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Abstract

The purpose of this study was to identify the drivers of the shift of traditional
agro-ecosystems and their implication on catchment resources management
of Eastern Arc Catchments of Tanzania. Lower Mngeta and Upper Zigi water
catchments are situated within Eastern Arc Mountains of Tanzania. House-
hold questionnaire, key informant interviews and focus group discussion
were used for collecting primary data. The findings indicated that most of the
participants (85.9% and 90.4% in Lower Mngeta and Upper Zigi catchments
respectively) depend on subsistence rain-fed agriculture for their livelihoods.
However, there are significant changes in production as a result of land fertil-
ity deteriorating and negative climatic changes (seasonal shift). This has be-
come a major challenge for most of the farmers. To cope with agro-ecosystem
dynamics, farmers in the study areas use both traditional and modern strate-
gies as illustrated in the results section. While tradition always reported to be
inexpensive, some modern agro-ecosystem practices reported to cause silta-
tion, killing of fish and herbal plants, easy rotting of seeds (for maize) and
bad aroma (for rice)in spite of having a high rate of return. It was also re-
ported that depletion of traditions and norms of conduct, accelerated by
multi-cultural interaction from immigrants, have led to deterioration of tradi-
tional agriculture practices. Moreover, arrival of agriculture companies and
introduction of spice farming was reported to have caused manpower imbal-
ance, unequal distribution of natural resources and less diversity of indige-
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nous plants. The study concludes that communities are much into economic
opportunity derived from agro-ecosystem than stewarding it. The study rec-
ommends that the effort restoring catchment ecosystem should come from
both traditional and modern strategies so as to harmonize and accommodate
environmental, economic and traditional values.
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1. Introduction

Agro-ecosystems have been significantly modified by humans to produce food,
fibre, fuel, and other agriculture products [1]. They are specialized, controlled
ecosystems designed for the production of agricultural products and are charac-
terized by three dimensions: biophysical, socioeconomic and human community
[2]. The deterioration of agro-ecosystems has led to crop failure culminating in
the recurring food insecurity experiences across the globe [3]. Climate Change is
set to exacerbate food scarcity. Undernourishment is an inevitable consequence
of food scarcity which the world is set to experience, if the deterioration of
agro-ecosystems remains unabated. In 2018, FAO reported that the number of
undernourished people had increased from 783.7 million in 2014 to 820.8 mil-
lion in 2017 [4].

While there have been significant improvements in enhancing the agro-eco-
system function, people in developing countries are still failing to meet their
food demand [4]. The use of improved agriculture chemicals, precision agricul-
ture, irrigation and crop improvement technologies are some of the strategies to
enhance food security but are detrimental to the environment in the long run.
Excessive use of in-organic agrochemicals is leading to biodiversity loss, ozone
depletion and global warming [5]; pesticides leads to biodiversity loss [6]; exces-
sive irrigation causes salinization of soil which impacts on growth of plants and
entire ecosystem; and also conflicts due to water resources allocation [7]. Mod-
ern agricultural intensification was reported to be incompatible with sustainable
of agro-ecosystems through increase in incidences of pest, diseases, and weeds,
deterioration of soil fertility, structure and inequality [8].

Like other sub-Saharan Africa, the main livelihood activity for rural commu-
nities in Tanzania is rain-fed agriculture which is not spared of crop failure as
a result of changing agro-ecosystem dynamics. More than 70% of the Tanza-
nian residents are relying on traditional farming as the primary source of live-
lihoods [9]. The crop failure affects not only food security but also prompts
over-extraction of environmental resources such as timber and non-timber for-
est products as a mechanism of coping with food insecurity and other need such

as cash [9].
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Several studies conducted in both developed and developing countries have
been much on understanding impacts of changing agro-ecosystem on agricul-
ture production [8] [10] [11] [12]. There is a dearth in literature on understand-
ing the implication agro ecosystems dynamic to water catchments management,
particularly in Tanzania. Therefore, this study focuses on understanding the
phenomena that lead to traditional agro-ecosystem change in Lower Mngeta and

Upper Zigi catchments of Eastern Arc Mountains, Tanzania.

