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ABOUT THIS SESSION GUIDE

ACISAI AIT in partnership with FAO, Oxfam, SRI Rice and in association with SRI Rice in Cornell
University and University of Queensland in Australia implemented a regional project entitled
“Sustaining and Enhancing the Momentum for Innovation and Learning around the System of
Rice Intensification (SRI) in the Lower Mekong river Basin” since 2013-2018. This EU-financed
regional project, aimed to contribute towards enhancing the resilience of rainfed farmers
confronting climate change variability in the Lower Mekong River Basin (LMB) region. It brought
various stakeholders together working at global, regional, national, and local levels.

The purpose of the project was to increase crop yield, productivity and profitability on sustainable
basis at smallholder farmers’ field in rainfed areas of the LMB. The project idea sought to stimulate
local innovation using SRI through farmers participatory action research (FPAR) involving
smallholder farmers in rainfed areas of the LMB countries in order to sustainably improve
agricultural productivity and food security in the context of climate change adaptation, and to
enhance research capacities to continue to support this development.

As a part of action, the project initiated and supported farmer’s led participatory action research-
cum-training programme using FFS approach in 33 districts of 11 food insecure provinces across
all four countries. The action research cum season-long training programs were implemented at
more than 582 action research sites involving more than 15000 farmers directly in the program. To
support the field training programs, this session guide was designed by the ACISAI, AIT. The session
guide was used by the districts trainers and farmers trainers and also by the national training
experts for the conduction of the technical sessions at the FPAR sites. Country-specific FPAR training
curricula were designed using this session guide in all four countries before the initiation of FPAR
training programs.

The session guide is divided into six parts. Part A covers important technical aspects of sustainable
agriculture intensification, Part B provides a brief description about the participatory action
research, Part C explains the research design and sampling procedure, Part D features background
reading materials on roots, Part E covers selected session guides on roots, and Part F provides
information on rainfall measurement, measurement of local knowledge, problem analysis and also
on the monitoring evaluation and impact analysis.
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PART A

CONCEPT OF SUSTAINABLE AGRICULTURE INTENSIFICATION
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Increasing demand of food from shrinking and degraded natural resource-base together with
changing techno-socio-demography of Asia and rapidly evolving inter-dependence across the
nations demands new development pathways for agricultural development. There is a broader
agreement that new development pathways should reduce negative externalities associated with
conventional agricultural method, enhance environment service flows, contribute to national
domestic food budgets, foster new social infrastructure and cultural relations, help the emergence
of new businesses and so drive local economic growth, and ultimately improve the well-being of

both rural and urban populations.

Such gains are possible through sustainable agricultural intensification (SAI) which is
commonly defined as producing more output from the same area of land while reducing negative
environmental impacts and at the same time increasing contributions to capital and the flow of
environmental services (Pretty, 2008). SAI is mainly based on agro-ecological principles that
increase production with a lighter ‘footprint’ on the environment, obtain more output with less

input, and increase resistance to abiotic and biotic stresses (Uphoff, 2011).

To achieve these multiple benefits in Asia, the introduction and expansion of SAI requires
cohesive and concerted multi-disciplinary efforts that cater to multiple emerging demands of the
region such as enhanced factor productivity and profitability, reducing climate change vulnerability
and food insecurity, meeting market needs, and actively involving smallholder farmers who are the
representative of 75% of the agricultural farmers in Asia and owners of the 85% of agricultural

farms.

The potential for achieving higher productivity and profitability through agricultural
intensification principles is higher on these farms since the ‘yield gap’ is more prevalent there than
anywhere in the world. Further, the expected surplus of ‘green’ products (fresh or processed items)
and services from smallholders has potential to enter into remunerative markets that could provide

additional income to them along with other associated benefits mentioned above.
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‘Innovation’ in the location-specific agricultural production practices through research, applied
research, capacity building and education with effective linkages with local, national and
international levels to increased cogeneration and adoption of sustainable intensification options
by farmers could be summarized as key to moving from principles to the practices. These could be
achieved in a way that it provides needed impetus for change to the farmers towards a more
sustainable production systems and at the same time to the researchers to gain better insights and
understanding to the complex inter-dependent soil-water-plant-microbes-environment

relationship.
The result of these adaptation and adoption helps to increase the ‘factor productivity’ and reduce

‘carbon-footprints’ of the production processes and lead to enhanced ecosystem services on a

sustainable basis.
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PART B
PARTICIPATORY ACTION RESREACH
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Participatory Action Research (PAR) is a form of collective self-reflective inquiry undertaken by
participants in a social situation in order to improve rationality and justice of their own social
practices, as well as their understanding of the practices and situation in which these practices are
carried out (Noffke and Stevenson (1995). It includes community members, user groups and the
general public in development projects, research activities and initiatives. The concept was first put
forth by Kurt Lewin in 1946; he coined the term “action research”, suggesting a need for
communication between researchers and participants in which activity shifts back and forth from
action to reflection (Fisher and Ball, 2003). According to Whyte et al. (1991), in PAR, key people in
the organization or community under study participate actively with the professional researcher
throughout the research process from the initial design to the final presentation of results and

discussion of their action implications.

