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Abstract

The present working paper is primarily addressed to a practitioner audience who is
concerned with implementing climate change adaptation. It describes how a
curriculum for the World Wide Fund for Nature — Pakistan‘s farmer field schools was
updated to include climate change content. The operation of rice, sugarcane, and
wheat farmer field schools is discussed, along with numbers of participants from
Lasbela, Gawadar, Sujawal, Thatta, Badin, Bhawalpur, Rahim Yar Khan, and Jhang
in these first of their kind climate focussed farmer trainings. The paper’s annexures
contain Sindhi, Urdu, and English copies of the revised sugarcane curriculum. Besides
this, what makes this working paper useful for practitioners is its other annexure
which contains similar translations of a training manual. The manual, curriculum, and
description of the farmer field school process make this working paper a valuable
one-stop resource for climate change practitioners.



Introduction

The goal of the International Development Research Centre (IDRC) sponsored joint
Lahore University of Management Sciences (LUMS) and World Wide Fund for
Nature Pakistan (WWF-Pakistan) project titled “The Determinants, Impact and Cost
Effectiveness of Climate Change Adaptation in the Indus Ecoregion” (1 March 2012 —
1 March 2015) is to provide actionable recommendations on the linkages between
farm sector adaptation strategies and food security. To ensure the recommendations
are founded on rigorous empirical work, the project completed a political economy
study and a micro-econometric study. This report details the outcomes of yet another
project component: the introduction of climate adaptation into the curriculum of
existing farmer field schools.

The 5activities described in this report were completed by December 2014 and
include:

(1) The revision of 1 curriculum (sugarcane) within WWF-Pakistan’s existing
farmer field schools

(2) Convening of 3 farmer field schools in which the above curriculum was
applied

(3) Convening of 1 exposure visit in which farmers discussed practices and visited
farmer fields

(4) Holding of 1 meeting with agricultural extension staff on upscaling adaptation
strategies

(5) The compilation of 1 manual for climate farmer field schools hosted by WWF
— Pakistan

Curriculum Revision

WWEF-Pakistan has a longstanding “Sustainable Agriculture Programme” (SAP) that
has alternately seen financial support from different donors, including most recently
the European Commission. The SAP project, based in Bhawalpur, Punjab, under the
different donors has continued to expand its highly successful Farmer Field Schools
(FFS). In essence, these schools — which have run for over a decade — are designed to
create increasing numbers of Master Trainers who will continue to demonstrate to
farmers that they can achieve sustained / increased yields while lowering the use of
scarce water and damaging agrochemical inputs.

The present IDRC funded project identified SAP’s FFS process as an opportunity to
translate its empirical studies into capacity building of farmers, so-called “action
research”. In particular, the detailed results of the IDRC project’s micro-econometric
study (examining the cost-reducing potential of adaptation strategies pursued in 5
agro-climatic zones across Punjab and Sindh)were used to first, design a farmer
manual, and, then, to revise at least one SAP FFS crop curriculum. With the help of
FFS trainings held within the IDRC project lifetime, adaptation strategies were given
a chance to spread and out/up-scale.

The SAP managers chose to select a water thirsty crop, namely sugarcane, for
purposes of curriculum revision. By “revision”, we in fact refer to an “expansion” of
sugarcane module content so as to incorporate recommended practices in view of



longer periods without rain, sudden and heavy rainfall, raised/lowered night-time or
day-time temperatures, and extreme weather events. These are the principal scenarios
covered in the IDRC manual which itself covers each of these scenarios in relation to
4 repeating subjects (for all crops, but none specifically): crop husbandry, tillage,
agrochemical input use, and irrigation. In due course, WWF-Pakistan intends to use
the experience of the FFS schools and Master Trainers for sugarcane to revise
curricula for rice, cotton, and wheat crops as well. A copy of the revised SAP
sugarcane curriculum (in Urdu language) is available in Annexure A of this report.

Sugarcane is grown year round in Pakistan. Typical sowing times in Punjab are
September or February. The SAP curriculum for sugarcane consists of 25 modules.
As can be seen in the attached revised SAP sugarcane curriculum, out of the total of
25 modules, additions were made to the following 10 modules: 2 (soil and its
nutrition); 3 (insect fauna); 4 (estimating sowing time); 5 (land preparation for
sowing); 6 (role of (un)desirable pests); 7 (maintaining soil fertility); 8 (seed variety
selection); 10 (use of organic fertilizers); 12 (irrigation water conservation); and, 17
(weed/insect management).

Broadly speaking, with numbering referring to the same aforementioned modules, the
kinds of curriculum revisions made are bracketed in what follows: 2 (available soil
enhancement adaptation strategies, including crop rotation); 3 (advantages of using
organic fertilizers); 4 (crop selection in view of climate change); 5 (available tillage-
based adaptation strategies for droughts and/or low soil moisture); 6 (crop rotation as
adaptation strategies for pests brought on by climate change; enhancement of water
intake by crops during droughts through use of organic fertilizers); 7 (recommends
use of on-farm rainwater harvesting); 8 (drought-resistant varieties, as well as wind
and high temperature resistant varieties are discussed); 10 (strategies for overcoming
wind erosion and high evapotranspiration brought on by rising temperatures); 12
(adaptation strategies allowing sugarcane to retain greater amounts of water in the
face of heat stress); and, 17 (available land preparation, crop choice and agrochemical
input use strategies in the face of heat stress).

The sugarcane FFS training — covering 45 farmers who were trained for 3 days
(comprising 8-9 modules per day) — utilized this curriculum, but also other training
materials based on the curriculum and the IDRC manual (e.g., tables for tracing of
climate impacts on crops, these were typically drawn on chart paper and mounted on
the walls of the FFS venue). The rice and wheat FFS trainings did not benefit from a
crop-specific curriculum, but the aforementioned training materials were common
across all crops. Moreover, the Master Trainers used applicable content from the
sugarcane curriculum to the wheat and rice FFS at the time of training.

Farmer Field Schools

A total of 3 Farmer Field Schools (FFS) were conducted at times in November-
December 2014, Instructions on agricultural practices required to adapt to climate

! While “Attachment C” of IDRC’s project budget refers to 8 FFS, to be held in years 2 and 3, project
managers decided to wait until year 3 had begun in order to incorporate micro-econometric study
results into their manual, which itself was the basis for revising the sugarcane FFS curriculum. This
resulted in the project having to forego the 4 FFS planned for year 2 (out of the total of 8 FFS, planned
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change covered 3 crops in all: wheat, sugarcane and rice. WWF-Pakistan matched
IDRC funds with its own in order to increase trainees and the geographic scope of the
training. In particular, 27 farmers from coastal areas (from

Badin, Sujawal and Thatta districts in Sindh and Gawadar and Lasbela districts in
Balochistan) joined the existing IDRC funded 135 farmers (45 farmers each for
wheat, rice and sugarcane FFS). Each of the three crop-specific IDRC funded FFS
trained 45 farmers over an 8 day period. The 9 coastal farmers who joined themselves
to the 45 IDRC funded farmer trainees in each FFS did so for 3 days only (out of the
total of 8 days).

As concerns FFS instruction and instruction methods, farmers received training from
2 instructors, one a Expert/Field Facilitator (himself a farmer from the locality) and
one a SAP staff member (Project officer). While the former has a number of years of
teaching experience using the particular crop’s curriculum, he and the SAP member
received advance copies of the revised curriculum. This not only gave them advance
time in which to learn the revised curriculum but also to design new climate-change-
themed presentation materials covering all the revised curriculum content. While the
revised curriculum only covered the sugarcane crop, the new content can be
transferred to wheat and rice crops. Accordingly, the climate-change-themed
presentation materials were used across all 3 farmer field schools covering sugarcane,
rice, and wheat. Additionally, a Bhawalpur-based SAP Coordinator attended some
(but not all) days of all of the 3 crop-specific FFS at Jhang (sugarcane), Rahim Yar
Khan (rice), and Bhawalpur (wheat).

The sugarcane FFS was held from 17 November 2014-23 December 2014 (or 8 days
excluding Saturday and Sunday), in which 45 Jhang-based farmers were trained. In
addition, as mentioned in Section 1 “Curriculum Revision” above, WWF-Pakistan
out-scaled and up-scaled this new climate-themed FFS by inviting farmers from
Sujawal, Lasbela, Gawadar, Thatta, and Badin to join the existing FFS trainings at
Jhang, Bhawalpur and Rahim Yar Khan. Accordingly, 9 coastal farmers joined the 45
Jhang-based IDRC trainee farmers from 26-28 November 2014 (3 out of the total of 8
days).As the 3 days reserved for coastal farmers were the 3 “wrap-up” days (mainly
intended for revision of concepts), the coastal farmers received accelerated but
comprehensive training. The training consisted of 8 curriculum imparting “sessions”,
one a day for 8 days. At Jhang, the 3 demonstration plots arranged were: (1) Kalimal,
(2) Chak 458, and (3) Ghazi Shah. The same numbers of coastal farmers, numbers of
sessions per day, wrap-up training format, and format using 3 demonstration plots was
followed at Rahim Yar Khan (rice) and Bhawalpur (wheat).

