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ABSTRACT

This study was conducted to evaluate farmers® appropriation of the system of rice
intensification (SRI) in an informal irrigation scheme in northern Tanzania. Understanding the
integration and performance of SRI in the local rice farming will assist in short and long-term
planning and allocation of available resources. First, a survey was conducted to explore
farmers” adjustments of SRI principles. Second, yield and water productivity of the integrated
system was assessed by setting up experimental plots in the farmers® fields. Four treatments
representing farmers® adaptations of SRI practices were assessed. One treatment (F1) was
continuous flooding while the other three treatments (F2, F3 and F4) were under intermittent
irrigation. The yield of 4.8, 8.5, 8.2 and 9.2 tons/ha, and water productivity of 0.15, 0.39, 0.35
and 0.51 Kg/m® were obtained for F1, F2, F3 and F4, respectively. Water-saving under SRI was
34.3%, 28.9%, and 45.1% for F2, F3 and F4, respectively. The figures are comparable to those
reported under full SRI, which is in the range 20% to 60%. The highest yield (9.2 tons/ha),
water productivity (0.51 Kg/m®) and water-saving (45.1%) was obtained in F4 involving one
seedling 15 days old transplanted at 25 x 25 cm. However, this method is not preferred by
many farmers due to lack of supporting infrastructure. Hence, F2 involving two seedlings 21
days old planted at 20 x 20 cm with intermittent irrigation is recommended for this area as it
ensures a sufficient number of plants, relatively higher yields and a reduced considerable

amount of irrigation water.
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CHAPTER ONE
INTRODUCTION
1.1  Background of the Study

Irrigation plays a central role in ensuring food security, providing employment and increasing
farmers® income. Irrigation has been identified in Tanzania"s national poverty reduction
framework as one of the key strategies for economic growth and poverty reduction (Long,
2018). However, irrigation in Tanzania is also considered to be the largest water user albeit
very inefficiently (Machibya, 2005). According to the 2002 National Water Policy, the
efficiency of irrigation schemes managed by smallholder farmers is very low, often ranging
from 15% to 25% (URT, 2002). Rice production in these schemes is low, averaging at 3.5
tonnes/ha (Tusekelege, 2014) compared to the recommended 6-10 tonnes/ha (FAO, 2015). To

reduce the gap, rice production is expected to increase (Bouman, 2007).

There have been two commonly known ways of increasing rice production. One is by
expanding the area under irrigation, and the other is by using the concepts of green revolution
which emphasize on the extensive use of fertilizers and high yield seed varieties. Sometimes a
combination of both can be used. Expanding the area under irrigation will mean to increase
abstraction from the water sources (Kaya et al., 2015; Greaves & Wang, 2017). To Increase
the amount of abstraction may not be feasible as the sector is currently under competition with
other sectors such as industries and cities that are claimed to have higher water productivity
(WP) than the agriculture sector. On the other hand under the green revolution, more farm
inputs are required to raise the production through crop genetic modification, and by
increasing external inputs. The green revolution has had success where sufficient amount of
capital to be invested was available and its potential benefits have been enjoyed by either
commercial/large scale farmers or government schemes (Kabir, 2006). Smallholder farmers,
who are poor in resources, have not benefited much from these interventions. Due to the
nature of the smallholder farmers, the focus has been on interventions that can easily be
implemented by smallholder farmers using locally available resources (Tusekelege, 2014).
The current debate has been on finding ways to minimize the amount of water used in the
agriculture sector by using adequate agronomic and irrigation practices that conserve water,
but do not undermine crop water requirements (Loé et al., 2001; Yihun, 2015). The system of
rice intensification (SRI) has been identified as an on-farm water management practice that

increases both land and water productivity at a relatively low cost while also conserving the



environment (Stoop et al., 2002; Uphoff, 2006). The SRI has also been acknowledged in the
Tanzania Irrigation Policy (2010) to ensure food security and alleviate poverty (URT, 2010).
The major outweighing benefit of the SRI is laid on the fact that it promotes the use of locally
available materials, that can be integrated into the local environment (Stoop et al., 2002). In
addition, inputs required for rice production such as water, chemical fertilizers, amount of
seeds, herbicides and pesticides are reduced under SRI. In places where SRI has been tested
results show significant impacts in reducing both amount of water applied and cost while
maintaining the yield and sometimes even improving it (Katambara et al., 2013). Water saved
under SRI is reported to range from 25% -50% and yield improvement ranges between 30% to
150% (Stoop et al., 2002; Materu et al., 2018). Yield increase of 0.4 and 3 ton/ha under SRI as
compared with conventional flooding (CF) during the wet and dry seasons respectively was
reported by Materu et al. (2018).

Although much has been reported on the impacts of SRI (Stoop et al., 2002; Kahimba et al.,
2013; Katambara et al., 2013; Tusekelege, 2014) most of these studies have been confined to a
small area (mainly research plots) and less has been reported on success or failure of this
technology under resource-poor farmers® management. Since the system is still new to most
people and adjustments have been made by farmers and researchers to suit local conditions,
more research is needed to document about the impacts of these modifications to smallholder
farming systems. The aim of this study was to evaluate the adaptation and performance of the
SRI under farmer-led irrigation schemes. Results from this study will be useful to policy-

makers and farmers for decision making and trials of SR1 and to research further explorations.
1.2 Statement of the Problem

The SRI principles were developed to assist resource-poor farmers to reduce external inputs
while maintaining or improving yields and protecting the environment (Stoop et al., 2002).
The SRI consists of principles which when applied properly are believed to improve both land
and water productivity. The SRI is reported to have shown significant impact in increasing
yield while reducing inputs. However, most of the outstanding impacts of SRI were based on
the research plots under controlled conditions where SRI principles were considered as a fixed
package (Stoop et al., 2002). It is widely known that under farmer-led irrigation, it may not be
feasible to adopt and practice all SRI principles as recommended due to social, economic and
technological constraints, as such farmers are encouraged to customize these principles to their
local environment and use the available resources to benefit from SRI (Thiyagarajan & Gujja,
2012). Although farmers may use only few principles, the assumption is that they will attain



relatively high impacts like the one reported in the literature. Since the information on
farmers® management is limited, the concerns to whether farmers are benefiting arise. For
better understanding and improvement of SRI in real practice, it is best to study SRI use in a
resource-poor farmers® context. Hence, this research aims at understanding how SRI
intervention was integrated into the local rice farming system of smallholder farmers in

northern Tanzania and assess the performance of SRI under farmer-led irrigation schemes.
1.3 Rationale of the Study

The need to improve both water and land productivity in smallholder irrigation schemes has
led to the development of various agronomic and water management strategies. These
strategies focus on reducing the amount of water used in agriculture production, increasing the
production with the same amount of water or both (Faroog, 2009). Most of these interventions
have shown significant results in well-established systems where all resources needed for their
implementation are available. The same has not been achieved under resource-poor farmers"
management. The reasons behind this low-success have been tied to the nature of the
smallholder”s irrigation schemes which are characterized by poor water control infrastructures,
lack of proper crop and water management, lack of resources and other social-economic
factors (Fanadzo, 2010). In addition, farmers are believed to lack knowledge and technology
to implement these interventions (Machethe, 2004). Therefore, more knowledge on integration
and management of agricultural interventions in farmer-led irrigation management is needed

to bridge the gap between theory and real practice.
1.4  Research Objectives
1.4.1 General Objective

To evaluate adoption and performance (yield, WP and water-saving) of the system of rice

intensification under farmer-led irrigation management.
1.4.2 Specific Objectives

(1) To assess how SRI was integrated into the conventional rice farming system of
smallholder farmers in northern Tanzania.
(i) To evaluate yield, water productivity and water saving of SRI vs conventional rice

farming under farmer-led irrigation and management.



15 Research Questions
This study will be guided by the following research questions:

(i)  How have smallholder farmers customized SRI principles to suit their specific needs
and local conditions?
(i)  To what extent does SRI improve yield and water productivity while saving water as

compared to conventional rice farming systems under farmer-led irrigation?
1.6  Significance of the Study

Improving yield and water productivity of farmers is crucial in ensuring sustainable income
and food security at the household level in Tanzania. The use of appropriate technologies that
minimize the amount of water used in production and maintain or improve yields is deemed
necessary for sustainability under water scarcity conditions. Understanding how SRI was
integrated into the local rice farming and to what extent smallholder farmers can benefit from
this intervention will assist in short- and long-term planning and allocation of available
resources. In addition, assessing yield, water productivity and water-saving will give the basis
for day to day water management decisions at scheme level and open up more research on

how these findings can be integrated to river basin water resource management.
1.7  Delineation of the Study

This study was conducted to evaluate the integration and performance of SRI in the local rice
farming system of northern Tanzania. Data were collected through a field survey and field
experiment in farmers plots. The survey involved a total of 115 farmers from the study area; in
addition, key informants were interviewed to supplement the questionnaire. The experimental
work involved four different plots owned by four different farmers. Three farmers are

practising SRI and one farmer practising CF.



CHAPTER TWO
LITERATURE REVIEW
2.1 Background

Rice is the third dominant food crop in Tanzania after maize and cassava (Wilson & Lewis,
2015). Rice demand is increasing as a result of both population increase and improved
lifestyle. In Tanzania, annual rice demand was expected to triple by 2020 (Wilson & Lewis,
2015). Given the importance of rice two main strategies have been used to meet this demand;
namely, expanding the area under cultivation and increasing production per unit area
(Balasubramanian et al., 2007). By clearing more land farmers were able to cultivate more
area and relatively increase rice production. Along the way, improvement in genetic
engineering led to the development of high yield varieties which yielded more than the local
varieties. Improved varieties not only increased yield but also enabled farmers to cultivate rice
twice a year as most of them were short cultivars instead of one season when using local
varieties (long cultivars). The use of fertilizers to supplement soil nutrients needed by plants to
produce optimum yield has also played a role in increasing crop production. Combination of
high yield varieties and fertilizers to boost agricultural production has been one of the break-
through in the history of farming and is what is referred to as green revolution. Under green
revolution theory, the emphasis was on the use of improved seeds and intensive use of
fertilizers to obtain the highest yield possible. These improvements in the agricultural sector
were a great relief to farmers and more people were attracted to rice farming. There were now
two phases for rice cultivation namely; rain-fed and irrigated rice cultivation. Overtime
farmers realize that higher yields were obtained under irrigation compared to rain-fed farming.
Therefore, farmers shifted their efforts to irrigated agriculture. For many decades rice farming
has been under the CF method. Under CF the field is kept saturated throughout the growing
season by maintaining a ponding depth of up to 5 cm except for the last two weeks before
harvesting (Kalinga et al., 2001; Kahimba et al., 2013). This is attributed to the belief that rice
is an aquatic plant and therefore, it grows better and produces higher yields in flooding
conditions (Sivapalan, 2015). Another reason is to suppress weeds and prevent the rice from
cold stress during the night (Farrell et al., 2001). Although the ultimate goal of increasing crop
production was met, this achievement came with the expense of abstracting more water from
the sources. Water consumption under CF is high with relatively low yield (Humphreys et al.,

2011) hence results in low water productivity (WP) (Hamdy et al., 2003).



The agricultural sector being the largest water user where it is estimated that 70% of all
abstractions made are used with low WP. Increasing abstraction proved to be an unsustainable
way of surviving in a water scarcity era, where there are increased demands for water from
other sectors. Therefore, improving WP is a stepping-stone towards combating future water

shortage by growing more crops per drop.
2.2 Rice Cultivation in Farmer managed Irrigation Schemes

Farmer managed irrigation schemes (FMIS) also known as farmer-led irrigation schemes
(FLIS) are the schemes initiated by farmers. Under FMIS farmers organize themselves to take
control of land and water governance by taking advantage of the availability of these resources
(Woodhouse et al.,, 2017). Due to limited technology, farmers have been using the
conventional method of rice farming in which two to five seeds of 20 to 60 days age are
planted in one hole spaced closely (15 x 15 cm or less) or in a random order (Katambara et al.,
2013). Under this method, the field is flooded by maintaining a ponding depth of up to 5 cm
except for the last two weeks before harvesting where water is removed from the field to allow
for drying of rice plants (Kalinga et al., 2001; Katambara et al., 2013). This is attributed to the
belief that rice is an aquatic plant and produce higher yields in flooding condition than under
non-flooding conditions (Sivapalan, 2015). In addition, flooding the field suppress weeds and

prevent the rice from cold stress during the night (Farrell et al., 2001).

2.2.1 Water Use, Yield and Water Productivity Under Conventional Flooding for Rice

Cultivation in Famer Managed Irrigation Schemes

Water consumption under CF is high, a typical farmer often has to utilize 100-250 mm of
water just for the puddling operation (Humphreys et al., 2011) and a total of 2000-2000 mm
of water is estimated for the whole growing season (Materu et al., 2018). Amount of yield
obtained in CF is considered low as opposed to a large volume of water used. In India for
example, Pandian (2010) found that an average yield of 4.5 t/ha requires more than 9204 m®
of water to produce. In Kenya a comparison of three varieties BW 196, Basmati 370, and IR
2783-80-1 showed the average yield of 3.9, 5.2 and 9.4 t/ha, the amount of water used was 18
475, 14 062 and 17 548 m®ha, respectively (Ndiiri et al., 2012). In Tanzania, a study
conducted in Mkindo area reported a yield of 3.8 t/ha while using 28 200 m®ha (Kahimba et
al., 2013). Low yield with a high amount of water used results in low water productivity. The
WP in CF is reported to range from 0.4-1.6 Kg/m*® (Kahimba et al., 2013) with a global
average of 1.08 Kg/m® (Zwart & Bastiaanssen, 2003; Howitt, 2008). It is for this reason, the



irrigation sector is regarded as one of the major water users with low Water Productivity (WP)
(Hamdy et al., 2003).