2. Materials and Methods
2.1. The Study Area

The study was conducted in two catchments in rural Tanzania: Lower Mngeta
catchment, located at the foot slope of Udzungwa Mountains, Kilombero Dis-
trict, in Tanzania’s Morogoro Region, and Upper Zigi catchment, located at the
upper slope of East Usambara Mountains, Muheza District in Tanzania’s Tanga
Region between January 2018 and May 2018. The Upper Zigi catchment is situ-
ated approximately between Latitude 4°48' and 5°13'S, Longitude 38°32' and
38°48'E with a size of 2080.13 km®. Lower Mngeta catchment is situated ap-
proximately between Latitude 8°0" and 6°77'S, Longitude 37°45' and 12°59'E
with size of 515.22 km? (see Figure 1 and Figure 2). The sampled villages were
Mngeta, Mofu, and Mchombe for Lower Mngeta catchment, while, Sakale, Kisi-
wani, Bombani, and Nkumba were sampled for Upper Zigi catchment. The se-
lection of the catchments was based on ability of the catchments to generate
ecosystem services which support livelihood that support agriculture activities
and also deterioration of catchment ecosystem [13]. The central livelihood activ-
ity is agriculture which employs more 90% of the population [14] [15]. Accord-
ing to the 2012 Tanzania Population Census, Muheza (Upper Zigi sub-catchment)
and Kilombero (Lower Mngeta sub-catchment) districts populations were 204,461
and 407,880 respectively. The mean population density is about 77 persons per
km?* and 31 persons per km’ for Muheza and Kilombero Districts respectively
[16].

2.2. Data Sources

The primary data were collected using questionnaire surveys that were adminis-
tered to households living in catchment areas. In addition to the questionnaire,
focus group discussion, and key informant interview were used for qualitative

data collection.

2.3. Methods and Tools for Primarydata Collection

2.3.1. Key Informant Interview
To identify key informants, snow bowling was used. Five (5) people who have
lived in the catchment for more than 30 years were selected with the help of Vil-

lage Government.
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Figure 1. The upper Zigi Sub-catchment.
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Figure 2. The lower Mngeta Sub-catchment.

2.3.2. Focus Group Discussion

Twenty (20) Focus Group Discussions (FGD) were conducted; 10 in each of the

two catchment areas. For credibility and active participation, each group of be-

tween 10 - 15 participants comprised both men and women. A total of 147 and

158 participants for Lower Mngeta and Upper Zigi catchment respectively were
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selected. The data captured were about community experiences in agro-ecosystem
shift.

2.3.3. Household Questionnaire

The questionnaire surveys were administered to head of household. The strati-
fied methodology was deployed to calculate the sample size using Equation (1)
[17]. 10% of confidence interval was used in this study as it gives a true repre-
sentation of the population under study [18]. Table 1 shows the sample size used

in questionnaire survey.

N
(1+N)=e?
where,
N = size of a targeted population
n = the sample size

e = the confidence interval

2.4. Data Analysis

Analysis of Primary Data

Data collected using questionnaire were analysed using frequency statistics in
term of percentages. The qualitative data collected using focus group discussion
and key informant interview were analysed using content statistic to preserve the
meanings of phenomena as intended by the local community under study. All
information was meticulously processed and recorded. The next step was data
reduction in which all information collected was assessed to ascertain it had
meaningful content based on the research question. All meaningful, usable, and
relevant information was transformed into a simplified format that can be un-
derstood. The processed information was then grouped into meaningful themes
and patterns. The grouped themes and content pattern were then assembled,

organized and displayed into textual formats.

Table 1. Number of human population, households and sampled households.

