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Abstract

One of the biggest challenges to sustainable development today is climatic variability and
change, which negatively impacts the sustainability and productivity of farming systems.
This is particularly relevant for resource-poor farmers in less developed regions who have
only limited options for coping strategies. This master’s thesis focuses on small-scale rice
farmers in the Barotse floodplain of western Zambia and aims to explore observed
changes in the cropping calendar in response to climate variability and the adoption of
improved rice varieties. Data were collected through a series of group discussions with
key farmers, interviews with local authorities and a household survey, which allowed the
identification of variables that influence the decision to adopt improved rice varieties in
response to climate variability. Various methods were used to analyse the data. To
understand farmers' decisions on changes in the cropping calendar, descriptive analysis
was used. To understand factors that influenced the decision on the adaptation of
improved rice variety, a logistic regression model was used. The results show that female
farmers with more years of education, irrigation facilities and off-farm income adopted
improved rice varieties and did not rely on possible shifts in rice cropping calendars.
Relevant stakeholders (extension services, cooperatives, development organisations and
government) should therefore provide more training to women to increase the
sustainability and effectiveness of the adoption of improved varieties and work with
farmers who are still using traditional varieties to improve their calendars to mitigate the

negative effects of climate change.
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irrigation system
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1. Introduction

When all human populations have social, physical, and economic access to
nutritious, safe, and sufficient food for their healthy and active life, it’s called food
security (Mirzabaev et al., 2023). Food security is not related to the agricultural
production level but the continuous, reliable production level. It can also be derived by
utilisation, approach, obtainability, and production arrangement. Climate variability is
affecting the accessibility of irrigation and drinking water, changes in agriculture growing
seasons, growing more pests and diseases in crops and changes in flowering time (Seppelt
et al., 2022). The agricultural product availability is derived from various statistical
indicators at a national level, like agriculture production, available storage of food items,
and exports and imports. Various social and economic indicators of the country can be
used to find the data for access to the food item. Additionally, the physical aspect of
access to the food item data can be found in infrastructure availability data (Singh et al.,

2022).

The agricultural sector has both positive and negative impacts on climate change.
The agriculture production system produces COz, one of the main sources of greenhouse
gases leading to climate change. It is also responsible for impounding carbon gases via
agricultural land. In the world, air temperature is rising, and it is anticipated to rise by
1.5-4.5°C in this century because of climate change. More warm or hot air in the climate
means more moisture in the weather, which can harm water, land, and agriculture

production (Reza & Sabau, 2022).

Developing countries are among the major ones affected by climate change due
to the expanse of adaptation processes and destruction. The people from rural areas in
poverty and mainly dependent on agriculture production are among the ones who are not
protected or are powerless against climate change (Dawadi et al., 2022). Additionally,
there is a lack of research on the livestock sector for agriculture, which is very important
for any agriculture-dominant country. A total number of 80% of land in the African

continent are for livestock grazing purposes.



There is a need for in-depth research on the relationship between the livestock
sector and crop production and how farmers can combine or integrate both sectors, which
can also be helpful against climate variability challenges (Seo, 2010). There is work to be
needed to understand the effect of climate variability on food security and agriculture
production by various research institutions, local governments, and development
organisations around the world as per the climate changes. Additionally, there is also a
need to have various studies for various regions around the world to understand the impact
of climate change on the poverty level and the approach towards adaptation strategies and
mitigation levels in rural areas for farmers (Thornton et al., 2010). Climate change
negatively affects agriculture through weather temperature and precipitation variations,
making it more challenging for farmers to diversify their agriculture system (Das et al.,

2023).

This research will mainly focus on climate change's impact on the rice-producing
farmer and the change in the crop calendar due to climate change in the western province
of Zambia. The main reason behind this study is also to see how various household or
socioeconomic characteristics affect the adaptation of new rice varieties due to climate
change. The western province of Zambia is considered one of the poorest regions with
high rice production ratio. Additionally, the reason behind choosing this region is the lack
of research on the impact of climate variability on rice farmers in Zambia and the
understanding of the challenges, problems, and opportunities in the rice sector in the

western province of Zambia.



2. Literature review

2.1. Effects of climate change on farming systems in sub-Saharan

Africa

In general, climate change refers to changes in regional and global climate
patterns. It is typically manifested in increased temperatures in the atmosphere, on land
and in other parts of the Earth. These temperature changes are also known as global
warming. Climate change can be measured or studied by looking at changes in surface
temperatures on a monthly, annual, and global basis from satellites (Colucci and Pesaro,
2011). There is an accompanying vision of climate change to better understand it when
strategizing adaptation and mitigation strategies to reduce its negative impacts (Hay et

al., 2016).

Climate change affects two critical factors: the production and consumption of
food (Figure 1). The industrialisation of the food industry has led to various negative
environmental impacts such as deforestation, soil degradation and biodiversity loss (Reza
& Sabau, 2022). Climate change has a long-term effect on rainfall and climate variability
(temperature) zones and also negatively affects Africa's trade, food, water, and agriculture
sectors. The weather in Zambia is variable and uncertain. As a result, the region is prone
to floods, dry seasons and extreme weather conditions. Agriculture and food security are
negatively affected by the increasing extremity and frequency of floods and dry seasons
(Nhemachena, 2007). Signs of climate change, such as an increase in heat waves, changes
in rainfall, an increase in CO2 in the climate, and various extreme climatic events, also

negatively affect the agricultural sector (Reza and Sabau, 2022).

As many researchers have stated, the agricultural sector in Africa is negatively
affected by climate change and irregularity and will cause more problems in the future
(Aydinalp & Cresser, 2008; Yegbemey et al., 2014; Musafiri et al., 2022). African
countries are highly dependent on rainfall for irrigation, and any climate change in this
region would negatively affect production and yields (Yegbemey et al., 2014). It is

important to underline that despite the continuous decline in value added to GDP, the



agricultural sector is the most important sector for rural livelihoods in most countries of
the global south (Nhemachena, 2007). On the other hand, the agricultural sector is also
responsible for 20% of greenhouse gas emissions. Methane (CH4), nitrous oxide (N20)
and carbon dioxide (CO2) are the main emissions that contribute to global warming from
the agricultural sector. Biomass burning, livestock and manure industries, soil and land
management, chemical fertilisers containing nitrogen and rice cultivation are the main
contributors to the production of various greenhouse gases for global warming (Aydinalp

and Cresser, 2008).

There are different types of impacts of climate change on agricultural systems.
However, one of the most important impacts on people and agriculture is (i) the impact
of climate variability on agricultural production, (ii) the increase in commodity, input and
distribution prices, and (iii) the impact on nutrition and food security (IFPRI, 2009; Long
et al., 2006). Changes in weather variability, mainly temperature and precipitation, have
both direct and indirect impacts on agriculture. The direct impact on agriculture can be
seen in changes in precipitation and temperature on yields and indirect changes in the
variability of water availability for agricultural practices. The agricultural practices under
the rainfed irrigation system have some negative impacts directly from the temperature
changes. In addition, due to climate change and lack of resources, agricultural yields in
developing countries are declining compared to developed countries. The impact of
climate change varies from region to region, for example, South Asia is a region
negatively affected by climate change, but with the availability of fertiliser and resources,
there is less production loss. Similarly, Latin America and the Caribbean have mixed
responses to climate change. Irrigated agriculture is directly affected by climate change.
For example, the irrigation of crops can be strongly affected by changes in groundwater

levels due to climate change (IFPRI, 2009; Long et al., 2006).

Livestock production is also one of the sectors affected by climate variability. The
livestock sector is indirectly affected by climate change through higher feed prices due to
climate variability, which increases the cost of meat and milk. Agricultural output and
prices for any purpose are determined by supply and demand (International Food Policy

Research Institute (IFPRI), 2009).