Apart from low yield, high water usage and low water productivity, CF is associated with
other disadvantages. One, this technique consumes a lot of energy (for intensive tillage),
labour. Second, when practised for a long time CF may enhance deep percolation. Poor
drainage facilities in CF causes problems such as waterlogging, salinity, pollution of
groundwater and excess recharge of groundwater (Bhuiyan, 1992; Kibret et al., 2014; MoWI,
2016). When proper actions are not taken these negative effects may lead to degradation of
physical properties of soil that cause serious effects to the performance of crops, and
contributes to methane emissions, as a result, the land that was used for farming may be lost.
Farooq et al. (2011) argue that due to its intensive water and labour consumption nature,
traditional transplanted rice cultivation needs an intervention that will facilitate water and land

productivity.
2.3 Shifting from Traditional Rice Farming to Water-Saving Interventions

Interventions capable of maintaining yield while reducing water abstractions or using the same
amount of water to produce more yields were needed to ensure the sustainability of agriculture
sector against the odds of decreasing freshwater resources and climate change. In responding
to the need, agricultural experts introduced deficit irrigation as one of the technologies to
minimize water used in irrigation. Under deficit irrigation minimal water stress is allowed,
except in critical development stages where crop yield might be damaged (Materu et al.,
2018). In addition, deficit irrigation has other benefits such as proper root development and
plant growth resulting in higher yields. It has been observed that plants require only sufficient
moisture in the soil to allow for aeration, superior root growth and reducing the stress in the
plants due to water-logging especially between transplanting and panicle initiation (Materu et
al., 2018). Deficit irrigation can be classified into two namely; Regulated Deficit Irrigation
(RDI) and Partial Root Drying (PRD) (Capra et al., 2008). Under RDI amount of irrigation
water is reduced only on during certain crop cycle phases (English, 1990) while in PRD half of
the root zone is kept under dry soil for the whole crop cycle (Dry, 1996). System of rice
intensification is an example of regulated deficit irrigation proposed to smallholder farmers in

water scarcity area.



2.4  System of Rice Intensification

The system of rice intensification (SRI) is a social-technical innovation developed in
Madagascar in the 1980s through on-farm trials. Trials involved a group of smallholder
farmers who could not afford expensive external inputs such as fertilizers and improved seeds,
but also had limited water supply (Stoop et al., 2002). On struggles to try to boost production
with whatever was available in their environment, the system of rice intensification which is
believed to produce more rice with the same or reduced inputs was introduced. The
experimentation involved younger seedlings (15 days old) transplanted on low fertile soils
with no mineral fertilizers and reduced irrigation. As a surprise, the yield increase was
tremendous ranging from 7 to 15 t/ha compared to the national average yield of 2 t/ha (Stoop
et al., 2002). Since then, there have been additional modifications to incorporate the
challenges encountered in the process. To summarize, SRI is considered to have a set of six
basic principles, which when used in a combination are believed to produces outstanding
results (Sato & Uphoff, 2007). These principles include: a) selection of healthy seeds and
nurturing seedlings in a well-managed nursery; b) transplanting a single seedling per hole, and
applying square method with wider spacing between plants (mostly recommended 25 x 25
cm); c) transplanting younger plants before fourth phyllochron (8 to 15 days of age); d)
application of intermittent irrigation to prevent flooding during the vegetative stage of the
crop; e) regular weeding preferably using rotary weeder with minimal or zero use of
herbicides; and f) the use of organic fertilizers instead of chemical fertilizers (Stoop et al.,
2002; Uphoff, 2006; Kahimba et al., 2013; Katambara et al., 2013; Materu et al., 2018). These
principles are further explained below.

2.4.1 Recommended Principles of System Rice Intensification
M Nursery and Seed Preparation

The SRI recommends the use of high-quality seeds selected from the previous harvest. The
seeds are sorted out by immersing them in a bucket with salty water where the bad grains will
float in water and should be removed to leave the best grains at the bottom of the bucket.
Where high quality packed seeds are available, they can also be used. The place for nursery
establishment should be cleaned and levelled to avoid ponding of water. In addition, the seeds
are evenly spread to avoid conjunction of seeds in the nursery to facilitate easy uprooting and

separation of young plants during transplanting. In addition, the nursery is monitored for



diseases and pests in order to produce healthier plants free from diseases and pastes
(Katambara et al., 2013; Tusekelege, 2014).

(i) Early Transplanting

Early transplanting of seedling preferably at the age of not more than 15 days (before the
fourth phyllochron) is recommended in SRI (Uphoff, 2003). Depending on the climatic
condition, agronomic practices and soil condition, transplanting age can vary from 8 to 15
days instead of the 20 to 60 days age under traditional rice cultivation (Katambara et al.,
2013). The principle requires early uprooting of young plants and transplanting within a short
time to prevent dehydration and traumatization of the plant. The major advantage of this
principle when used in combination with other practices is that it facilitates quick recovery of
plants and produces more tillers per hill.

(iii) Plant Spacing

Provision of optimum space in transplanted rice is very important to ensure proper uptake of
the nutrient from the soil and to prevent competition among neighbouring plants. This will
facilitate healthier plants that result in healthier grains. In addition, when spaced widely it
facilitates the easy circulation of air, optimum use of solar radiation and it facilitates easy
weeding. Wider spacing in combination with other SRI practices is reported to increase WP as
compared to CF. The spacing of 25 x 25 cm and 30 x 30 cm are preferred under SRI in
opposite to 15 x 15 cm used in CF.

(iv) Irrigation Management

The SRI suggests there should be an interval between water applications in the field. Under
SRI the soil is not continuously flooded rather sufficient amount of water enough to make the
soil moist is applied. Non-flooding condition in SRI allows for air circulation in the root zone
that favours easy development and deep penetration of roots into the soil for more nutrients
capture at deeper root depth than under CF. Kirk and Solivas (1997) report that only 25% of
the roots of plants grown under CF were able to penetrate deeper than 6 cm one month after
transplanting. The fields can be flooded with 2 to 3 cm depth standing water and then allowed
to drain for sometimes (3 to 6 days) to allow for air circulation in the root zone (Latif et al.,
2005; Sato & Uphoff, 2007; Berkhout et al., 2015) and will be irrigated again when the soil
has developed hairline cracks (Uphoff, 2006; Kahimba et al., 2013). The interval between

irrigations differ from one place to another and depends on the site-specific factors such as soil



type, size and shape of the farms, availability and reliability of irrigation water and amount of
rainfall available to supplement the irrigation (Sato & Uphoff, 2007). Therefore, in order to
optimize water usage under SRI, it is best to determine interval that suits the local

environment.
(v) Weeding Management

Under SRI early and regular weeding is more important than in traditional rice because the
non-flooded conditions and wider spacing used in SRI favours quick growth and spread of
weeds than under CF (Latif et al., 2005; Noltze et al., 2012). Normally four times weeding at
regular intervals preferably starting 10 days after transplanting is recommended to reduce
competition of nutrients between rice plants and weeds. Also, the use of rotary weeder is
recommended to ensure soil aeration (Berkhout et al., 2015).

(vi) Fertilizers/ Nutrients Management

Where manure is abundantly available, SRI recommends the use of manure to the extent
possible. The main advantage of using organic fertilizers is to reduce the cost of chemical
fertilizers provided manure is locally available or the cost of obtaining is cheaper as compared
to that of buying chemical fertilizers. In addition, the use of manure has environmental
benefits such as increasing water holding capacity of the soil (Vengadaramana & Jashothan,
2012).

2.4.2 Claimed Benefits of System of Rice Intensification

In areas where the SRI has been accepted and put into practice, it has shown significant results
in reducing the amount of inputs such as seeds and fertilizers, improving yields and reducing
the amount of water used and hence improving water productivity (Kahimba et al., 2013;
Katambara et al., 2013; Tusekelege, 2014).

M Input Saving

It is argued that if farmers manage to combine and apply all SRI principles properly they will
benefit not only in increasing yields and save water, but also save external inputs such as the
amount of seeds, chemical fertilizer, pesticides, time and labour. The SRI requires fewer farm
inputs than CF such as the amount of seeds, labour and time since few seeds need to be
transplanted and the spacing is wider (Katambara et al., 2013). Although labour input in SRI is

higher during the initial learning period researches show that when SRI skills are mastered by
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farmers, SRI can be labour saving (Uphoff, 2003; Uphoff, 2006). The SRI can reduce
chemical fertilizer application by up to 50% (Sato & Uphoff, 2007) due to the use of locally
available organic materials as fertilizers (Stoop et al., 2002). Overall production cost reduction
of 20% and 25% were reported by Uphoff (2006) and Sato and Uphoff (2007).

(i) Water-Saving

Water-saving in SRI can be achieved at various stages of rice farming such as during land and
nursery preparation and also during the vegetative stage of rice growth (Sato & Uphoff, 2007).
This is associated with the fact that standing water is not allowed after puddling and levelling
activities in SRI rather only sufficient amount of water enough to make the soil moist is
applied in the specified interval (Uphoff, 2006; Sato & Uphoff, 2007; Kahimba et al., 2013).
Water-saving in SRI is estimated to range from 24%-70% (Stoop et al., 2002; Uphoff, 2006;
Sato & Uphoff, 2007; Chapagain et al., 2011; Kahimba et al., 2013) as compared to CF. Water
use reduction of 40% in Indonesia was reported by Sato and Uphoff (2007). Similarly in
Tanzania, Materu et al. (2018) reported a water-saving of 233 mm and 456 mm in wet and
dry seasons, respectively while more than 60% saving in SRI as compared to CF was
reported by Kahimba et al. (2013) for Mkindo irrigation scheme.

(iii) Yield Improvements

Higher yields of up to 15 t/ha were reported in Madagascar (Stoop et al., 2002) while in
Tanzania SRI produced a yield of up to 9.91 t/ha (Katambara et al., 2013). Even with partial
adoption, SRI was reported to raise yield by an average of 52% (Uphoff, 2006). While using
best conventional practices may also produce higher like SRI, in many parts of the world SRI
has been reported to produce more yield using less water as compared to CF. In Tanzania
research conducted at Morogoro reported 9.7 t/ha in SRI and 8.7 t/ha in CF for the dry season
while the water used was 949 mm/ha and 1 286 mm/ha, respectively (Materu et al., 2018). In
Mkindo area 4.8 t/ha in SRI and 3.8 t/ha for CF using 10 300 m*ha in SRI and 28 200 m®ha
in CF (Kahimba et al., 2013).

(iv) Water Productivity

In places where SRI was tested, it has shown significant results in improving WP. Kahimba et
al. (2013) reported three times increase in WP (0.47 kg/m®) as compared to 0.136 kg/m® in CF
in Mkindo irrigation scheme. Kombe (2012) reported a WP of 0.46 Kg/m® for the same
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scheme. In Bumbwisudi irrigation scheme in Zanzibar, Ali (2015) reported a WP of 0.45

kg/m®.
2.4.3 Adoption of System Rice Intensification by Smallholder Farmers

Adoption of agricultural innovation is considered an innovation-decision process where
farmers are expected to go through stages of adoption. The process is stated to involve four
stages: (a) awareness stage where an individual becomes aware of the system, (b) acquiring
knowledge about an innovation stage, (c) forming positive or negative attitude towards
innovation and (d) finally deciding whether or not to adopt the technology (Pandey, 2019). For
any new technology, the expectations are that farmers will abandon their current practice and
adopt the new technology. However, it has been found that in the real environment some of
the components of the technique may not work as in controlled condition where most of the
experiments are conducted. For the case of SRI, research has shown that adoption of all six
recommended principles of SRI is rarely found (Xiaoyun et al., 2005; McDonald et al., 2006;
Moser & Barrett, 2006). There has been a variation on the extent of adoption between farmers
and across regions. The rate of adoption depends on farmers characteristics, understanding of
the system, farm size and proof evidence of benefits of SRI (Berkhout et al., 2015).
Variations on the adoption level may be due to various social, economic and institutional
factors. Within the set of principles, there are always easy to adopt principles and vice versa
depending on factors such as farmers characteristics, understanding of the system, and
evidence of benefits of SRI plays a great role on the adoption of SRI (Berkhout et al., 2015).
Easy to adopt principles are those that are within the individual capacity to implement.
Principles such as proper management of the nursery or the use of manure for nutrient
management can be regarded as easy to adopt principles for individuals. Difficult to adopt
principles are the one that needs more than an individual to agree. Some of the principles
beyond individual farmer control can be a transplant of young seedlings and apply intermittent
irrigation. Since in most smallholder systems resources such as water and labour are
collectively owned, the decision on when to transplant or when to apply water may not be
individual. In such a situation the collective agreement will make more sense. Therefore, there
has to be agreement among farmers on collectively managed resources. With this regard, SRI
adoption can be considered as a multi-level decision which is an individual decision and a
collective or a society decision. Therefore, an individual decision may not be enough to reach
a conclusion on what to adopt and what not to adopt or adopt with modifications. There may
be a lot of modifications and changes in social, technical and institutional settings before SRI
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is successfully put in place. That is why Karki (2011) concluded that for any innovation to be
of significance it has to be adopted by a large proportion of farmers despite its environmental

and economic benefits.
2.4.4 Critical Views of System Rice Intensification

Critics about SRI innovation comes from various aspects. First is on the definition of SRI
itself. Some researchers have raised concerns on what is SRI? Is SRI a standardized package
or a customizable package in which farmers are free to choose and modify certain principles?
How far can SRI principles be modified? Should farmers use improved or conventional seed
variety? Should farmers use chemicals fertilizers or manure? The second critic is on the
criteria for assessments of SRI performance. The question arises on what are the criteria for
performance evaluation of SRI especially when the SRI principles have been modified? Since
there are no specified criteria for assessment, and in some cases, criteria are to be set by the

researcher the genuine of the results may be affected.