The 8 sessions, including demonstration plot use, covered the following themes,
among others: plant variety selection, sowing methods, soil sampling, water sampling,
seed planting method, and contingency measures in view of adverse temperature, rain

for years 2 and 3), including their budget. The project however gained in at least two important
respects. First, and foremost, the content placed in the manual (and hence the FFS curriculum)
benefited from reference to and reflection upon a complete analysis of adaptation behaviours
recorded in 1,500 households in 5 agro-climatic zones. Second, WWF-Pakistan added funds to up/out-
scale IDRC FFS to selected districts in Sindh and Balochistan. In particular, the SAP project held 3 FFS
that were each 8-days long, instead of the budgeted 4 FFS at 2 days each. Further, WWF-Pakistan
itself funded the participation of 27 farmers besides IDRC funded ones from Sindh and Balochistan.
About 9 farmers each attended 3 days’ training after day 5 of rice, wheat, and sugarcane FFS.
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and extreme weather conditions. The 3 demonstration plots, at each of Kalimal, Chak
458, and Ghazi Shah were particularly useful for showcasing use of a tractor-drawn
ripper-furrower operating at 4 feet row to row distance. Resilience of the sugarcane
crop to a shorter, time-limited yet more intense exposure to frost patches was taught
(participating Jhang farmers concurred that frost patches are now concentrated in
December, whereas they were less intense and previously spread out over a 3-month
period covering November). Farmers were told to irrigate sugarcane plantations to rid
oneself of crop loss associated with frost patches. Farmers were also taught of which
colouring and other signs on the sugarcane crop appear as a result of droughts/intense
rain and signal a need to abandon further input expenses. Finally, DAP usage was
recommended as a preventative for eventual rodent attacks resulting from tipping of
the sugarcane plant if exposed to strong winds.

A rice crop FFS was held in Rahim Yar Khan, also for 8 days (spread over the 1
November - 31 December 2014 period) and also using 3 demonstration plots. Themes
covered in the 8 rice sessions: sowing methods of rice nursery, significance of
fertilizers in a rice nursery, transplantation of nursery into rice fields, weed and pest
management tactics for higher and better quality yields, and contingency measures in
view of adverse temperature, rain and extreme weather conditions. The first and the
last day of training also involved a pre-test and post-test on rice crop respectively so
as to evaluate the learning growth/increment in knowledge of the participating
farmers after the end of farmer field schools.(This evaluation was carried out at all 3
crop-specific FFS). Mr. Riaz Hussain (master trainer) and a field facilitator (Mr. Abu
Bakr) taught the 45 Rahim Yar Khan-based participants joined by 9 coastal farmers
for 3 of the 8 days. The schools’ schedule corresponded with the harvesting period of
rice (October-November; sowed in May-June). Supplementary to the teachings of best
management practices, Farmers were advised to shield the rice crop from wind
especially before harvesting when it has grown a certain length because during windy
weather conditions the rice crops are prone to dropping the ripened grains. Since rice
grains and crop are usually tolerant towards changes in temperature and rainfall,
farmers were advised to just add more water in the already flooded rice paddies (rice
crops respire through their roots in comparison with other plants which use leaves as
the source of respiration).

There were 3 FFS conducted pertaining to wheat crop in the district of Bhawalpur
villages including 100/DB Yazman, Sheikh Kareem Bux, and Basti Molvi. The
villages were selected based on the availability of resources and water and different
soil textures of these areas. A total of 45 farmers, 1 Master trainer or 1 Field
Facilitator/ Expert (Latif) and 1 Project Officer participated in the FFS. These schools
were organized over a course of 10 days starting from the 1% week of November till
mid 15-17 December 2014 in which 7 sessions per FFS were delivered. The FFS were
scheduled such that the dates of training corresponded with the dates of wheat sowing
(1" to 15" November; harvested in April) in order to maximize the level of
understanding of the farmers through observation and learning-by-doing-methods
during practical demonstration. Along with the discussion on the best management
practice for wheat crop, the farmers were also taught some additional
recommendations in relevance to climate change. For instance, the farmers were
advised to sow as early as the first twenty days of November in order to avoid the
increase in temperature which has adverse effects on the seed resulting in its loss of
protein content. Furthermore, the farmers were also asked to plough their farmland
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before sowing of wheat in order to conserve moisture that is especially beneficial in
the months with less rainfall. In addition, the farmers were also given training on
ridge and drill sowing which results in 20-30% water retention with a 10% increase in
yield.

sliulr’au & JV
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Picture 1. Ali Dehlavi encouraging farmers at a wheat farmer field school at
Bhawalpur on 27th November 2014

Exposure Visit to SAP sites

An exposure visit was organized for farmers to the SAP sites. SAP sites are located
in government operated research fields in Bhawalpur, Jhang and Rahim Yar Khan
where trials for novel agriculture-based researches are conducted. Farmers in
Bhawalpur were taken to the Agronomic Research Station on 31% December 2014
whereas the coastal farmers visited the fields every day after school from 26-28
November.

In these visits a practical demonstration was given to farmers of the theoretical
knowledge they have gained during the farmer field schools. The theme of this visit
was “learning by doing” such that farmers learnt through a hands-on experience. The
initially reluctant/hesitant farmers were asked to execute plans such as pulling-out
weeds and counting plants on their own. By the end of the day the group dynamics
strengthened and the confidence level of the farmers had increased sufficiently so that
they felt prepared to tackle agricultural problems pertaining to climate change.

Additionally, training on new sowing methods relevant to climate change adaptation
was given to farmers during this visit. Farmers learnt the techniques of drill and ridge
sowing through which the water consumption of wheat varieties sown can be reduced
by 20-30% and the yield can be increased by 10%.

Farmers were quite intrigued by the new techniques shown and were determined to

adopt them immediately. In fact, WWF-Pakistan helped a farmer in the installation of
seed drill- a machine used particularly for drill sowing.
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For future, the WWEF-staff proposes to conduct FFS and exposure visits on a larger
scale for longer period (5 years) so that the farmers can be trained through practically
learning how climate change affects crop and the subsequent solutions to mitigate
these effects.

Picture 2. Farmers observed a demonstration plot collecting weed population
samples at a wheat farmer field school in Bhawalpur on 28 November 2014

Meeting with Agriculture Extension department

A meeting was arranged with the Agriculture Extension Department on 20 December
2014 after the completion of Farmer Field Schools (FFS). Those participating in the
meeting comprised government officials from Agriculture Extension Department
(branch of the Agriculture Department, Government of Punjab), WWEF-Pakistan, and
Agriculture Department research staff and private sector (fertilizer industry).
Representing the Agriculture Extension Department were the following: Dr
Hafeezullah, Assistant Horticultural Officer (AHO); Muhammad Ashfaq, Deputy
District Officer (DDO); Bashir Ahmed, Agricultural Officer (AO); Dr. Muhammad
Masood Saleem, Agricultural Officer (AQO). Representing WWF-Pakistan were the
following: Nawab Din, Coordinator; Hafiz Muhammad Ismail, Monitoring Officer
(MO), Muhammad Zeeshan, Project Officer (PO), Muhammad Saleem, Project
Officer (PO), Gulraiz Khan, Project Officer (PO). Representing the Agricultural
Department research were the following: Dr Manzoor Hussain, Economic Botanist at
regional Agricultural Institute, Bhawalpur; Sohail Shamee, Agriculture Officer (AO)
at Dera Bakha, Bhawalpur and Mohammad Aslam, Agronomist at Agronomic
Research Station, Bhawalpur. Lastly, representing the private sector were the
following: M. Akbar Ali, Technical Service Officer at Fatima Fertilizer.

The purpose of this meeting was to increase awareness especially amongst the
government officials about the effects of climate change on the agriculture sector,
based on study findings and exchanges with farmers who participated in IDRC farmer
field schools and exposure visits. The participants of this meeting discussed the
problems faced by farmers pertaining to climate change and subsequently their
solutions. A key outcome of the meeting was that the Agriculture Extension
Department officials agreed to include objectives addressing climate change in their
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policies. This concept has been extended as far as to sign a memorandum of
understanding with the Agriculture Department of Government of Punjab.
Furthermore, the team agreed to work in future on the following action points:

To train the farmers on crop shifting effects of climate change: It was pointed
out by Dr. Manzoor Hussain that the usual positions of crop have shifted due
to climate change since a new trend in crop cultivation has been observed that
is, maize is being cultivated in Vehari and sugarcane in Rahim Yar Khan.