2.2. Adaptation to climate change among African Farmers

The world's population has grown dramatically since the 1960s and, despite the
current slowdown, has now reached nine billion. Such population growth leads to
increased demand for goods and services in all sectors of production, including
agriculture. In particular, the agricultural sector is one of the most vulnerable to
population growth and climate change. While projections for population growth show a
tendency towards stagnation and the problems are linked to structural problems, future
scenarios for climate change work with a high degree of uncertainty and therefore include
high-risk scenarios (Musafiri et al., 2022). An important fact is that agricultural
production in developing countries, particularly in Africa, is based on smallholder
farming. In addition, more than 45% of GDP (gross domestic product) in developing
countries comes from the agricultural sector, which also provides more than 70% of
employment (Salami et al., 2010). Adaptation to climate change is therefore necessary.
Climate change mitigation focuses on reducing or eliminating greenhouse gas emissions
from the environment by governments, international organisations and various
stakeholders. In addition, adaptation to climate change is predicting future climate
changes and planning strategies according to climate change predictions (Luyten et al.,
2023). Awareness and understanding of climate change is the first and fundamental step
towards climate change adaptation for farmers. There are various issues that prevent
smallholder farmers from adopting climate change such as lack of infrastructure, poverty,
low agricultural productivity, population displacement and food security (Asfaw et al.,

2018; Karienye & Macharia, 2020; Chepkoech et al., 2020).

In general, the basic impacts of climate variability on agriculture are floods, dry
spells (droughts), biodiversity issues, food insecurity, irrigation and water resources, and
soil fertility issues. Adaptation to climate variability is the acclimatisation or adaptation
of current agricultural practices as a response system by farmers and communities to the
impacts of climate change. Nowadays, adaptation to climate change is not considered as
another option, but as an original element by the farmers. Moreover, the adaptations in
their farming practices are seen as crucial steps to maintain production that is important

for human survival. The level of adoption of climate change measures is very low in



Africa due to a lack of capital to invest in sustainable and efficient climate-smart practices

(Karienye and Macharia, 2020).
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Figure 1. Climate change effects on food security and nutrition

Source: Mirzabaev et al., 2023

In addition, adaptation is an ongoing part of one of the risk management processes
that can be used to identify the main drivers of risk. Climate risk management agricultural
practices are promising to achieve various possible improvements against climate change,
such as (1) water or irrigation management for erosion, waterlogging and nutrient
drainage in the situation of high precipitation, (2) modifying or changing the place and
timing of agricultural activities, (3) diversifying income or other occupations along with
farming, (4) tracking or using weather-related information to reduce risk, (5) using new
irrigation and crop residue retention methods when precipitation decreases, (6) increasing
the capacity of the farm to adapt to climate change, irrigation and crop residue retention
methods when rainfall decreases, (6) increasing the capacity of pest, weed and disease
management activities through the use of more pathogen and pest management, (7) using
more crop varieties and species that are resistant to pests and diseases, (8) adapting new

input varieties that are more familiar and resistant to heat shock and drought, and (9)



increasing tree planting activities through reforestation and community nursery activities
(Howden et al. , 2007). The new research area that has been raised recently on an
adaptation to climate change covers (1) discovering limitations, hurdles and gateway for
the system, (2) interpreting sustainable and effective adaptation in promoting appropriate
technological areas of adaptation, (3) logical exercises of threat assessment and
articulation, and, (4) various stakeholders' relevant part for adaptation to climate change

(Gunderson and Light, 2006; Nelson et al., 2007).
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There are also infrastructure needs in rural areas of sub-Saharan Africa, such as
investment in roads, research and irrigation. In order to make adaptation costs affordable,
it is also important to identify expenditures to reduce the number of malnourished children
due to climate change to zero. There is also a need to include various agricultural
adaptation measures in international climate change negotiations. There is also a need to
recognise and strengthen food security and climate change adaptation together in this
modern world. There is also a need to support community-based climate change planning
(IFPRI, 2009). The assessment of each stakeholder and structure's perspective on
adaptation comes from explicitly documented assessments in different sectors. In
addition, the links between different elements such as processes, outcomes and
characteristics are defined in Figure 2. The capacity to embrace is the main purpose of
system characteristics. The capacity to embrace is expressed through the concept of

sustainability. The capacity to embrace is described as a necessary condition for the



system to embrace distraction or disruption. In addition, this capacity to embrace is
underpinned by the sets of accessible assets or resources and the capacity of the structure
or system to counter the distraction or disruption. The second phase of the stage is the
process by which the transformational change organically generates or produces the new
socio-ecological system. As shown in Figure 2, transformational change is an outcome of
the ecological bridge. The transformational change can be explained by the example of
climate change, as the change in climate, and the bio-network may not be able to support
or sustain the traditional agricultural practices for livelihood. The last characteristic is a
result of the adaptation process. The outcome of the adaptation process is the network or

system of adaptability (Nelson et al., 2007; Haddad, 2005).

2.3. Rice farming systems around the world and climate

change

There are various improvements needed for any agricultural products to increase
food security and sufficient production. The African continent is well known for its fertile
land and how climate change affects land fertility. Therefore, it is important to have
climate change adaptation strategies. One strategy is creating and promoting new crop
varieties per the local climate changes. There is very little research on farmer preference
for adapting new crop species to adapt against climate variability (Jin et al., 2020).
Various characteristics affect the farmer's preference to adopt new rice varieties, like
aroma, seed quality, post-harvest qualities, agronomic characteristics, yield and texture
after cooking. According to one research in Laos about rice variety preferences, local
farmers were extremely satisfied with the new rice variety’s milling and agronomic
qualities (Siliphouthone, 2012). The outcomes from various new and improved rice
varieties are rather more positive from the local farmer's point of view. The newly
invented or adopted rice varieties from agriculture research help to increase production
and income and improve the lifestyle of farmers by improving income and social level.
One research from the Ethiopian rice industry indicated that rice farmers' production,
commercialisation, and welfare have drastically increased compared to farmers with

traditional rice varieties (Assaye et al., 2022).



Farmers in other tropical regions face similar problems. For example, droughts
and floods have been a problem for more than 50 years in China, where rice is one of the
main staple crops. Researchers have therefore adopted new strategies to adapt to climate
change, such as crop diversification, increasing input use, switching to high-density
crops, and identifying appropriate crop varieties for climate change (Zhou et al., 2018).
In Benin, rice is a staple in all households. People in Benin tend to prefer different rice
varieties from Asia over local Beninese rice varieties. Other reasons include the
appearance of rice grains, cooking time, preference for foreign brands and high nutritional
value. A total of six rice varieties were introduced to increase production and the national
economy. In addition, after assessing local customer preferences, rice grain colour and
texture were among the most preferred characteristics when deciding to purchase rice for

the household (Fofana et al., 2011).

Bangladesh has one of the highest population growth rates in the world. With a
growing population and demand for food, there is also a need to find new ways to promote
more efficient farming practices. Research from Bangladesh shows that after the
introduction of two new rice varieties, some adjustments are necessary because inputs are
not affordable and new varieties require different management skills (Salam and Sarker,
2023). In an upland rice farming system, the farmer usually considered adopting new rice
varieties if the crop matured earlier, with more biomass and higher yield. Rice is also one
of the most important staple foods in India. Rice production has declined drastically due
to population growth and old practices. The participatory varietal selection (PVC) process
has been identified as a way to incorporate local farmer feedback into the adaptation of
new rice varieties in India. Additionally, this process contains various four phases: 1)
Discussion with farmers about their needs for variety, 2) looking for a desirable variety
and materials, 3) conducting field trials with new varieties to promote and educate the
farmers, and 4) marketing and spreading words about new decided variety. Lastly, in the
post of conclusion the research, they found that local farmers tend to adopt and trust new

crop varieties after the field test (Najeeb et al., 2018).

Each region of the world has different problems, so new rice varieties or strategies
need to be adapted. Vietnam is one of the world's leading rice exporters. Vietnam's rice

production industry is facing environmental and land fertility issues, so it is trying to



adopt new rice varieties according to the conditions. In 2017, the Agricultural Extension
Centre of the Department of Agriculture and Rural Development (DARD) developed a
new rice variety that can adapt to the climatic challenges of the local environment. This
new rice variety, called KH1, not only helps to adapt to climate change but also has a
higher yield than traditional rice varieties. It also has other positive characteristics, such
as being more resistant to typhoons and floods, and more resistant to pests and diseases.
The research concluded that the adaptation plan was more effective with the help of the

extension service to promote new rice varieties (Le et al., 2020).

Rice contains various nutrients such as protein, fat, carbohydrates and vitamins
B1, B2 and B3. In Asia, rice is directly or indirectly used as a staple food. One of the
countries where rice is a staple food is Sri Lanka, and they have researched rice
preferences for traditional and new improved rice varieties. The local rice consumer
chooses processed rice over unprocessed or whole rice varieties, but at the nutritional
level, unprocessed rice variety has more positive value than processed rice variety

(Samaranayake et al., 2022).

