge on the farmer’s crops and farming 

methodology.  

Interpreters were provided for the translation of Kiswahili and this on certain occasion caused 

misinterpretations. The majority of interviews were conducted with farmers owing as little as 

1 acre to more than 2000 acres of land in cultivation. An Agricultural Ecologist, Mr. Elley 

Simon Ubise and the Rural Development Advisor for LAMP (Land and Agricultural 

management Project), Mr. Kavishe were also part of this study. All these interviews were 

arranged by the interpreters. The farms were situated on five different climatologically zones 

in the district. The location of these zones differed, as the crop harvest was also varied, e.g. in 

the highland of Bashnet, potatoes were cultivated, due to the cooler climate, to the lowlands 

of Kiru Valley, were rice and sugar cane were more dominant due to the increase water 

availability. The interviewed farmers where all men, between the ages of 23 to 79 years old 

and on certain occasions the whole family was present during the interview sessions. This 

presence of the whole family being could have affected the answers of certain farmers as 

positive or negative. Another unfortunate incident was the unavailability of the Biologist in 

Open University, Babati, where some input on species diversity would have helped to analyse 

the findings in Babati in more depth.  
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The results were then compared to the agricultural data obtained from the Babati Town 

Council for 2008, which is a secondary source of information. A large part of the empirical 

and theoretical elements of this work is based on secondary data. These data was obtained 

from various literatures and published as well as unpublished material, which were acquired 

through universities and government offices. 

The Geography 

ITCZ, CAB 

The Intertropical Convergence Zone (ITCZ), also known as equatorial convergence zone is 

located where raising moist air unites with trading winds that circles near the Equator. But the 

largest effect of ITCZ happens in 40° - 45° latitude over the Indian Ocean. This occurrence of 

ITCZ differs seasonally from north and south, depending on the position of the zenith of the 

sun. This phenomenon of rising air creates heavy cloudiness, frequent thunderstorms and 

heavy rain (Encyclopedia Britannica Online, 2009). The ascending air then retreats outwards 

into temperate zones, or towards the equator. ITCZ conveys two different seasonal shifts to 

the regions affected, the wetter period, which brings the rain when ITCZ travels south and the 

drier season takes place when ITCZ retreats to the north. The ‘summer’ season, spans from 

December to February in Tanzania, the maritime air is concentrated towards the ITCZ, which 

rises and generates rainfall. During the ‘winter’ period, it is July to September in Tanzania, 

the ITCZ is more intense in the northern hemisphere, thus providing dry and hot winds, from 

high pressured tropical zones (Encarta, 2009).  

The climate of Babati, Tanzania, is majorly governed by the air streams zones of 

convergence, that are tied to the shifts in seasons of the high pressured subtropics, located ca. 

20° - 30° north and south of the equator. There is a separation in these air streams by two 

convergence zones, the ITCZ and the Congo Air Boundary (CAB). The CAB air streams are 

based on the western winds from the south Atlantic, southeastern from the Indian Ocean and 

south and the north-eastern monsoons from east Africa (Nicholson, et al. 2001). When winds 

from these three regions collide, the vertical transportation of air forms uncertainties in the 

climate and the area experiences “tropical low, troughs and ridges” (McCarthy, e al. 2000). 

The boundary structured as a low pressure area separates the eastern and the western monsoon 

winds and can be viewed as the equivalence of the ITCZ in the southern part of Africa 
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(Figure, 1, Nicholson, 2002)
 1

. The rainy seasons are 

determined by the timing and the extent of the 

latitude and the annual migrations of CAB. The 

differences in land and ocean temperatures are 

coupled with wind direction and force and aridity 

(Nicholson, 2002). All these effects in turn affect the 

agricultural systems in Babati, Tanzania. 

Zones  

Babati town in the Manyara region is situated in the 

rift valley with flat terrains in the north with 

escarpments and hills in the town with elevation 

ranging from 1000 to 2450m above sea level. Babati town also has the special characteristic 

of the alluvial soil and is elevated with an altitude if 1300m above sea level. These conditions 

are favourable for agriculture and that is shown by the figure of 80 percent of the population 

in Babati engaging in farming, even though only 4 percent is cultivating land. 

The Babati region contains five rather different agro ecological zones, which vary depending 

on the sort of land elevation, soil type, the microclimate, etc. Zone one is described as the 

humid highlands, where the mountainous elevation is a dominating factor, with the altitude of 

2150 to 2150m above sea level. The annual rainfall is ca. 1200mm and this gives a cooler and 

wetter climate compared to other parts of Babati region (Kavishe, Unpublished)
2
. The focus 

on agricultural crop falls mainly on maize, but also potatoes and beans, since water 

availability and coolness is not scares. Beans are usually grown in these highlands and 

brought down to the lowlands to be sold (Amede, at al, 2002).  

The second zone being sub humid grassland is illustrated as elevated grassland of flat nature. 

The altitude level is a span between ca. 1850 to 2150m, with the annual rainfall of ca. 1100-

1200mm. Mainly maize is cultivated here, along with other crops such as beans, onions, peas 

etc (Kavishe, Unpublished). Added nitrogen fertilizer is an effective way to increase the 

productions rates of crops in these areas (Coupland, 1979) and can be of importance to 

                                                           
1
 Modified from Nicholson (2000) 

2
 Kavishe, 2007, Briefing on Babati District. Unpublished 
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maximize the fertility level. The temperature maintains at a constant high level, but is cooler 

during the overhead on the other side of the hemisphere (Encyclopedia Britannica Online, 

2009). 