To teach farmers about variation in temperature due to climate change: for
example, it is advisable to sow wheat at lower temperature such as during
winters because an increase in temperature decreases the protein content of the
seed of wheat and ultimately results in decrease of the quality of yield. If
farmers are trained about variation in temperature due to climate change, they
will learn to sow wheat preferably before March, when the temperature is
high. Alternatively, during these FFS farmers can also be introduced to new
varieties of seed that mature early in 5.5 months instead of 6 months.

To provide significant knowledge to farmers on the type and quantity of land
inputs required by different crops to ensure soil sustainability: one purpose of
holding this meeting was to spread awareness about climate change to the
private sector especially pertaining to the fertilizer industry. After this
meeting, the private sector was quite interested in holding another meeting on
SAP platform and to meet with farmers to educate them on the best use of
fertilizer to ensure soil sustainability along with increased yield of crop.

To appoint a political leader on a local level who would be responsible to
ensure that new techniques and varieties are adopted: The proposal is to
appoint a political leader from amongst the farmers who would adopt the new
practices related to climate change such as sowing of temperature tolerant
varieties or learning new methods of sowing. This farmer would then become
an inspiration for other famers by observing the teachings of FFS and would
therefore ensure that all farmers of a particular village comply with these new
teachings.

To ensure increased production of crop from existing agriculture land: Due to
increase consumption of water and lead owing to increase in populations, there
is less water for irrigation of farm lands which results in the farmers preferring
to cultivate less water-intensive crop for increased yield. The team agreed to
convince farmers on less water consumption and use of water-tolerant
varieties of wheat, sugarcane and cotton.

To ensure monetary premium benefits to farmers: The increase in crop shifting
trend adopted by farmers to mitigate financial loss is also partly due to fewer
premium benefits given to farmers. The market price rate of sugarcane and
cotton is considerably less than wheat, which has been fixed by government to
1200 rupees per month. Additionally, northern regions of Bhawalpur such as
Khanewal and Sahiwal have partly shifted to cultivation of maize since the
market rate of wheat and cotton had decreased considerably in those regions.
An increase in monetary premium benefits would act as an incentive for the
farmers to adhere to the crop usually cultivated in that region.
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Picture 3 Meeting with Agriculture Extension Department conducted at WWF-
Pakistan’s Bhawalpur office on 20th December 2014

Manual for Climate Field Schools in Pakistan

This manual has been put together with the objective of assisting Pakistani farmers
with best practices to either mitigate or harness where possible the effects of climate
change. Planners and others designing regulations and incentives may also be
interested in reviewing the contents of modules to review their own adaptation
investments in relation to crop husbandry, tillage, irrigation and use of agrochemicals.
This manual brings together a collection of concepts and practical suggestions that
can be of immediate use for identifying problems and for formulating, executing and
evaluating solutions to improve crop productivity through conservation of soil and
water resources.

Hence, the goal of the manual is to equip the average farmer with necessary skills and
know-how needed to tackle agricultural issues arising due to climate change. This
IDRC-supported manual prepared by the World Wide Fund for Nature — Pakistan
(WWE - Pakistan) was used for action research within the project’s lifetime (1 March
2012 -1 March 2015) in the sense that its contents were used to revise WWF-
Pakistan’s Sustainable Agriculture Programme’s (SAP) sugarcane curriculum for its
Farmer Field Schools (FFS). Thereafter, the design of the sugarcane curriculum and
the design of the training materials for sugarcane, rice and wheat FFS relied on the
manual (in total 3 FFS of 8 days each, covering 135 farmers, were held in November-
December 2014 in Jhang, Rahim Yar Khan, and Bhawalpur, that included an
additional 27 coastal farmers from Thatta, Badin, Sujawal, Lasbela and Gawadar).
The mainstreaming of these recommendations into agriculture planning documents,
besides remaining SAP FFS curricula (wheat, rice, and cotton), will not only benefit
the farmland but also farmers’ families, and the agricultural economy.

The manual is appended in Annexure B of the present paper. It serves as a guide that
will allow farmers to discover ways of solving problems associated with changing
climactic patterns in Pakistan. The manual includes useful information on how
farmers can deal with changes in temperature (day time and night time temperatures,
both), rainfall (sudden/intense showers and long periods without rain), and
occurrences of extreme events, and what adaptive measures are available and, in some
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cases, have proven successful in not only sustaining but also increasing crop
productivity. Copies of the Urdu, English, and Sindhi translations of the manual are
available in the annexure of this report. Advance copies of the manual were submitted
to the public on 26 April 2014 in Lahore at a LUMS hosted national consultation on
“Climate Change and Food Security”. Members of the IDRC project’s Technical
Advisory Group were also able to discuss the report at this event and gave their
feedback. Further, the preparation of the manual, over the March-April 2014 period,
included in-person consultation with the following stakeholders: Pakistan Agriculture
Research Council, Sustainable Agriculture Programme of WWF — Pakistan, the
Agriculture Extension Department of District Government Faisalabad, the Pakistan
Meteorological Department, Climatology and Agriculture Departments of the
University of Agriculture Faisalabad, and the Ministry of Climate Change. A further
factor that lent legitimacy to the manual is that it was able to incorporate content and
cross check notions and figures contained in a database of c. 1,500 households of
Punjab and Sindh, with up to 5,000 observations per household collected from 20
April 2013 — 29 June 2013 at 7 districts/sites for 5 agro-climatic zones. The study
results that look in detail at adaptation methods and their benefits also informed the
structure and recommendations of the manual.

Its structure covers all crops, but none in particular. The level of detail is high, e.g.,
recommended depth of seed planting in centimetres, or, costs and brands of motorized
farm implements and commercial inputs, or, even the number of shanks on subsoiler
machine. In places, e.g., harvesting of rainwater, stepwise descriptions are given of
how to erect entire structures from scratch. This naturally lends itself well to
immediate use of the manual by farmers in all of Pakistan’s provinces, as does the
translation of the document into Urdu and Sindhi. The climatic factors (“setbacks” but
also “opportunities for windfalls”) that are systematically addressed in the manual
include: longer periods without rain, heavy rainfall, high daytime/night-time
temperatures, low daytime/night time temperatures and fog, high winds, cyclones,
floods, sea level rise. In essence, these climatic factors are repeatedly addressed

99 ¢ 99 ¢

across “crop husbandry”, “tillage”, “irrigation” and “use of agrochemicals” themes.
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ANNEXURE

ANNEXURE A (Revised curriculum of sugarcane cultivation)
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Foreword

Generally, each area has its own unique environmental, social and economic conditions. Likewise,
farmers use different agricultural methods according to these conditions. Therefore, it is necessary that
farmers should be equipped withthe agriculture technology which suits their environmental and economic
conditions. Better Management Practices (BMPs) are the agricultural methods that increase or
maintainthe yield of the crop and have less negative environmental impacts. By adopting BMPs such as
lesser quantity of water, chemical fertilizers and toxins, farmers can increase crop yield and their income.

BMPs indicate the methods which take into account environmental and economic aspects of agriculture
and usenatural resources in a balanced and sustainable way. Old and new technology is adopted in
agriculture sector in a way that its yield is highly improved and balance is created between cost
andincome. It also aims to assess impact of agricultural methods and technology on climatic patterns/
system. Better agricultural practices guide the farmers from farming toaccess to the market. Better
agricultural practices are in no way new to famers. These farmers in collaboration with other farmers and
agriculture extension workers conductexperiments and observations in the field. One significant aspect of
these BMPs outlines that farmers are not familiar to a harmony between environmental and social factors.
Hence, it is important that they should develop their skills and build capacities to address agricultural
issues. For this purpose, they should conduct more experiments and assess their observations in the field.

WWHF-Pakistan initiated a project titled ‘Sustainable Cultivation of Sugarcane in Pakistan’ in 2006 for
cultivators atFaisalabad so that the sugarcane crop is cultivated by using BMPs. Moreover, farmers are
guided for improved seeds, land preparation, required proportion of fertilizers, pests control, marketing
and organizational development. This will result in improvement in economic conditions of farmers,
ensuring pollution-free environment and leading Pakistan towards the way to progress. For proper
guidance of farmers, WWF-Pakistan has established Farmer Training Schoolswhere farmers learn about
BMPs through discussions, experiments and observations. This training guide has been prepared for
guidance of the farmers so that they can conduct experiments and assessments on BMPs in fieldgrowing
sugarcane crop.