In developing countries, farmers' knowledge and response to climate variability
are very limited, and this is a problem for agriculture worldwide. There is very little
research on irrigation planning for rainfed rice production systems in climate change
situations. One of the most common impacts of climate change on agriculture is drought,
which occurs in all regions of the world. In the southern region of Indonesia, the lowland
rice field has been affected by drought and research has been conducted on farmers'
adaptation and perceptions. Various socio-economic and household characteristics also
influence farmers' decisions to adopt new crop varieties. Farmers receive climate-related
information through social media, newspapers, TV, radio, farmer-to-farmer and local
extension agents. In some countries, the adoption of adaptation practices is measured by
different indicators such as household head, gender, income, education and extension
services. In the Philippines, climate variability prediction is derived from climate
measures such as sun, clouds, participation, insect response and cyclones (Arifah et al.,

2022).

10



For example, the Democratic Republic of Congo is experiencing climate change
with a temperature increase of 1.7-4.5°C. The country is also experiencing less rainfall
and later onset of rains. The impact of climate change in the country is profound due to
the extreme poverty rate, especially in the agricultural sector. Several rice farms in the
Luberizi wetlands have been severely affected by unpredictable rainfall. In addition,
local rice farmers are unable to cope with and adapt to climate change due to the price of
inputs, the cost of new technologies, the lack of information and poverty. In the
Democratic Republic of Congo, the female farmer is the main actor in the rice field and
in decision-making. In the conclusion part of this research, they found out that female
farmers in the community are more than male farmers. They trust natural signs more than
scientists when it comes to various climate change adaptation activities. Lastly, the
security situation in the country is also one of the majors abstain for foreign researchers
and scientists to visit and conduct various research and apply various farmer education

activities to fight against climate change (Balasha et al., 2023).

2.4. Cropping calendars

The crop calendar is a tool to understand the changes in climate with a better
understanding of local and habitual agriculture practices along with various activities and
environmental indicators (Yang et al., 2019). The crop calendar consists of agriculture
activities, monthly changes overview in activities over time and crop overview. This is
one of the main tools for a better understanding of changes in activities over time due to
climate change (Choudhary D, 2018). Changes in crop calendars demonstrate the climate
change adoption strategy against various disadvantages during the crop production cycle.
The morphological response of crops to climate change has been seen in reducing
growing seasons. Much research has shown that changes in time for planting activities
are leading to crops growing in more appropriate weather conditions with reduced need
for irrigation for the plant. minimizing irrigation and preventing heat stress in areas where
there are asymmetries in the water and temperature variations, drinking water is
occasionally not possible. Prior research on crop calendar optimisation has generally
concentrated on one growing season or one component of optimisation, ignoring specific

processes in multiple cropping systems, including the effects of modifying a crop's

1



planting and harvest dates on the crops that are grown afterwards (Moritz and Agudo,

2013; Agnolucci et al., 2020; Wang et al., 2022).
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Figure 3. Example of crop calendar from the study in Benin (source: Yegbemey et al., 2014)

The crop calendar can be also used to identify various problems in crop production
and provide a possible solution (Figure 3). One of the research projects in 2021 for
adaptation to climate change for various crop varieties has derived few solutions or
suggestions for adaptation strategies. Additionally, the common results from the research
were to promote late maturing species mainly for the high land production system and

promote the use of CO; fertilizer (Minoli et al., 2022).

2.5. Overview of farming systems in Zambia

Health and food security is a growing concern in the world, particularly in low-
income countries. The number of undernourished people in sub-Saharan Africa is
increasing dramatically. This is also the reason why the agricultural sector needs to be
given greater importance and development. Smallholder agriculture is one of the main
pillars in the fight against global food security and malnutrition in the African region. In
order to achieve the Sustainable Development Goals (SDGs), various international
agricultural programmes have been introduced to support farmers and the agriculture
sector in various countries in sub-Saharan Africa, including Zambia. Despite its rich
natural resources and agricultural history, Zambia is one of the poorest and most food and

nutrition insecure countries in the world. Therefore, the fight against food and nutrition

12



insecurity is organised by empowering smallholder farmers to increase the productivity,

stability and resilience of their farming systems (Sibhatu et al., 2022).

Zambia's agricultural sector is exposed to climate variability. It has already
affected the southern, western, and northern parts of Zambia with high-temperature
changes and uneven participation. In addition, the vulnerability to climate change calls
for strengthening the agricultural sector by increasing productivity and adapting to
climate change. Economic development and job creation are linked to the growth and

development of the agricultural sector (Somanje et al., 2017).

Population growth and changing food preferences are creating new problems, and
there is a need to increase agricultural production. In addition, the attempt to increase
agricultural production is leading to deforestation, which is also a problem in Zambia. In
Zambia, reforestation is estimated at between 167,000 and 300,00 ha per year from
national deforestation data. There is therefore a need to apply or introduce a climate-smart
agriculture system. A climate-smart agriculture system is considered to help the
agricultural sector through a positive increase in agricultural development and help local

farmers adapt to the problem of climate change (Ngoma et al., 2021).

Zambia has a total land area of 752,000 km2, of which 57% to 59% has potential
for various agricultural activities. In addition, 80% of the farmers in Zambia are
smallholder farmers who operate their farming activities only with subsidies or help from
various direct or indirect stakeholders. There are various schemes or subsidies for farmers
in Zambia, such as the Fertiliser Support Programme (FSP), which was later renamed the
Farmer Input Support Programme (FISP). The main reasons for this programme are to
increase food security in the region and to increase income, especially for small-scale
farmers in Zambia. Initially, the FISP was mainly introduced for maize, as it is a staple
crop for the country and feed for livestock. In this programme, all input or production
costs are covered and farmers are given the opportunity to diversify their farming business
or crop diversification (Blekking et al., 2021; Markelova et al., 2009; Mason and Ricker-
Gilbert, 2013).

13



In Zambia, 67% of the country's farmers are smallholder farmers who farm less
than two hectares of land. Zambia experiences inconsistent rainfall from time to time, but
recent years' rainfall data indicate that rainfall is increasing. In addition, there has been a
decline in rainfall in the Northern Province in recent years. The western, central, copper
belt, capital Lusaka and southern parts of Zambia are currently experiencing an increase
in rainfall. It is therefore clear that Zambia's agricultural sector needs a climate adaptation
strategy. Irrigation is also critical to the agricultural sector, and Zambia has limited areas
with irrigation schemes. Nevertheless, most of the country needs more efforts to provide
water for different activities (Blekking et al., 20-21; Markelova et al., 2009; Mason and
Ricker-Gilbert, 2013).

Another programme aimed at increasing production and involving market actors
is the Smallholder Productivity Promotion Programme (S3P). This initiative focuses
mainly on farmers producing cassava because of the crop's value for nutrition and food
security. In addition, cassava is resilient to climate change and variability and requires
less fertiliser. This programme focuses on marketing cassava to increase Zambia's
production capacity and food security. In addition, this programme is being introduced in
three regions of Zambia, due to their high levels of poverty and farming systems. Maize
is also one of the staple crops that is usually intercropped with cassava, so maize
production is also increasing with cassava. This programme was introduced with some
other objectives in addition to the main objective. The other objectives were to improve
and promote local farming or farmer group, improve access to extension officers, promote
agricultural adaptation practices and promote better and accessible inputs (Sibhatu et al.,
2022). In the rural part of Zambia, agricultural activities take place on a small area or plot
of land, and the smallholder farmer produces less. As a result, smallholder farmers in
Zambia spend more on input costs than they receive in agricultural output. In addition,
changes in rainfall, temperature, drought, and flooding can make farmers poorer because
they need to invest more in new agricultural technologies in climate variability scenarios

(Kuntashula & Mwelwa-Zgambo, 2022; Matchaya et al., 2022).

The main driver of deforestation in Zambia is the relationship between agricultural

land use, household attitudes towards agricultural activities and deforestation. Household
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attitudes towards agriculture can be explained by changes in the farming system (Kasungu

et al., 2021).