Zone three is described as containing escarpments, with elevated flat areas of an altitude 

ranging from 1500-1850m. The climates in these areas are moist and receive an annual 

rainfall of 900-1100mm. Since this area receives adequate amount of rain and is humid and 

lush where vegetation thrives, the farmers are able to cultivate and harvest a wide variety of 

crops other than maize, such bananas, avocado, coffee, etc (Kavishe, Unpublished).  

The fourth agricultural zone is had a descriptive feature of being semi-arid midlands, with an 

elevation of about 1200-1500 m above sea level. Summer temperatures can vary between 

20°C to 35°C, but in winter, the temperature can be much higher. The air is semi-humid with 

an annual rainfall of about 75-900mm. Crops that thrive in these areas are sorghum, sunflower 

and coffee in the upper midlands and cotton and millet, since water availability is not that 

limited. The annual temperature can differ between 21-24°C in the lower midland and 18-

21°C in the upper midland zones (Lekasi, et al 2001 & Kavishe, Unpublished).  

The fifth and final zone being the semi-arid lowlands, are populated with flat areas and 

valleys, with just 950-1200 m elevation above sea level. The water limitation with 500-

700mm annually rainfall, means that crop harvesting is restricted to the contours and borders 

of swamps and rivers. Due to cunning and tactful irrigation systems, fodders like rice and 

sugarcane can be cultivated here (Encyclopedia Britannica Online, 2009 & Kavishe, 

Unpublished).  

Agroclimatology 

The combination of the understanding of the climate and agriculture are intertwined in 

agroclimatology to better assess the agricultural systems. It is looked on from the point of 

how plants and animals are affected by the climate (Monteith, 2000). The main aim of 

agroclimatology is to examine and assess how the biological and the atmospherically 

variables interact. The biological characteristic is reference to as the soil, crops, forestry, 

weeds, pests and animals. The atmospheric aspects are focused on variables affecting the 

biological attributes, such as the precipitation, humidity, wind, solar energy and temperature. 

The basis of the biological systems uses the three fundamental principles, which are: “i) mass 
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and energy conservation ii) exchange of radiation and iii) diffusions in the molecular level. 

These three principles are then assessed with the relations it has with hydrology, soil features, 

pathology (plant and animal) and ecology” (Oliver, 2005).  

It is essential to study and understand the connection between biological and the 

meteorological aspects in agriculture. Because the use of this knowledge can be vital in 

increasing food production and quality outcomes, it also helps to foresee the agricultural risks 

and environmental impact. Agroclimatology can encourage sustainable development, through 

the fortification of fresh water resources and the atmosphere, drought and training and 

education where it is needed (Sivakumar, et al. 2000). The knowledge is then applied to 

obtain and apply in the three main decision makings: “1) In long-term planning, 2) short-term 

planning and 3) in forecast for future harvest.”  The focus is mainly put on long-term planning 

with decision making for crop and forestry selections, which match the active climate in the 

region. With the information of the combinations of ecology, soil characteristics and climate, 

can the farmers plan and plant crops that are suitable for that particular region. 

Agroclimatology also assess the risk of climate change on agriculture and is provided as a 

helpful tool to help farmers to take action towards these risks (Oliver, 2005).  

Agricultural Options  

Farmers’ Risk Taking  

Stability is the outcome of diversity, was a point made by Elton (1958). The loss of a member 

in a small and simple community would have a devastating consequence, compared to a 

community with a high diversity, where distinction and persistence of a community is needed, 

in order for succession to happen. If this theory is limited to farming and agriculture, where 

certain farmers choose a specific monoculture in the Babati region, then this statement 

becomes incorrect. The Coast Redwood (Sequoia sempervirens) community in California has 

very high persistence, but low diversity in species (Arnold, et al. 2004). This is an example 

which demonstrates that present day ecologists have very little belief in the diversity-stability 

theorem.  

The diversity-stability hypothesis can be applicable in certain areas, such as when assessing 

the habitation for insects, monoculture in comparison to polyculture, etc and even then the 

disadvantages have been demonstrated. On the agricultural point of view, when discussing 

polyculture, there has been numerous hinders to stability with the further difficulty of 
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achieving a balanced competition (Loomis, et al. 1992). Farming systems are going to be 

persistent of arable crops due to different causes in the communities. If a crop is fuss-free, 

with keeping the economy and the longevity of the harvest in mind, the farmers are going to 

continue to cultivate it. This problem free zone is due to different actions taken by the 

farmers, like safer tillage conditions for the crops, pest, weed and disease control, etc. With 

large profit returns, the farmers are more willing to test the limits and more economic risks 

can be taken with ease, but success in the economic terms depends on the market and 

occurrences in the community which affect the production costs. Examples of these type risks 

taking have been recorded as much as twice during the past century and during the winter of 

1980 is Florida, USA, where farmers replanted the citrus plantation after severe frost 

damages. Even with the rivalry from South America to contribute as well as take over with 

lower prices for the citrus fruits, the revenue was enough motivation for those framers 

wanting to replant and invest in the trees (Attaway, 1997).  