PAR is also seen as applied research, but contrasts with the most common type of applied research,
in which the researcher her or himself serves as a professional expert, designing the project,
gathering data, interpreting the findings and recommending action. The underlying philosophy of
PAR in this context is that science is not achieved by distancing oneself from the world and the

subjects under study; rather, it could be achieved only through engagement with the world.
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Since its origin, PAR has undergone numerous applications and transformations when applied
within the context of various research disciplines including anthropology, psychology, sociology,
education, urban planning, organizational development, and environmental studies. However,
regardless of discipline, two common PAR characteristics have persisted:

1) The methods have fostered continuous learning on the part of all participants.

2) The methods have minimized the distance between end-users and researchers through dialogue
and action (Johnson et al., 2003).

The process in action research is designed to allow people in communities the right to explore and
address their own problems and then discover their solutions. Through active involvement in the
research processes, people gain knowledge that may empower them to transform their lives, and

communities are enabled to manage both internal and external change processes.
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PART C

RESEARCH DESIGN AND SAMPLING PROCEDURE
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The plot or experimental unit is the smallest unit receiving a certain treatment. The information
or-data for comparison are from such single units. Examples include a small plot having the same

type agricultural crops, and so on.

The treatment is the material being forced/applied on the subject (unit) and whose effect is to be
monitored. The treatment can be either qualitative (e.g., species, fertilizer types) or quantitative

(e.g., time periods, quantified levels of a fertilizer type).

The experimental error is a measure of the sum of variation between plots or units receiving same
treatments. Suppose there are five different treatments with each treatment repeated or replicated
four times. We could obtain the square of the deviation of each observation from its treatment mean,
sum these up, and then obtain the average to give an idea of that treatment variance. There will be
five such treatment variances. The "average" of these variances is roughly a measure of the
experimental error. Inherent variability in the subject, uncontrolled external influences, and lack of
uniformity in the application of treatments are possible causes of experimental error.

Experimental error should be controlled so that we can estimate the treatment effects properly and

compare effects of various treatments effectively.

Variables are the characteristics a researcher intends to observe and compare among the various

treatments. They are usually explicitly stated along with the statement of the problem.

Following is a list of common variables used in agricultural experiments:

e Agronomic variables - germination and survival percentages, tree height and growth, stem
form, biomass weight, crop yield, etc.;

e Soil chemical variables - soil fertility (nutrients type and level) with regard to hedgerows or
alleys;

e Plant chemical variables - levels of essential elements (N. P. K) etc.;

e Socio-economic variables perceived to be of importance to the farmers Examples include
farmer views of the importance of a particular treatment, or the social costs and benefits;

e Economic variables;

e Derived variables, e.g., differences in response of control and introduced treatments.
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Replication: Experiments of the same nature, when presented under similar conditions, should
yield similar results. In other words, researchers would want to ensure consistency in their results.
The simplest way to achieve this is through the "repetition,” i.e. "replication,” of the same treatment
on several plots or experimental units. Repetition on the same plot is not recommended as
observations are unlikely to be independent. Moreover, the use of several small plots instead of one

large plot ensures minimization of the effect of uncontrolled variability in the field.

Randomization: This refers to the allocation of treatments to plots in such a way that, within a
specific experimental design, units are not discriminated for or against. Each unit is supposed to
have the same chance of receiving a particular treatment. Randomization is a necessity as no two
units or plots are exactly the same. Statistically, the randomization procedure allows elimination of

bias and ensures the computation of valid sampling errors.

Coverage or Blocking: A block is a relatively large area or several identical units receiving all or
most of the treatments. One is encouraged to "block" if one can vouch for the homogeneity within
blocks and the heterogeneity between blocks. The distinction between "replication” and "blocking"
should be evident. Blocking is another way of improving the estimation of the error term, but only

if the blocking is justified.
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1 Replication provides the greater precision of the experimental result by reducing the standard deviation of the treatment
mean.