Sub-catchment Village Population No. Household Sample size
Mngeta 5811 999 100
Mofu 2364 1021 102
Lower Mngeta
Mchombe 5421 1339 134
Total 13596 3359 336
Sakale 1138 400 40
Kisiwani 1269 316 32
Upper Zigi Bombani 1021 448 45
Nkumba 996 246 25
Total 4424 1410 142
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3. Results and Discussion
3.1. Traditional Agro-Ecosystem Practices

3.1.1. Labour Division

Traditionally, Lower Mngeta communities, particularly Ndamba ethnic group,
had societal labour division. Women were responsible for crop farming activities
while men are required to undertake activities in fishing and hunting. From
1990s to date, men also engage themselves in crop farming activities due to im-
posed fishing restrictions, decline of fish stocks, and economic opportunities
obtained from farming activities. The massive shift of men from fishing and
hunting to farming activities led to the catchment disturbances such as defores-
tation and loss of endemic grass species due to ploughing of extensive land par-
cels. On the other hand, in Upper Zigi catchment, men are participating in all
livelihood activities including agriculture except domestic activities such as
cooking and hygiene, which are conducted by women. The results also explain
that the agro-ecosystems of Eastern Arc Catchments is influenced by cultural
history. In this case, understanding the cultural diversity across space is vital for
managing agro-ecosystem. The result from this study is similar to [19] who re-
ported that gender roles facilitate positive management of agro-ecosystems

through their distinctive roles, responsibilities, and knowledge.

3.1.2. Shifting Cultivation

In both catchments, shifting cultivation was a means to deal with loss of land
fertility, soil erosion, diseases, and weeds. Once the harvest declined and pest
proliferated, farmers perceived that soil fertility had diminished, hence clearing
forest for cultivation leaving the fields lying fallow. On average of every five (5)
years, Lower Mngeta farmers reported to shifts to either virgin or fallowed land.
For the Upper Zigi catchment, shifting cultivation was also conducted though
there was no specific time to shift, farmers shifted once they felt the soil fertility
had deteriorated. It was reported that land cultivated for long time had much
more weeds compared to the new land cultivated for only a few years, hence
weed proliferation was a key indicator of soil fertility. Key informants in Upper
Zigi catchment were recorded saying, “Scarcity of land due to increase of popu-
lation and laws with regards to deforestation, few households’ practices shifting
cultivation”. In Lower Mngeta, shifting cultivation is practiced mores during the
flood; some farmers migrate to high land areas where they can farm with fewer
impacts from flooding. However, from 2000 to date shifting cultivation is strictly
prohibited by village governments as it destroys the environment. Biomass loss
as a result of shifting cultivation contributes to the anthropic green-house gas
emissions cause increase of carbon dioxide concentration [20]. Findings confirm
[21] who reported that shifting cultivation provides an essential contribution to
the stability and sustainability of the farming system since it is resilient to ex-

ogenous disturbances by exhibits a non-negative trend in crop yield.
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3.1.3. Farm Preparation and Planting System

In Lower Mngeta sub-catchment farming preparations used to start beginning
October to December every year. Nowadays the time for farm preparation in
Lower Mngeta catchment has changed; no specific months for farms prepara-
tion, farmers relies on weather patterns not traditionally known dates. During
the FGD it was participants reported that before 1990 the low lying areas were
moist throughout the year; currently they dry towards the beginning of the rainy
season, hence they cannot plant some off-season plants such as cassava, pota-
toes, yams, and maize. Like in a similar study [22], slashing and burning of
bushes was a common method of farm preparation in Upper Zigi catchment to
reduce pest, diseases and weed proliferation as they believed it purified the soil.
Zero tillage was used as cultivating method for saving cost of labour and soil

conservation.