In the trans-section of USA, Colorado, Iowa and Illinois to be more precise, maize and 

soybean are the leading crops during the period of high rainfall and are then replaced by 

wheat during the drought periods. Drought tears and wears on the maize and soybeans, since 

they demand large quantity of water, 400-600mm (Phiri, et al. 2003) and the wheat has an 

economical weakness to the maize. In region with more than 700mm of annual rainfall, 

variation can be found in the magnitude of maize and soybean and the fact that maize 

provides a greater fortification on slanted landscape against erosion is not either overlooked 

by these farmers. During the July months in Oklahoma, USA, the mean temperature is higher 

than 24°C, the replacement of sorghum for maize takes place, since sorghum is a dryland crop 

and is accounted for ca. 20% of the dryland farming (Loomis, et al. 1997). All of these 

examples have been utilized by various farmers with different farming systems and they are 

only going to be persistent if the right elements and combination of agreement with the 

economical profits, adaptation and sustainability, such as management and minimization of 

erosion is more important than stability for the American farmers for crop choices.   

In South-eastern part of Asia, rice has had a persistent role as victual acquirements as wheat 

and barley have been in the Middle East for thousands of years. The reason behind this 

agricultural system is due to the fact that those crops have very low requirement of nutrients 

and are not very susceptible to the variation in soil pH. During the early stages of exploration 

of farming land, farmers were faced with various inconveniences, such as erosion, soil 
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salinity, etc, but these problems have been dealt with where farming areas have been endured 

(McNamee, 2007). But these actions do not promise smooth sailing, but other disturbances 

like new diseases, economic and climate changes can divert into the formation of new 

adjustments. History has shown that the exemplary alteration in agriculture has been due to 

new innovative solutions, rather than failure of the older agro-systems.   

Farming Sites 

The cropping and management of the farm constitutes a farming system. This system is then 

in turn structured to produce a certain net economic return, which makes this farming system 

a fundamental application for economic and social growth (Ruthenberg, 1980). Yearning food 

supply for the farm family is known as subsistence agriculture and is a vital part of agriculture 

in Babati region. This is then turned to the enablement of the success of farming for the 

coming generations. The optimal reason behind a farm, keeping the farming system in mind, 

becomes labor and production of capital, dictating which crops are grown, crop rotation and 

the degree of intensity on the soil. The problem with these generalizations are in the fact that 

no two farms are completely alike and variations like land parameters, soil types, crop choices 

and financial aspects all play a vital role in predicting the outcome of a farm. But when 

framers and farms act and react in a certain way in the region, one can apply a certain frame 

for that certain area and so on, for the regional organizations. 

The important elements which contribute to the well being of the ecological attributes are 

productivity, measured in efficiency, stability and sustainability (Marten 1988). Productivity 

can be viewed as the main point, when it comes to farming systems and is defined by the 

production yielded per unit land area, i.e. how much is the maximum that can be produced 

from a certain area of land. The term per unit land is up for discussion since a lot of factors, 

such as, water, soil types, etc, affect the outcome of the productivity. The production yielded 

varies early or even seasonally because of weather and other impacts and therefore measured 

accordingly to the efficiency of the land. Stability is then in turn used as the allusion to the 

different impact and variations and sustainability is referring to whether these methods can be 

used and maintained over longer periods of times at the same site.  

Farmers’ Choices  
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Farmers’ choices of crops are affected by the availability of a certain type of soil on their land 

and are affected on larger scale by what can be done to sow the outcome for the better, as in 

plowing, adding fertilizers, irrigation etc. By practicing to combine productivity with efficient 

use of the scarce resources, the farmers can achieve ecological advantages, like sustainability. 

Unfortunately, the information about what is the most productive and efficient is not available 

for the farmers to access. Subsistence farmers, who consume what is produced, are forced to 

focus on what tradition is involved in their cultural cuisines and supply of yearly and seasonal 

victuals. Farmers must take into consideration the amount of labor and certain requirements 

(such as the capital) of the crop, feeding of livestock, crop rotations and usage of the land to 

its potential. Decisions of the harvest are also affected by the economy and political controls 

compelled by the government and are then influenced by those rules and regulations thus 

giving lesser severity to agricultural efficiencies (Loomis, et al. 1992).   

Geographical zones have to be taken into consideration when talking about agriculture. 

Farmers in the real world, who have access to land with rich soil types and favorable climate 

are more prone to generate more economically profitable, that regions lacking this 

favorability. This then causes the farmers with conditional favors, to focus on the profits and 

returns generated by their investments. This is true, when looking at the Babati region of 

Tanzania, where the five agricultural zones exist. In these cases, the crop diversity depends on 

the region, in this case the zones, rather than on the individual farmland. High density 

framing, per farm, can be found in more densely populated places, like India, since household 

gardening, field and horticulture crops are intertwined on smaller farming area (Kothari, 

1994). One important factor that affects the diversity is, focusing on household needs, a more 

or less an even distribution of labor though out the year. The continuing changes that occur 

are also affecting the outcome of cropping, such as, the demands in the market, dietary shifts, 

transportation models and etc. One example is the popularity in the demand for low 

carbohydrate food, thus increasing the production of rye and whole grained foods (Steller, 

1994) in certain developed countries in Europe and the USA.  