Introduction

WWHF-Pakistan is an international organization which in collaboration with small farmershas been
working for a long time on reducing negative impacts of agriculture on environment. From 2006, a
Programme titled ‘BMPs in water thirsty crops’ has been initiated in Faisalabad. Main objective of the
project is to promote balanced use of natural resources in agriculture and decrease use of water, pesticides
and chemical fertilizers so that the level of escalating pollution could be reduced. Farmer Field Schools
(FFS) have been established for imparting training on environment friendly methods which indicate better
agricultural practices.

FFS for sugarcane farmers

What is FFS?

FFS is a name given to thoseagricultureactivitieswhich continue during entire time period of the crop in
field. Training is provided in BMPs from land preparation to harvesting of the crop. Training in the FFS
is based on joint learning and field experiments.

Basic principal of FFS:

g
g

The FFS consists of 20 to 25 farmers in a group.

The FFS’s room is considered a field for class of the farmers. The training activities continue
during entire time period of the crop.

In FFS, the farmer compares BMPS with theirtraditional methods. This assessment is made
between field of BMPs and field of farmers.

In FFS, experiments are also conducted on local agriculture methods.

In FFS the farmers select topics according to their needs and requirements and experts provide
them requisite information.

What do farmers learn from training school?

The farmers attending the FFS learn about following management practices:
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The mutual interaction between agriculture and environment

Environment and agricultural environmental assessment

Better management of the land

Better arrangement of fertilizers essential for land

Better irrigation system

Better control of harmful insects

Prevention of diseasesthrough environment friendly methods

The eliminationof weeds from crop

The negative impact ofagricultural toxins, pesticides and chemical fertilizers on environment
The use ofbiological, organic and environment friendly manures on crops and their benefits
Better management and marketing of crop



The procedure of FFS

g
g
g

Normally, meeting of the FFS lasts for 3-4 hours and it consists of following points;

Introduction and briefing about agricultural measures

The farmers during each meeting conduct agricultural environmental assessment in the field and
devise strategy based on their observations.

In FFS, the method of teaching/ education is experimental, participatory and informal. Farmer
learn through practicalexperiences

The guide provides guidance to the group of farmers. This guidance is helpful in conducting
experiments and making observations

Observation of BMP field and farmer field

Collection of statistical data about crop and different samples (soil, affected parts of plants,
beneficial and harmful insects etc.)

Under guidance of the leader, hold discussion and questions & answers sessions about status of
the crop

Theleader asks questions from farmers for building their capacities

The groups of farmers share their agriculture environmental experience with one another

Various measures are recommended for BMPs field through discussion and hence, responsible
individuals are selected for special tasks

In meetings, guidance is provided on specific topics

In end summary of all the proceedings and strategy is presented



Exercise No: 1
Structure of the Land
Introduction

Land can be classified as coarse and fine. There is more sand in the coarse land whereas the fine land
contains more clay in soil. The land which contains sand, clay and silt in equal proportions is considered
as fertile land. Structure of soil is directly impacting the fertility of land for example, absorption and
retention of water, catching nutrients of plant and having capacity to extend roots in the soil. The land
which contains more clay soil is called as heavy land. This land can retain considerable quantity of water
which is gradually absorbed by the soil. The land which contains more sand is called light land. Though
that land contains more organic matter but cannot retain it for longer period. Water moves quickly in
sandy land.

Activities

1. Take 25 gram of dry soil (about half of a handful) in the hand. Look at it carefully and see if it is
very light and granular or it contains the hard pieces or when it gets dried up then it is difficult to
break or it is between these two structures

2. Sprinkle drops of water on it and mould it in hand. If there are mud particles then break them.
You can mould it like plastic and press it with hand and then open your hand. After doing this if it
does not make aU shapeand a part of itfalls then it is sandy land. If you think that you have
poured more water in it then add extra dry soil in it and try again.

3. Now mix soil with first finger of other hand and try to seewhether it could be broken into small
particles or it is soft.

4. If it becomes the ball of soil then mix it with your hands or mix it on the soft surface and try to
mould it in the circular shape so that it becomes round circle and note down the following
specific properties.

Y¢ If land is sandy (70 % sand) you cannot make a round circle more than 5 cmlong and 1.5 cm
wide. It would notmake acircle and there would be cracks in it and a small portion of it may
fall down.

Y¢ If it is heavy soil (more than 40 % of clay) then 10-15 cm large and 0-5 cm wide cylinder can
be formed. There will be no cracks in it.

Y¢ Ifitis fertile land then 10-15 cm cylinder could easily be formed. It can make round circle,
however the outer part of the circle might have many cracks.



Y¢ If it is possible then examine the dry soil. When soil gets dried up then it could easily be
broken withfingers and will ultimately change into finepowder. It is very difficult to break the
dry clay with fingers.

Discussion

¥¢  Which land is suitable for different crops?
¥¢  Which crop is good for cultivation of sugarcane and why?

What will happen to the growth of crop? If we are cultivating sugarcane;

a. Insandy land
In clay
Infertile land

Can we change the structure of land but how?
How structure of the land is affected?

On the basis of water

On the basis of timing of fertilizer and its methods
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Exercise No: 2
Texture of Land

Introduction

The composition of land includes sand, humusand clay in specific proportions. Based on it, one can
determine the fertility of land. The qualityof land means size of the particles which constitute soil. The
land of good texture contains more pores which exist between the particles. For example house is
constructed from cement, sand and bricks.These are the structural parts of the house while its texture
means the arrangement of the bricks out of which house is built. If it is destroyed by earthquake then its
remains would be called as structural parts. Before earthquake it was the texture of the house that made
space for walking in it. But when it collapsed, the walking space was no more. Likewise, good texture
land has wide space for passage of the air.

Improving texture of land

The nutrients found in the soil and the smallest insects play vital role in improving the texture of land.
They develop sticky matter which connects the particles of the soil with one another. Small insects and
nymphs develop tunnels inside the land. These tunnels are used as passage for these insects. Roots of the
plants which penetrate inside the land also improve its texture. Farmer can improve the texture of land by
incorporatingorganic manures in it. Organic manure improves the texture of land by different methods.

¥¢ When it is burned, it creates pores inside land

¥¢ It also provides nutrition to the microscopic organismsand connects the soil particles with each
other.

¥  The pests inside the land also use it as their nutrition

¥¢  Soil erosion is harmful for soil which can be reduced by increasing tree cover in the area. It
stabilized the soil

Degradation of texture of land

The different factors degrade the texture of land. Many farmers complain that land is becoming hard. As
the use of fertilizers and other poisonous particles is increased, then this problem becomes more
complicated. Many beneficial insects living inside the land start dying. With passage of time, land
becomes weak and barren.

Material

v  Pencil

% Newspaper

¥¢  Weighting tool/ scale

¥ Bricks (different sizes or one block)



Procedure

Y United as a group, arrange the bricks in a way that there is more distance between them
and big holes are created among them

Consider that example and examine how such big holes are created in the land.

Then arrange bricks in such a way that distance betweenthem become very less.

Then think over it that though bricks are keptvery close to one another there is still
distance between them which isnaturally due to different sizes of bricks.

i

Discussion

All members in a group should identify the elements in the soil and write down their answers on the paper
of newspaper. All the people make a list and include the following points in it.
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Salts (sand, humus, clay)

Nutrients

Water

Air

Organic matter

The residues of plants or dung of animals
Living bodies (animal, pests, turtles, fungus)
Bactria

Draw a 3 column table on the paper of newspaper. In the first column write down elements of the
soil, ask questions from members of the group and note down their answers in the remaining
columns.

How did each element reach the land?

Are/ are not these elements suitable for health of the land?

Discuss with each other that howunsuitable land could be made suitable for cultivation



Exercise No: 3

Texture of Land, Organic Matter and other Organisms Existing in Soil

Introduction

Composition and texture of land are affected by pores in it. We know about per cent of humus and clay
from soil composition while structure indicates size of the particles which constitute soil. There are two
types of organic matter; living and non-living such as bacteria, virus, fungus and pests etc. When any
plant or dead animal is buried, microscopic organisms existing in the soil start decomposing it. Many of
the fungus species play pivotal role in breaking down organic matter. Most of the bacteria decompose the
nutrients in such a way that they provide nutrients to plants and roots easily absorb them. Most of the
fungus and bacteria cause diseases in harmful pests and kill them so that roots of plant are protected
against them.

*
*
%
%

g
*

Decrease in soil moisture and nutrients reduce fertility of the soil that can be increased by
incorporating organic manures in it.