2. To provide an estimation of experimental error.

3. To increase the scope of the inference of the experiment.

Thus a simple thumb rule for determination of replication of an experiment is (Treatment d. f.) X (Replication d. f.) = 20

20

Replication d. f = m

20

Replication — 1 = ——
p Treatment — 1

20
Replicati =— —+1
epticatton Treatment — 1 .

For example, if treatment is 5, then:
Replication =

Though replication improves the experiment but one cannot take too many replication because of limitation of space, labor,
money, time and availability of an experimental material.

o Replication will be less when the treatment is more
o Replication will be more when the treatment is less

Data: A set of observations or measurements of a particular variable in an experiment; 105 cm, 95

c¢m, 120 cm, 75 c¢cm, 100 cm, ..., represent data about the variable (plant height).

Population: In a statistical sense, a population is a set of measurements or counts of a single variable

on all the units in the specified population.
Sample: A sample is a set of measurements (observations) obtained from part of the specified
population. For example: All 150 plants in a plot form the population. Ten plants used for recording

the plant height from this population form the sample. We obtain information from the sample.

Mean (Average): Mean is the simple arithmetic average (of the sample or population).
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Standard Deviation (SD): The measure of dispersion of the data around their mean is the Standard

Deviation. SD tells us how scattered the sample observations are around the mean.

Variance: Square of the Standard Deviation. Standard Error (SE): The SD of the population of means

is its standard error. SE tells us

Probability level: We use a probability level to tell us whether an observed result is likely to have
happened by mere chance.

For example, a probability of 5% (0.05) tells us that a particular result observed may not happen in 5
trials out of 100 trials purely by chance. In other words, the result would normally be true in 95 cases

out of 100 trials.

In agricultural experimentation, it is customary to describe the results that would be expected by
chance 5% or less as SIGNIFICANT and those expected by 1% or less as HIGHLY SIGNIFICANT.

However it is up to the scientist to select the odds at which it is believed there are real effects.

In experimentation we attempt to monitor the effects of certain inputs or material on the subject
matter, of interest. The inputs could be different plant spacing or different rate of use of farm yard

manures or different rate of fertilizer application applied under identical conditions, while the

effects to be monitored could be the change in the yield, root length/root density or other pre-
determined variables. The allocation of treatments (inputs) to the experimental units (plots) may

be loosely referred to as the design.

The experimenter decides which individual unit is to receive which particular treatment
according to a laid down procedure. The choice of procedure will often determine the basic design.
What is important, however, is that during an experiment, the researcher has a choice as to how and
when to apply the treatments. The choice of design is influenced by several considerations, notably
the objectives, the amount of resources, and the time available. In till cases, however, the emphasis

is on the reduction of unknown error and the elimination of systematic bias.
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Generally it involves following step:

Defining the problem

Stating the objectives

Selection of treatments,

Experimental material, and experimental design

Deciding number of replications

Consideration of data to be collected

Outlining statistical analysis needed

Conducting the experiment

Analyzing data and interpreting the results, and reporting

The experiment is an important tool of research. Some important characteristics of a well-planned
experiment are:

Simplicity,

High precision,

Absence of systematic error,

Range of validity of conclusions, and
Calculation of degree of uncertainty.

Knowledge of experimental design is necessary for selection of simple designs that give control of
variability and enable the researcher to attain the required precision. We have already discussed

certain factors which are important in selecting an experimental design.

The three most important among these are:
e type and number of treatments,
e degree of precision desired,

e size of uncontrollable variations.

We generally classify scientific experiments into two broad categories, namely, single-factor
experiments and multifactor experiment. In a single-factor experiment, only one factor varies while
others are kept constant. In these experiments, the treatments consist solely of different levels of
the single variable factor. Our focus in this section is on single-factor experiments.
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In multi-factor experiments (also referred to its factorial experiments), two or more factors vary
simultaneously. The experimental designs commonly used for both types of experiments are
classified as:
e Complete Block Designs
o Completely randomized (CRD)
o Randomized complete block (RCB)
o Latin square (LS)
e Incomplete Block Designs
o Lattice

o Group balanced block
In a complete block design, each block contains all the treatments while in an incomplete block

design not all treatments may be present. The complete block designs are suited for small number

of treatments while incomplete block designs are used when the number of treatments is large.
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PART D
BACKGROUND READING MATERIALS ON ROOTS
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Often roots are overlooked, probably because they are less visible than the rest of the plant. However,
it's important to understand plant root systems because they have a pronounced effect on a plant's

size and vigor, adaptation to soil types, and response to cultural practices and irrigation.

Roots typically originate from the lower portion of a plant or cutting. They have a root cap, but lack
nodes and never bear leaves or flowers directly. Their principal functions are to absorb nutrients
and moisture, anchor the plant in the soil, support the stem, and store food. In most of the plant root
serves as a temporary sink (food or photosynthates stores in the roots) at vegetative stage. When
plant reaches to reproductive stage these stored food is translocated to the seed. The translocation
of food from roots to the seed depends on soil water condition. As for example drained field condition

encourages translocation of food at later stage of rice.