The agricultural strategies that function in the environment are to maneuver the crops to 

achieve the optimal production success and to transfer to the produces that can be useful to us 

humans. The success in farming is achieved when one can identify the main cycle of farming.  

First is the decision of crop plantation, cultivar choices, preparation of the land which is to be 

sowed and fertilization of the crops (Loomis, et al. 1992). The pattern of scheduled farming is 
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shown in the Table 1 (Kavishe, 2009. Unpublished), which Tanzanians in Babati follow more 

or less depending on which of the five zones their farm is located in. 

Table 1: Sowing Patterns in Babati, Tanzania.  

  

Maize 

 

Pigeon Peas 

 

Beans 

 

Soil 

Conservation  

January Sowing Sowing ----------------- Grass stripping 

February Sowing, weeding Sowing, weeding, gap filling Ploughing Weeding, fertilizer 

application, 

thinning, 

March 2nd weeding 2nd weeding Ploughing, 

tillage, sowing 

Weeding, fertilizer 

application, grass 

stripping 

April 3rd weeding 3rd weeding   Weeding, 

sowing, 

pesticide 

application 

Grass stripping 

May ---------------- ------------------------- More pesticide 

application 

Training 

June Harvesting ------------------------- Harvesting, 

threshing 

Training 

July Harvesting, land 

preparation 

------------------------- Harvesting, 

threshing, 

storing 

Training 

August Shelling, storage ------------------------- Threshing, 

storage 

Building contours 

September Shelling, storage Harvesting, threshing Storage Building contours 

October Shelling, storage, 

manure application 

Harvesting, shelling, land 

preparation 

Storage Building contours 

November Land preparation, 

lowing, manure 

application 

Storage, land preparation, 

manure application 

----------- Contour 

maintenance 

December Ploughing, manure 

application, sowing 

Land preparation, sowing ----------- Contour 

maintenance, 

grass stripping 
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Agricultural Maintenance 

The farmers, especially the ones who are new to the world of farming, it is important with 

training and knowledge through traditions which are passed down from ancestors, but 

education is important, with the emphasis on basic prolonged learning (Ruttan, 1982 ). In a 

place like Tanzania, where only five percent of the land is cultivated on, but eighty-five 

percent of the employment is in farming (World Encyclopaedia, 2008), to maintain 

agricultural systems mentioned above, human efforts are of concern, in the sense of 

biological, soil care and human resources. The difference between on-land farming and off-

land farming is that on-land farming is more concerned and focused on what needs to be done 

to the physical land, i.e. soil care (fertility) drainage systems, weed   and erosion protection. 

Whereas off-land farming maintenance pays close attention to managing the irrigation 

systems, education of farmers, technological and scientific progresses and pesticides (Stoms, 

et al, 2009).  Without these aspects the farmers’ community becomes unable to respond to 

future crises, thus making it necessary to focus on professional competence in breeding, 

economy, etc and these aspects take years of practice. The farmers’ competence can be 

challenged by social and economically unwritten rules, such as control of prices and subsidies 

in the market (Ahrenz, et al. 2009). Farming itself is not a risk free business and can be 

affected by a lot of factors. Climate and weather instability is an important aspect and the 

production, i.e. the harvest is determined by the increase and decline in rainfall and 

temperature. The uncertainty of yield variation was much higher in the 19
th

 century than today 

and it could be a number of reasons for that decline, such as pesticides, machinery etc 

(Thomas 2000). The expansion of the population is going to be the biggest demand put on 

farming and the ability of farmers to react in a way that is taking all aspects into account, such 

as the largest of changes, the climate. 

Yield of Babati 

In Babati, Tanzania, the crops are planted with a certainty for the farmers and that is that the 

cultivation must have a yield, in order for the survival of the farm and the family, according to 

the data collected by interviews conducted with the farmers. The main reason behind the 

interviews was to gain an understanding for the way farming was conducted in Babati and that 

involved in recognising the popular crops of choice. The results, presented in Table 2, were 

that the number one crop is maize, with a shared second place between sunflower, pigeon 
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peas and beans. When compared to the information from Babati Town Council, found in 

Table 3
3
, the maize, sorghum and bananas seem to dominate the agricultural field.   

 Table 2: Results from Interviews 2009         Table 3: Production rate of Babati 2008 

 

Zea mays  

8000 B.C. the introduction of agriculture took place in northern Iraq, where wheat and barley 

was first cultivated and three thousand years later in southern Mexico, flint corn (used for 

producing flour)  was first domesticated. Maize arrived in Africa 1600 (A.D.) as noted in 

Figure 2 (Smith, et al., 2004). It is the only type of grass that cannot do the job of multiplying 

itself without any help from the humans. But the belief that corn originated from Mexico is 

not completely unthinkable, considering the fact that Harshberger came with this info in 1893. 

Mexico was where he had found the closest living relative to the modern day Zea mays 

(originated from Zea Mexicana), the teosinte. The climate condition was described as being a 

semiarid region, with rainy summers, i.e. growing season, of the received precipitation of 

380mm. So the corny grass of today is a hybrid between the teosinte and some unknown form 

of extinct grass (Doebley, 2001). In Asia the staple plant was rice, while in Europe it was 

                                                           
3
 Unpublished from Department of Agriculture Babati Town Council. January, 2008 
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wheat and in the Americas, it was maize and the domestication of these grainy fodders would 

pave the way for we are succumbed to the nutrients intake of today.   