2.6. Climate change effect on Zambian farming systems

The Zambian economy is highly dependent on the mining sector, but fluctuations
in global commodity prices call for diversification. The development and production of
the Zambian agricultural sector can be one of the sectors that can increase its contribution
to the national economy (Phiri et al., 2020). In addition, the agricultural sector in Zambia
has been abandoned due to urban bias and focuses on one staple food (maize) rather than
diversification. Agricultural irrigation in Zambia is mainly rain-fed, but the current and
future challenge of climate variability makes the sector more uncertain about its
production due to changes in the timing and amount of rainfall. Rain-fed farming systems
in Zambia make agricultural production vulnerable to future climate dynamics, namely
potential changes in the timing and number of rainfalls (Ngoma et al., 2021; Fant et al.,

2015; Juliet et al., 2016).

Climate variability is unpredictable, and the main impact of climate variability on
the agricultural sector is through increased frequency of climatic events. Furthermore,
due to the unpredictability of climate change, farmers are unable to plan their agricultural
production activities in the case of the predominantly rainfed farming system. Climate
change in Zambia negatively affects the production of major staple crops such as wheat
and maize in the smallholder farming system. There are other countries affected by
climate change, but Zambia has been affected by climate change with failure in
agricultural production, food security issues, diminishing impact on the national economy
and loss of livelihoods (Ngoma et al., 2021). Every country needs to plan its scenario or
action against climate variability, especially the agricultural sector (Stadtbdumer et al.,
2022). In Zambia, there are some national policies related to agriculture and climate
change such as the National Climate Change Policy, the National Development Plan, and
the national agriculture policy. Additionally, these policies have a more important role in
the Zambian agriculture sector and for their future to find out the impact of climate
change, their impact location as well as how to plan climate change adaptation plans

(Ngoma et al., 2021).
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The agricultural sector in Zambia is more important to the national economy and
has the potential to grow in the future. The agricultural sector currently contributes 20%
to the national economy. Agricultural practices in the western, southern and central parts
of Zambia are highly affected by the dry season or low rainfall with no irrigation system,
making agricultural production vulnerable to climate variability. The country has a large
amount of water availability through rivers and groundwater, but water distribution across
Zambia is not well distributed, making rainfed agriculture more vulnerable to climate
change. Climate variability also affects Zambia's health sector in warmer, drier and flood-
prone areas. Malaria, cholera, respiratory infections and diarrhoea are health-related
diseases that are increasing in both rural and urban areas of Zambia due to climate change.
Changes in temperature make malaria more prevalent, and changes in rainfall can spread
other diseases. Lack of medical facilities, lack of sanitation and drainage facilities, limited
or no drinking water facilities and contaminated water make these reduced outbreaks
more dangerous to the health sector. Zambia's forests and grasslands contribute to the
economy in many ways, with forest and grassland materials such as food, fuel, fodder,
medicines and construction materials. In addition, due to rising temperatures caused by
climate variability, forest fires and various new pests and diseases are occurring and

affecting natural resources (Phiri et al., 2020; Stadtbdumer et al., 2022).

2.7. Rice farming systems in Zambia under the climate change

Rice is the main staple food in many countries, especially for the rural population.
Rice is mainly grown by smallholders on less than 1 hectare of land. It is also used as an
incentive or wage in many processing units in the rice value chain. According to the Food
and Agriculture Organization (FAO), rice has a high nutritional value and is a key
component of food security policies in many countries around the world. In Africa, and
particularly in Zambia, rice is considered a profitable cash crop with a high potential to
increase farmers' income and production. The Zambian Ministry of Agriculture has
decided to select rice varieties for promotion and increased production in some selected
regions. Many regions in Zambia's rice production have been affected by various factors
such as 1) limited availability of affordable seed and fertilizer, 2) soil fertility issues, 3)

lack of road, storage and transport infrastructure, and 4) lack of access to markets for the
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agricultural commodity. In the rice sector, there is constant competition from top rice-
producing Asian countries. Zambian rice dominates the informal market within Zambia
and the DRC (Democratic Republic of Congo). In the Zambian rice value chain system,
middlemen are important for farmers to sell their products, but at the same time, farmers
think that the middleman is not loyal to them throughout the whole process. In Zambia,
from 1981 to 2006, rice cultivation or production increased drastically by 135%
(Chizhuka, 2009). Furthermore, data from the FAO (Food and Agriculture Organisation
of the United Nations) shows that rice cultivation in Zambia has increased in the last 20
years from 9,270 ha in 2000 to 24,756 ha in 2020, an increase of 15,486 ha in 20 years
(FAO, 2023).

Zambian consumers are sensitive to rice prices and loyal to their product brands.
For rice, Zambian consumers buy rice based on quality, colour and grain size. In addition,
these rice varieties in Zambia lack value chain processing units and technology, making
it difficult for local rice varieties to compete with other rice producers in the world. Rice
is poorly packaged in Zambia, with mixed rice grains that are dusty and unpolished,
putting local farmers at a price disadvantage. There are three types of rice farmers in
Zambia: smallholder, medium-scale and large-scale (Box, 2011; Makungwe et al., 2021;
Mapedza et al., 2022). The rice industry in Zambia also faces some problems which are:
1) lack or underdevelopment of modern technologies, 2) poor quality of input materials,
3) lack of new or more production knowledge on irrigation, soil and water management
activities, 4) poor market accessibility in rural Zambia, 5) problem of availability of
intermediaries, 6) poor quality of standard for the rice industry, 7) lack of financial
support to farmers, 8) problem with land laws and tenure, and 8) lack of business and
technical skills. There are various targets set by the government of Zambia for the rice
industry such as 1) increase the rice production market by 70%, 2) increase the market
share of Zambian rice varieties in Zambia by promoting the different local rice varieties,
and 3) establish and improve the rice market value chain with sub-sector coordination

(Box, 2011; Makungwe et al., 2021; Wineman and Crawford, 2017).
The Western Province of Zambia is well known for its rice production and quality.

The Western Province is also one of the least developed regions in the whole of Zambia

and is vulnerable to climate change. The rice value chain in Western Province is not well
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established at the local level. The middleman is also a problem for local farmers who
cannot dictate price levels (Blom, 1984). A total number of 15 different varieties are
cultivated by the rice farmers in Zambia like Supa, Burma, Sumbawanga, Giza, Kajakete,
Angola 1, Malawi faya, IITA, Burma 2, Koshi kari, Wahiwahi, Black rice, Narica 1,
Narica 4 and Xiang Zhou 5. Supa, Kajakete, and Black rice are preferable rice varieties
for lowland farming systems, whereas Nerica 1 and Nerica 4 rice varieties are preferable

for upland cropping systems by the local Zambian farmers (Mutale et al., 2010).

Climate variability in Zambia mainly affects the agricultural sector and
livelihoods. According to research, the agricultural sector will experience a 30% decline
in income in the dry regions and a 20% decline in the wet regions of the country in the
future. Therefore, climate adaptation strategies are very important for the agricultural
sector in the country. Various agricultural intensification practices need to be introduced
in the country with livelihood diversification to reduce the impact of climate change

(Stadtbaumer et al., 2022).
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3. Aims of the thesis

The master’s thesis aims to explore potential changes in rice cropping calendars practised
by smallholder rice farmers in the Barotse floodplain as a coping mechanism against

climate variability in the Western province of Zambia.

Specific objectives of the thesis are to:
i. Document farm calendars for local rice varieties
ii.  Understand the farmers’ decision to adjust their farm calendars

iii.  Identify factors influencing the adoption of improved rice varieties.
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4. Methodology

4.1. Study site characteristics

Zambia is well known for its diverse availability of resources and mainly for their

land, water, and forest (Kuntashula and Mwelwa-Zgambo, 2022). Forest and forest

products are accountable for more than 20% of the local livelihood income and have an

important role in the national economy (Kazungu et al., 2021). There has been decreased

of the agriculture sector's contribution to the Zambian national economy compared to

manufacturing, services, and other industrial sectors since 1980 (Mulanda & Punt, 2021).
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Figure 4. Study area with eight locations for data collection

The study area (figure 4) is in the western province of Zambia, which is one of the

largest provinces in the country. The capital city of the province is Mongu, which is 600

km away from the capital city of the country (Lusaka). The western province has

boundaries with Angola in the western part, Namibia in the southern part, the central

province in the eastern part and the north-western province in the northern part of the
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province. The total population of the province is around 902,974. The biggest river is
passing in this province called the Zambezi River from which the name of the country

Zambia comes (Smart Zambia Institute, 2021).
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Figure 5. Monthly climate data with min temperature, mean temperature, rainfall, and max temperature
of Zambia from 1991-2020
Source: World Bank 2021

The western province provides 3% of GDP contribution towards the national
economy and a high unemployment rate of 19.7%. One of the main obstacles in the
province is the lack or poor development of various infrastructures (Zambia and Western
Province Are on the Cusp of a Promising Future, 2019). Additionally, Zambian household
livelihood also depends on various forest products. There are four various types of uses

of forest products in the western province of Zambia from various forest food products,
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charcoal forest wood, processed charcoal from woods and other non-commercial forest

items for households (Kazungu et al., 2020).