1. TYPES OF ROOTS

There are two major types of roots: primary and lateral. A primary root originates at the lower end

of a seedling's embryo. If the primary root continues to elongate downward, becomes the central

feature of the root system, and has limited secondary branching, it is called a taproot or main root.
Alateral, or secondary, root is a side or branch root that arises from another root. If the primary root
ceases to elongate, and numerous lateral roots develop, a fibrous root system is formed. These lateral

roots branch repeatedly to form the network roots commonly known as feeding roots.

1.1 Why Roots Grow Where They Do?

Roots grow where water, minerals and oxygen are found in the soil. Because the greatest supplies of
these materials usually are located in the surface layer of soil, the largest concentration of feeder
roots exists in this zone. Other factors that determine root growth include soil compaction
(reduction in air pockets resulting from soil particles being packed together) and soil temperature.
In general, as the depth increases, soil compaction increases, while the availability of water, minerals,
oxygen and soil temperature all decrease. In some instances, hard, compacted soil (hardpans) can

occur near the surface, which restricts root growth.
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Fig. 1. A basic root structure

1.2 How roots grow?

During early development, a seedling absorbs nutrients and moisture from the soil around the
sprouting seed. As a plant becomes well established, the quantity and distribution of its roots
strongly influence its ability to absorb moisture and nutrients. For most plants, the majority of the
absorbing (feeder) roots are located in the top 12 inches of soil. The soil environment in this region

generally is best for root growth, with a good balance of fertility, moisture, and air spaces.

The following factors are important in root growth:

e Roots in water-saturated soil do not grow well and ultimately may die due to lack of oxygen
except aquatic plants where aerenchyma (a tissue that contains air) provides oxygen to the
roots.

e Roots penetrate much deeper in loose, well-drained soil than in heavy, poorly drained soil.

A dense, compacted soil layer can restrict or terminate root growth.

2. RHIZOSPHERE BIOLOGY AND ROOTS

2.1 What is the rhizosphere?
The rhizosphere is the zone of soil surrounding a plant root where the biology and chemistry of the
soil are influenced by the root. This zone is about 1 mm wide, but has no distinct edge. Rather; it is
an area of intense biological and chemical activity influenced by compounds exuded by the root, and

by microorganisms feeding on the compounds.
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2.2 What do the roots do in the rhizosphere?

The roots exude (release/ secretes) water and compounds broadly known as exudates. Root

exudates include amino acids, organic acids, carbohydrates, sugars, vitamins, mucilage and proteins.

In case of rice, root also supplies oxygen to the rhizosphere. The exudates act as messengers that

stimulate biological and physical interactions between roots and soil organisms. They modify the

biochemical and physical properties of the rhizosphere and contribute to root growth and plant

survival. The exudates have several functions.

Defend the rhizosphere and root against pathogenic microorganisms.
Attract and repel particular microbe species and populations.

Keep the soil around the roots moist.

Obtain nutrients.

Change the chemical properties of the soil around the roots.

Stabilize soil aggregates around the roots.

Inhibit the growth of competing plant species.

gaseous fluxes
plant health/disease

> bioindicators
soil gene pool

nutrient cycling
soil fertility

pesticide/pollutant
decomposition soil structure

Fig.2. Rhizosphere biology and root - a connecting link between plant and soil
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2.3 What do living organisms do in the rhizosphere?

Interact with plant roots.

Sticky mucilage secreted from continuously growing root cap cells is believed to alter surrounding
soil and it attracts the microorganisms.

Mineralize nutrients.

Microorganisms convert organic forms of nutrients into inorganic forms that plants roots can take
up. In legumes, microbial root nodulations enable plants to fix nitrogen from the air.

Encourage plant growth.

Rhizosphere microorganisms produce vitamins, antibiotics, plant hormones and communication
molecules that all encourage plant growth. The communication molecules send signals to the plant
to activate the defense gene against various soil borne diseases and so plant develops resistance
against diseases.

Stabilize soil aggregates.

Waste products and secretions from microorganisms help combine soil particles into stable
aggregates around plant roots. These aggregates hold moisture within, but allow drainage
between aggregates, so that root hairs do not get waterlogged.

3. RICE PLANT AND ROOTS

Rice grows under continuously flooded conditions or under rain fed condition where it is exposed to
subsequent flooding and drying that affect the soil redox potential (ability to oxidize or reduce). In
general, rice root survive in hypoxic condition that causes rice to undergo several adaptation in its
root system, most notably the creation of aerenchyma that provides oxygen to the roots. However,
formation of more number of aerenchyma is linked with poor grain yield because it interferes with

the nutrient uptake capacity of the roots.
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3.1 How does root help to get better yield?