Organic matter found in the land improves its inner as well as outer condition

It also connects constitutes of soil and does not allow it to run off

Organic matter increases the capacity of land to store and absorb more water, improves the
texture and performance of land and makes easy passage of air

It also plays important role in protection and supply of nutrients to plant

It is recommended that farmers may always use organic manures or peels of vegetables

Purpose

We should be able to explain relation between organic matter, nutrients and composition of the land.

Material

P T I - - - i

Sand

Soil of the local field

Properly mixed organic matter
Soil

Plastic bottles

Rabarband

Sharp-edged knife

Plastic cup

Large paper

Pencil

Activities

1.

Following points have been included in the form of questions for preparation

¥¢  What do you mean by texture of land, organic matter and micro-organisms?
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Y¢  What is relation between texture of land organic matter and microscopic organisms?
¥¢  What is the role of organic matter and microscopic organisms in land?

2. Take same amount of soil and spread it over the sheet. Let it dry in open space and sunlight for a
day.

3. Select three sample:

I.  Sand and sandy soil
Il.  Soil of the local field
I1l.  Soil of the field which includes dissolved bio-manure or dung

4. Take three bottles for an experiment and hang them upside down and make small holes in lid so
that soil does not pass through them.

5. Keep cups beneath these bottles for storage of the dropped water.

6. Take another cup. Fill it according to scale and then put water in all cups equally which are
already filled with equal amount of soil.

7. Wait for a few minutes and observe flow of water to the back side

Discussion

¥¢  Which bottle did hold water for a longer period and why?

¥¢  What is the role of organic matter?

¥  What is relation between organic matter and the microscopic organisms found in land?

¥¢ Take three samples from land. For instance corn field, vegetable field in which dung is added,
uncultivated field, and the dried field due to open space and sunlight.

¥¢  Weigh three samples in equal proportions. And then burn that soil and again weight these three
samples.

¥¢  Compare the weight of three samples and note down which samples did loss their weight?

11



Exercise No: 4
Assessment of the Land
Introduction

Plants require energy and nutrition for their survival. For the different parts they acquire various nutrients
from soil. Different types of fields contain different kinds of nutrients. We know about different quantities
of nutrients from examination of land.

Normally, farmers do not conduct any examination or tests of their land. Hence, it is difficult to provide
required and balanced quantity of manures to the crop.

In this exercise information would be provided to farmers about taking sample and examining it.

Purpose

¥ Build skills of farmers so that they take samples of the soil

¥¢  Know about quantity of nutrients in soil

Y  Asses required quantity of nutrients for the soil

¥ Know about cultivating best varieties of sugarcane in particular soil

Material

Y¢ Spade
¥ Bottle and plastic bag
¥¢ Colored pencil and marker

Activities

e Each group will take five samples of soil and will also take one kilogram of soil taken from
different sites in field

How to take sample of soil

¥ Take spade or plastic bag

¥¢ Take samples (one from centre and four from corners) at the depth 6 inches and keep them
separately in plastic bags.

Y¢  Mix well all the samples and take separate handful of soil and keep it in plastic bags

¥ Write down square number and acre number on plastic bags

¥ Get these samples tested from the agriculture fertility laboratory.

Discussion

¥¢  What is it significant to take different samples of soil?
¥¢ If land is not regular, then how does one take sample?
¥¢  After examination of the soil, how manure would affect the crop yield and cost?

12



Exercise No: 5

Land Preparation

“What” “why” and “how” should it be done?

Introduction

Preparation of land plays vital note in growth of the plant;

¥¢  Well prepared land is useful for strengthening the roots of plants and guards them against weeds
and different pest diseases
¥ Preparation of land is necessary for high crop yield
Y¢ It is useful for improvement of land texture, growth of roots and absorption of nutrients
¥¢ If land is hard and dry, deep plough may be applied before sowing of the seeds
Purpose
¥¢ Notice the land preparation in field
¥¢ Better understanding of land preparation for obtaining high crop yield
¥  Know about advantages and disadvantages of land preparation
Material
¥ Field for land preparation
v¢  Tractor
¥¢ Plough
ve Leveler
Y¢ Paper and pen
Activities
¥  Get the group ready for important operations in preparation of land, devise a strategy and share it

with them. Following points may be included in it;

How do weeds spread?

How does seed grow?

Is crop healthy?

Have raised beds been prepared?

Does land preparation affect supply and drainage of water?

When did you prepare it? And why do you prepare it again at this time?
Are points about weeds, pests and diseases taken into consideration while preparation of
land?

Visit the field and observe newly grown plants

Different groups are assigned different crops and areas?

Ask farmers about their methods of land preparation

Allow everyone for 30 minutes to describe their observations

O OO0 00O Oo0Oo

O O 0O O
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0 Share one’s findings with group and discuss them

Discussion
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What is an appropriate land preparation?

What is it important to prepare land thoroughly?

What are the characteristics of field preparation for sugarcane crop?
What is an appropriate timing for first and second plough?

What is importance of preparing straight raised beds?

What are the merits and demerits of preparing open and complex land?
How does land preparation affect weeds?

How does land preparation affect growth of the crop

How does land preparation affect irrigation?

What is the impact of land preparation on harvesting?

How is land preparation affected?

How does land preparation support in controlling weeds?

How does land preparation helps in controlling pests?

How does land preparation guard against diseases?

14



Exercise No: 6
Examine the Presence of Termite in Field before Cultivation
Introduction

This in insect forms colony in land or bark of a plant. Termite attacks the eye of the seed immediately
after the cultivation of sugarcane and fills the pores with soil. Hence, seed becomes unproductive and a
lot of sugarcane crop is affected. This also results in less growth of canes in field. This insect mostly
attacks sandy, water logged land during hot and dry reasons. The affected part of the plant gets dried and
pores are filled with soil. When you observe that termite is attacking the crop, it would be better to change
the manure and rotate crop in the next season.

Purpose

This is an easy experiment which can be conducted by two or three people in a short time in field before
cultivation of sugarcane crop.

The main purpose of this exercise is to raise awareness among farmers so that they know about the
presence of termite in field before sowing. If termite is present then farmer should find its solution, hence
seed germination is not affected.

Material

Augur (length 1.5 feet, width 5 inches)

Spade

5 plastic containers with lids (length 1 feet, width 4 inches)

Old cartoon pack

Some water

Scissors

Tool for making holes in containers (drill machine/hammer or large nail)

A - e

Activities

¥¢ Taking required material visit the field in form of group

v¢  Select five sites in one acre area

¥¢ Dig 1.5 feet ditches at selected sites with the help of augur. If augur is not available then do this
with support of 5.19 spade

¥¢  Make 10 to 15 holes in containers with support of drill machine or nail

¥¢  Cut cartoon in one square feet pieces with scissor and sprinkle water over pack so that it becomes
soft

¥¢ Encircle the pieces of cartoon with hand so that they are easily kept inside containers and close
the lids tightly

Y¢ Keep each container in a pit and cover it with soil and mark these pits so that they are easy to be
detected

¥¢ Unearth these containers after three or four days and observe them

15



¥¢ In case termite is present, identify it and guess about its attack
Discussion

¥¢  What is common in cartoon and plants? Due to which it attacks both?
¥¢ In which stages does termite exist in containers?

16



Exercise No: 7
Fertile/Healthy Land
Introduction

Farmers have recently learnt about the high productive areas that whether their productivity is stable or
decreasing although they incorporate manures in the same quantity as before. How did it become
possible? In most cases, decrease in high productivity is caused by less fertility of the land. For last few
decades increase in productivity was found due to new and more productive species. This resulted in
lowering of salty resources of the land which were substituted by incorporating chemical fertilizers.
Eventually, land could not maintain its productive capacity. They came to know about it by decrease or
maintenance of yields. By addition of organic manure, soil increase it capacity to retain water during
drought and improves its fertility. In those areas where land is hard due to less or non-occurrence of rains,
rain water harvesting may be practiced that would also improve the fertility of the land.

Objective
This exercise aims to;

¥¢ Create awareness about healthy lands in form of group
¥¢ Inform farmers about composition, structure and appropriate state of land.