The SRI critics believe that, for genuine evaluation, SRI knowledge should be transferred and
adopted as a standardized package. Any deviation from the recommended principles is
regarded as not SRI or simply “dis-adoption”. The reason behind is the belief that there exist
synergies between SRI principles such that the benefits of the whole system are greater than
those of individual principles (Uphoff, 2002). To SRI critics, farmers" cultivation system is
regarded as inefficient and should be replaced with the SRI package without any alteration.

The emphasis to adopt all SRI principles by every farmer in every agro-ecological
environment is good to ensure all farmers benefit relatively equally by SRI. However, this
conception may not be achieved in some area due to the complexity and dynamics of
smallholder systems both spatially and temporal (Thiyagarajan & Gujja, 2012). The nature of
smallholder systems makes it difficult to adopt all SRI principles as recommended. Some
principles may not be feasible in a certain environment and therefore farmers may opt not to
adopt them. For example in some area where there are no cattle within the scheme, the use of
manure may be expensive and farmers may opt to use chemical fertilizers instead. Some of the
principles may require some modification to suit the farmers" specific needs and environment.
For example, due to uncertainty in water availability farmers may opt to use 20 days seedlings
instead of 15 days or to apply water based on the routine say once per week instead of when
cracks appear on the soil. To SRI supporters these deviations from recommended practices are

acceptable. They are considered as farmers efforts to benefit from SRI. To SRI promoters, SRI
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is an evolving technology which requires site-specific experimentation and modification to fit
farmer“s needs. The emphasis is on whatever works for farmers in their specific environment.
Farmers are advised to use whatever is available in their current environment to improve both
land and water productivity. In this dissertation, we limit our discussion on adoption of SRI

techniques by farmers.

By revolving our discussions around adoption, we limit ourselves to understand what is
happening within the smallholder farmers” line. Classifying farmers as adopters and non-
adopters leaves out the most important part of the subject which is to explore the changes in
practice brought by SRI and the impact of SRI in smallholder farmers® life. As in real life, it is

difficult to differentiate adopters from non-adopters (Glover, 2011).

We are aware that challenges and variations on adoption among smallholder farmers have
raised concerns on the suitability of SRI in benefiting smallholder farmers, and whether the
obtained results are worth the efforts. Although smallholder farmers face a lot of challenges in
implementing SRI, researches have shown that these challenges have not denied farmers from
appropriating some of the SRI principles to their benefits. In most cases, farmers still use the
little resources available to do what they can to get profit from SRI. A research conducted in
northern Myanmar by Kabir and Uphoff (2007) concluded that partial adoption by farmers
was able to double the production (from 2.04 to 4.18 t/ha). This is proof that even with partial
adoption smallholder farmers can still benefit from SRI.

It is therefore, important to understand the mechanism beyond these variations and explore to
what extent do farmers benefit from SRI. This study aimed at evaluating the adaptation and
performance of the system of rice intensification under farmer-led irrigation schemes and
management. First, the study was conducted to understand how smallholder farmers responded
to SRI intervention in the Lekitatu smallholder irrigation scheme in Arusha Region, Tanzania.
Secondly, field experiments on farmers managed plots were conducted to assess the

performance of SRI in the study area.
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CHAPTER THREE
MATERIALS AND METHODS
3.1  Study Area

3.1.1 Geographic Location, Climatic Condition and Extent of Lekitatu Irrigation

Scheme

This study was conducted at Lekitatu irrigation scheme is located in Lekitatu village, Meru
district, Arusha region in Tanzania (Fig. 1). The scheme is located between 3°23'03.8" and
3°25'50.9" South, and 36°50"03" and 36°51'50.5" East, with an average altitude of 1110 amsL.
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Figure 1: Map showing the location of Lekitatu irrigation scheme

The area lies in the sub-humid region with annual rainfall ranging from 590 mm/year to 1 460
mm/year. Temperature ranges from a minimum of 11.7°C in July to a max of 32.4°C in
October, while potential evapotranspiration ranges from a minimum of 151 mm/month in June
to a maximum of 218 mm/month in October, average wind speed and relative humidity are 2.4
m/s and 56%, respectively. The area receives a bimodal rainfall regime, with short rains
starting from October to December and long rains from March to May, with peak precipitation

in April (Fig. 2). Potential evapotranspiration (ETo) is higher than the amount of rainfall in all
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months except for April. This explains the importance of applying supplemental irrigation

even during the long rainy season.
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Figure 2: Long-term (1985-2016) monthly average rainfall, relative humidity, mean
temperature and ETo for Lekitatu area

The total area of Lekitatu irrigation scheme is 826 ha in which 600 ha are under irrigation. Out
of 600 ha, 400 ha are used for paddy farming while the remaining 200 ha are used for other
crops (maize 72 ha, beans 100 ha and 28 ha for vegetables). The soils under rice cultivation
range from silty loam to loamy sand while those used for other crops are loamy sand to clay.
Rice farming is done in two seasons; the first season starts from January to June, which is a
wet season (Table 1) and the second season from July to December (dry season) (Table 2). In
both seasons irrigation is required although the needs differ between the two seasons due to
differences in the amount of rainfall received. During wet season irrigation is required in
January and February while in a dry season full irrigation is required and the critical point is in
November during the flowering phase of rice crop where the fields are kept flooded for about
one month. Although irrigation water requirement is high during the dry season and water
competition is high, farmers still prefer dry season over the wet season due to the high yield
obtained. The study area was selected based on accessibility, representativeness of small-scale

irrigation scheme and availability of information on the adoption of SRI.
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Table 1: UWAMALE irrigators’ co-operative union rice calendar for the wet season

Wet season
Dec Jan Feb March April May June
Activity/ weeks 3 41 2 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2 3 4 1 2

Farm  preparation
Paddling

Nursery preparation
Basal dressing
Transplanting
Irrigating

Diseases and pests

control

1% weeding
1% fertilizer

2 " weeding

2 Mertilizer .

3 "fertilizer -
Harvest -

Table 2: UWAMALE irrigators’ co-operative union rice calendar for the dry season

Dry season
June July Aug Sept Oct Nov Dec
Activity/ weeks 341 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2

Farm  preparation
Paddling

Nursery preparation
Basal dressing
Transplanting
Irrigating

Diseases and pests
control

1 % weeding

1% fertilizer
2 " weeding

2 Sfertilizer

[
i L
3 fertilizer -

Harvest .

3.1.2 Historical development of Lekitatu irrigation scheme

Lekitatu village was formerly known as Manyata village, which was formed in 1961. In 1975,
Manyata village was divided into 2 villages namely Manyata and Lekitatu village. The main
activities in this area were livestock keeping and rice farming in small areas. The crop
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production was mainly for food consumption at the household level. Farmers were scattered,
had little knowledge of crop and water management. The yield obtained was very low, an
average of 1.3 tonnes/ha below the national average of 1.5 tonnes/ha (Wilson & Lewis, 2015)
mostly due to the use of local rice varieties such as Supa India (long cultivars) and only

cultivating in one season per year.
(1) Transforming Rice Farming in Lekitatu Irrigation Scheme

After the establishment of the scheme, there have been various efforts to assist farmers to
benefit more from rice farming. Various actors such as the Japanese International Co-
operation Agency (JICA), Kilimanjaro Agricultural Training Center (KATC) and Rice
Council of Tanzania (RCT) supported the scheme. Through these actors, farmers have
benefited from training, funds and loans and other government incentives. The first training on
crop management started in 1997 when the concepts of green revolution were introduced to
this scheme by KATC who provided training on the use of high yield varieties and proper use
of fertilizers to 15 members of the scheme. The assumption was that later they would transfer
the knowledge to other members. With the help of these training, farmers moved from
cultivating one season per year using late maturity rice variety to two seasons per year by the
use of early maturity varieties such as Saro (,saro"= semi-aromatic rice variety), Saro 5
(hybrid variety scientifically known as TXD 306) and Wahiwahi. Also, farmers were educated
on the benefit of using fertilizers to boost productivity. Farmers applied fertilizers at least three
times during growing period (an average of 150 kg) at transplanting, one month after
transplanting and one month after the second fertilizer. Power tillers which facilitated easy and
quick ploughing were also introduced in the scheme. During the green revolution initiatives,
farmers were able to improve their rice yield from an average of 1.3 tonnes/ha to 2.5
tonnes/ha. The increased production motivated more farmers to engage in rice cultivation. As
a result, the area under cultivation and the need for irrigation increased. As water requirement
increased competition and scramble for water began and it is at this point that farmers realized
the importance of having a body for water governance.

(i) Establishment of Water Users Association

In 1998, with the help of a non-governmental organization (NGO) Rikolto (formerly known as
VECOQO), farmers organized themselves and formed water users association (WUA) known as
Umoja wa Watumiaji Maji Lekitatu (UWAMALE) for the purpose of managing water
allocations. The union began with 15 members and the number had grown to 243 in 2018. The
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UWAMALE is also used to govern other activities such as facilitate training, searching for
grants and loans to provide credits to members to improve crop production for better income
and improved living standards of the members. Even with UWAMALE in place, irrigation
water became increasingly scarce as a result of both climate change and competition from
other river water users located up and downstream. There was high water shortage especially
during peak periods (November and February) where low flows were experienced in the
canals. There were little or no flows reaching downstream farms, as a result, farmers always
struggled to irrigate their fields and there was always conflict among farmers. To resolve this
problem SRI, which was believed to increase yield and minimize the amount of water used for

rice production, was introduced in the area.
(iii) Introduction of SRI in Lekitatu Irrigation Schemes

The SRI was first introduced in this scheme in 2014 by JICA through KATC and Japan Policy
and Human Resources Development (PHRD). Since SRI was a new way of cultivating rice,
farmers did not know to implement SRI and hence knowledge dissemination was the first step
in introducing SRI in this scheme. Various methods were used to disseminate the knowledge
of SRI to farmers, including demonstration plots within the scheme where few farmers (early
adopters) who were willing to give their land for learning purposes were selected for SRI
demonstration. The other method used was sending a few representative farmers to learn from
other schemes that practice SRI and special arrangement were made to disseminate the lessons
learned to the rest of farmers. Until 2019, more than 100 farmers had attended various training
in various places. Like any other technology, SRI faced some resistance from farmers as it was
a new way of managing their land and water resources. It was not easy to convince farmers to
change their long-term rice cultivation practice and adopt the SRI principles. Since the lives of
many smallholder farmers depend on agriculture as their main source of food and income,
farmers cannot afford the risk of not harvesting even for one season. Very few farmers gave it
a try, at first farmers experimented on a small portion of their land or in the selected
community experimental plots normally known as farmer field school to avoid the risk of
failure (Kabir, 2006). After validating the system these farmers became the ambassadors of
SRI. With the spread of knowledge and evidence of yield increase from early adopters, more
farmers gave it a try and cultivated some of their portions with SRI and conventional flooding
(CF) to validate the method. After impressive results of SRI, farmers have now trusted the SRI

and are currently applying SRI principles in their plots.
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(iv) Changing Water Management

Introduction of SRI has brought some changes to the water management of the scheme.
During experimentation period, experience from the demonstration plots showed that applying
irrigation at least once per week (as for the most other crops within the area) was enough to
sustain the rice crops and obtain significant yield increase. To ensure equity among all farmers
the scheme was divided into zones for easy allocation of water. Each zone is allocated water at
least once per week. In addition, to reduce competition for water among rice and other crops
especially maize, maize growers are advised to adjust their planting dates to late September so
that they can make effective use of the short rains as the agreement is that during November

priority will be given to rice growers.
3.2  Data Collection

Both quantitative and qualitative data were collected in this study. Data was collected using
semi-structured questionnaires with the help of pilot-testing questionnaires. To supplement the
structured questionnaires, first, reconnaissance survey of the whole scheme was done,
followed by observation of agronomic practices of the farmers for one season. Second,
interviews with key informants and focus group discussion were conducted through meetings
where guiding questions on the subject matter were introduced to provoke the discussion.

After four experimental plots were set up for SRI practice, water and yield monitoring.
3.2.1 Reconnaissance Survey

To get an overview of the scheme in terms of infrastructure layout, agronomic practices, and
general water management a reconnaissance survey of the whole scheme was conducted with
the assistance of the extension officer and leaders of the UWAMALE cooperative. During the
survey, questionnaires were pre-tested to randomly selected farmers to help capture more
information to be included in the interview. In addition, some of the potential farmers to be
included in the questionnaire were identified. The respondents were carefully selected to get a
good representation of all gender, various age groups, different education levels, farming
experience, farm size and both SRI and non-SRI users.