3.2. Current Status of Farming Activities

Most of the people (85.9% for Lower Mngeta and 90.4% for upper Zigi catch-
ment) depend on subsistence rain-fed agriculture as the primary source of live-
lihood. Principal crops produced in order of importance in Lower Mngeta are
rice, maize, and bananas, while in Zigi Catchment are maize, cassava, black
pepper, and banana. Other crops such as cloves, cardamoms, and cinnamon are
found in Zigi Catchment only, while, crop such as sesame, finger millet, sor-
ghum, and cocoa were recorded in Lower Mngeta Catchment only. Sorghum,
apart from serving as staple, it has cultural importance as it is used in brewing
opaque beer for traditional and spiritual ceremonies. The results from the study
were in agreement with the findings of another study which reported that over
70% of Tanzanian population depends on subsistent rain-fed agriculture for
their livelihood and also agriculture contributes up to 24% of the gross domestic
product (GDP) [9]. However, Tanzanian’s GDP from agriculture was reported
to have declined by 6% from 2006 to 2016 [9]. The implication is that agricul-
tural production is declining indicating the shift of traditional agro-ecosystems.
Figure 3 shows percentage of household experience in crop failure from year
1987 to 2017.

3.3. Dynamics of Agro-Ecosystem and its Impacts

3.3.1. Advancement in Technology

Advancement of technology is reported to have been changing agro-ecosystems.
Previously, people in Lower Mngeta catchment were using hand hoes in rain-fed
organic farming. Later after agro-pastoralists (particularly Sukuma ethnic group
who started arriving in the valley since 1990s), the advent of commercial farm-
ing, in which the indigenous people copied on how to use animals and tractors
for ploughing and harrowing. This made people cultivate large parcels of land
within a short time. In addition, the use of inorganic fertilizer and pesticide re-

ported to kill some of herbs which were used for medicinal plants. One key
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Figure 3. Households experience on crop failure.

informant in Lower Mngeta catchment was quoted saying, “back then the herbs
for curing children and women diseases were found in farms around residents.
Nowadays the herbs are hardly seen near residences because of application of
herbicides”. Furthermore, it was reported that previously no farming was con-
ducted near the river banks due to strong beliefs and norms governing aquatic
environment. Currently, due to environmental, socio-cultural, and economic
changes, horticulture and rice production is conducted in both catchments using
irrigation techniques. Spices farming is done in Upper Zigi catchment only.
During key informant interviews in Upper Zigi catchment it was revealed that
spice farmers since 2000’s are gradually shifting to river banks due to drought.
They said spice farming, particularly cloves, cardamom, and cinnamon performs
better when there is high level of humidity. The introduction of exotic spices
may lead to destruction of aquatic ecosystem equilibrium. This shift is driven by
the intention to increase production accelerated by good available market [23].
The reasons to cultivate in river banks is due to several factors such as drought
mitigation, fertile alluvial soils, closeness to water sources and local land pres-
sure [24]. It was observed that stream bank cultivation had been established in
Lower Mngeta catchment and the water bodies were said to be silted a result of
this phenomena [23] [24].

3.3.2. Plantation Agriculture
Agricultural investors known as Kilombero Plantation Limited and East Usam-
bara Tea Company (EUTCo) in Lower Mngeta and Upper Zigi respectively are
highly dependent on catchment resources such as land, water and pleasant cli-
mate for the production. Communities in the study areas complained that gov-
ernment has preferential treatment in favour of investors at the expense local
farmers even though both local farmers and the investors are using the same re-
sources and sometimes the investors exploit more resources compared to the in-
dividual households. [25] Reported that the integration of biodiversity and hu-
man well-being is not yet to be achieved. The reason behind is that there is no
equitable distribution of natural resources [26].

The presence of the agricultural company in Upper Zigi catchment was re-

ported to be a factor responsible for crop failure. This is because the people with
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the energy to work, particularly the youths left their farms and went to work in
tea plantation. One respondent was reported saying, “people are spending their
life working in tea plantation (East Usambara Tea Company Ltd (EUTCO), after
retirement, they just get back to the village life while they cannot even produce
much”. Although international investors help reduce unemployment in Africa
[27], other important local economic activities like agriculture are negatively af-
fected. It is because agricultural activities are highly dependent on youths to
provide labour. Therefore, if the youths are not participating in agricultural ac-
tivities, the production decreases leading to food shortage and poor economy of
the country. This situation is similar to the observation [28] that foreign inves-
tors in developing countries may take away the skilled labour, which may pre-

vent the technological advancement which also can reduce productivity.