For rice plants to be more productive, they need to have:

More tillers per plant,

More fertile tillers (panicles) which form from the tillers that a plant puts out,
More grains per fertile tiller, and

Larger grains.

For the plant to grow successfully above ground and support above mentioned yield contributing
parameters, it needs a healthy and vigorous root system below ground. If rice plants are spread out
and not planted very close together, they have more room to grow. They will get more sunshine and
air and can produce more tillers. More of these tillers will become fertile and produce grains of rice.
With more space in which to grow, rice plants' roots become larger with enhanced capacity to

uptake water, nutrient etc. and are the reason for growing healthy rice plant.

3.2 How can we get rice plants to grow stronger roots?

The first thing is to plant 1-2 seedlings, rather than to plant them together in bunches of 4 or 6

seedlings, or even more, as is usually done.

When several seedlings are planted together, their roots must compete with each other. This is a
similar problem for rice plants as when they grow close together with weeds and must compete with

them for nutrients, water and sunlight.

Rice survive when its roots are continuously submerged under water, it does not thrive in this
situation. Rice does not grow well under permanent flooding condition. Rice plants that grow in
permanent standing water will adjust to this environment. Their roots develop small air pockets i.e.
aerenchyma that permit oxygen from above ground to reach the roots. But this is not an ideal
condition for plant growth. It interferes with transfer of nutrients from the soil to the plant's tillers
and leaves. Therefore, rice field should be drained once or twice during crop growth to avoid
anaerobic condition or shallow water level should be maintained to provide optimum oxygen

concentration in soil for healthy root growth.
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For growing healthy roots, rice plant need healthy root system at seedling stage and subsequent

new root formation and revitalization at tillering and grain filling stage respectively.

The healthy rice root system consists of

More volume of roots in the feeder zone i.e. upper soil layer
Continuous formation of roots from the node of the tiller
Light brown/ cream color of the roots

More root weight

More root hair

Highly branched lateral roots

And less thickness of single root

Keeping these facts, a session guide has been prepared to enrich the knowledge and
understanding of farmers on ‘Growing healthy rice root system’.
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PART E
SELECTED SESSION GUIDE ON ROOT
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This particular session will set the tone for the training module on the roots. This will provide
theoretical base and understanding to better deal with the subsequent session. In addition, common
understanding of terminologies will be achieved to better prepare for the subsequent session on
‘erowing healthy root system’.

Objective:

To familiarize the participants with the basic function of roots and its interaction with soil system.

Materials needed:

News print, marker, pen, chart paper

Time needed:
For introduction - 10 minutes
Brainstorming - 30 minutes
Preparation of summary: 20 minutes

Presentations, summary and compilation of output: 45 m

Procedure:

The facilitators will divide participants in five groups. Each group will be assigned one question
for brainstorming session.

Following questions can be asked:

What is root? Draw the root and describe the part of the root?

What is the function of the root system?

Where do you find more roots?

[s there any effect of flooding on roots? How does rice root survive in flooded soil?
Which type of soil do you think supports better root growth?

Does root support soil and plant? If yes then how?

N o 1k w o

How do you uproot rice seedlings?

Question number 1, 2, 3, and 5 and 7 are pre-requisite for better understanding of subsequent
session.

Individual Group will present the result and then there will be common discussion.
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Question for discussion:

v N

Why tap root or main root are longer than other roots. What is the main function of main
root?

Why feeder roots are distributed in upper layer of soil?
Why root growth is affected by poor drainage?
Why rice seedlings recover fast from transplanting stress when roots injuries are less?

Why root growth is better in composted soil?
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Seedling vigor is critical when competition for light, nutrients, air, and water becomes strong.
Seedlings with a vigorous growth pattern can compete successfully under stress, influencing stand
establishment and ultimately grain yield. The seedling vigor parameters of rice can be manipulated
culturally that can provide quicker, short-term boosts in crop yield by changing the physiological
status of young plants that persists throughout their life cycle.

Cultural manipulations under field conditions can be achieved by delivery of a balanced
fertilization/ organic manure, and optimum water management.

Objective
To compare rice seedling’s root and shoot development under drained soil bed and wet soil bed.

(Both seedbed should be prepared and sown in advance. The observation should start from the
second day of sowing until one week of sowing)

1st day:

Time required: 30 minutes
Go to seedling nursery in group of three or five depending on the number of participants.

Ask each group to observe the germination%.

3rd day to 7th Day of sowing or on 7th day only

Time required: 90 minutes
Go to arice field in groups of three or five.

Ask each group to collect randomly 5 seedlings from drained and wet seedbed. This should be
done by carefully uprooting the seedling with a bamboo stick or hand hoe. The group should take
precaution not to injure the roots of the seedlings and get ensure that seed is attached.