3.2.2 Questionnaires Administration

The survey involved a total of 115 farmers. The sample size was calculated following a
previously proposed formula by Gupta (2002) (Equation 1). Questionnaires were carefully

designed to explore farmers” appropriation of SRI practices (Appendix 1). Filling of the
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questionnaire was done by the respondent with the researcher to ensure complete filling and
clarifying any ambiguous questions (Rundblad, 2006). A list of all farmers was obtained from
Lekitatu extension office, each farmer was assigned a unique code and excel was used to

generate a random list (Omair, 2014).

E— Equation 1

Where; n = sample size
N = population size (total number of farmers)

e = the level of precision, (0.05)
(i) Data Cleaning and Processing

Data cleaning was done after transferring data into the excel sheet. The overall samples of the
survey results were 115 smallholder farmers. The samples were processed according to the
following criteria; for the sample to be included it must contain data on nursery management,
transplanting age, spacing and amount of seeds/hill, weed management, irrigation management
and nutrient management; comparisons for data from different correspondents in the same data
cluster were made (Adér, 2008). Where the data seems inconsistent or invalid, the
arrangement was made to follow up on these farmers to get more valid data (Cochran, 1977).
Where it was not possible to correct the data the sample was removed from the analysis. After

data cleaning three samples were removed and remained with 112 samples.
3.2.3 Experimental Field Data
(i) Site Selection and Experimental Setup

Data collection for assessment of water productivity (WP) was done for the dry season
2019/2020 from July to December 2019. Data were collected from four farms with four
different practices commonly found in the area (Table 3). In all farms, Saro 5 which is the
dominant rice variety in the area was grown. Nurseries were prepared one week before the end
of the wet season in a selected portion outside the field. After the harvest, the herbicide (round
up) was sprayed to the field to kill the grasses. Three weeks later, the fields were ploughed and
saturated for up to five days before puddling. Power tillers were used for ploughing and
levelling followed with manual levelling. Transplanting was done soon after puddling
followed by application of the herbicide (Rilo) to kill weeds seeds from the previous season

two days after transplanting. After 21 days, another herbicide (basagram) was applied to kill
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the emerging grasses. In the F1 treatment, the field was puddled and ponding layer was
maintained throughout the growing season except for the last two weeks. Initially, the water
depth was kept at 2 cm and gradually increased to 10 cm at maturity stage. In other treatments
F2, F3 and F4 plots, the soil saturation was done for 1 day before transplanting and the fields
were kept flooded for one week to ensure good crop establishment. Afterwards, intermittent
irrigation was applied once per week following water scheduling of the scheme. The same
amount of fertilizers was applied three times to all fields (25 Kg/ha DAP for basal dressing, 50
Kg/ha YaraVera Amidus for first and second fertilizer application and 25 Kg/ha Yara Mira for
third fertilizer). All farm activities such as dates for nursery establishment and transplanting,
fertilizers application amount and dates, weeding methods and dates were recorded and
tabulated as shown in (Table 3). Amount of irrigation water and drainage, standing water

levels, and crop yield were documented.

Table 3: Treatment details and farming activities of the selected farms

Treatment Unit F1 F2 F3 F4
Cultivation method CF SRI SRI SRI
Irrigation method Flooding AWD AWD AWD
Transplanting age (days) 21 21 21 15
Seedling/hill (no.) 2 2 1 1
Spacing (cm) 15 X15 20X20 20X20 25X25
Nursery establishment Date  6"July 4™ July 4" July 9" July
Basal dressing Date  24™July  22July  22™July 25" July
Transplanting Date  27™July  25"July 25" July 25" July
Weed control (herbicides application) DAT* 1 2 2 1

1* weeding (manual pulling) DAT 28 29 30 28

1*" Fertilizer application DAT 31 32 32 32

2" weeding (manual pulling) DAT 54 53 53 52

2" Fertilizer application DAT 58 57 57 56

3" fertilizer application DAT 70 68 68 70

*DAT =days after transplanting
(i) Determination of Physio-Chemical Properties of the Experimental Plots

Soil sampling was done to determine the physio-chemical properties of the experimental plots.
Bulky density was determined using the core method following procedures explained in
(Blake & Hartge, 1986). The location was selected and the top 10 cm layer was removed to

avoid the disturbed soil by agricultural activities. The pit of 1.2 m*®was created and the total of
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9 undisturbed samples was collected, three replicates at each layer for three layers (0-30 cm,
30-60 cm and 60-90 cm) at each sampling location. Sampling was done carefully using a
complete stainless steel Kopecky"s Rings with a castle and a hammer. The rings have a
diameter of 5 cm, a height of 5 cm and a volume of 98.125 cm3. The samples were taken to the
laboratory, weighted and kept for oven drying 24 hrs at 105°C. After drying the samples was
weighed and the ration of the dry mass to the volume was determined as bulky density
(Equation 2) (Folegatti, 2001).

Soil profiler was used to obtain soil samples for the determination of soil pH and conductivity.
On each field, 10 subsoil samples were collected from a depth of 0-15 cm. The soil samples
were mixed to obtain one homogenous sample (weight about 500 g) for analysis of pH and
conductivity. The samples were air-dried and ground to obtain fine particles. In each sample, a
solution containing 10 g of air-dry soil and 10 mL of deionized water was prepared in a 50 mL
beaker. The samples were taken to a reciprocating shaker for 30 minutes in the low speed of
the reciprocate shaker and centrifuge it for 5 minutes in 2000 rpm in Vance"s lab. The samples
were left for 15 minutes and EC was measured first followed by pH. Before measurements,
EC and pH meters were standardized using standard solutions. For EC the solution used were
EC 1.12 and EC 1.0 and for pH solution of pH 7 and pH 4 were used.

wd Equation 2

Where
=Bulky density (g/cm®)
Wd = Dry mass (g) and Vt = Total volume (cm®)

(iii) Irrigation Water Measurements

Amount of irrigation water applied to the field was measured by using 90° V-notch which was
fabricated and calibrated by allowing water to pass the V-notch and record the time taken for
water to fill a container of known volume for consecutive measurements then it was installed
at the inlet of the farm (Fig. 3). The V-notch was applied because it is a simple and accurate
method for measuring low flows (lbrahim, 2015). The head over the V-notch crest and time
took to complete each irrigation event was recorded and the discharge was calculated using
(Equation 3) (Herschy, 1995; Chanson, 2013). Irrigation volume (V) in each plot was
calculated by multiplying discharge (Q) with time (Equation 4), total irrigation amount used
for the entire growing period was obtained by summation of all individual volumes (Equation
5).
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— -V Equation 3

Equation 4

> Equation 5

Where,

Q = Discharge (m?3/s)

Cqy= coefficient of discharge, which depends on notch angle and for 8 = 90°,Cd= 0.58
h = Measured head of water over the V-notch (cm)

g = acceleration due to gravity (m/s%)

© = Notch angle, V = Volume (m®), T = Time (seconds)

Vr = Total volume for the entire growing period (m°)

i and j are individual irrigation events.

Figure 3: Field measurement of irrigation water using V-notch
(iv) Crop Performance and Yield Measurements

To assess the effect of each treatment on crop growth and performance, the height of the plant
was taken at a regular interval, Average tiller number was determined at harvesting stage
from each plot from an area of a square meter. The number of tillers per hill was determined
by sampling 10 plants/hill from each plot. Yield measurement followed the procedure
described in Sato and Uphoff. (2007) whereby sampling was done in 2.5 x 2.5 m® spot.

Sampling spots were selected at about one-fourth distance from the plot perimeter to avoid
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edge effects with care to select representative yield conditions as much as possible. Three
locations were selected from each plot and plants were cut manually and collected on a large
vinyl sheet. After sampling the following was done: (a) carefully separating grains from the
panicles on a large vinyl sheet; (b) separate filled and unfilled grains and discard unfilled
grains; (c) measure the total weight of the remaining grains; (d) measure the moisture content
of the grain using portable grain moisture meter; and (e) calculate total paddy yield by
converting the moisture content of paddy to be 14%.

(v) Water Productivity

In wider meaning productivity compares the output to the input. Input and output vary from
one field to another and within field depending on the context it is being used. In an
agricultural context, water productivity (WP) defined as the physical or economic benefit
derived from the use of water (Molden & Sakthivadivel, 1999) is usually used. In this study,
input was regarded as the water used in production (m®) and the grain/harvestable yield (kg) as
output. Therefore, WP was regarded as the ratio of yield produced to the amount of irrigation
water applied and its unit is given in kg/m* (Equation 6) (Mdemu et al., 2013). Percentage of

water-saving was calculated using (Equation 7) (Kahimba et al., 2013).

Equation 6

Equation 7

3.3  Data Analysis

The interview data were analysed using Statistical Package for the Social Sciences (SPSS)
16. For general information, frequency tables were generated, t-tests were used to compare
the mean differences between farmers practising SRI and CF. Categorical data were
analysed using chi-square tests and correlations were used to identify the interdependence.
Yield components and irrigation water use in all the treatments were analysed using
Microsoft Excel 2010 following data analysis procedures for agricultural research
recommended by Gomez (1984). To determine if there exists a significant difference among

treatments based on the p-value of 0.05, Duncan“s Multiple Range Test was done.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Integration of System of Rice Intensification into the Local Rice Farming System

of Smallholder Farmers

4.1.1 Demographic Information

The questionnaires involved a total of 112 respondents. The ratio of males to females was
almost equal (51% females, 49% males) and their ages ranged from 20-30 up to above 60
years. Most of the respondents (82%) had primary school level education and only 6% had a
diploma and above (Table 4). Farmers of different experiences were interviewed ranging from
those with less than 5 years to those who had more than 20 years of farming experience. A
majority of the respondents (62%) had plots of 0.5 to 1 acre and 80% of them were using the
alternate wetting and drying (AWD) method of cultivation (Table 5).

Table 4: Demographic information of respondents (gender, age and education level of
farmers) (n=112)

Variable Characteristics Frequency Per cent
Gender Male 55 49
Female 57 51
Age (Years) 20-30 6 5
31-40 23 21
41-50 44 39
51-60 20 18
Age >60 39 35
Education level Primary 92 82
Secondary 14 13
Diploma 2 2
Degree 1 1
Higher 3 3
CF 23 21
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Table 5: Summary of education level, farming experience, farm size and cultivation
method of farmers in Lekitatu irrigation scheme (n=112)

Variable Characteristics Frequency Per cent
Farming experience Less than 5 28 25
(Years) 6-10 years 38 34
11-20 28 25
more than 20 years 18 16
Farm size ( acres) Less than 0.5 4 4
0.5-1.0 69 62
1.1-1.5 27 24
More than 1.5 12 11
Cultivation method AWD 89 80
CF 23 21

4.1.2 Farmers Adoption of SRI Principles in Lekitatu Irrigation Scheme

In this study, it was found that during the experimentation period farmers realized that some of
the SRI principles such as transplanting of young (8-15 days), single plants at a wider spacing
of 25 x 25 cm or more, applying water after the development of hairline cracks on the soil, the
use of organic fertilizers instead of chemical fertilizers, and the use of rotary mechanical
weeder to aerate the soil could not be adopted in their environment without modifications
(Table 6). Since farmers saw the potential of SRI to increase their production and somehow
minimize water usage, they were not willing to let go of this “wonders maker” technology
rather they decided to modify these principles to suit their local specific needs as discussed

below.

Table 6: Adoption rate of recommended SRI principles by farmers in Lekitatu scheme

SRI Principles Description No of farmers Percent

Preparing well-managed nurseries
Careful Nursery management ] 112 100
(garden-like managed)

Early transplanting Use seedling of 8- 15 days old 15 13
) Weeding starting at least 10 days after
Early and regular weeding ) 4 4
transplanting

Fields kept moist but not continuously

Alternative wetting and drying 89 79
flooded
Single widely spaced Use of 25 x 25 cm and above 16 14
o The use of organic fertilizer to the extent
Application of manure ) 19 17
possible
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(1) Nursery Management

Careful nursery management has been integrated into the rice farming system of smallholder
farmers. All farmers interviewed (112/112) reported that they raise their seedbeds in a garden-
like manner irrespective of their irrigation method or seed variety (Table 6). It was found that
farmers have set aside a portion of their farm to be used for nursery establishment only. This
portion is prepared such that it allows for easy drainage. Seeds in the nursery are spread
widely, to allow for air and sunshine in the plants. Since more than 80% of farmers in this
scheme use improved seeds (which is relatively expensive), careful nursery management
reduces the amount of seeds required, which is a benefit to farmers. Reduction in the amount
of seeds required in SRI was also reported in the study conducted in Bangladesh by
latif et al. (2005) where SRI requires an average of 13% (8 Kg/ha) of the seeds required in CF
(60 Kg/ha). In addition, careful nursery management increases the rate of germination
(Uphoff, 2007), reduces diseases and pests at an early stage, resulting in plants that are
healthier and resistant to diseases and also facilitate easy uprooting and separation of young
plants during transplanting.