3.3.3. Climate Change Perceptions

Unclear onset and ending of rain seasons, variability and unequal distribution of
rainfall patterns were reported in the FDG as the most prevalent causes of crop
failure in both catchments. The distribution of rainfall in Upper Zigi is bi-modal
peaking between March and May with another peak between September and
December. In Lower Mngeta catchment, it is unimodal with the rainy season-
peaking between November and April then it subsiding from May onwards.
Flooding in Lower Mngeta catchment usually occurs between March and April,
and sometimes in early January and late May [29]. Unlike Upper Zigi sub-catch-
ment, Lower Mngeta catchment is low lying hence prone to flooding which is
associated with destruction of properties, including crops. Participants from
both sub-catchments noticed that from the 1990s to date the frequency and se-
verity of erratic rainfall has increased. Late rain was reported in the Lower
Mngeta catchment from 1997 to 2017, with heavy downpours which have caused
the destruction of crops (Figure 3). The findings confirm what other researchers
found [30] [31] [32] [33]. One respondent from Mofu Village in Lower Mngeta
catchment was recorded saying, “Mofu means the wetland/swamp area in Ndamba
language, but now the name has no meaning because of frequent drought. We
used to farm throughout the year; nowadays we cannot do that because of un-

predictable rainfall, and the soil is dry.”

3.4. Mitigation and Coping Strategy for Agro-Ecosystem Dynamics

Crop failure has occurred in the study area even for the pre-colonial times. With
the advent of new farming practices that colonisation brought about, the coping
and adaptation strategies changed (Table 2). Synthesise both ex-ante and
post-ante coping strategies. The questionnaire survey revealed some of the
communities’ coping strategies. These include crop diversification, crop rota-
tion, mixed farming, and keeping of livestock to compliment harvest from the
fields. Livestock that is reared include pigs, goats, sheep, cows, and fowls like
chicken, geese, and quails. Excreta from these livestock is used as organic fertil-

iser. In Lower Mngeta catchment, every household cultivate rice, maize and
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Table 2. The coping strategy for crop failure (%).

Strategy Upper Zigi Lower Mngeta Past Present Past . Presenf .
Lower Mngeta Lower Mngeta Upper Zigi Upper Zigi

Crop diversification 76.4 79.8 Y Y y y
Combining farming and livestock 64.9 81.6 J J J J
Use of improved crop variety 52.8 39.9 - J - J
soil and water conservation measures 46.9 55.5 - Y - v
Use of agro-chemicals 23.1 71.8 - V - J
Use of manure 64.2 8.6 y y y y
Shifting cultivation 43.3 40.8 v v
Non Timber forest products 55.2 40.8 J J J J
Buying food 50.8 60.9 J J «/ N
Fishing - 18.8 v N B B
Cultivation of seasonal crops - 11.7 v v -

Irrigation 22 40.8 J - Y
Changing of the planting seasons - 56.2 - Y - -
Skipping meal 34.8 41.1 - v - _
Re-sowing 40 21.1 v Y v Y
Work parties - 15.4 v + - -
Forecasting using bio-indicator 223 21.1 - - v -
Consume animals which are not consumed at

normal circumstance ) 235 v v ) )
Receiving aid 12.5 18.6 J J J Y
Providing grazing areas for livestock - 12,5 - J - -
Staying at farms to guard crops 29 34.4 J J J J
Rituals and sacrifices 12.5 21.1 Y Y v v
Barter trade 8.1 5.6 N N N N

Note: (V ) means present and (-) means absent.

tuber and root crops such as sweet potatoes, cassava and yams, while in Upper
Zigi catchment, most of households cultivate maize and cassava. Crop diversifi-
cation [34] and combining farming and livestock [35] is the best way to deal
with food insecurity in Tanzania particularly to small farmers because it is cost
effective, ecologically feasible and it’s a rational way of reducing uncertainties.
The studies by [36] and [37] reported that crop diversification is important way
of dealing with risk and vulnerability and also improvement of soil fertility, con-
trol weed, pest and diseases as a results it helps to bring the yield and nutrition
stability.