Zambia is in a sub-tropical climate zone with three different seasons during a year:
the summer season in August to November month, the rainy season from November to
April and the winter season in August month. As per Figure 5, the average annual
temperature from 1991 to 2020 is 22.2°C and the average or mean annual rainfall Zambia
experiences is 982.3 mm. Additionally, the rainfall pattern in Zambia is also varied as per
the area like 700 mm rainfall in the southern part of the country and 1,400 mm in the
northern part of Zambia due to the Inter-tropical convergence zone (ITCZ) (World Bank,
2021).

The research area is the Barotse Floodplain, which is in Zambia's Western
Province. With a population of roughly 250,000 people, the Barotse Floodplain has a total
area of about 600,000 ha. To the west and south, it shares borders with Angola and
Namibia, respectively. The Zambezi River flowing to Zambia through Angola created the
floodplain. It is located in the Zambezi River's upper reaches. The Barotse Floodplain
measures about 230 km long and 50 km wide (Mapedza et al., 2022). Between November
and June, flooding often happens at depths of 1.5 to 3 metres. Annual floods enrich the
normally nutrient-deficient sandy soils of the Kalahari. Agriculture is produced during
the dry season together with livestock grazing on the flood plain's lowland grasslands.
For the most part, cattle are grazed in wooded forests in the upland zone during the yearly
lowland floods. The nutrient-poor soils of the uplands restrict the possibilities for

agricultural development (Pasqualino et al., 2015; Rajaratnam et al., 2015).

4.2. Data collection and sampling techniques

The first stage of data collection was carried out with key informants from the
Ministry of Agriculture in Mongu (Western province) for a better understanding of the
rice farming system and value chain in the province (Figure 8). Additionally, after the
meeting with key informants, focus group discussions were carried out to understand the
rice farming system from the key farmers and finalize the household questionnaire.

Lastly, household face-to-face surveys were carried out with the head of the household.
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Figure 8. Mecting with local officers of the Ministry of Agriculture in Mongu

Figure 9. During practical training at the Diocese of Mongu Development Centre (DMDC)
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Before the household survey started, six focus group discussions were carried out
in each district to better understand local rice farm practices, management, history,
problems, and the rice value chain in the western province of Zambia. Additionally, the
purpose of the focus group discussion was to finalise and adjust the household survey
questionnaire as per ground realities. A total of 12 key farmers were selected by the input
taken from all local farmers and key farmers, including men and women in the focus
group (Figure 7). During the focus group discussion, various questions related to rice
production, crop calendar for one decade, and information behaviour were asked, noted,

and understood (Ates et al., 2017).

The data for the crop calendar was collected during the focus group discussions
with consensus from all 12 selected key farmers for the duration of a total of 10 years,
also various key Notes were taken during the focus group discussions. The key farmers
have consisted of both females and males in all five focus group discussions, like 8 female
and 4 male key farmers in Malengwa, 6 female and 6 male farmers in Sefula and Kalabo,
7 males and 5 female farmers in Limulunga and 5 male and 7 female farmers in Nalolo.
Additionally, two calendars were taken, documenting the current situation with the one
10 years before to see potential differences due to climate variability. The household
surveys were carried out in five districts in the western province, there were 127
respondents in the Mongu district, 30 in the Nalolo district, 89 in the Senanga district, 48
in the Limulunga district and 53 in the Kalabo district.

Data were collected in eight villages in Barotse floodplains covering two major
farming systems upland and lowland. (Figure 4). The places were Mongu, Senanga,
Nalolo, Sefula, Limulunga, Kaande, Kalabo and Malengwa. A total number of 348
households was selected for data collection via snowball and purposive sampling methods
(Naderifar et al., 2017). The household survey questionnaire was finalised and adjusted
after the focus group discussion and from the local agriculture ministry’s feedback and
inputs on the rice sector in the western province of Zambia. The household survey
questionnaire contains various aspects of the rice production system like Household
characteristics, rice production characteristics, input, market and labour characteristics,

and information source characteristics (Murin et al., 2015).
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4.3. Data analysis

After the focus group discussions and household surveys, the data were checked
as per our requirements and made sure that it was clear and collected. Consequently, the
data were entered into Microsoft office excel for MacBook, cleaned, summarized, and

coded. Various methods were applied to analyse the data.

The household survey data were transferred into various standard indicators used
in the farming approach system (Oajide, 2013; Darnhofer et al., 2012; Kruseman et al.,
2020).

Additionally, the crop/farm calendars were documented during focus group
discussions in four districts: Mongu, Nalolo, Kalabo, and Limulunga. Lastly, to
understand the farmer's decision to adjust their farm calendar (FGDs data —
narrative/qualitative results) with special regard to rice varieties, focus group data were

used to describe the reasons and understand the ground conditions.

In order to understand the household, institutional and farming factors influencing
the adoption of rice varieties due to climate change, the logistic regression model was
used in which data from various household, farming and institutional factors (Table 1)
were selected and entered into Jamovi software for MacBook (Park and Yi, 2023;
Gassama et al., 2021). The dependent variables are binary outcomes with the values 0 and
1 that indicate whether a farmer adopts an improved rice variety or not. Where y is a
binary variable that represents a household's preference for an improved rice variety and

x is a collection of explanatory factors (Nkomoki et al., 2018),

the equation is (y = 1x) = (x) (1).
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Table 1. Selected household and farm variables for the understanding of the adoption of new rice varieties due to climate change

Variable Unit of Definition Expected effect References
measure
Dependant Yes 1/no 0 Adoption of improved To understand effects of farming household variables Kolapo and Kolapo, 2023;
variable rice variety due to climate  on the decision on adoption of improved rice variety Siliphouthone, 2012; Teklu et al.,
change 2023
Age Years Age of the rice farmer Elder farmers might tend to follow tradition and not to ~ Adetoro et al., 2022; Khanal and
change the calendar. They also, could be more Wilson, 2019; Kilimani et al.,
restrained to improved varieties. 2022; Owusu et al., 2021
Farm experience Years Number of years for With more farming experience, farmers can be more Adetoro et al., 2022; Lu et al.,
which a rice farmer is adaptive towards morphological characteristics of 2022; Padhan and Madheswaran,
running farm improved varieties. 2022
Education Years Total years of rice farmer Educated farmers in community can provide and Kilimani et al., 2022; Lu et al.,
education spread information about climate change scenario and 2022; Mesfin and Girma, 2022
new improved variety
Gender Male=1/ Gender of the rice farmer Male farmers tend to have more power in decision- Aiswarya et al., 2023; Akalu and
female 0 making in farming activities Wang, 2023; Naz and Doneys,
2022
Household size Numbers Total numbers of Large size of household tends to provide more support Kilimani et al., 2022; Lu et al.,

household members

in agriculture activities and decision making

2022; Mesfin and Girma, 2022
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Land under
cultivation
Farmer

organisation

Irrigation system

Rainfall season

Off-farm income

ha Total size of land under
cultivation
Yes 1/no 0 Member of farmer
organisation

Yes 1/no 0 Availability of irrigation

system
Long 1/ short Duration of rainfall
0 season
Yes 1/no 0 Access of income from

off-farm activities

Larger farming land can provide options for the
farmers to adopt improved variety with crop
diversification
Membership of farmer organisation can provide
platform to receive climate and farming related
information with input support facilities
Availability of irrigation facility can affect the
cropping season with less negative effects from
climate change
With changes in duration of rainfall, the farmer can
adopt improve crop variety and reduce production loss
With off-farm income, the farmer can invest more into

input

Aiswarya et al., 2023; Lu et al.,
2022; Tran et al., 2022
Azhoni and Goyal, 2018; Jayasiri
et al., 2023; Omodara et al., 2023;
Paparrizos et al., 2023

Ahmad et al., 2021; Arifah et al.,
2022; Dono et al., 2013; Egerer et
al., 2023; Yan et al., 2020
Ademe et al., 2021; Grusson et al.,
2021; Yue et al., 2023
Akter et al., 2022; Amfo and Alj,
2020; Ojo and Baiyegunhi, 2021
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5. Results

5.1. Household and farm characteristics overview

Out of 348 households, a total of 26.7% of the heads of the household were men
and 73.3% were female farmers. The range of age interviewed farmers was between 20
years to 84 years (Table 2). The average size of the household was 6.88 in all documented
household interviews. The farming experience of the household varied from 1 year to 55
years, with an average of 15.5 years (see Table 2). Additionally, land size for cultivation
was documented, with an average size of 1.76 ha in the study area. A total of 43% of
farmers were reported to have completed primary school education, 50% of farmers with
secondary school education, 5% of farmers to have graduated study, and a total of 2% of
farmers were illiterate. A total of 53% of the household head were married, 26% of the
household head were single, 5% of the household head were divorced, 4% of the
household head were separated from partners and a total of 12% of the household head

were documented as a widow.