(i) Transplanting Age of Seedling

Transplanting of young seedling at the age below 15 days as recommended in SRI is not a
preferred option by most smallholder farmers. Only 13% (15/112) were able to follow this
practice. Other farmers, however, had made changes on the transplanting age. Most farmers
preferred to use 16- 20 days (31%), 21-25 days (47%) and 9% use > 25 days (Fig. 4) to avoid
the risks associated with transplanting of young seedlings. There are several reasons why most
smallholder farmers fail to transplant seedling younger than 15 days old. One is difficulties in
handling young seedlings, from farmer"s experience, at the age below 15 days the seedlings
are so small and need careful handling during uprooting to prevent root damage. Two, Since
water is not reliable, most farmers prefer to flood their fields also known as puddling before
transplanting to ensure moist condition for the plants, experience shows that young plants at
the age below 15 days can easily be stacked in the muddy since the leaves are so small the rate
of failure is high. As explained by Uphoff (2011), it is best to consider physiological age (i.e.
transplanting at 2-3 leaf stage) instead of calendar age. Three is lack of enough power tillers
within the scheme, whereby some farmers are made to wait for more than three weeks before
their fields are ploughed. These delays in getting power tillers make the whole process delay.
To solve this problem farmer may opt to use the non-tillage technique which preserves the soil

structure and save time and cost.
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Figure 4: Farmer's preference for transplanting age of 8-15 days, 16-20 days, 21-24 days
and above 25 days based on their local condition (n=112)

(iii) Spacing and Amount of Seedling

The SRI recommends the use of a single plant at a wider space of at least 25 x 25 cm. Only
14% (16/112) were able to follow this principle. Most farmers preferred the use of 20 x 20 cm
with one (33%) or two seedlings (31%), 14% preferred to use two seedlings at 15 x 15 cm
(Fig. 5). Farmers" preference to use a closer spacing of 20 x 20 cm is a mitigation measure
against pests (worms) and diseases. During the reconnaissance survey, it was observed that
most of the last row of edge/border of the basins had dry plants which were cut by worms.
Transplanting two plants at closer spacing was found to help maintain sufficient plant
population (Das et al., 2018). Another reason is farm labourer”s capacity to carefully separate
attached plants during transplanting. Singly transplanting can be labour intensive especially at
early years of adoption (Latif et al., 2005; Lee & Kobayashi, 2018) where farmers are still

learning the process, but may reduce with time as farmers master the system.
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Figure 5: Number of seedlings vs. spacing (15 x 15 cm, 20 x 20 cm and 25 x 25 cm) as
used by farmers in Lekitatu irrigation scheme based on the prevailing local
environment (n=112)

(iv) Irrigation Water Management

In this study, 79% reported using intermittent irrigation, especially at the panicle initiation
stage. Though under SRI it is advised to apply water after the development of hair-like cracks
in the soil, farmers in this area apply irrigation between 4-7 days depending on weather and
water availability (Fig. 6). Farmers cannot use hair-like cracks as an indicator for irrigation
because there is water allocation schedule of the scheme in which each zone is allocated water
at least once per week. Farmers are supposed to irrigate when water is allocated to them for
there is little or no possibility to have water before the next schedule. Lack of adequate water
supply and no- flexibility in water allocation was also reported as one of the major constraints
for adopting SRI in Cambodia (Lee & Kobayashi, 2018). It was also proved difficult to apply
intermittent irrigation at the Mwea Irrigation Scheme in Kenya (Ndiiri et al., 2013).
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Figure 6: Irrigation indicators (hair-like cracks in the soil, presence of water in the canal
or irrigation schedule) as used by farmers practising AWD and CF (n=112)

(v) Weed Management

The commonly used method for weed management is herbicides applied within three days
after transplanting to kill weed seeds and prevent their germination followed by two manual
weeding 80% (Fig. 7). First-hand weeding starting one month after transplanting contrary to
10-15 days as recommended in SRI and the second weeding is done one month later during
the reproductive stage. The use of herbicides is attributed by two factors; one manual labour is
expensive and two rotary weeders are not available. The use of herbicides reduces the number
of weeding from four to five times into two. In addition, farmers find the use of herbicides
cheaper and require less labour as compared to manual weeding. According to Latif et al.
(2005) use of herbicides can be justified when the labour cost involved is less than that
required in manual or mechanical weeding, also when there is an improvement in yield. For
the case of rotary weeders, as explained by Ndiiri et al. (2013) farmers have to manufacture

their mechanical weeders that will suit their specific needs.
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Figure 7: Time taken before first weeding for farmers using hand hoe, herbicides
followed by manual pulling, and manual pulling (n=112)

(vi) Nutrients Management

Concerning nutrient management, farmers use either only chemical fertilizers as the main
supply of nutrients to plants (81% of respondents) or a mixture of chemical fertilizer with
manure (18%). Only 1% use manure only (Fig. 8). High use of inorganic fertilizers is caused
by lack of enough manure within the vicinity. As explained by Uphoff (2007), the use of
organic fertilizers is not mandatory in SRI if chemical fertilizer alone or a combination of
manure and chemical fertilizer will provide better results (Sato & Uphoff, 2007). In
Madagascar, for example, manure was used because farmers were not able to afford chemical
fertilizers. Later it was found that the use of organic fertilizers was beneficial in improving soil
fertility (Uphoff, 2011). In a study conducted in Bangladesh, Latif et al. (2005) reported
higher yield when chemical fertilizers were used alone or when supplemented by organic
manure, but not as a substitute. Therefore, if organic manure is not available it should not
prevent the use of other SRI components. The other option can be mixed farming where

farmers will also keep cattle/chicken to obtain more organic fertilizers.
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Figure 8: Difference in nutrient management between farmers practising AWD and CF
in their local farms using (manure, chemical Fertilizer and chemical fertilizer
with additional of manure) (n=112)

4.2  Physio-Chemical Properties of the Experimental Plots
Soils at the experimental site are classified as sandy loam with an average bulk density of 1.4
glcm®. The pH values of the experimental sites range from 6.4 -7.2, which makes the soils

suitable for rice cultivation (Samanta et al., 2011). The EC values range from 0.2-0.3 ds/m

which are suitable for rice cultivation (Raza et al., 2018) (Table 7).

Table 7: Soil physio-chemical properties of the experimental sites

Soil properties F1 F2 F3 F4
Physical properties

Sand (%) 66.40 68.10 68.10 69.4

Silt (%) 33.30 31.50 31.60 30.1
Textural class Sandy loam  Sandy loam Sandy loam Sandy loam
Bulk density (g/cm®) 1.48 1.42 1.4 1.46
Chemical properties

pH (water) 6.4 7.2 7.1 7.1

EC (ds/ m 0.2 0.2 0.2 0.3
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4.3  Performance of SRI Under Farmers’ Management

4.3.1 Plant Morphology and Soil Environment

The number of tillers per m” was higher (544.2) in F2 using two older seedlings at 20 x 20 cm
with intermittent irrigation, followed by F1, two seedlings at a closer spacing of 15 x 15 cm
under continuous flooding (Table 9). Results for F1, F2 and F3 were not significantly different
at p<0.05. The lower number of tillers per m? (384.1) were obtained in F4 which was
statistically different from all other treatments (F1, F2 and F3) based on LSD post hoc test at
p< 0.05. The lower number may be attributed to wider spacing (25 x 25 cm) resulted in a
fewer number of plants per unit area. Maximum tillers number per hill was recorded in F4.
Wider spacing (25 x 25 cm) with single transplanting in F4 reduces plant competition for
nutrients, allow for better utilization of light and water hence resulted in more tillers than in all
other treatment. In addition, it was observed that plants under intermittent irrigation had better
root development compared to those under continuous flooding because the soils are well
aerated. It was also observed that crop and water management greatly affected plant growth, as
seen in (Table 8), the average plant height was higher in F3 and F4 where single plants were
transplanted at a wider spacing of (20 x 20 cm) and (25 x 25 cm) respectively compared to
closer spacing in F1 and F2. Statistically, F1 and F2 were not significantly different from each
other but from F3 and F4. The same is true for F3 and F4. The influence of SRI in improving
plant morphology has also been reported by other researchers (Thakur et al., 2011; Kahimba et
al., 2013; Thakur et al., 2014).

Table 8: Morphological characteristics of rice plants under different treatments in
Lekitatu scheme

Number of Max Tillers Average tillers Average Height
Treatment ) ors /m?* number/hill” number /hill* (cm)’
F1 521.0° 26.2° 20.42 79.6°
F2 544.2% 43.3° 30.4° 82.2°
F3 489.1° 37.9° 37.5°¢ 84.0°
F4 384.1° 59.6¢ 52.2¢ 85.5"

* Means with the same letter are not significantly different at p < 0.05.
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43.2 Grain Yield

The average grain yield obtained from experimental fields were 4.8, 8.5, 8.2 and 9.2 tons/ha
for F1, F2, F3 and F4, respectively. The highest grain yield was obtained from F4 followed by
F2 and F3 while the lowest was obtained from F1 (Fig. 9). It was noted that transplanting of
young single seedling (15 days old) at a wider spacing of 25 x 25 cm combined with AWD in
F4, gives the optimal yields (9.2 tons/ha) (Fig. 9). These results support the results found by
other researchers, for instance, Vijayakumar et al. (2006), Kahimba et al. (2013) and Reuben
et al. (2016) who recommended that younger seedlings (8-14 days old) singly transplanted at
wider spacing (25 x 25 c¢cm to 30 x 30 cm) with AWD irrigation regime produce optimum
yields. However, this method is not preferred by many farmers due to lack of supporting
infrastructure. For farmers to apply this treatment water should be reliable. In F2, where two
21 days plants were used at a spacing of 20 x 20 cm with AWD, the results were significantly
higher (8.5 tons/ha) compared to F3, where single plant of 21 days at 20 x 20 cm spacing with
AWD was used (8.2 tons/ha). Therefore, in places where water is not reliable and farmers lack
enough capacity to handle young plants, two 21 days seedlings at a spacing of 20 x 20
combined with AWD may be the best option. The statistical analysis of different treatment
showed a significant difference in grain yield (Table 9).

The use of single young seedling at wider spacing (25 x 25) in F4 resulted in the higher weight
of 1000 grains (28 g) as compared to other treatments (Table 9). Lower weight was obtained
under F1, where two older seedlings were transplanted at a closer spacing (15 x 15) with
continuous flooding. Statistically, F1 and F4 were different from other treatments, whereas F2

and F3 were not significantly different from each other at p<0.05.
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Figure 9: Grain yield (Tons/ha) for different treatments during the dry season at
Lekitatu
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Table 9: Performance of different treatments under farmers’ management in Lekitatu
irrigation scheme

Yield * Yield Irrigation Irrigation Water 1000 grains
Treatment (tonnes/ha) increase  water use* water Productivity* weight*
(%) (m3/ha) saving (%) (Kg/m3) (9)
F1 4.8° 0 32936% 0 0.15* 24.7%
F2 8.5° 77 21628° 34.3 0.39° 26.6°
F3 8.2° 71 23414° 29 0.35° 27.8%
F4 9.2¢ 91.7 18080° 45.1 0.51¢ 28°

* Means with the same letter are not significantly different at p = 0.05.

4.3.3 Irrigation Water Use and Water-Saving

Highest irrigation water uses of 32 936 m*/ha was recorded in F1 (control treatment) in which
continuous flooding was practised throughout the crop growing season (Table 9). In other
treatments F2, F3 and F4, in which intermittent irrigation was applied, the average irrigation
water uses of 21 628; 23 414; and 18 080 m*/ha respectively, were recorded (Table 9, Fig. 10).
The mean ranking based on LSD post hoc test at p< 0.05 showed that irrigation water use of
the control treatment F1 and F4 were statistically different from that of F2 and F3 (Table 9).
Water-saving under SRI practice was 34.3%, 28.9%, and 45.1% for F2, F3 and F4;
respectively. These results agree with the results reported by Keisuke (2007) that AWD can
save water used in rice production by 20-50% compared to CF. Similarly, Sato and Uphoff
(2007) reported water saving ranges of 24% - 60% under SRI management compared to CF in
eastern Indonesia. If proper management of water is done such that farmers have assurance on
water availability more water will be available to downstream farmers in the scheme who

always suffer water scarcity during high demand period (November).
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Figure 10: Cumulative irrigation water use under different treatment in Lekitatu area

4.3.4 Water Productivity

Water Productivity was highest (0.51 kg/m®) in F4 where SRI practice was applied with young
(8-15 days), single widely spaced at 25 x 25 cm followed by 0.39 kg/m® in F2 with two
seedlings, 21 days old spaced at 20 x 20 cm. The WP was lowest (0.15 kg/m®) in F1 where
continuously flooding is applied with 2 seedlings closely spaced at 15 x 15 cm (Fig. 11). The
lowest WP in CF (0.15 Kg/m®) agree with the finding of Kahimba et al. (2013) in Mkindo
irrigation scheme where WP was 0.14 Kg/m® in CF. Statistically, at p<0.05, water productivity

in all treatments was significantly different (Table 9).
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Figure 11: Water productivity obtained by farmers’ under different treatments in
Lekitatu area