The yield of grain in maize is the proportion of biomass generated by the plant, when 

cultivated to maturity. This ratio is achieved when water and nutrients are not limited. This 

equilibrium known as the harvest index (HI) and is vital in the biomass production to attain 

the maximum grain yielded 

during the growing season 

(Otegui, et al., 1996). The 

biomass of corn produced is 

the balance between two 

processes that take place in 

the plant: One being CO2 

gained via photosynthesis 

and the other being CO2 lost 

caused by respiration 

(Gallagher, et al., 1978). 

The proportion between the 

gain and loss becomes then 

fairly constant and the CO2 

gain depends on the most part on the captured light through the canopy and any increase in 

photosynthesis activity is going to affect the crop to positive production rates. Due to this very 

valuable progression, during the earliest of the growth stages of the sapling, a large part of the 

photoassimilation energy and nutrients are spend on production of leaf area. This stage can be 

greatly affected by the availability of water and nutrients and the resulting size of the leaves 

depends on the expansion rate and the time span, which is correlated to the temperature 

having an effect on the crop (Kiniry, 1991). Changes in appearance of the leaves were 

observed when the temperature width span is anywhere between 8° to 34° C, but this action 

decreases when the temperature is higher. The ideal temperature is anywhere between 22° and 

32°C for a crop and for the maize canopy, the maximum leaf is achieved when the average 

temperature is ca. 21°C daily. The way to identify whether the crop is receiving sufficient 

amount of nutrients and water is to examine the leaves, since the leaves are responsible for 

much of the intake for photosynthesis action. The requirements of nutrients for the crop are 
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low, but that changes approximately 25 days after surfacing and resulting in inadequate 

supply of nutrients where the outcome is, reduced leaf growth, thus failing to perform at its 

full potential (Andrade, et al., 1993).  

The effect of nitrogen has a secondary roll in the production of corn. The lack of nitrogen 

does not affect the number and the area of leaves produced to a drastic degree, but has a 

hindering effect on the intake of sun radiation, thus leading to a diminished production (Uhart, 

et al., 1995).  

Growing Environment of Maize 

Maize cultivation varies from country to country and even from community to community, 

but general pattern and similar physiological factors can be observed. The CIMMYT Maize 

program in 1998 was able to categorize them into four environments. 1) Lowland tropics are 

characterized as having a rather high mean temperature of ca. 28° C and short days during the 

summer (growing) seasons. This high temperature and limited sunlight causes the corn to 

yield fewer corn cobs than if the temperature was cooler. Weed control ordeal in these 

environments, whereas corn is very sensitive to weeds (Goldworthy, et al., 1974) and the heat 

makes it far more difficult for the farmers to perform crop managements (especially, farmers 

who have to execute intensive manual labor). 2) Subtropical environments are cooler with an 

average temperature of ca. 25 ° C, due to the high latitudes these environments are situated in. 

Maize is subject to certain amount of drought stress in half of these areas, like in eastern and 

southern Africa. 3) Regions found over the latitude of 34 ° are temperate areas and can be 

found in places like China. The maize yield can be high, if water is not limited, since the day 

length is sufficient for most favorable sunlight radiation and night temperatures are relatively 

low. 4) Highland environments generally have an altitude of 1800 to 3600m above sea level, 

which can be found in places like Mexico. Frost can pose as a real threat to the maize yield, 

but most fields and crop management can be done according to the point in time, since a 

growing season can be as long as one year, at these altitudes (Smith, et al., 2004).  

Zea in Babati, Tanzania  

In Africa, eastern and southern Africa, maize plays a large role in the diets of its people and 

became a staple fodder in the 1930’s and surpassed the traditional crops like sorghum and 

millet (Miracle, 1966). Maize growing regions are very diverse, from area to area in Africa, 
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some places have more water available, e. g. in the highlands of Kenya and southern 

Tanzania, but that is not the case in Babati, as mentioned above due to the CAB affecting the 

Manyara region. The land is prepared for the maize by plowing, for the most part to loosen up 

the surface of the soil, i.e. breaking and mixing the soil, to boost the infiltration of rain and to 

aid the actual planting procedure. In some parts of Babati, the granitic sands form small 

structures, which causes crusting and therefore some form of tillage is necessary. Oxen drawn 

plows are used, even with the very small scale (< 1ha) farmers. This way of tillage has shown 

to be more effective, since it breaks the surface of the soil and only requires 14% of the 

energy compared to a conventional moldboard (Waddington, et al., 1995). The plowing is 

done during the October - November months of the year and the planting take place during 

the Vuli period, i.e. short rainy seasons and the during the Msimu period, i.e. long rainy season 

which happens during March to June (Table 1).  During the rainy seasons, erosion was a 

problem a few years ago according to the small scale farmers in Babati. The problems were 

reduced with the plantations of sisal and or elephant grass on the contours to promote and 

reduce erosion, but to increase the water filtration (Sangakkara, et al., 2003). This precaution 

was taken by all the farmers interviewed in this study. Maize is particularly sensitive to weeds 

and can affect the production rate. The competition for water is a close race, between the 

maize crops and the weeds. The weeding process is done ca. a month after planting to 

eliminate Striga asiatica. The development of a new kind of Striga resistant maize is 

underway. But the best known method of diminishing and eliminating these weeds are 

plantation of leguminous crops, which repress the Striga seeds (Oswald, et al., 2001).  