Table 2. Main characteristics of rice farmers

Variable Unit of Mean value Range Coefficient of
measure variation
Household head age years 47.5 (£14.6) (20-84) 30%
Years of schooling years 8.3 (£3.2) (0-20) 38%
Farming experience years 15.5(x11.4) (1-55) 73%
Household size numbers 6.9 (£2.9) (2-21) 42%
Farm size cultivated ha 1.8 (1.7) (0.25-4.00) 95%

There was a total of four various types of livestock documented among all
households, which are 21% of households with cows, 64% of households with chicken,
7% of households with pigs and goats with 8% of households. Additionally, there were
only three types of machinery or tools were documented from the interviews, which are
tractors with 13 farmers, hand hoes with 182 farmers and drought animals from 153

farmers.
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Only 26.7% of total rice-cultivating households were documented to have access
to irrigation facilities near their farms while the rest were fully dependent on rainfed
agriculture practices. Furthermore, 81.6% of the interviewed farmers were using recycled
seeds, which is seen as a lack of input availability or affordability among rice farmers of
the western province. Regarding intercropping practices, 29% of farmers were practising
rice-maize systems, 3% of farmers’ rice-wheat systems and more than 68% of farmers

planted only rice on their fields.

A total of 79% of farmers were practising their agriculture activities in rainfed
lowlands, 20% of farmers in rainfed upland and 1% of farmers in irrigated lowlands. A
total of 69% of the farmers were experiencing a long rainfall season. Changes on the onset
of the rainfall, a total of 52% of the farmers had responded that the rainfall onset is earlier
compared to previous years, 45% of farmers with the decision of late onset of the rainfall
while the remaining 3% of the farmers were on side of no changes in the onset of rainfall
pattern. A total of 97% of the total farmers reported to experienced floods during the last
10 years, whereas 99% of the farmers reported to experienced drought during the last 10

years.

A total of 90% of the households had reported to received rice production-related
information from local extension officers, while 89% of the households reported
receiving information from farmer to farmer. About 98% of the households were getting
climate-related information and 78% of that households were receiving climate-related
information from the metrological department of Zambia and 22% of the households from
various NGOs (Non-governmental organisations). A total of 77% of households were
having an off-farm income. Additionally, 79% of the households were documented to be
a member of farmer organizations. Only 35% of the households were having access to

the provision of input-related subsidies.

5.2. Management and changes in rice cropping calendars

Five crop calendars for rice were documented during focus group discussions

from Nalolo, Kalabo, Limulunga, Malengwa (Mongu) and Sefula (Mongu). The chosen
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rice variety for this crop calendar was Supa rice, which has been grown in this region by

all rice-producing farmers due to market demand, colour, grain texture and price.

Various activities for rice production were captured during this interview, and it
varied from place to place (Figures 10,11,12,13 & 14). The rice production activities
duration was captured and documented in the crop calendar. The crop calendar from
Malengwa village in Mongu district was documented without any changes from the last
decade, but on the contrary crop calendar from Sefula village in Mongu district was seen
to have minor changes in land preparation activity for Supa rice and harvesting and drying
for Koshikari rice variety. Kalabo, Nalolo and Limulunga districts were seen to have
changes in their crop calendar. Additionally, the focus group discussions also revealed
that there were two types of farmers for lowlands rice farming: deep in the flood plains
and normal in the non-flooded plains. The flooded type of farmers normally practised

their nurseries in their homes and others practice broadcasting methods for planting.
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Figure 10. Rice crop calendar for Supa variety from Malengwa village in Mongu district (upland/lowland farming systems)
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Figure 11. Rice crop calendar for Supa variety from Kalabo district
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Figure 12. Rice crop calendar for Supa variety from Limulunga district
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Figure 13. Rice crop calendar for Supa variety from Nalolo district
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Figure 14. Rice crop calendar for Supa, Angola & Koshikari varieties from Sefula village in Mongu district
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5.3. Reasons behind changes in rice cropping calendars

We had documented the current and a decade early crop calendar with a total of
13 various activities documented in Malengwa village (Mongu district) for mainly Supa
rice variety (Figure 10). Not one change was seen in the last decade for rice production
in malengwa and the main reason behind that was that the local farmers were not seen to
accept that there is an effect of climate change on the ground and lack of input support as

well.

In Kalabo district (Figure 11), a total number of 15 various production activities
are documented for the supa rice variety. There were some changes in the seven activities
documented and the activities are land preparation, planting, weeding, spraying the water,
monitoring, harvesting, and processing (drying and polishing). Some of the farmers are
practising nurseries for their rice production in the Kalabo district which was the main
reason behind the change in land preparation. Due to changes in rain patterns, the planting
activity period was shifted one month late in the crop calendar. As per the head farmers,
the land for rice farming in Kalabo was more fertile 10 years back compared to the current
calendar. Additionally, this district lacks any irrigation facilities for agricultural activities.
Also, the processing activity was documented with a change in the crop calendar due to

a lack of processing and transportation facilities in the district.

The crop calendar from the Limulunga district was documented to have shifted in
a total of nine activities out of fourteen (Figure 12). The calendar moved one month late
in all reported activities which are: ploughing, discing, planting, weeding, hipping &
harvesting, packaging, winnowing, storage and selling. In this focus group discussion,
many of the reasons were provided to justify the changes in climate change. As per the
farmers, the supa rice variety consumes lots of water, also 10 years before they were using
the broadcasting method and currently, they are using the transplanting method for

planting. Additionally, they were experiencing early rainfall compared to 10 years ago.

Nalolo district crop calendar was documented with a total of 14 various

production activities, from which only grass removing process was seen to have changed
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in the crop calendar (Figure 13). The main reason behind this was that they were

experiencing changes in rain patterns.

In Figure 14, the crop calendar from Sefula village (Mongu district) was
documented for two types of production patterns. The crop calendars were combined for
four types of rice varieties in that village due to the availability of an irrigation scheme,
and input providing scheme from JICA (Japan International Cooperation Agency). The
rive varieties were supa, kajacket, Angola and koshikari. According to key farmers, these
rice varieties were maturing early, providing more productivity. There were some
changes in the crop calendar where the current crop calendar was showing early
harvesting and processing activities due to support from JICA and government schemes

with seeds, fertilizer, and irrigation schemes.

5.4. Drivers of adoption improved rice varieties

Instead of making shifts in rice calendars, farmers tend to adopt improved varieties
that are resistant to climate change. A similar situation was observed in our study site. A
total of six various household and farm characteristics were selected to see the relation
with the decision for new rice varieties due to climate change. The selected indicators
were the age of the household head (years), gender of the household head, total years of
schooling, number of members in the household, and total land under cultivation in ha
(table 3). Out of a total of 348 respondents, 31.6% of the respondents were seen to
continue with the traditional rice varieties but on the other hand, 68.4% of the respondents
were reported to adopt new rice varieties due to climate change. 27% of households were

represented by males.