Material

Newspaper

Pen or marker
Small plastic bags
Organic manure
Digging/tools

R OR R R

Activities

¥¢ Divide group into 4 groups

¥¢ Each group should observe land from two different sites

¥¢  Two groups should observe the land at the sites where organic manures were incorporated. While
two/three groups should observe the land at the site where normally chemical fertilizers are used
to a greater extent

¥¢  All groups should note down the following characteristics of 2 types of observed land.

e Color

e Composition

e Moisture

e Small

e Composition of layers of the land

e Thickness of outer fertile layer
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e Animals

e Other main characteristics

e All information should be noted on paper. Take samples from two sites of the land and keep them
in plastic bags and bring them to meeting hall

e All members should share information with other groups

Discussion
The leader should assess three soil samples and ask following questions:

e What is main difference between three samples of the soil?

e Why three samples are different from one another?

e Which type of soil is suitable for crop?

e Conclude about characteristics of land fertility and cultivation
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Exercise No: 8

Selection of Suitable Seed for the Sugarcane

Introduction

Farmer should choose suitable variety of the sugarcane. There are different varieties of sugarcane which
show resistance against pests and diseases according to the height, adaptation, drought and shortage of
water. Farmer should choose those varieties which are drought and rainfall tolerant. It is not necessary
that a sugarcane variety which produces high yield in one area may produce the same in the other.
Selection of the best seed depends upon farmer’s adaptation to agricultural environment.

Canes should be cultivated through buds. It is necessary for the high production per acre that the required
material should be provided on time. Healthy seed and the best varieties are essential for healthy crop.

Characteristics of the best variety of sugarcane

P I I I

Certified variety by research institutions for different areas

It could resist against pests and diseases

It could produce high yields at less water

No or negligible breaking of stalk

Should contain more sweet juice

It is necessary to consider following points for choice of seed
Seed should be pure, healthy and safe from attack of pests

If possible, choose seed from the crop cultivated in autumn

Information objectives

Symptoms of diseases and images of pests attack

¥¢ Choice of the best variety, observation of field and tillage are necessary for cultivation in a
particular area
Y¢ Share experience, conduct discussion and assessment for choice of specific type of land which
cultivated in specific area.
¥ Inform the participants about resistance of the plants
¥¢ Information about seed choice and preparation of land
Material
¥¢ Different types of initial stage in standing state
¥¢ Different varieties of fully grown sugarcane crop
v¢  Note book
Y Pen
¥¢  Meter rod
Ag
PAe

Assessment board
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Activities

¥ Divide people into four groups and assign them different plots of field

Y Ask groups to make observations and collect samples from field and organize interview of
farmers so that they prefer verities of sugarcane according to the area.

¥ Each group should search for healthy and diseased canes from the field. Diseased plants, attacks
of pests and disease symptoms should be specified

¥ Taking samples of the buds to training centre, specific diseased and healthy buds and write down
separately the healthy and diseased plants in table on assessment board.

Y Ask all groups to assess the assessment board, collect buds having same characteristics: entire
group should describe symptoms of the diseases. If possible assess the symptoms of diseases
along with images.

¥ Ask large group to exchange information and share their ideas and experiences with member of
other groups, so that the varieties are selected according to the condition of area.

Discussion

Y What is difference between different varieties of sugarcane (size, colour, harmful insects,
attacked parts)

Y¢ |s it appropriate to sow those types earlier which grow later? Or it should be reversed?

¥« What are those factors which farmer keeps into account while selecting the suitable varieties?

Y Do most of the farmers use their own seeds? Or obtain it from some other source and why?

¥ Do you think yield and income obtained from using farmers own seeds is different from that of
obtained from certified seed?

¥ Which type of seed will you use in your field?

¥ What do you think, which seed variety is suitable?

¥  What are the characteristics of unhealthy buds?

¥ How can we access healthy seed?

¥¢  Which part of plant is used for seed?

¥ How many nods are there on buds?

¥ How cane can be pealed so that it is not damaged?

¥« How can we properly manage (sow and collect) sugarcane so that it give high yield.

¥¢ Do you think management methods could affect the roots of stalk of the canes?
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Exercise No: 9
Method to know about growth seed of sugarcane

Introduction

It is necessary for the high yield of sugarcane that there should be required number of plants in the field.
Aim

It is an aim of the exercise that farmer should know how healthy are the seeds and how many seeds
should be sowed for required number of sugarcane plants per acre of the land.

Material

¥ Required type of seed
Y Axe
¥ Tools required for raised bed

Activities

Selection of soft and filled during sowing season.

Prepare small raised beds

Required varieties of canes should be cut in such a way that each bud must have two nods.
Count and separate 50 buds having 100 eyes

Put buds in raised beds and sprinkle water over them

When raised beds becomes dry, again supply the water to them

After 10 days unearth buds with support of small spade

Observe these buds and count germinated eyes

Asses total number of buds and germinated parts and know the growth rate

DD S I - -

Discussion

¥ What is the importance of two eyesbuds?
¥«  How much seed is required for prepare area keeping in consideration their growth rate?
¥¢  Why 1/3 upper part of cane is significant for sowing?
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Exercise No: 10
Better Management of Nutrients
Introduction

Farmers used organic manure before the use of inorganic fertilizers such as urea, DAP and potash.
Organic manure are the important source of nutrients they contain main particles which are essential for
the growth of the plant. In addition to this, addition of organic matter improves the quality of land. It also
assures the supply of main nutrients and water to the plants, whereas currently farmers add lesser quantity
or organic manure to the field. Organic manures protect fertile layer of land from rainfall, wind pressure
and sunlight.

Farmerselaborate following reasonsfor that:

¥¢  They do not keep animals at the farm and consider them as burden
¥ And those farmers who tend animals, they do not have people who take that manure to the field
¥¢ They believe that inorganic manure gives better and positive results

For few last decades inorganic fertilizers have been used extensively. Due to this productive capacity of
the land has decreased. This has been noticed in those areas where inorganic fertilizers are not used
proportionally and only nitrogen and phosphorous are added to the land. Apart from the issue offertility of
land, inorganic fertilizers are very expensive and even do not render better results. It is because of the fact
that these fertilizers are used inappropriately.

It is learnt that moist fields, sugarcane crop gets only 40% of nitrogen and the remaining 60% is lost due
to evaporation and absorption by the land. The particles which are not absorbed by land remain in the
environment and cause land and water pollution.

Form and environmental and economic perspective, it is essential to provide required nutrients and
manures in equal proportion. Likewise, farmers can learn about the proper use of manures so that it can
ensure less cost and better environment.

Purpose
After these activities, participants should do following things:

1. Keep in consideration essential aspects and better use of manure.
2. Make proper use of manures by keeping in consideration their variety, timing, usage and
requirement.

Material

¥ Samples of urea, DAP and potash (two teaspoon of each fertilizer)
Y Small plastic bags (6 bags for each group)

¥ Rubber band (for lids of containers)

¥ Proper quantity of potash and urea for fields
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¥

Newspaper and marker

Preparation;

¥¢ Estimate proper quantity of urea and potash and prepare it before sending to the field. Thus,
participants should conduct fertilizerexperiments in farmer fields and they should verify their use
appropriately.

Activities

¥ Divide participants in to small groups and give each group six plastic bags and three kinds of
fertilizers i.e. urea, potash and DAP

¥¢ Leader (informant) should elaborate the purpose of this exercise. He may ask how inorganic
manures acts in water and soil and what is the outcome of the adding method of manures?

¥ Invite participants to observe the characteristics of three types of fertilizer and record results.

1. Observe their colour

2. Observe their composition

3. Notice their smell

¥¢ Each group should fill his three plastic bags with water and remaining three with soil. Each group
should take on teaspoon fertilizer and put into bag with water while put other teaspoon into bag
filled with soil. Then mix water and soil bags so that fertilizers are dissolved. Participants should
note down following points;
1. Colour
2. Smell
3. Dissolution

Y Keep water/plastic bags till meeting is over. If you feel any change about characteristics please
note it down.

¥¢ During that the informant should start discussion about the composition of fertilizer or explain
proportional make-up of the particles.

Y Assessment can also be conducted about rates of organic and inorganic manures proportions of
each element could be measured as per kg

Discussion

¥« Why do we add inorganic fertilizer, especially urea and potassium in field?

¥« Why do we add DAP and organic manure at the time of cultivation?

Y What are benefits of organic fertilizer in comparison to inorganic fertilizers?

Y¢ State the merits and de merits of different fertilizers?

¥¢ Obtain view point of participants regarding purpose of fertilizer and on that basis guiding
participants are set and same proportion of fertilizers may be used in the field. Which was
reduced the time of harvesting?

¥ In the form of group bring forth the new thing that was observed by different farmers during
sugarcane crop.