4.4  Challenges in Implementing System of Rice Intensification
4.4.1 Water Reliability and Allocation Flexibility

For effective implementation of SRI a reliable source of water is required. Since the seedlings
are transplanted at a very young age (8-15 days) and permanent flooding is avoided in the
vegetative stage, reliability of water is very critical in implementing SRI to avoid crop stress.
In addition, when hair-like cracks appear in the soil as an indicator of irrigation trigger, the
fields need to be irrigated immediately to prevent stress to plants which if critical can damage
the final yield. In this scheme water is reliable but there is no flexibility in allocation (Fig. 12).
Although in this scheme the irrigation schedule was strictly followed during high demand
(November for the dry season and February for wet season) farmers in the down-stream area
were still struggling to irrigate their fields. Although there is an arrangement that farmers who
could not get water will be considered first in the next cycle. This is still a big challenge as it
will mean that the soils will stay two weeks without water. This lack of assurance on
availability of water has created fear for farmers to apply intermittent irrigation as lack of
water in the vegetative and reproductive stage can damage the crops and hence affect the final
yield. It was also observed that irrigation canals are very long up to 5 km, given characteristics
of earthen canals a lot of water is lost during conveyance due to seepage and percolation and
little or sometimes no water reaches downstream. In this scheme as in many other smallholder

irrigation schemes, water distribution is guided by informal management and water allocation
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depends on mutual agreement among irrigators. Under this scenario, farmers are advised to
make proper arrangement to make sure each farmer gets water when needed (Wallace, 2000;
Sokile & Van Koppen, 2004).
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people
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Figure 12: Farmer's opinion on Water reliability vs. water allocation flexibility (n=112)
4.4.2 Production Cost

Farmers reported that the total production cost under SRI was higher than CF. The cost
involved in SRI was estimated to be Tshs. The 1 500 000 (50% higher) compared with Tshs.
1 000 000 for CF. The cost involves labour cost for transplanting, weeding and irrigating. In a
study conducted in Bangladesh, the results showed that transplanting and weeding costs in SRI
were 19% and 27% higher than in CF while irrigation cost increased by 33% (Latif et al.,
2005). Although generally total production cost of rice is in smallholder scale is high due to
high labour requirement and little mechanization, the cost is expected to increase under SRI
especially where farmers have not mastered the system (Wilson & Lewis, 2015). The research
has shown that the labour cost involved in SRI can reduce with time if farmers are willing to
learn and improve their practice (Sato & Uphoff, 2007). Alternatively, farmers may give try on

direct seeding which is estimated to reduce labour cost by up to 40% (Ramasamy et al., 2006).
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4.4.3 Diseases Affecting Rice Plants

It was found that diseases such as rice yellow mottle virus are common in this area, especially
in the wet season. These diseases affect the growth of rice plants and hence reduce the yield.
Farmers are required to transplant more than one seedling and also to reduce the planting
space to cover for losses. In addition, a lot of chemicals are needed to control diseases. In a
few cases, farmers have attempted re-transplanting more than three times without success.
This challenge has made some farmers quit cultivating in the wet season. During focus group
discussion, some farmers reported under SRI when farmers follow the cropping calendar, there
is a possibility of reducing diseases. Although this was known by most farmers, they argued
that their failure to follow the proposed crop calendar was because of the unreliability of water
during transplanting.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
51 Conclusion

This study was conducted to evaluate the performance of the system of rice intensification
(SRI) under traditional farmers' management. By first understanding how smallholder farmers
appropriate SRI practices and use it in their fields, the study shows that farmers have a positive
response towards SRI practices. Second, by assessing yield, water productivity and water
saving, we find that adopting all recommended practices may not be practical to some farmers;
there are always initiatives to try finding out what is or isn“t working based on local
conditions. It is through these trial and error experiments that smallholder farmers were able to
integrate SRI into their farming systems.

Application of SRI principles is hindered by various social, economic and institutional
constraints. The SRI needs a reliable source of water, proper water distribution facilities to
ensure water gets to the field at the required time and amount, proper land preparation to
facilitate easy movement of water within the field, to store moisture, and proper water control
structures to avoid entering of overflow from the neighbouring fields. In addition, SRI is
labour and knowledge-intensive; it requires farmers and labourers to invest time in
understanding the processes behind each stage, test and adjust these principles to suit their
environments. The SRI may involve decisions that are beyond an individual capacity; it
requires changes in social and institution arrangement which needs to be made before and
during the implementation of SRI. Therefore, co-operation and coordination among farmers

and between farmers and their leaders within a given common irrigation block are important.

It was found that replacing traditional rice farming system with SRI may not be a one-time
event. It will require a lot of investments in terms of money and time to prepare the
environment for proper implementation of SRI. To make SRI application successful, SRI
training should involve more than just training the landowners (farmers), rather field
labourers, water allocation and distribution officers and extension officers" should be part of
the training. In addition, support from government or external agent is required in supporting

SRI implementation.

Regardless of the challenges in integrating SRI into local farming system, the results obtained

by farmers were worth the trouble. By singly transplanting 15 days old seedlings at 25 x 25 cm
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with intermittent irrigation, the yield of 9.2 t/ha was obtained, which is 92 % increase; WP of
0.51 Kg/m?® and water saving of 41.5% was obtained compared to yield of 4.8 t/ha and WP of
0.15 Kg/m? for conventional rice farming. Though the results are very promising and higher
compared to all other treatments, most farmers fail to use this method for it requires a reliable
water supply, knowledge on handling young seedlings and proper weeds, diseases and pests
management. Instead of backing up most farmers decide on making SRI their own by
customizing the principles to suit their environment. This involves using older seedlings,
reducing the planting space and sometimes even using two seedlings to ensure adequate plant
population. When 21 days single seedling at 20 x 20 cm with intermittent irrigation was used
the yield was 8.2 t/ha which is 71% increase, WP of 0.35 Kg/m® and water saving of 29% was
obtained compared to conventional rice farming. Using two seedlings 21 days old at 20 x 20
cm with intermittent irrigation yielded of 8.5 t/ha which is 77% increase, WP of 0.39 Kg/m®
and water saving of 34% was obtained compared to conventional rice farming. The latter is
recommended as it reduces the risk of ending up with the insufficient number of plants, but

also farmers are assured of higher yields and reduced amount of irrigation water.
5.2 Recommendations
This study recommends the following:

(i)  More studies should be conducted to gather more information on the site-specific
adaptation of SRI principles.
(i)  In order for SRI to be successful, there should be strong co-operation and mutual
agreement between farmers on how collective resources such as water will be shared.
(i) There should be continuing education on SRI principles to farmers and extension
officers.
(iv)  To ensure farmers sustainability, the use of two seedlings of the age 21 days at a space

of 20 x 20 cm with intermittent irrigation is recommended for this area.

42



REFERENCES

Adér, H. J. (2008). Advising on research methods: A consultant's companion. Johannes van
Kessel Publishing.

Ali, R. M. (2015). Evaluation of the performance of system of rice intensification (SRI) in
Bumbwisudi rice irrigation scheme, Zanzibar. Master"s Dissertation, Sokoine
University of Agriculture. http:// www. suaire. suanet. ac. tz: 8080/ xmlui/ handle/
123456789 /1838.

Balasubramanian, V., Sie, M., Hijmans, R. J., & Otsuka, K. (2007). Increasing rice production
in sub-Saharan Africa: Challenges and opportunities. Advances in Agronomy, 94, 55-
133. doi: https://doi.org/10.1016/S0065-2113(06)94002-4.

Berkhout, E., Glover, D., & Kuyvenhoven, A. (2015). On-farm impact of the System of Rice
Intensification (SRI): Evidence and knowledge gaps. Agricultural Systems, 132, 157-
166. doi: https://doi.org/10.1016/j.agsy.2014.10.001.

Bhuiyan, S. I. (1992). Water management in relation to crop production: Case study on rice.
Outlook on Agriculture, 21(4), 293-299.

Blake, G. R., & Hartge, K. (1986). Bulk density. Methods of Soil Analysis: Part 1 Physical
and Mineralogical Methods. Wiley Periodicals, LLC.

Bouman, B., Tuong, E., & Barker, T. P. R. (2007). Rice and Water. Advances in Agronomy,
92, 187-237. doi: https://doi.org/10.1016/S0065-2113(04)92004-4.

Capra, A., Consoli, S., & Scicolone, B. (2008). Deficit Irrigation: Theory and Practice. In D.
Alonso, & H. J. Iglesias (Eds), Agricultural Irrigation Research Progress (53-82).
Nova Science Publishers, Inc.

Chanson, H. W., & Wang, H. (2013). Unsteady discharge calibration of a large V-notch weir.
Flow Measurement and Instrumentation, 29, 19-24. doi: https:// doi. org/ 10. 1016/j.
flowmeasinst.2012.10.010.

43



Chapagain, T., Riseman, A., & Yamaji, E. (2011). Achieving more with less water: Alternate
wet and dry irrigation (AWNDI) as an alternative to the conventional water management
practices in rice farming. Journal of Agricultural Science, 3(3), 3. doi:
http://dx.doi.org/10.5539/jas.v3n3p.

Cochran, W. G. (1977). Sampling techniques-3. Retrieved from http://agris.fao.org/agris-
search/search.do?recordID=XF2015028634.

Das, A., Layek, J., Ramkrushns, G. I., Patel, D. P., Choudhury, B. U., Krishnappa, R.,
Buragohain, J., & Yadav, S. G. (2018). Modified system of rice intensification for
higher crop and water productivity in Meghalaya, India: opportunities for improving
livelihoods for resource-poor farmers. Paddy Water Environment, 16(1), 23-34. doi:
https://doi.org/10.1007/s10333-017-0609-8.

Dry, P. R., Loveys, B. R., Botting, D. G., & During, H. (1996) Effects of partial root-zone
drying on grapevine vigour, yield, composition of fruit and use of water. Proceedings

of the 9™ Australian Wine Industry Technical Conference, 126-131.

English, M. (1990). Deficit irrigation. I. Analytical framework. Journal of Irrigation and
Drainage Engineering, 116, 399-412.

Fanadzo, M. C., & Mnkeni, P. N. S. (2010). Overview of smallholder irrigation schemes in
South Africa: Relationship between farmer crop management practices and
performance. African Journal of Agricultural Research, 5(25), 3514-3523. Retrieved
from http://www.academicjournals.org/AJAR.

Faroog, M. K., Wahid, A. N., lto, O. B., & Shahzad, M. A. (2009). 6 Strategies for Producing
More Rice with Less Water. Advances in Agronomy, 101(4), 351-388. doi:
https://doi.org/10.1016/S0065-2113(08)00806-7.

Faroog, M., Siddique, K. H., Rehman, H., Aziz, T., Lee, D. J., & Wahid, A. (2011). Rice
direct seeding: Experiences, challenges and opportunities. Soil and Tillage Research,
111(2), 87-98.

Farrell, T., Williams, R., & Fukai, S. (2001). The cost of low temperature to the NSW rice
industry: Proceedings of the 10" Australian Agronomy Conference. Retrieved from

http://agronomyaustraliaproceedings.org/images/sampledata/2001/1/d/farrell.pdf

44



Folegatti, M. V., Brasil, R. P. C. D., & Blanco, F. F. (2001). Sampling equipament for soil
bulk density determination tested in a Kandiudalfic Eutrudox and a Typic Hapludox.
Scientia Agricola, 58(4), 833-838.

Food and Agriculture Organization of the United Nations (FAQO). (2015) Food and Agriculture
Organization of the United Nations (FAOSTAT). Retrieved from
http://faostat.fao.org/default.aspx.

Glover, D. (2011). The system of rice intensification: time for an empirical turn. Wageningen
Journal of Life Sciences, 57(3-4), 217-224. doi: https:// doi. org/ 10. 1016/j. njas. 2010.
11.006.

Gomez, K. A. G., & Arturo, A. (1984). Statistical procedures for agricultural research. John
Wiley & Sons.

Greaves, G. E., & Wang, Y. M. (2017). Identifying irrigation strategies for improved
agricultural water productivity in irrigated maize production through crop simulation
modelling. Sustainability, 9(4), 630. doi: https://doi.org/10.3390/su9040630.

Gupta, S., & Kapoor, V. K. (2002). Fundamentals of Mathematical Statistics (A Modern
Approach). New Delhi: Sultan Chand & Sons.

Hamdy, A., Ragab, R., & Scarascia-Mugnozza, E. (2003). Coping with water scarcity: Water
saving and increasing water productivity. Irrigation and Drainage: The Journal of the
International Commission on Irrigation and Drainage, 52(1), 3-20. doi:
https://doi.org/10.1002/ird.73.

Herschy, R. (1995). General purpose flow measurement equations for flumes and thin plate
weirs. Flow Measurement and Instrumentation, 6(4), 283-293. doi:
https://doi.org/10.1016/0955-5986(95)00016- X.

Howitt, R. (2008). Water Productivity in Agriculture: Limits and Opportunities for
Improvement. Vadose Zone Journal, 7, 390-391. https: // doi. org/ 10.2136 vzj2007.
0085br

Humphreys, E., Kukal, S., Gill, G., & Rangarajan, R. (2011). Effect of water management on

dry seeded and puddled transplanted rice: Part 2: Water balance and water

45



productivity. Field Crops Research, 120(1), 123-132. doi: https:// doi. org/ 10.
1016/j.fcr.2010.09.003.

Ibrahim, M. M. (2015). Bed profile downstream compound sharp crested V-notch weir.
Alexandria Engineering Journal, 54(3), 607-613. doi: https:// doi. org/ 10. 1016/ j.
aej.2015.03.026.