Table 3 documented the mean or average value between the farmers with an
adaptation of the new variety and without adaptation of the rice variety. The farmers with
the decision to adapt to the new rice variety were seen to have more age compared to
another group of farmers. Total years of schooling were also documented with more years
with the farmer group with an adaptation of new rice variety. There was no difference

derived for the data collection of both groups of farmers regarding total years of farming

38



experience. The land with cultivation was more with the farmers with an adaptation of

new rice varieties due to climate change.

Table 3. Overview of major characteristics of farming households regarding to decision on improved rice

varieties adaptation

Variables Adoption of new rice

varieties because of

climate change (yes Std. Std. Error

1/no 0) N Mean Deviation Mean

Age 0 110 46.99 13.929 1.328
1 238 47.80 14.912 0.967

Total years of schooling 0 110 7.95 3.149 0.300
1 238 8.51 3.165 0.205

Years of farming 0 110 15.53 11.078 1.056
experience 1 238 15.54 11.581 0.751
No. of household 0 110 7.21 3.335 0.318
members 1 238 6.73 2.599 0.168
Total land under 0 110 1.43 1.738 0.166
cultivation (ha) 1 238 1.48 1.524 0.099

Table 4 is indicating various institutional and farming characteristics regarding
the decision on improved rice varieties. The female-headed farmers were in high numbers
compared to male farmers. 79% of the farmers were registered as a member of the farmer
organisations. There were differences of 46.6% in between farmers with the availability
of irrigation facilities and without irrigation facilities. A total difference of 56.8% of the
farmers were having various types of off-farm income compared to the farmers without
off-farm incomes. 69% of the farmers documented changes in rainfall duration longer
and the rest of the farmers documented changes in rainfall duration rather shorter

compared to 10 years before.
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Table 4. Overview of institutional and farming characteristics regarding to decision on improved rice

varieties adaptation

Variables (N=348) Unit of measure Yes/male/longer No/female/shorter
Gender of household head male 1/ female 0 26.7% 73.3%
Member of farmer organisation yes 1/no 0 79% 21%
Off-farm income yes 1/no 0 78.4% 21.6%
Availability of irrigation system yes 1/no 0 26.7% 73.3%
Changes in rainfall duration longer 1/shorter 0 69% 31%

Table 5. Factors affecting the adoption of improved rice varieties

Indicator Estimate SE V4 p
Age 0.023 0.012 1.895 0.058**
Total years of schooling 0.089 0.045 1.970 0.049%**
Years of farming experience -0.002 0.015 -0.113 0.910
household size -0.029 0.051 -0.563 0.573
Total land under cultivation (ha) 0.006 0.100 0.061 0.951
Gender of household head (male 1/ female 0):
1-0 -0.972 0.324  -2.991 0.003***
Member of farmer Org. (yes 1/no 0):
1-0 0.142 0.327 0.435 0.664
Off farm income (yes 1/no 0):
1-0 2.105 0.333 6.321 <.00]*H**
Availability of irrigation system (yes 1/no 0):
1-0 2.554 0.515 4.958 <.00]****
Changes in rainfall duration (long 1/ short 0):
1-0 -0.309 0.310  -0.990 0.317

Note: Estimates represent the log odds of "Adoption of new rice varieties due to climate change =
1" vs. "Adoption of new rice varieties due to climate change = 0"

Note: **#*p < 0.001, ***p <0.01, **p < 0.05, *p <0.1

Out of all selected variables, the gender, age, total years of education of the
household head, off-farm income and availability of irrigation system were signification
with regards to the adaptation of new rice variety due to climate change (Table 5). The
age of the household head, total years of schooling, off-farm income and availability of
irrigation system were positively significant with the adoption of improved rice variety
decision, while the gender of household head was negatively significant with the decision

of adoption of improved rice varieties.
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6. Discussion

The change or adjustment in the crop calendar is showing the adaptability to
climate change. The change in planting activities time in the crop calendar seems like a
reaction to changes in climate change and mainly farming season is getting longer in
duration (Maddison, 2006; Nhemachena and Hassan, 2007). After the focus group
discussions in various places from the research area, we found that out of a total of five
crop calendars, only one crop calendar from the Nalolo district of the crop calendars
documented with longer farming season compared to 10 years earlier crop calendar but

the farming season seems to be shorter due to use of fertilizer and new farming methods.

Research from Benin about changes in crop calendars, they have published from
their research that the crop calendars in the same agroecological zone also had differences
among them (Yegbemey et al., 2014; Agassiz, 2001). Our results for the documented all
crop calendars also varied from each other regarding the agriculture activities and
duration. Additionally, two crop calendars from the same districts were also documented
with differences due to the availability of irrigation schemes and input support from
various agencies in Sefula village compared to malengwa. There were no
recommendations or suggestions from the extension office in the research area on how to
adjust their crop calendar in Benin (Yegbemey et al., 2014). We had documented that out
of five crop calendar locations, a total of two places did not have any extension officer
and the rest of the three crop calendars were adjusted by the farmers themselves after

experiencing changes in rainfall on the grounds.

The loss from production due to temperature rise and changes in rainfall can be
minimized by changing planting duration with the use of a crop calendar (Wang et al.,
2022). From our data collection, we found that 45% of the farmers were reported to have
late onset of rainfall and they had started to do planting activities with one month delay
compared to 10 years earlier in Nalolo, Limulunga and Kalabo crop calendars (figure 7,
8 & 9). The crop calendar was helping the farmers to increase yield and decrease the

effect of climate variability in Vietnam (An, 2020). Our results for the crop calendar were
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documented to have benefits for the farmers to decrease negative effects from climate

change with no effect on yield in the last 10 years.

Various agroforestry methods, changes in planting timing and change in farm
activities are one of the main techniques against climate change. There are negative
effects of climate change on agriculture in Zambia. The availability and support of various
types of inputs are limited in Zambia for the agriculture sector (Kalantary, 2010;
Stadtbdumer et al., 2022). We have found that from documented crop calendar is that
there are changes in various planting methods for rice crops due to climate change. The
reasons behind that are that there is no existence of transplanting method for rice farming
in the study area 10 years earlier and no availability of input. Additionally, out of eight
data collection locations, four of the study area farmers revealed no support or availability

of input material.

The availability of climate-related information, extension officer services and
access to credit makes climate adaptability easier. The majority of farmers (51.41%)
indicated that temperature is increasing and rainfall is decreasing (45.1%) with the onset
of the rainfall in Zambia. 13% of the farmers reported the decision to new variety
adaptation in Zambia due to climate change. Female farmers were seen to adopt new
varieties against male farmers (Nhemachena, 2007; Orindi and Eriksen, 2005; Seo and
Mendelsohn, 2007). Our result shows that there were not much input-related support and
farmers were unaware of climate change problems. 52% of the farmers reported that the
change in rainfall onset with early rainfall. A total of 68.4% of the farmers were
documented to adopt new rice varieties due to climate change and the majority of the
household head were female farmers (73.3%). Additionally, the female-headed
household head with more education, off-farm income and with the availability of

irrigation systems was more likely to adapt to improved rice variety.

The adaptation level against climate change and various household variables were
significant, especially for the farming experience, education of household head, group
membership and farmer's perception of climate change (Musafiri et al., 2022). The result

from our research shows that the out of a total of six selected variables, a total of two
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variables was significant with the adoption of new rice variety due to climate change. The
female-dominated gender of the household head and the education of the household head
were seen as significant. Additionally, females were documented to adopt more improved
rice varieties due to also that the female tends to also take livelihood-related decisions in
the household. There was a higher education ratio with the household head group who
adopted improved rice variety due to climate change and the reason was that those with
more education know more about how to work with technological gadgets for climate-

related information.

The changes in temperatures and rainfall amounts are the basic indicators to see
the climate change effects on a local level (Endale et al., 2021; Hanson et al., 2007).
During the data collection, 52% of the farmers were supporting the early onset of the
rainfall, 45% of the farmers with late onset of the rainfall and the remaining 3% of the
farmers with no change in the onset of rainfall. Additionally, 69% of the farmers had
documented a change in rainfall with the long season. The majority of the farmers 97.1%

were documented to experienced floods during the last 10 years.

There was an increase in the cropping cycle for millet in Benin due to climate
change. Various temperature-related changes were documented between 1970 and 2016
(Emediegwu et al., 2022; Seo, 2010). Our documented crop calendars explained that
climate variability has an effect, but the cropping season, even after experiencing climate
change, was shorter than 10 years before. The reason behind this is that the local farmers
were having more support for seeds, fertilizer, and machinery from various stakeholders

with improved cropping methods.