¥¢  The obtained crop yield may be compared to quantity of manures and standard unit of crop yield

(mund per acre). Did the maximum quantity high yield? Participants may be asked about their
comments about merits and elements of fertilizers which they had used in the fields.
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¥¢ Informants should elaborate that what is good in local environment (land fertility, expected yield,

provision of manures and salts from natural resources) how are they essential?
¥ Informant should repeat that they should conduct experiments about fertilizers with confidence

and describe their proportion.
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Exercise No: 11

Experiments with Simple Flower Pots and Examine the Role of Nitrogen, Phosphorus and
Potassium along with Farmers

Purpose

g
*

Inform farmers about the impacts of nitrogen, phosphorus and potassium on growth of the plant
Inform farmers about decrease or increase of nutrients in plants

Material

X

I

Healthy crop field where microscopic ingredients are in a sufficient quantity and a crop where
microscopic ingredients are in a small quantity (select those cane crop lands where different
species have been cultivated). One who raises awareness should select better land for before a
session in the training centre

5 buds of healthy cane, it is better if they have same size

5 flower pots for placing buds properly

Soil quantity required for 5 flower pots

5 small plastic/ pane sticks for labeling

Marker

Activities

*
*

Visit various fields

Ask for 10 minutes to participants to work in small groups at the lands which you have visited.
What they observed about health of plants may be discussed and recorded (color, body, structure
and any other comments). Ask farmers to share their observations with other participants

A few questions for guidance

D o

%

How healthy were the plants?

Have you improved health of the plant?

Do you think that microscopic ingredients of plant seem sufficient?

If yes, which fertilizer do you think is necessary for sugarcane?

When did you visit those lands? Please, your experience and information with other farmers.
Moreover, ask the group to share their experience and information. And ask the group how does
plan look if microscopic nutrients are less in it

Do an experiment when you are back in the training centre. Place set in send where anyone from
nitrogen, potassium and phosphorus should not be there. Repeat it five times

Place set in a flower pot which should contain potassium and phosphorus but do not have
nitrogen

Buds in a flower pot which should contain potassium and nitrogen but do not have phosphorus.
Keep buds in a flower pot which should contain nitrogen and phosphorus but do not have
potassium
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Keep buds in a flower pot containing all required ingredients
Keep buds in a flower pot without required ingredients

Put sand and manure in the flower pots. Use manure according to the traditional ways being
followed by the people. Manure quantity should be developed. Follow standard quantity as
required by the plant

Take out buds carefully and try that its roots are not affected. Wash the roots with clean water.
Keep roots with budsuntil you are ready to take them out and label each flower pot

Asses the growth of plants that how four fertilizers affected them and noted down till you feel
difference in all the plants

Appoint farmer to lookafter each flower pot at training centre

Assign a farmer for looking after each flower pot so that they are cared properly

Infer and ask each group that they should bring plants along with themselves and keep them in
the middle. Plants having similar characteristics should be grouped separately. Asses the plant in
flower pot. Compare colour, size and growth of plants with one another. Do not waste your time
in comparing plants having same size or shape. However, ask each group to give their comments.
If all the members do not agree then let each participated to express his ideas and then discuss
them.

Develop a list about observation of each group

In which trial, there were green leaves and in which trial there were less green leaves.

In which trial there were long leaves and there were short leaves.

In which trial, there were many leaves or there were less leaves.

In which trial, stalk was thick and in which trial it was thin?

In which trial, size of the plants was tall and small?

In which trail stalk and leaves were strong and juicy and in which trial they were weaker or

less juicy?

7. Did you feel any difference in shape or form of the plant during any trial? And what was the
difference?

8. Take out plant from flower pot carefully and wash out soil from roots of the plant. Place all

plants in queue in Manila paper. Label each trial once again, take a look at plants and share

your thoughts list down your observation.

ok~ wdpE

Discussion

o

%

How did the plants look having no manure?

How did the plants look having all manures?

Describe the condition of plant which lacked nitrogen.

What do you think does plant use extra nitrogen?

Describe the condition of plant which did not contain phosphorous? And what do you think “why
does plant use phosphorous?

Describe the condition of plant which did not contain potassium? And what do you think why
does plant use Potassium?

How can we use that information when we are taking care of plant in field?
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Exercise No: 12

Obtaining Higher Yield with Less Water

Introduction

Sugarcane crop is watered about 16 to 20 times annually. If it receives less water, then its yield is
adversely affected.

Material

Tractor
Leveler
Ragger
Safin pipe (10 to 15 pieces) length of feet width 3 inches

Purpose

This exercise aims at getting higher yield by producing less water.

Activities
¥ Select seeding time for this exercise
¥¢  Visit the sugarcane field in a group
¥¢  Observe the field and assess condition of the soil and water drainage
¥¢ Establish V shaped rows in field which has large quantity of water to be drained.
¥ Establish V shaped rows in field with less water to be drained
¥¢  During sowing supply waterthroughsiphon (3 inches pipe) field in each row instead of entrance
¥« When you supply water to the field after a few days, supply it through one entrance instead of

P

siphon pipe and asses the quantity of water in field
Around 25 30 percent water could be saved by using siphon tube
This exercise describes the method for supplying water to the alternative rows at two times

Discussion

How much extra area could be supplied water by using siphon tube?

How much could be saved annually by calculating purchasing cost of siphon tube and the quality
of water saved through it

How much water was saved by supplying water to alternative rows at different times and how
much yield could be obtained by this method?
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Exercise No: 13
Traditional Methods of Pest Control

Although chemical pest control is quickand effective, however it has negative impacts on the
environment. Further it is very expensive for the farmers.

Purpose:

Pest control can be ensured in sugarcane field with less expense but taking a few efforts, so that crop
growth is not affected and plants do not go dry.

Material
e Axe
e Rope
e Sticks
e spade
Activities

¥ Visit the filed in a small group

¥¢ Pests attack the crop after plantation; therefore this exercise could be started with initial water
supplied to the field

Calotropis (apple of Sodom) sticks should be cut into two pieces with axe

Make bundle of sticks and tie then with rope (it is better if 2 or 3 bundles are arranged)

Select that part of bark which is near to field and entire water runs through it

Dig one foot deep pit with spade beneath the base of bark

Push bundle inside the pit in such a way that half of it appear outside the earth

Level the soil with feet near pit so that water flow may not wash away the bundle

Supply water to field so that entire water touches the bundle

Change old bundle with new one after each 3" supply of water and keep on repeating this until
you expect termite attack on crop

It is better to supply less volume of water than large number of water

P T b -
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Discussion

¥« Why does colour of Calotropis sticks get changed due to water?
¥ What is the condition of water after third time supply of water so that it needs to be changed?
¥¢  Which are those plants other than calotropis that can be used for termite control?
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Exercise No: 14
Assessing of Weeds Valuation

Plants need light, water, air, manure and nutrients for their growth. Hence, where plants and weeds exist,
they both strive for obtaining nutrients.

Weeds existing in sugarcane grow faster than cane plants and occupy the entire field. These weeds cause
10-35 percent decrease in sugarcane yield. If weeds exist for 30-120 days after sowing, they cause
considerable damage to crop.

Purpose

This exercise aims at valuation of weeds growing in sugarcane crop and focus on developing strategy to
control them.

Material

¥¢ Quadrate (one square meter)
Y Copy and pencil

Activities

After 30 days of plantation when crop is ripe then visit it in a group

Throw quadrate at different places in one acre of field

Count the number of all weeds under quadrate and record them

Add the number of weeds counted at five places in the field and divide them by five

If answer is 8 and more than it then certainly prepare a strategy to eliminate these weeds because
they have a great impact

For weed control various methodscould be used such as digging, watering and wetting methods.
Also, asses the result.

D g

%

Discussion

¥« Which species of shrubs/weeds are found in the field?

¥¢  How many shrubs which spread through roots or grew by seed were found these?
¥  What is the impact of digging in crop?

¥ Which shrubs belonged to the grass family and had wide leaves?
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Exercise No: 15

Assess Basic Stages of Pest

Introduction

Various types of pests are pond in sugarcane crop;

g
*
*

Harmful pests
Beneficial pests
These are a few pests which neither harm nor provide advantage to the crop.

Material

Plastic envelops with zip
Small bottles of plastic
Tissue paper

Cloth and cotton

Knife

Axe

Rabarband

Activities

I

%

%

Develop strategy for the exercise in a group

Visit the field carefully

Collect dried plants dried tops and eaten up plants from the field

Cut the damaged parts of the plant and collect insects from them

Divide insects in different groups and put them into zip envelopes. Conduct following
experiments on them

How did they reach those parts of the plant?

Observe carefully the damaged parts of the plant and compare the damage caused by different
insects

How plant is damaged by different sizes of insects? Wrote it down

Provide the affected parts to insects from where they are taken out and wrote down the
movements.

Keep pest in a bottle and put wet cloth on its lid to ensure availability of moisture for the pest.
Wait till pest in grown up. Observe the different stages of the pest.