Observe how much amount of soil is stick to the roots upon uprooting.

Soak the plant in water for 10-15 minutes and carefully remove the soil.
Measure the vertical length of the roots and observe the lateral root number.
Observe the color of the root.

Observe density of root hairs.

g o e

Float the seedling in a clear/ transparent plastic jar with clear water and measure the
diameter of the surface area the roots covers.

o

Count the number of leaves

7. Measure the plant length
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8. Observe the color of leaves

0. Record all observations.
S.N Parameters Drained seed
bed
1 Germination% (more or less)
2 Amount of soil stick to the roots (more or less)
3 Length of vertical roots
4 Number of lateral roots (more or less)
5 Color of root (white/ brown)
6 Number of leaves
7 Length of shoot/ Plant height
8 Surface area the root cover when float in water

(more or less)

9. Seedling vigour (use IRRI scale)

Use the scale (IRRI, 1996) below:

1 - Seedling very green with thick stem
3 - Seedling light

5 - Seedling yellow

7 - Seedling brown

9 - Seedling dead
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Questions for discussion

A T

What are the main differences in root and shoot development under drained and wet seed
bed and why?

What are the main differences in roots?

Is there any difference in germination %, number of leaves and plant height?
Which seed bed has higher seedling growth rate and why?

What will be the effect on rice plant when you select vigorous seedlings?

Why drained seed bed shows better establishment compared to wet bed?
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Flooded soil does promote root elongation but root formation is severely restricted which results
in early senescence of the root the time when plant reach to grain filling stage. Where as drained
soil helps new root formation which replaces the old root’s function and continues to support
above ground plant parts for better plant health.

Objective

To compare the root growth under flooded and drained soil after transplanting

Time required:

90 minutes

Materials required

4 plastic pots/buckets (each group will have two pots- one for flooded soil and another for
drained soil), Field soil, cow manure, watering cane, rice seedlings (15-20 days old).

Procedure:

1. Make the drainage hole in pots/buckets for drained soil at the bottom and left another one
without hole. Fill the pots with soil leaving 10 cm space above the soil surface.

2. Compact the soil in pots having no hole (pot/ bucket which will maintain flooded soil
condition) by pressing it heavily.

3. Top up the soil layer with small amount of compost by spreading it in both pots/ buckets

Transplant the seedling (1-2)

Irrigate the pots having no hole to maintain 8-10 cm of water level above the soil surface

and maintain it by checking water level in every 24 hours.

6. Irrigate the another pot having drainage hole until water starts draining out from the
bottom and maintain the similar soil condition by applying water in every twenty four
hours.

vl

7. Observe the root growth after 50 days after transplanting:

Carefully take out the rice plant from the pots
Observe the root color (white, brown)

Measure vertical root length

Observe volume of roots

Observe lateral root formation and distribution
Observe root hair

Observe thickness of single root

Observe the number of tiller

Measure plant weight (root and shoot)
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e Measure root weight
e Record the observations.

1 Parameters for study Drained soil Flooded soil
2 Vertical root length

3. Root color (brown or white)

4. Lateral root formation (more or less)

5. Root hair formation (more or less)

6. Root volume (more or less)

7. Thickness of single root (more or less)

8 Number of tillers

9. Plant weight
10. Root weight

Questions for discussion

. Why root growth is poor in permanent flooded soil?

. Which part of root is more injured by permanent flooding?

. Why root hair formation is less under flooding condition?

. Why lateral root formation is more in drained soil?

. Why feeder root number is more in drained soil?

. Did you find any correlation between shoot growth and root growth? If yes then why?
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Roots grow healthy when there is sufficient space around adequate water, nutrient.

When rice seedlings are transplanted singly and widely rather than in clumps of four or six the plant
has more room to spread and to send down roots. They do not compete as much with other rice
plants for space, for light, or for nutrients in the soil results in stronger and healthier root systems.
Further when rice is grown in permanently flooded condition, root degeneration starts bit earlier
i.e. when plant reaches to reproductive stage. The earlier senescence of roots severely affects the

nutrient uptake function of plant resulting in poor grain filling.

Objective

To observe the root growth at different growth stages under different water management and with
different planting density.

This session can be followed only when participants set up season long experiment on planting density
and water management in rice so that they can compare the root growth at critical growth stage of
rice and can see the root formation and root degeneration under different water management and
planting density.

Materials and methods for setting up experiment

Rice field, insured irrigation system, drainage facility in case if there is water logging due to heavy
rainfall, fertilizer, 15 days old seedlings.

Treatment to be compared

Planting density - six seedlings per hill with 15 x15 cm and single seedling per hill with 20 x 20
cm or 25 x 25.