Dilemmas of Zea 

There are various predicaments when it comes to planting maize. One is that the soil quality is 

affected, if no intercropping or rotation is in the farming system. The amount of nitrogen, 

phosphorous and potassium content is greatly diminished when maize is planted, but can be 

augmented with fertilization. Manure from livestock is inadequate, since the number of cattle 

is insufficient to provide the needed amount of manure. Moreover, the transport of the manure 

can be costly and labor intensive, so the farms closest to the cattle shed would be the fields 

that get the most out of the manure. So the amount of nitrogen needed for an optimal yield of 

maize is ca. 40kgN/ha in areas of low rainfall (Keating, et al., 1992). But the manure has 

shown to be of very poor quality when it comes to levels of nitrogen, where it only spans from 

0.17% to 0.63% (Probert, 1992). The level of N, P and K can be increased using rotation and 
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intercropping of leguminous plants, which supply nitrogen to the soil. The soil has a positive 

effect on nutrition aggregation and can be by improving root activity. Some leguminous 

plants are more effective yielders than others, but the margins are very narrow (Latif, et al., 

1992).  

Water is scarce in Eastern Africa and Zea mays are a thirsty crops. Deficiency of water affects 

the vegetation growth (plants length), more than the vegetation development (leaf size, no. of 

cobs, etc) and this process is dramatically more sensitive to dehydration than the 

photosynthesis rate. This stress during the growth period causes the reduction in development 

of leaf area, thus possibly affecting radiation thwart, which in turn can have a negative 

influence on the flowering period of maize (Sadras, et al., 1996). A study done in 1994, 

showed that the plants that were subjected to deficiency of water produced smaller grains, 

where the yield went from 11.1 Mg/ha to 9.1 Mg/ha (Westgate, 1994). Nearly 1.7 million ha 

in eastern and southern Africa are maize cultivated land and 25% of that yield is lost due to 

drought annually (Heisey, et al, 1999).  

Xerophytic Plants 

Plants that can withstand the harshness of an arid climate are known as xerophytes or 

succulents. They have innate characteristics of “pinnate venation, dissected lamina and entire 

margins” (Jones, et al., 2009) in other words, different modifications that have been acquired 

throughout time and evolution for the survival of the plant. Such adjustments include small, 

but rather thick cuticles in the leaves and several layers of epidermal tissue and glossy and 

hairy leaves by reflecting the light away and trap the water. The stomata of xerophytic plants 

can be located on the shady parts of the leaves, such as in the lower and under parts where 

they are sunken into cavity, which make it possible to preserve water which can be lost due to 

dry winds. The succulents have an extraordinary way of absorbing CO2 by CAM, which 

involves the opening of stomata during night, thus loosing less water, since it is cooler when 

the sun is down (Encyclopedia Britannica Online, 2009). 

Plants that are xerophytes are favorable in arid climates, such as in Eastern Africa. Sorghum 

(Sorghum vulgare) is a fine example of a xerophyte, where it can survive in hot climates with 

a lack of rain for a longer period of time. Its efficiency in extorting the water available in the 

soil with its elaborate root system and with waxy cuticles and limited number of stomata 

makes it ideal for limited water loss and increased water entrapment. In a region like Babati, 
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the variability of rainfall can affect the yield in the crops, since farmers adjust the cropping 

strategy to adapt to the current weather conditions. This harvesting adaptation can affect the 

crop quality and quantity depending on the rainfall for that period and not all types of 

sorghums have the similar drought resistance, whereas the “dwarf types” will produce more 

profitable crop during the drier seasons (Klages, 2007).  

Other xerophytic plants can be let into the farming systems, such as traditional horticultural 

vegetables and fruits. In Africa cassava (Manihot esculenta) is one such succulent root crop, 

where it is preserved as the crop which is needed to get through the deepest of the droughts. 

Cassava can withstand more than three months of drought, but also maintain high internal 

water content by the elaborate method of closing the stomata to reduce water loss. Restricted 

leaf exposure as well as expansion and falling of the leaves are mechanism to cope with 

drought. The leaf recovery after the rain happens quickly and this probably due to a certain 

amount of starch stored in the roots needed to kick start this process (Loomis, et al., 1992).  

Crop Rotation  

The on-farm diversity includes the need for crop rotation in order to avoid and control 

diseases and provide variation of labour and forage to the livestock. Rotation of crops is an 

essential mechanism when it comes to risk management, especially if the crops are subjected 

to soil-borne pests and diseases. Unsown land, or risk free crop, allows the soil to breathe and 

for a period of recuperation, which allows for the pathogens/antigens to create new antibodies 

through a variety of process to increase the wellbeing of the soil, such as through 

decomposition, etc (Loomis, et al., 1992).  