There were some common coping strategies in both catchments. These in-
clude adoption of soil and water conservation practices, use of improved crop

varieties, and application of agricultural chemicals. To reduce soil erosion which
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has been exacerbated by the extreme weather condition like torrential rainfall,
Upper Zigi communities practice terrace farming due to the aspect while in
Lower Mngeta communities plough ridges; which reduce the speed of water
surface runoff, facilitate the water infiltration and attenuate flooding. These
practices are not novel in Tanzania as they have been reported to be practiced in
another district [31]. Furthermore, improved short-season varieties with high
yields were also adopted as coping strategies.

The adoption of new rice was without success in Lower Mngeta catchment as
the communities complained the varieties had a foreign taste. Like the rice, new
maize varieties were not accepted as they had has less weight per unit volume
compared to the native varieties. Compared to local maize varieties, it was re-
ported that management of improved crop varieties is expensive than the local
ones due to the need for agro-chemicals. Moreover, communities of Lower
Mngeta catchment said the improved varieties putrefy so fast when they are af-
fected by water and it is vulnerable to weevils (dumuzi). This justify that despite
some farmers decided to adopt improved crop varieties but still there are some
limitations that hinder them to adopt. This calls for integrated research between
Plant breeders and social researchers to explore and address issues that hinders
the communities to adopt the strategies.

The communities in Lower Mngeta catchment reported to use more agricul-
tural chemicals particularly herbicides for controlling weeds and fertilizers in
rice farms than in Upper Zigi catchment. Respondents in Upper Zigi catchment
reported to use more manure than the industrial fertilizers. The use of agro-
chemicals is detrimental to ecosystems due to the harm to non-targeted species,
cause of air and water pollution and they also can cause serious health problems
[38]. It is true that communities are advised to cope with changes occurring in
agricultural sector but also the long impacts of coping strategy should not be
forgotten.

Shifting cultivation was reported to be conducted in the study areas when the
populations were still low. After some time when it was felt like the soil fertility
was deteriorating, other bushes or new forests were cleared leaving few trees. Shift-
ing cultivation allows the land to regenerate the soil quality; reduce soil erosion
and easiest way of control weeds. It was reported that; virgin lands have few weeds
compared to the land that is being cultivated every year. It was observed that due
to scarcity of land due to increase of population and natural resources protection
laws with regards to deforestation, only few households practices shifting culti-
vation. In Lower Mngeta, shifting cultivation particularly is practiced during the
flood; some farmers migrate to highland areas where they can farm with less
impacts of flooding. In both areas the households in highland practices shifting
cultivation. Despite of the shifting cultivation causing an increase of carbon di-
oxide concentration [20], the results is in agreement with [21] who reported that
shifting cultivation in East Malaysia provide an essential contribution to the sta-

bility and sustainability of the farming system since it is resilient to exogenous
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disturbances by exhibiting a non-negative trend in crop yielding.

Buying food, fishing activity for Lower Mngeta, eating non-timber forest
product such as mushroom, wild rice in Lower Magenta, wild potatoes in Upper
Zigi, wild fruits, animals, and wild vegetables were coping strategy which were
also used by some of the households in both study areas. Buying food was by use
of money or batter trade. Some people work for others and instead of them get-
ting money, they are given food stuffs in return. This system of exchanging labor
force and food is more prominent during rainy season when many people do not
have food. Doing casual labor during the rainy season has impacts to the ine-
quality of food production; rich will continue to be rich because poor people
work for them and automatically the poor have little time to work for them-
selves. This will continue to bring wealth inequalities among members of the
communities which persist over dependence on forest resources such as timber,
charcoal and other resources to sustain their life. This leads to increased pressure
to the natural resources and in turn impairs environmental conditions. Also, in
Lower Mngeta catchment during flooding the availability of fish reported to in-
crease, therefore ensuring people with source of protein and money. [39] Re-
ported that fishing is important coping strategy to rural Cambodia community
villages during stresses and shocks.