Several studies have noted shifts in sowing dates, considering the methods farmers
have evolved to deal with climatic fluctuation (Owusu et al., 2021; Yegbemey et al.,
2014). The crop calendar in the Nalolo district was showing a longer cropping season in
the current calendar as compared to 10 years earlier. Crop calendars from Malengwa and
Sefula have not experienced any changes in planting activities in their crop calendars,

while crop calendars from Limulunga and Kalabo districts experienced shorter planting
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seasons compared to 10 years earlier. The reasons behind changes in every district in their

crop calendars were the different problems faced by the farmers in different districts.

According to data for the distribution of rainfall and problems in the western
province of Zambia in 2017-18, there were 11.4% of the problems with waterlogging,
38.4% with prolonged dry spells, 16.7% with floods and heavy rain and 66.3% of
problems with the probability of the water risk (Adetoro et al., 2022; Matchaya et al.,
2022). Our result shows that a total 0f 97.1% of the farmers reported to experienced floods
during the last 10 years and 99.4% of the farmers experienced drought during the last 10
years as well. Additionally, 52% of the farmers reported having a change in the onset of
rainfall with early rainfall, 45% with late rainfall and 3% were not experiencing any
changes in the onset of rainfall. This data from our results were indicating that there are
climate variability problems in the western province and mainly that changes are

documented for the rainfall changes.

This study can help local government officials and NGOs (Non-governmental
organisations) comprehend the actual circumstances faced by rice farmers in the western
province of Zambia. With relation to numerous input and infrastructure-related
initiatives, more work has to be done. Various in-depth research about climate change
effects on various agriculture industries is needed to get a better understanding of ground
realities for the institutions, local government organisations, NGOs, and educational and

research organisations.

The cropping calendar is a constraint of this study since each local rice farmer
has somewhat distinct cropping activities and durations. Future farmer development
programmes that focus on women are required to diversify diverse off-farm activities and

enhance local livelihood in the Western province of Zambia.
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7. Conclusions

This study examines rice crop calendars, reasons for changes in crop calendars,
and drivers of adoption of improved rice varieties in Western Province, Zambia. The
study area is located in the Western Province of Zambia in a total of five districts. A total
of 348 household heads were interviewed and six focus group discussions were held with
a total of 12 key farmers in each group discussion. Data were analysed using binary
logistic regression and descriptive analysis. A total of five crop calendars for the Supa
variety of rice were documented in four districts. The crop calendar from Malengwa
village was documented without any changes in the last 10 years, while all the other four
crop calendars were documented with changes in the planting period. The reasons for the
changes were different in all five crop calendars. The documented crop calendars of the
farmers in Sefula village have shortened the cropping season due to the availability of an
irrigation system and input supply system from various stakeholders. The crop calendars
from Nalolo, Senanga and Limulunga had various limitations in terms of the availability
of tools, infrastructure, irrigation, and inputs. A total of ten household, institutional and
farm variables were selected to identify the drivers of the adoption of improved rice
varieties. The selected variables were the age of the household head, gender, total years
of education, years of farming experience, household size, membership of farmer
organisation, off-farm income, changes in rainfall duration, availability of irrigation
facilities and total area under cultivation. Five out of ten variables had a significant effect
on the decision to adopt improved rice varieties. It can be concluded that women with an
average age of 47 years, higher education, off-farm income, and irrigation facilities were

more likely to adopt improved rice varieties due to climate change.
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Appendix 1. Focus group discussion questionnaire

Focus Group Number:
Names of Respondents:
Phone Numbers:
District:

Village:

‘PART I - RICE PRODUCTION

1) Would you please specify your rice production system?
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3) What are the methods of rice planting?

4) What type of machinery/equipment do you use to cultivate your land?

5) What are some of the rice cropping systems you use(d)? e.g., rice-wheat

system, rice only, ...



6) What type of hazards affects the production of rice? Please may you rate

the effect of the risk?

Hazards Affecting Rice
Production

Lowest

Low

Moderate

High

Highest

7) How do you perceive the following changes in the past 5 years?

a) The onset of rainfall

o No change o Early o Late
b) Distribution of rainfall

o No change o Poor o Good

c) Amount of rainfall

0 No change

d) Rainfall season (long, short)

o Long

o Decreased

o Short

o Increased

8) What are some of the activities for adapting to climate change promoted at
the community level? How would you rate the acceptance of the activities?

Activities

Lowest

Low

Moderate

High

Highest

9) What are some of the effects of climate variability on rice cultivation?

Please rate the effects from 1 (Less) — 5 (more).

Effects 1 2 3




10) Have you adopted new rice varieties because of climate variability? If yes,
may you mention it?

a. From where do farmers access your rice seeds?

11) What are some of the off-farm income activities?

12) How do farmers acquire information about rice production? How do you
rate the delivery of the information? Scale 1- Poor to 5-Excellent.

Information sources 1 2 3 4 5

13) What are some of the challenges for information delivery to rice farmers?
Please rate these on a scale of 1-Least to 5- Most.

Challenges 1 2 3 4 5

14) What prominent institutions provide information about climate change
and environmental data?



15) Crop Calendar — 10 years Before and Recent calendar
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Appendix 2. Household survey questionnaire

SECTION B: HOUSEHOLDS
Name of Respondent:

Phone Number:

District:

Village:

1) Age

2) Gender
o Male
o Female

3) Marital status

oSingle
OMarried
oDivorced
oSeparated
oWidow(er)

4) Highest level of completed schooling
ollliterate

oPrimary school

oSecondary school

OCollege/University degree

5) How many years of schooling do you have?

6) Do you have any farming knowledge?
O Yes o No

7) If yes, how many years have you been involved in farming?

8) How many people are living in your household?

9) If yes, which livestock?

PART II - RICE PRODUCTION

10) How many hectares are under cultivation?

vi



11) Please specify your rice production system
o Rainfed upland o Irrigated lowland
o Rainfed lowland

12) What are some of the rice cropping systems?
0 Rice — Wheat o Rice only
o Rice — Maize o Other (Specify)

13) What type of machinery/ equipment did you use to cultivate your land in
the past farming season?

o Hand hoes o Tractor

o Draught power (oxen plough) o Other (Specify)

14) What methods of rice planting did you use in the past 3 growing season?
O Broadcasting O Transplanting
o Other (Specify)

15) Do you have control of the water (irrigation system)?
O Yes o No

‘PART T - INPUT AND LABOUR COSTS AND MARKETS

16) What type of rice seed did you use in the previous growing season?
o0 Improved seed 0 Traditional
seed

Is it recycled seed?
O Yes o No

17)Have you experienced floods during the last ten years?
O Yes o No

18) Have you experienced drought during the last ten years?
O Yes o No

19) How do you perceive the following changes?
a) The onset of rainfall

o No change o Early
o Late

b) Distribution of rainfall

o No change o Poor
o Good

¢) Amount of rainfall

vii



0 No change
Decreased
o Increased

d) Rainfall season (long, short)
o Long

o Short

20) What are some of the effects of climate variability on rice cultivation?

Please rate the outcomes from 1 (Less) — 5 (more).

Effects 1 2 3 4

Low yields

Crop loss

Soil degradation

21) Have you adopted new rice varieties because of climate variability?
O Yes o No

22) Where do you access your rice seeds?

o FISP — Ministry of Agriculture o Market — Agro dealers

o Food Security Package o Recycled o NGOs

[PART IV — INFORMATION SOURCES

23) Did you have any access to credit facilities in the past season?
O Yes o No

24) Do you have an off-farm income?

O Yes o No

25) Are you a member of a farmer’s organisation?
O Yes o No

26) Did you have access to the provision of input subsidies?
O Yes o No

a. Ifyes, from where?

o Government support o NGO o Other
27)How do you acquire information about rice production?
Yes/ Please rate the Usage (Never,
Source ) .
No quality Occasionally,

viii




(Poor, Fair, Moderately,
Good, Very Frequently,
Good, Very
Excellent) Frequently)
Extension
officers
Farmer to
farmer
Radio
Television
Internet
Agricultural
newspaper
28) Do you receive information about climate change?
O Yes o No

29) From where do you get information on climate related impacts and

consequences?
o Meteorological Department

o NGOs

o Extension
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