The leguminous rotation of crops, with the inclusion of non-legume crops is a traditional 

practice that has been applied to agriculture for centuries. The intertwined involvement of 

planting certain crops with leguminous plants is to incorporate the increased supply of 

nitrogen to the cropping system and improve the average level of nitrogen available in the 

soil. A great concern when it comes to leguminous rotation is that the legume roots itself is 

not high in nitrogen, but the atmospheric nitrogen is fixated in the soil, where the parasitic 

microorganisms present on the root nodules, do the work of turning it into carbohydrates and 

amino acid. The symbiotic bacteria Rhizobium infest on the hair present on the roots of the 

host plant, stimulating growth of the nodules, where the bacteria is able to transform the 
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nitrogen into nitrate, which is used for the plant growth (Encyclopaedia Encyclopedia 

Britannia Online, 2009Online, 2009).  

Crops with nitrogen deficiency are given the nitrogen supplement, like manure or even 

fertilizer with the correct culture of Rhizobium, the harvest yield has been amplified (Loomis, 

et al. 1992). But the consequence of this is that the residue left behind leads to too much 

nitrogen in the soil and is hard for the following legume crop to handle, which suppresses the 

atmospheric nitrogen fixation process that the crop does best and the leguminous crop 

becomes the punter instead of the producer. The wide availability of nitrogen fertilizer is one 

of the main reasons why legume plants and crops are less frequent in the agricultural 

monoculture and is valued more for the product than for their contribution to nitrogen fixation 

(Piha, et al. 1987). With leguminous crops as the part of rotation, Rhizobium is futile when it 

comes to fixation increase in the soil. The different variables affecting legume crops are 

weather and nutrients as in terms of minerals, wellbeing of the nodulation strains, mineral 

nitrogen supply to the soil, low pH in the soil and decreased supply of phosphor, calcium and 

potassium. The rotation with legumes, such as beans etc can affect the yield by 10-15 percent 

in increased (Smith, et al. 2004) and the amount of fertilizers needed can also be minimized as 

seen in Table 4 (Zublena, 1987). In 

different part of the world, the lack of 

different minerals affects the outcome 

of the legume yield. In Australia, 

depending on the region, phosphor is 

added as fertilizer for legume 

symbiosis and California, phosphor, 

sulphur and zinc are added to increase 

yield (Loomis, et al. 1992). In places 

with stressed and low yielding soil, 

the rotation with soybeans can have a 

25 percent boost in yields compared 

to monocultures (Porter, et al. 1997). 

The increase in nitrogen in the soil 

from legumes appeared when 

integrated with manure from animals, that were fed leguminous forage and from forage being 

Table 4: Amount of N requirement in crop rotation 
combination  

Sequence of cropping* Required nitrogen 

(kg/ha/year) 

Maize 

Cn - Sb 

Ma – Ma – Cn – Oa – Lg 

Ma – Cn – Ma – Oa – Lg 

Ma – Sb – Cn – Oa – Lg 

Cn – Sb – Ma – Oa – Lg 

Cn – Ma – Ma – Oa – Lg 

Cn – Oa – Lg – Lg 

68-91 

45-68 

45-68 

23-45 

23-36 

9-23 

9-23 

0-9 

*Ma – Maize; Sb – Soybeans; Oa – Oates; Lg – Legume;  

Cn – Specific crop in nitrogen requirements. 
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included with the soil as green manure, which can be derived from green clover etc. Moreover 

the usage of green manure in the previous season diminishes the removal of nitrogen from the 

soil (Sangakkara, et al. 2002). Plants such as Tithonia are a great source of nitrogen, 

phosphorous and potassium, which can be used as a fertilizer by soaking the plant leaves in 

water for a few days and distributing it to the crops (Encyclopaedia Britannia Online, 2009). 

The setback for green manure is its decomposition rate, which is rather quick, but the nitrogen 

can be too much for the up coming crop and the benefits to the soil are not that excessive 

(MacRae, et al. 1985).  

In polycultural farming, different varieties of crop rotation process are used and relay 

cropping, crops or monocultures are grown in a consecutive order in the same year. This is 

practiced with maize and pigeon peas rotation in Babati, Tanzania to assure that the soil 

erosion is minimum and the soil is not deprived of any nitrogen, since leguminous plants have 

a symbiosis with nitrogen fixating bacteria.  

Disease control through crop rotation has its advantages. Trap crops have the job of luring or 

reducing the effects pests have on the host (main crop) and decreasing the damages. The trap 

crops are used when other means and methods are unavailable and are non-useable, such as 

harvesting organically produced harvest, or chemical pesticides are too pricy (Gray, et al. 

2002). An example if this can be seen from the problem with lygus bug (Lygus hesperus), 

which has a strong preference of alfalfa, which happens to be a legume plant and its effect on 

the forage is very minimal, since it survives on the alfalfa flower and buds. In California, the 

lygus bugs migrate to cotton, disturbing and destroying the yields. This problem was solved 

by using two alternatives: alfalfa was cut into irregular strips which were sprayed with 

pesticides and the other alternative being, the alfalfa was planted in rows with the cotton. In 

both scenarios, the lygus bugs would be ‘trapped’ in alfalfa (Flint, et al. 1981).  