The Lower Mngeta is the valley and wetland area, after flooding to the end the
soil retains water which allows the growing of seasonal crops that does not re-
quire much water like maize, sweet potato and cassava. Irrigation was also much
practiced in the area especially during the dry seasons. Majority of crops culti-
vated were horticultural crops such as tomatoes, onions, vegetables, green and
hot pepper, egg plants and little maize. The households conducted irrigation by
using hand buckets, motorized pumps and hand pumps. This coping strategy of
crop irrigation was also found by [7] and [40]. Irrigation plays big role in com-
bating drought [41], although it was reported by [7] and [38] irrigation contrib-
utes to further catchment degradation by contributing to increased soil salinity.
Use of boat for rice harvesting during much flood is another strategy to cope
with crop failure associated with flooding.

Changing of the cropping seasons was reported in Lower Mngeta catchment,
before serious change of rainfall pattern, the community used to have two crops
in two rainy seasons. The first one is from November to January and the second
planting season from March to May. Due to unpredictable rain from November
to January, recently people focus in March to May. The results are similar with
studies by [34] [40]. This change of plants from two to one may affect food
quantity per year. Communities reported to respond the food shortage through
skipping meals if other alternatives fail.

With agriculture being the mainstay of livelihoods of the people in the study
areas, during the rainy season majority labour on their fields or on other peoples
farms in exchange of food and money. This limits them to fully utilize their la-

bour to their own farms leading to persistence low crops production. To cope
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with this shortage of time and labour power, communities have established la-
bour supporting groups; where farmers join together with organized parties to
farm to each member of the group. The household on schedule of farming rota-
tion is responsible to prepare local beer and food. When farming is done atone
household, they shift to another person. In Tanzania, after labour beer parties
were important traditional strategy that fights against food shortage since during
the colonial time [35].

Indigenous Knowledge systems play an important role in forecasting weather.
Communities have traditional way of predicting farming season. In Lower
Mngeta catchment communities predicts rain seasons by listening to frogs
sound. Furthermore, in Upper Zigi catchment community uses wild fruits called
“Makonde’ to forecast rain season. If wild fruits are matured it tells the rainfall
is about to start. Apart from wild fruits, appearance of monkey in Zigi catch-
ment between October and January tells that the coming harvesting season will
have higher yields. The use of natural resources for season’s prediction is also
found to Quechua farmers of Bolivia [42] and to the famers of Dodoma, Tanza-
nia [35].

Provision of grazing areas to livestock keepers was practiced in communities
of Lower Mngeta catchment by allowing herders to graze their animals in har-
vested farms. In some cases herders rewarded farmers with animals or paid money
to farmers by allowing them to graze, where farmers use the money to buy food.
The results are in agreements with [31] as reported famers allow headers to
graze in their land as a way to enrich soils by accumulated manure in the farms.
The organic matter has capacity to improve soil to absorb water that helps to
keep the soils moist even in drought time and reduce soil erosion [43]. In case
herds destroy crops, compensation was done with supervision from village gov-

ernment or court.

4. Conclusion and Recommendation

The communities in the study areas are experiencing the decrease of agriculture
productivity due to changes occurring in the agro-ecosystem. Climate change,
advancement of agriculture technology and plantation farming accelerated the
changes of agro-ecosystem. The traditional knowledge and cultural values that
have been practiced and inherited from their ancestors have been discarded even
though they help in restoring agro-ecosystem. The traditional agro-ecosystem
practices should be enforced in all areas of study. This will help to avoid the loss
of traditional agro-ecosystem knowledge and skills for the coming generations.
To cope with dynamics occurring in socio-hydrological systems much emphasis
should be put on improving and reviving traditional strategies than only focus-
ing on the modern strategies.
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