Kabir, H. (2006). Adaptation and adoption of the system of rice intensification (SRI) in
Myanmar using the farmer field school (FFS) approach. Dissertation, University of
Honolulu, Retrieved from http://www.doc-developpement-durable.org/file/Culture-
plantesalimentaires/FICHES PLANTES/riz/SR1%20with%20FFS%20approach%20in
%20Myanmar.pdf.

Kabir, H., & Uphoff, N. (2007). Results of disseminating the system of rice intensification
with farmer field school methods in Northern Myanmar. Experimental Agriculture,
43(4), 463-476. doi: https://doi.org/10.1017/S0014479707005340.

Kahimba, F., Kombe, E., & Mahoo, H. (2013). The Potential of System of Rice Intensification
(SRI) to Increase Rice Water Productivity: A Case of MKkindo Irrigation Scheme in
Morogoro Region, Tanzania. Tanzania Journal of Agricultural Sciences, 12(2),

Retrieved from https: // www. ajol. info/ index. php/ tjags/ article/ view/ 130217.

Kalinga, G., Simba, A., & Temu, R. (2001). National Irrigation Development Plan-Update.
Proceedings of the 1% National Irrigation Conference, Morogoro, Tanzania (22"

March, 2001). Ministry of Agriculture and Food Security, Dar es Salaam,Tanzania.

Karki, S. (2010) System of Ricelntensification: An Analysis of Adoption and Potential
Environmental Benefits [Unpublished Master’s Thesis Submitted to Department of
International Environment and Development Studies]. Norwegian University of Life

Sciences.

Katambara, Z., Kahimba, F., Mahoo, H., Mbungu, W., Mhenga, F., Reuben, P., Maugo, M., &
Nyarubamba, A. (2013) Adopting the system of rice intensification (SRI) in Tanzania:
A review. Agricultural Sciences, 4, 369-375. doi: 10.4236/as.2013.48053

46



Kaya, C. I, Yazar, A., & Sezen, S. M. (2015). SALTMED model performance on simulation
of soil moisture and crop yield for quinoa irrigated using different irrigation systems,
irrigation strategies and water qualities in Turkey. Agriculture and Agricultural
Science Procedia, 4, 108-118. Retrieved from https: // creativecommons. org/ licenses/
by-nc-nd/4.0.

Keisuke, S. (2007). Sustainability of System of Rice Intensification: Benefits of SRI focusing
on effects of intermittent irrigation on yield increase and water savings: Proceeding of
PAWEES 2007 6th International Conference on Sustainable Rural Development and
Management, 18 October 2007, 25-37.

Kibret, S., Wilson, G. G., Tekie, H., & Petros, B. (2014). Increased malaria transmission
around irrigation schemes in Ethiopia and the potential of canal water management for

malaria vector control. Malaria Journal, 13(1), 360.

Kirk, G., & Solivas, J. (1997). On the extent to which root properties and transport through the
soil limit nitrogen uptake by lowland rice. European Journal of Soil Science, 48(4),
613-621. doi: https://doi.org/10.1111/j.1365-2389.1997.tb00561.x.

Kombe, E. (2012). The System of Rice Intensification (SRI) as a Strategy for Adapting to the
Effects of Climate Change and Variability: A case study of Mkindo Irrigation Scheme
in Morogoro, Tanzania. [Unpublished Master’s Thesis, Submitted to the Department
of Agricultural Engineering and Land Planning]. Sokoine University of Agriculture,

Morogoro, Tanzania.

Latif, M., Islam, M., Ali, M., & Saleque, M. A. (2005). Validation of the system of rice
intensification (SRI) in Bangladesh. Field Crops Research, 93(2-3), 281-292. doi:
https://doi.org/10.1016/j.fcr.2004.10.005.

Lee, Y. H.,, & Kobayashi, K. (2018). Assessing the acceptance of the system of rice
intensification among farmers in rainfed lowland rice region of Cambodia. Paddy
Water Environment, 16(3), 533-541. doi: https://doi.org/10.1007/s10333-018-0646-y

Loé, R. D., Kreutzwiser, R., & Ivey, J. (2001). Agricultural water use in Ontario. Canadian
Water Resources Journal, 26(1), 17-42. doi: https://doi.org/10.4296/cwrj2601017.

Long, L. O., Isabella, S., & Minjae, S. (2018). A comprehensive Diagnosis of Poverty in

Tanzania. Retrieved from https: // www. researchgate. net/profile/ Isabella_ Omariba/

47



publication/ 323473925 Poverty  Reduction_ Strategy  for_ Tanzania/ links/
5a979e2aa6fdccecffOb2fb7/ Poverty- Reduction-Strategy-for-Tanzania

Machethe, C. M., Ayisi, N. M., Mashatola, K., Anim, M. B., & Vanasche, F. D. K. (2004).
Smallholder Irrigation and Agricultural Development in the Olifants River Basin of
Limpopo Province: Management, Transfer, Productivity, Profitability and Food
Security Issues. doi=10.1.1.458.9268&rep=repl&type=pdf.

Machibya, M., & Makarius, M. (2005). Comparison assessment of water use and damage
between modern and traditional rice irrigation schemes: Case of Usangu basin,
Tanzania. International Journal of Environmental Research Public Health, 2(2), 335-
342. doi: https://doi.org/10.3390/ijerph2005020020.

Materu, S., Shukla, S., Sishodia, R., Tarimo, A., & Tumbo, S. (2018). Water Use and Rice
Productivity for Irrigation Management Alternatives in Tanzania. Water, 10(8), 1018.
doi: https://doi.org/10.3390/w10081018.

McDonald, A. J., Hobbs, P., & Riha, S. (2006). Does the system of rice intensification
outperform conventional best management? A synopsis of the empirical record. Field
Crops Research, 96(1), 31-36. doi: https://doi.org/10.1016/j.fcr.2005.05.003.

Mdemu, M. V., Francis, T., & Wurbs, R. (2013). Productivity of water in large rice (paddy)
irrigation schemes in the upper catchment of the Great Ruaha River Basin, Tanzania.
Water  Resources Planning, Development Management, 117-142. doi:
https://dx.doi.org/10.5772/52471.

Molden, D., & Sakthivadivel, R. (1999). Water accounting to assess use and productivity of
water. International Journal of Water Resources Development, 15(1-2), 55-71. doi:
https://doi.org/10.1080/07900629948934.

Moser, C. M., & Barrett, C. B. (2006). The complex dynamics of smallholder technology
adoption: The case of SRI in Madagascar. Agricultural Economics, 35(3), 373-388.
doi: https://doi.org/10.1111/j.1574-0862.2006.001609.

MoWI. (2016). National Irrigation Development Strategy. Unpublished

Ndiiri, J., Mati, B., Home, P., Odongo, B., & Uphoff, N. (2012). Comparison of water savings
of paddy rice under System of Rice Intensification (SRI) growing rice in Mwea,

48


http://citeseerx.ist.psu.edu/viewdoc/download?%20doi=10.1.1.458.9268&rep=rep1&type=pdf

Kenya. International Journal of Current Research and Review, 4(6), 63-73. Retrieved

from http://ijcrr.com/uploads/1886_pdf.

Ndiiri, J., Mati, B., Home, P., Odongo, B., & Uphoff, N. (2013). Adoption, constraints and
economic returns of paddy rice under the system of rice intensification in Mwea,
Kenya. Agricultural Water Management, 129, 44-55. doi: https: // doi. org/ 10. 1016/
j-agwat. 2013.07.006.

Noltze, M., Schwarze, S., & Qaim, M. (2012). Understanding the adoption of system
technologies in smallholder agriculture: The system of rice intensification (SRI) in
Timor Leste. Agricultural Systems, 108, 64-73. doi: https: //doi. org/ 10. 1016/ j.agsy.
2012.01.003.

Omair, A. (2014). Sample size estimation and sampling techniques for selecting a
representative sample. Journal of Health Specialties, 2(4), 142. doi: doi: 10.4103/1658-
600X.142783.

Pandey, S. K., Parmod, K. (2019). Determinants of Farm-level Adoption of System of Rice and
Wheat Intensification in Gaya, Bihar. Institute for Social and Economic Change.

Pandian, B. (2010). The system of rice intensification: A unigque system to produce more with

less input. 28™ International Rice Research Conference, 8-12.

Ramasamy, S., Susheela, C., & Sathyammorthy, K. (2006). Direct-planting system: Energy
saving high output rice establishment technique for lowland: Proceedings of 26"

International Rice Research Conference, 494.

Raza, S. M. H., Mahmood, S. A., Khan, A. A., & Liesenberg, V. (2018). Delineation of
potential sites for rice cultivation through multi-criteria evaluation (MCE) using
remote sensing and GIS. International Journal of Plant Production, 12(1), 1-11. doi:
https://doi.org/10.1007/s42106-017-0001-z.

Reuben, P., Katambara, Z., Kahimba, C. F., Mahoo, F. H., Mbungu, B. W., Mhenga, F.,
Nyarubanda, A., & Maugo, M. (2016). Influence of transplanting age on paddy yield
under the system of rice intensification. Agricultural Sciences, 7(03), 154. doi:
http://dx.doi.org/10.4236/as.2016.73015.

49



Rundblad, G. (2006). Ethics is Essential. King“s College, London. www. appliedlinguistics.
org. uk. Retrieved from https://www.appliedlinguistics.org.uk/pdfs/ethics.pdf.

Samanta, S., Pal, B., & Pal, D. K. (2011). Land suitability analysis for rice cultivation based
on multi-criteria decision approach through GIS. International Journal of Science and
Emerging Technologies, 2(1), 12-20. doi: http: // dx. doi. org/ 10. 5923/ j.ajgis.
20150403.02.

Sato, S., & Uphoff, N. (2007). A review of on-farm evaluations of system of rice
intensification methods in Eastern Indonesia. CAB Reviews: Perspectives in
Agriculture, Veterinary Science, Nutrition and Natural Resources, 2(054), 1-12. doi:
https://dx.doi.org/10.1079/PAVSNNR20072054.

Sato, S., & Uphoff, N. (2007). Raising factor productivity in irrigated rice production:
Opportunities with the System of Rice Intensification. Under review by Annual Review
of Agriculture, Veterinary Science, Nutrition and Natural Resources, Commonwealth
Agricultural  Bureau International,  Wallingford, UK, Retrieved from
http://www.iai.ga.a.u-tokyo.ac.jp/j-sri/meeting/sri-uphoff-sato.pdf.

Sivapalan, S. (2015). Water Balance of Flooded Rice in the Tropics. Retrieved from

https://researchlibrary.agric.wa.gov.au/books/1/

Sokile, C. S., & Van Koppen, B. (2004). Local water rights and local water user entities: the
unsung heroines of water resource management in Tanzania. Physics and Chemistry of
the Earth, Parts A/B/C, 29(15-18), 1349-1356. doi: https: // doi. org/ 10. 1016/j. pce.
2004.09.010.

Stoop, W. A., Uphoff, N., & Kassam, A. (2002). A review of agricultural research issues
raised by the system of rice intensification (SRI) from Madagascar: Opportunities for
improving farming systems for resource-poor farmers. Agricultural Systems, 71(3),
249-274. doi: https://doi.org/10.1016/S0308-521X(01)00070-1.

Thakur, A. K., Rath, S., Patil, D., & Kumar, A. J. P. (2011). Effects on rice plant morphology
and physiology of water and associated management practices of the system of rice
intensification and their implications for crop performance. Paddy and Water
Environment, 9(1), 13-24.

50



Thakur, K. A., Mohanty, K. R., Patil, U. D., & Kumar, A. (2014). Impact of water
management on yield and water productivity with system of rice intensification (SRI)
and conventional transplanting system in rice. Paddy and Water Environment, 12(4),
413-424.

Thiyagarajan, T., & Gujja, B. (2012). Transforming Rice Production with SRI (System of Rice
Intensification) Knowledge and Practice: Reducing Agriculture Foot Print and
Ensuring Food Security. Retrieved from http://eprints.icrisat.ac.in/7806

Tusekelege, H. K., Kangile, R. J., Ng“elenge, H. S., Busindi, I. M., Nyambo, D. B., & Nyiti, E.
(2014). Option for increasing rice vyields, profitability, and water saving: A
comparative analysis of system of rice intensification in Morogoro, Tanzania.
International Journal of Recent Biotechnology, 2(1), 4-10. Retrieved from http: //
www. academia. edu/ download/ 52545649/ Option_ for_ Increasing_ Rice_ Yields_
Profit20170408-12992-1t4tjgq.pdf.

Uphoff, N. (2002) Agroecological Innovations: Increasing Food Production  with
Partcipatory Development. Lon-don: Earthscan.

Uphoff, N. (2003). Higher yields with fewer external inputs? The system of rice intensification
and potential contributions to agricultural sustainability. International Journal of
Agricultural Sustainability, 1(1), 38-50. doi: https: // doi. org/ 10. 3763/ijas.
2003.0105.

Uphoff, N. (2006). The System of Rice Intensification: Using alternative cultural practices to
increase rice production and profitability from existing yield potentials. Preface
Préface Prefacio, 55(103-113). Retrieved from http://www.fao.org/3/a-a0869t.pdf .