Water management - Permanently flooded and just moist condition.
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Experiment lay out

Denseplanting

Sparseplanting

Flooded soil Just moist soil

Rice growth stage for comparing root and shoot growth:

Tillering stage
Flowering stage
Grain filling stage

Harvesting stage

Materials required for each session (at each growth stage)

Hand spade, polythene bags, rubber band, weighing balance, chart paper, markers, ruler, sketch
pens etc.

At tillering stage

Procedures

1.

2
3.
4

Divide participants in groups. One group will be allotted one plot.
Ask participants to select plant randomly
Tag the plant

Select one tagged plant and count the number of tillers, plant height, number of leaf/tiller
and leaf color and record it
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A

11.
12.

13.

14.

15.

16.
17.

Ask participant to experience the pulling force required to uproot the plant (plant should
not be uprooted by this way but participants will hold the plant by one hand and will try to
get the feel of force required to up root.

Use hand spade to uproot the same plant.

Observe the amount of soil stick to the roots (volume of soil)
Immerse roots in to water until soil separate out from the roots
Put the plant in poly bag and bring it to ToT center

Weigh the plant

Observe the color of the roots

Measure the vertical length of the roots (originated from the tiller node to the tip of the
longest root i.e primary root)

Measure the vertical length of the primary root occupied by vigorous growth of lateral
roots.

Observe the root hair

Observe the old root and new root formation (old roots are brown in color with more
thickness where as new roots are white in color with less thickness and originated from the
tiller node).

Draw the picture of whole plant including root system and list the property

Record all observation (use following suggested table)
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S.N

10.

11.

12.

Parameters

Number of tillers
Number of leaf/tiller
Leaf color

Plant height

Pulling force required to
uproot the plant (more

or less)

Volume of soil stick to

the roots (more or less)
Weight of plant
Color of the roots

Vertical length of the

root

Vertical length of the
roots  occupied by
vigorous growth of

lateral root
Root hair (more or less)

New root formation

(more or less)

Single
seedling with
wider spacing

in Flooded

condition

Single Six seedlings
seedling with with narrow
wider spacing spacing in

in just moist flooded soil
condition
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Question for discussion:

. Which treatment has more root volume?

. Which treatment has browner colored root?

. Which treatment has more white color root and more root hair?

. Which treatment has more feeder root?

. Why more feeder roots are required?

. Did you find effect of better root growth on tiller number? If yes, then what are the effects
and why?

Same procedure should be followed at flowering, grain filling and harvesting stage.

After harvesting, participants will discuss the root development or degeneration in different
treatment in relation to grain yield.
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PART F

SESSION GUIDE ON RAINFALL MEASUREMENT, LOCAL KNOWLEDGE AND
PRACTICES, AND PROBLEM ANALYSIS

TRAINING GUIDE ON PARTICIPATORY ACTION RESEARCH

36



Objective

The objective of this session is to
e How to build a rain gauge;
e How to read a rain gauge and record data;
e How to present data on a graph;
e How to comment on their findings;

o How to calculate the mean monthly rainfall.

How do we measure rain?

e We use an instrument called a rain gauge to measure rain.
e Arain gauge records the amount of rain that has fallen in a particular length of time.

e Most rain gauges measure rainfall in millimeters.

Recording and measuring rain
Materials needed:

e Plastic bottle (Empty Mineral Water Bottle or else a clear transparent bottle could be used
(1 liter capacity)

e A graduated cylinder for measurement

o A funnel

e Permanent black marker

e Water

e Notepad

e Graph paper / Graph sheets

e Pen

e Scissors
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Part 1: How to build a rain gauge

-y

Follow the following steps:

Part 2:

©® N o s W N

Cut the top off the plastic bottle. i
Using the graduated cylinder, pour 10mls of water into the bottle. ;3 | \
Mark off 10ml on the bottle with permanent marker.

Repeat steps 2 and 3, marking the bottle at 10 ml increments (10ml, 20ml.....)

This is the scale used to measure rainfall.
Empty all of the water out of the bottle. C::). :
Place the funnel in the bottle. \ /

This is now a rain gauge. -

Recording data

©® N o ;s W R

Place the rain gauge outside in the ground.

Each day, record how much rain falls using a notebook.

Repeat this every day or week for a month.

Record the data on the notepad.

Choose one month in winter and one in summer to show differences.

After a month of recording, draw a graph to represent the data.

Plot the days along the horizontal axis and the rainfall along the vertical axis.

Join the dots.

Part 3: Leading Questions and Analyzing results

1. Ask the following questions:

Has the amount of rainfall changed over the month?

Are there any differences between winter and summer months?
What was the wettest day?

What was the driest day?