When discussing labour, the one with a smaller farm can benefit with just a limited amount of 

diversity, since it can allow the farmer to distribute the labour evenly and can result in a more 

profitable yield. But the downside of this is, that if the safest crop in grown on all the 

available land, then the increased risk of pest attack has increased dramatically. This whole 

scenario can lead to vital procedures being left out during harvest time which can affect the 

crop and furthermore, making those scrupulous crops not the safest anymore.  
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Discussion 

The main goal was to answer two vital questions which poise this whole study. 1) How does 

the most popular crop of Babati affect the land and water availability? 2) How can crop 

rotation be intertwined into the farming systems for optimal results? 

The answer to question one became quite clear even before the arriving in Babati, Tanzania. 

Maize (Zea mays) as victual has emerged as the prominent usage of this crop. It is 

incorporated into everyday meals and is a popular way of nutrition supply for a family. The 

effects of maize on the soil were it needs nutrients and it is a very thirsty crop. The way of 

harvesting until the soil fertility declines, where a farmer is forced to move or look for other 

means of farming is no longer a viable option, since the increase in population. The awareness 

of the lower yield is very apparent when drought hits. This can lead to lowered motivation to 

explore the array of nitrogen fixating crops, off-farm options and organic soil fertilizers. 

Answering question one lead the study straight into answer to the second question on 

intercropping. By intercropping or even rotating crops with legumes, the fertilization can be 

reduced, but it would have to occur gradually. The benefit of crop rotations is evident, from 

Table 4 in the welling being of the soil, where less fertilizer can to be used, as well as 

improving the yield. If this crop rotation is not present, then there are parasitic attacks to be 

concerned about, such as the weed Striga spp. in eastern Africa. This weed causes damage to 

the maize crops long before it emerges from the ground. This can be avoided and damage can 

be less severe if planted with leguminous plants. The planting of green manure can have 

beneficial effects in Africa as an augmented fallow, so the land does not remain unused due to 

factors caused by land stress, such as lack of soil moisture. The distribution of fertilizers as 

from the Tithonia plant can promote the growth of crops in harsh conditions (Sangakkara, et 

al. 2002). The farmers have been noticing the benefits and results of intercropping and crop 

rotations, all but one farmer was moving forth with this practice. There has been research 

done to back up the benefits achieved by intercropping with legumes with maize Coffee, 

according to the farmers is the crop that is not being rotated. That rotation takes place every 

30 years and not annually. 

 Manure is also limited, as the demand is greater than the supply and this can be due to the 

shortage of forage available during the drier periods in the year. All these factors affect the 

crop yield directly, as the crops are stressed into increasing the yield under a certain time and 
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amount. The quality of the maize is greatly affected and the nutritional value is dramatically 

diminished, as much as in half (Land Use Council). Where one would have one plate of 

victuals to satisfy the nutritional intake for that meal, that being not the case today, where the 

intake would be double for that same amount of nutrition.  

All the farmers interviewed, used an oxen plow and the benefits have been clearly noticed by 

them, since the yield has also gone up and has reduced the intensity and backbreaking labor. 

According to Elley Simon Ubise, an Agricultural Ecologist in FARM Africa, the yield has 

even tripled (during which season was not made clear). A small scale farmer with 5 acres has 

pointed out the satisfaction to being content with the small area of land he owned. That size of 

the land allows him to pay closer attention to his existing crops and this way he is saving 

money, effort (in labor) and most of all time, ensuring a more improved yield. 

Over time, even during our life time and for the up coming generations it is of the uttermost 

importance to focus on other means of fodder. Xerophytic plant or succulents are something 

to be examined with the issues of Global Warming in mind. According to IPCC, in the nearest 

future of 100 years (IPCC, 2001), the rainfall is expected to increase during the Msimu, long 

rainy seasons. But this problem is in the near future and needs to be addressed for the people 

striving for today. These plants which are water craving can be xerophytic plant through 

adaptation, but time is limited and the world population is on the raise and this problem is 

current, so other means have to be looked on as a solution to this issue. Many ways of coping 

with drought is imaginable, such as soil conserving techniques, like mulching the soil. That 

would mean utilizing the inorganic material, such as stone etc and organic material such as 

waste products from plants, leaves and wood, to layer the soil to preserve the moisture from 

evaporating. Using effective irrigation systems is another. Different methods and crops need 

to be studied during longer case studies in future, such as sorghums and sweet potatoes for the 

success farming in Babati, Tanzania. 
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Conclusion 

In the future, the need to look closer at certain drought resistant crops is the key to solving 

part of the bigger problem concerning the food issue facing this world today. Populations are 

on the raise and fewer people are taking more place, so the focus for more nutritious in a 

smaller quantity is the demand. Crops like maize need nutrients and water in large quantities, 

which is more than what the area can offer. It is not only that the manure is not enough. The 

lack of money creates reluctance in investment for fertilizers, other than the manure which is 

used in the drought affected areas, which is all a small scale farmer can afford. Part of the 

solution to this issue could be to increase the production of nitrogen fixating plants such as 

legumes and sufficient crop rotations.  
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Appendix 

Map of Africa, Tanzania. (Ngare-Sero-Lodge, modified 2009). The map is marked out with 

the white point, indicating Babati. 
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Map of Babati (Mr. Kavishe, 2009). This picture of the map was taken with a hand camera 

when interview with Mr. Kavisha was conducted in his office at LAMP. The map is marked 

with the places of the farms belonging to the farmers and the Town Councils Men 

interviewed.  
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