Uphoff, N. (2007). Farmer innovations improving the System of Rice Intensification (SRI).
Jurnal llmu Tanah Dan Lingkungan, 9(2), 45-56. doi: http: // dx. doi. org/ 10.
292441jit1.9.2.45-56.

Uphoff, N. K., & Amir, H. R. (2011). SRI as a methodology for raising crop and water
productivity: Productive adaptations in rice agronomy and irrigation water
management. Paddy and Water Environment, 9(1), 3-11. doi: https: // doi. org/ 10.
1007/s10333-010-0224-4.

51


http://www.fao.org/3/a-a0869t.pdf

URT. (2002). The National Water Policy. Dar es Salaam Retrieved from
http://www.tzonline.org/pdf/waterpolicy20021.pdf.

URT. (2010). The National Irrigation Policy, Dar es Salaam, Tanzania Retrieved from

http://www.tzdpg.or.tz.

Vengadaramana, A., & Jashothan, P. (2012). Effect of organic fertilizers on the water holding
capacity of soil in different terrains of Jaffna Peninsula in Sri Lanka. Journal of
Natural Product and Plant Resources, 2(4), 500-503. Retrieved from

http://scholarsresearchlibrary.com/archive.html.

Vijayakumar, M., Ramesh, S., Chandrasekaran, B., & Thiyagarajan, T. (2006). Effect of
system of rice intensification (SRI) practices on yield attributes yield and water
productivity of rice (Oryza sativa L.). Research Journal of Agriculture and Biological
Sciences, 2(6), 236-242. Retrieved from http: // www. aensiweb. net/ AENSIWEB/
rjabs/ rjabs/2006/236-242.pdf.

Wallace, J. (2000). Increasing agricultural water use efficiency to meet future food production.
Agriculture, Ecosystems & Environment, 82(1-3), 105-119. doi: https:// doi. org/ 10.
1016/S0167-8809(00)00220-6.

Wilson, R. T., & Lewis, I. (2015). The rice value chain in Tanzania. A Report from the
Southern Highlands Food Systems Programme, FAO, 9. Retrieved from
http://www.fao.org/sustainable-food-value-chains/library/details/en/c/285411.

Woodhouse, P., Veldwisch, G. J., Venot, J. P., Brockington, D., Komakech, H., & Manjichi,
A. (2017). African farmer-led Irrigation Development: Re-framing Agricultural Policy
and Investment. The Journal of Peasant Studies, 44(1) 213-233, doi: 10. 1080/
03066150.2016.1219719

Xiaoyun, L., Xiuli, X., & He, L. (2005). A socio-economic assessment of the System of Rice
Intensification (SRI): A case study of Xinsheng Village, Jianyang County, Sichuan
Province. Report for College of Humanities and Development, China Agricultural
University, Beijing. Retrieved from https: // pdfs. semanticscholar. org/ 2b83/
6313d9cc55dd0cebec00ec9cd7dfa73al45b. pdf.

Yihun, Y. M. (2015). Agricultural Water Productivity Optimization for Irrigated Teff

(Eragrostic Tef) in Water Scarce Semi-arid Region of Ethiopia Agricultural Water

52


https://doi.org/10.1080/03066150.2016.1219719
https://doi.org/10.1080/03066150.2016.1219719

Productivity Optimization for Irrigated Teff (Eragrostic Tef) in Water Scarce Semi-

arid Region of Ethiopia. CRC Press/Balkema.

Zwart, S., & Bastiaanssen, W. (2003). Literature review of measured crop water productivity
values for irrigated wheat, rice, cotton and maize. Agricultural Water Management,
69(2), 115-133. doi: 10.1016/j.agwat.2004.04.007

53


https://www.researchgate.net/journal/Agricultural-Water-Management-0378-3774
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.agwat.2004.04.007

APPENDICES

Appendix 1: Questionnaires for assessing the adaptation of SRI principles in Lekitatu
Irrigation sheme

General Information

NELSON MANDELA AFRICAN INSTITUTE FOR SCIENCE AND TECHNOLOGY
Questionnaire for Respondents

Dear Respondent,

I am Rosemary E Kavishe, a bona fide student of NM-AIST. Currently, 1 am conducting a
research on “Assessing adoption and water productivity of the System of rice-
intensification under farmer-led irrigation area, Tanzania™ in partial fulfilment of the
requirements of MSc in Hydrology and Water Resources Engineering Degree.

I would like to request your assistance in responding to the given questions. Your cooperation
will be highly appreciated. | would like to assure you that this study is purely for academic
purpose and not otherwise.

*Please tick one only except where instructed otherwise"

Section 1: Demographic Information

1. What is your Gender?

a. Male ()
b. Female ()
2. How old are you?
a. 20-30 ()
b. 31-40 ()
c. 41-50 O
d. 51-60 ()
e. >60 @)
3. What is the level of your education?
a. Primary level @)
b. Secondary @)
c. Diploma ()
d. Degree ()
e. Higher degree ()
f. Not attended formal education @)

4. For how long have you been farming in this area?
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0-5 years

6-10 years

11-20 years

More than 20 years

5. What is the size of your farm?

a.
b.
C.
d.

Less than 0.5 acre
0.5-1 acre
1- 1.5 acres

More than 1.5 acres

Section 2: Water and Crop Management

» Water Management

6. Which method do you use to cultivate your Rice?

a.
b.
C.
d.
7. Why have you chosen to practice the method mentioned above?
a.
b.
C.
d.

Continuous flooding (CF)

Alternative wetting and drying (AWD)

Rain-fed cultivation without managing the water
Others (Specify)

Availability of water
It is cheaper
It is a traditional practice

I was advised to do so by extension o cer

8. How often do you irrigate your crops?

a.
b.
C.
d.

€.

Everyday

After every three days
After every five days
Once in every two weeks

Whenever water is available

9. How reliable is the water source?

a.
b.

C.

Very reliable
Reliable

Not reliable

10. Is there a water allocation/ distribution schedule?

a.

Yes
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O
0
0
O

0
0
0
O

0
0
0
0

0
0
0
0

0
0
0
0
0

0
0
0
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b. No ()

11. If Yes, How flexible is water allocation/distribution in your canal?

a. Very flexible @]
b. Flexible O
c. Not Flexible O
d. Flexible only to few people @)
12. How do you know it’s time to irrigate?
a. By measuring soil moisture content O
b. By feeling of the soil O
c. When | see cracks in the soil ()
d. Whenever water is available in the canal ()
e. By following irrigation schedule O

» Seed management

13. What type of seed do you use?
a. Hybrid ()
b. Local breed O

14. Please specify the name of the seeds used

15. Do you raise your own nursery or buy young seedlings from other farmers?
a. Yes|raise O
b. No ()

Section 3: System of rice intensification management

16. Do you know about the concept of SRI (Kilimo Shadidi cha Mpunga ?)

a. Yes | know @)

b. No ()
17. Do you personally practice SRI?

a. Yes I practice ()

b. No ()
18. What procedures of SRI are being practiced in your area? ( tick all appropriate)

a. Raising seedlings in a carefully managed garden-like nursery @)

b. Early transplanting of old seedlings (8 to 15 days old) O

c. Single, widely spaced transplants ( at least 20X20 cm) O
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d. Early and regular weeding ()
e. Carefully controlled water management @)
f. Application of manure to the extent possible ()

19. What SRI procedures are not being practiced in your area and why? (tick all

appropriate)
a. Raising seedlings in a carefully managed garden-like nursery @)
b. Early transplanting of old seedlings (8 to 15 days old) @]
c. Single, widely spaced transplants ( at least 25X25 cm) O
d. Early and regular weeding ()
e. Carefully controlled water management O
f. Application of manure to the extent possible ()

20. How many days do the seeds stay in the nursery before transplanting?

a. 8-15days O
b. 16-20 days @)
c. 21-25days O
d. More than 25 days O

21. How many seeds do you plant per hole?

a. One O
b. two O
c. three O
d. four O
22. What spacing do you use in transplanting?
a. 15X15cm O
b. 20X20 cm O
c. 25X25cm O
d. 30X30cm O
e. lrregular spacing double row planting @)

23. How do you manage weed on your farm?

a. Using a hand hoe ()
b. Using a rotary weeder O
c. Using herbicides @)
d. Manual hand pulling (kung'olea) @)
e. Others explain O

24. When do you start weeding after transplanting /planting?
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T @

€.

10-15 days
16-21 days
22-28 days
Whenever time is available

Others explain

25. What kind of fertilizer do you use on your farm?

a.
b.
C.
d.

Manure
Chemical fertilizer
Both manure and chemical fertilizer

None

*Thank you very much for your co-operation*
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Reaserch Outputs: Poster Presentation

Assessing adoption and performance of the system of rice-
intensiﬁcatinn under farmer-led irrigation system in northem Tanzania

Erndrarwmesial Sciencer and Engnesrirg), Anshe

w Terdwncenyy’

This study wes conducted to evaluste farmers appropristion of the system of rice |al Adoption of SRI by smadlholder famers
intensificaton (SR} n an infermal imigaton schems in northern Tanzania. Feld @
survey and sxperiment were conducted. One tresment (F1) wss continuouws .,
flooding whie the other three trestments {F2, F2 and F4) were under inermittent . |
imigation. The yield of 4.8 8.5 8.2 and 9.2 ons'hs, and water productivity of N

ol B I

-\ul-q—-h

015, 029, 035 and 051 Kgm' were obtsined for F1, FZ, F3 and F4, " I l L
respectivehy Water-saving under SR was 34 3%, ZB.5%, and 45.9% for FZ, F2 |

and F4, respectively The figures are comparable to those reported under full SR, i e - T

which is in the range 207t to G0%. The highest yigd (5.2 tons'ha), water """m Sl 8 el A1 segs v
productivity (0.51 Kgim?) and water-saving (45.1%) was obtained in F4 involving Pl A e T e o e R s e

one seedling 15 days old ransplanted st 25 x 25 con. However thismethod isnot v
prefered by many famee due to bok o supporfing infrastructure. Hence, F2 i"’

involving teo seedlings 21 dasys oid planted st 202D cm with inErmitent -

"

imigation is recommended for this ares s it ensures 3 suficient number of plants,
relstivehy higheryields and s redeced considerable amount of irigation water. . .

LT
+E¥FEFEERRY

. ' bk ks n.-u.-vq..-..-| P a8 (L F-H w:_-;.
Introduction I ey By ROl

Figars 1 | rgarmn inde a0 T R L D e ———
= The need to improve prductiviy in irigaion schemes has led b the &} Performance of SRl under farmers’ management
development of various sgronomic and waler management strategies. o _
= SRl has been ientfied 2= an onfarm wasker management practioe that Bl 3. Puaforpriors oof o My S b ucreche furrra” m s
inezses both land and water productiviy st 3 reBtivels low cost whie slso U PR lvabaine) ot el I -
conserving the envimnment. Hence, it is mrtstdered the best suit for
smallholder farmers oontext.

TV Dyl 1 g i

5RI consist of sixbasic principles
i. Careful Nuseny management
ii. Earhy ransplantng (& 15 daysold)
iii. Earhy and regulsr weeding (starting
0 days afer transplanting)
i. Alternativewstting and drying {AWD)
ii. Single widdy spaced (Use of 25025 cm)
iii. .ﬁpplu:atnnal' Manure,

o T —— ————_— T, 1

» |t was found that during the =xpermentstion pericd farmers resliz=d that some
of the SR principles such as transplanting of young, single plants at aspacing
of 2525 cm, appling water following hairline cecks on the sol and the use
of manue could not be adopied in their envinment without modfications

» Farmers were not willing to Bt go of this “wonders maker” technology rather

they decided to modify these principles to sut ther loca specificnesds.

- TrE rﬂure of 5r'rallhnider q-stet'rs makes it dificul to a:hpt E | SHJ prlrl:lpE
35 recommended. Instead farmers are adopting what is possible in their
environment.

= Although farmers may use onhy few principles, the sssumption is that they will
attain relativehy higher productivigy asin full SR

» This resesrch sims st understanding how SR intereention was integrated ini - Dus to bok o sipporing ifrastuctos modifcstion of w=ing two 21 daye

the local rice faming system of smallholder farmers in northern Tanzang and . ) N )
Fzzess the perfomance of SR under farmer-led irrigation schames. F;Efl?ﬂ%&p;fm 20 om with AWD, produced sigrificantly higher the

Methodsand Materials

= Survey invelving 112 famners was conducted to explore farmers” adjustments
of BRI prncipks.

= “Yied and water productivity was assessed by setting Lpexperlmemal plotsof
fourtreatments represanting farmers” adaptatio
sssessed

= Transplanting of young singke se=dling {15 days old) at 3 wider spacing of
2525 cm combined with AWD in F4, gives the optimal yields (3.2 tonsha),
higher water saving of 45.1 %.and WP o 0.51. This trestment is mcommendad
in peceswhere all the infrastructurs supporting SR are available

= Regardless of the challenges in integrating SR into lecsl farming sysem, the
resuits obtained by farmers were worth the rouble

= ByusingZ sesdlings 21 daysold at 20020 om with intermitiEnt irgation
yiebed of B.5t'ha which is TT% increase, WP of 0.29 Hg/m and water saving
of 3% was obtzined compared toconventional rice farming,

= The latter is recommended as it reduces therisk of ending up with the
in=uf ficient number of plants, but slso farmers are assured of higher yiekds and
reduced amount of imigation watet
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