2. Calculate the average (mean) temperature for the month by adding up the rainfall recorded on

each day and dividing your result by the total number of days in the month.
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Container to collect rainfall

I rain water

/\ l=1m

The volume of water collected in the pan is:
V(m3)=I(m)xw1l(m)xd(m)=1x1x0.010=0.01 m3 or 10 litres

It can be assumed that surrounding field has also received the same amount

A rainfall of 1Imm supplies 0.001 m3, or 1 litre of water to each square meter of field

In terms of volume, with a rainfall of 10 mm, every square meter of the field receives 0.01 m, or 10
litres, of rain water. With a rainfall of 1 mm, every square meter receives 1 litre of rain water.

A rainfall of 1 mm supplies 0.001 m3, or 1 litre of water to each square metre of the field. Thus 1 ha

receives 10,000 litres.
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Objective

To provide information on local knowledge and practices with regard to crop management practices
and input use

Materials

Flip chart paper, markers

Procedure

The facilitator should explain the purpose of this exercise and list the topic of interest. The
discussion could focus on crop management practices, input use and other topics.

The following question may be used to guide the discussion:

- What are the common practices of paddy cultivation in this area (use local names)

- How is the common practice of raising rice seedlings?

- How do farmers in this area do to manage water?

- What are the common practices of supplying nutrient to dose of fertilizer and what is the
common mode of application

- What are the major pests and diseases and how do they control it?

- What did farmers in the past (30 years ago) to control this pest?

Ask one or more participants to write up the results of the discussion in the following table format
for presentation to the larger group

Paddy cultivation | Method Common practices Proportion of

practices farmers using this
method

Seedling  raising  and Seedbed

amount of seed used management -

Transplanting/direct Age of seedling -

seeding
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Applying fertilizer Common fertilizer,
dose and mode of

application -

Applying organic Common practice
manure/bio fertilizer
Common pest name - Control

method -
Common disease name - Control

method
Water management | Water
practices saving

techniques

After group exercise, results from each group should be briefly presented. The exercise should lead
to the identification and collection of local knowledge and practices with regard to crop
management practices and input use.
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Objective

To identify the major factors responsible for low income from rice/crop production (the overall
problem the FFS is seeking to address) and explore the causal link between them

Materials

Flip chart paper, cards, tape, markers

Procedure

Start by drawing a circle and write in it the main issue the project is seeking to improve (as for
example low income due to low crop productivity). Ask farmers to identify 4-5 factors that
contribute directly to this problem. It is a good idea to first write factors on cards and tape them up
before doing the final diagram on paper. Once these have been identified and put in boxes with
arrows leading to the main problem, have farmers work backward and identify factors causing these
secondary sets of factors. Use arrow and line to show linkages between various factors as in the
example below.

Overuse of soil

Poor soil
Limited supply of

fertility \ compost

Irregular rainfall

Low rice .
productivity Limited
availability of
water Lack of water harvesting

technique

Poor wages

Limited
availability
of labour
Migration
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Monitoring: Routine tracking of the key elements of project activities through record keeping,
regular reporting and surveillance system.

- Start with baseline

- Assess achievement

- Reliably record changes over time in inputs, outputs, effects and outcome
- Indicate problem

Evaluation: Measure how well the programme activities have met expected objectives

- analyzing inputs and activities to determine their contribution to results

Impact: The difference in the outcome of interest between participating or not in the programme
is known as its impact.

- What happened and what would have happened if there had been no FFS

Monitoring deals mainly with following components to keep track of

Inputs - (the resources invested in a project technical assistance, agricultural inputs and training,
knowledge)

Processes or activities — (mini ToT, AESA and data collection at different growth stage, post FFS
activities, maintaining FFS diary)

Outputs - (number of FPAR conducted, number of farmers participated, number of ToT organized
during CFPAR, number of famers participated in the mid-season and end-season workshops,
number of backstopping provided by National training Expert/Assistant, Number of backstopping
provided by PMU coordinators)

Outcome - (Putting into practice SRI-like technologies, able to use knowledge to start small
enterprise, handling problem in a responsible manner)

Monitoring indicators

Indicators for input, processes, output and outcome
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- Requires selection of appropriate indicators
- Can be quantitative and qualitative

Indicators should satisfy the following requirements:

- Significant - record and central and meaningful aspects

- Plausible - changes measured by indicator is connected to the project activities
- Independent - The change is measured independently of the means deployed

- Assessable - The fact required for assessment can be gathered.

NOTE

Select at least 2.3 indicators for each component: input, activities, output and outcome

Use mix of data collection source whenever possible (survey, focus group discussion,
observation)

Indicator Target, relative change

% of farmers who have introduced at 15-20% yield increase over baseline
least 2-3 SRI principles to grow crops
in the past 2 years

30-50% decrease in cost of cultivation
over baseline
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