Collect beneficial insects and keep them with other insects and observe their movements

Put the discussed bottles under the shadow and note down the observations

Assess the movements of the insects and in case unusual movement divert attention of other
members of group and join them for observation.

Separatebeneficial and harmful insects and identify them.
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Discussion

D g

What is proved by attacked part of plant?

How did insect reach inside the stalk if it is found there?
What is the passage for coming out of moth?

Assess the age of insect by looking at its size.

What did you learn from this experiment?
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Exercise No: 16

Different Stages of Life of Insect

Purpose

Inform farmers about different stages of life of insect

Material

A -

Zip envelope
Small size bottles
Knife and scissors
Tissue paper
Cloths and cotton
Rubber band
Spade

Activities

o oRo®

%

Develop joint strategy for this exercise in group

Enter the field without causing damage to crop

Collect larva, eggs, adult, insects and damaged parts of plants

Cut damaged parts of the plant with scissors and put them into zip envelop, whereas keep termite,
insects and eggs in small plastic bottles. Tightly cover the lid of bottle with clothes and rubber
band. Place wet cotton over the cloth so that moisture is maintained

Root out the dried plant with support of spade. Put soil and roots into zipped envelop. Observe
the soil and collect and identify all the insects found in it

Separate all the insects once you are back to training centre. Rip the damaged part and observe
the insects

Arrange feed for the moth, for instance, cut the upper part of cane and provide it to the pests
found in upper portion. Provide stalk chips to the insects residing in that part while provide leaves
to pyrella and white fly

Observe zip bags and bottles after a few intervals. In case of any significant change, you may ask
other members for their observations for example; when insects are making their way into stalk,
larva is transformed into pupa, adult from pupa or egg etc.

Discussion

YV VVVYYVY

What is difference between top borers and stalk borers?

On which part of the plant adult does lay eggs?

Which change is observed when larva comes out from egg?
How larva is transformed into pupa?

Where did adult come from?

What did adult do when it came out?
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Exercise No: 17
Agricultural Climate Change

Sugarcane crop is affected by various biological and physical factors. Biological factors include pests,
different types of diseases, plants, crops etc. and physical factors include air, water, soil, sunlight etc.
Interaction of these factors is called as agricultural environment and analysis of these factors is called
environmental assessment. It is a preliminaryexercise which assists farmers in raising awareness. It
explains how different factors are assessed and analyzed and how can we decide about the BMPs in
sugarcane crop on the basis of these factors. In case of temperature variability, choice of crops, tillage,
land preparation, irrigation and manures may be changed to obtain desired yield.

Purpose

Create awareness among participants about biological and physical factors and assess the relationship
between these factors and decide about BMP in sugarcane crop and take collective effort for assessing
these decisions.

Material
e Lens
e Pencil
» Copy
e Fata
* Normal size plastic paper, plastic bottle and zip envelopes
e Cloth
e Rubber band
e Strip
e Plastic bags
e Brush

e Paper chat
e Colored pencils

Activities

¥¢ Form small groups and prepare joint strategy

¥¢ Enter field without causing any damage to the crop

v Enter field from a corner and select a line. Assess pests on leaves and plants. Repeat this exercise
after every five lines, when you have completed the counting of juice sucking insects. Note it
down on pest scouting card or copy and determine damages in economic terms

¥¢ Determine percentage of damages by counting healthy and affected plants in five lines.

¥¢ Using other method; select five different sites with one square meter area in one acre land. Count
all healthy and affected plants and determine the damage in per cent

Y Asses the selected plants with (fire) lenses. Write down symptoms of the diseases caused by pests
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Cut aside the diseased parts of plant. Count the adult and small pests and note them down in copy.
If plant is completely dried up then dig it out with spade. Assess the roots and soil carefully.
Identify the symptom of diseases in roots

Collect the different samples from field and keep them carefully in plastic bags or zip envelopes
Draw conclusion with consensus by keeping in consideration better management of the crop and
give recommendations

After counting each group should prepare its sheet and share observations with other groups.

Consider following points when preparing a sheet;

ook~ wdRE

Enter date at right side of chart

For identification of existing situation draw sketches of harmful pests, sun, clouds or both

Write down assessment number in center

Pertaining to current situation of plant

Draw sketches of beneficial pests on right side and harmful pests on left side of the chart.
Considering all factors, outline gist the agricultural environmental assessment and on that basis
give your recommendations

Discussion

All participants should ask questions regarding different factors during presenting the results.

34



Exercise No: 18

Z0o0o

Introduction

It is a joint exercise. The main objective of the exercise is to analyze different biological factors with
minute details in sugarcane field.

For example; to assess how epipyrops(a horse fly parasite) attacks young and adult horse fly or how
female top borer builds membrane over eggs through cover of silk hair etc.

Material

RO R R R

Plastic bags
Plastic nets
Tissue paper
Cloth and cotton
Rubber band
Lens

Plastic bag

Activities

A - e

%

Divide different types of zoo into different groups

Develop a joint strategy in a group regarding the exercise

Enter the field peacefully from a corner

Collect different parts of plant and pests for one’s assigned zoo

Establish one’s assigned zoo after coming back to training hall.

Observe zoo permanently and in case of any unusual incidence inform other members.

Write down the observations in a copy, for instance duration of the time when larva enters the
stalk, duration of time when one beneficial insect eats away the harmful inset or duration of the
time when larva enters the egg

If results of the experiment are not yet received then assign your members to continue their
observations until they obtain required results.

Discussion

Ask following questions at end of the experiment

P g

Avre there any beneficial or harmful insects available with you?
How did you know that it is a beneficial insect?

How does friendly insect prey?

Can you please name enemy insect to pyrella?

How does that enemy insect move?
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Exercise No: 19

Assessing Preying Method of Beneficial Insects

Introduction

Many beneficial insects are part of environment of the sugarcane which prey on adult as well as younger
insects that harm the sugarcane crop. In order to assess the significance of these beneficial insects, it is
necessary that the participant should know about the benefits of insects.

Material

RO O X R

Lens

Soft brush

Small plastic bottles
Nets

Cloth and cotton
Rubber band

Tissue paper

Activities

R OR %%

Develop a joint strategy in a group regarding the exercise

Enter the field peacefully from a corner

Collect leaves of horse fly in a large number and keep them in plastic bottles

Collect larva, eggs and adults of horse fly in a large number

Assess leaves and adults with help of lens and enter them in copy. If any beneficial or harmful
insect are found then separate them with brush.

Y Keep different pests inside the bottles and cover them with cloth and put wet cotton on lid to
maintain the moisture, also keep these bottles under shadow

¥ Collect beneficial insects from the sugarcane field, for example; collect Trichogrammacotesia or
epipyrops stage and put them inside bottles in which harmful insects were stored.

¥ Observe them in each of your group and notice that;

e How do beneficial insect prey?

e How do they eat?

e How much they prey during that period?

e Note down your observation and specific time period. Inform about your observations to
members in the other group and know about their experiences.

* Repeat these types of experiments on other beneficial and harmful insects.

Discussion

¥ Which beneficial insect did you have?

¥ Which harmful insect did you have?

¥¢  How much time beneficial insect take to destroy the harmful insect?

¥¢  What did you learn from this experiment?
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Exercise No: 20
Impacts of Toxins on Beneficial Insects
Introduction

There are different kinds of toxins which are not only harmful for target insects but also Kill the beneficial
insects. Sometimes it happens that harmful insects reside or hide where toxins do not reach and they
remain safe or unaffected. Root borers or stalk borers are common examples. On contrary,
beneficialinsects move on leaves or branches are easily killed by these toxins. Moreover, large number of
toxins affects many insects while a few toxics affect only target insects. The objective of this exercise is
to assess the entire process of various toxins and see how beneficial insects are affected by them.

Material

Small plastic bags
Soft brush

Plastic zipper bag
Scissors

Spray tank

o X X X

Activities

Visit sugarcane field after consulting with friends

Collect all types of adult, young and beneficial insects and separate them

After taking precautionary measures, prepare a mixture of four toxins

Select four plants at different sites in sugarcane field

Sprinkle toxic mixture at plant with help of spray pump and sprinkle the remaining three mixtures

on three plants.

When mixture gets dried up on plants then pluck a leaf from each plant and put it into jar and

write toxic name on it

¥¢ Put adult and larva of the beneficial insect into jar. Cover the lid of jar with cloth. Similarly put
adults and larva ofbeneficial insects into other jar

¥  Observe these jar after every hour how and write down your observation in the given table

o oR R R

%

Toxic Name of beneficial | Quantity Time of Number of dead
insect observation insects

Likewise, impacts of various toxins should be assessed on different types of beneficial and harmful
insects.

Discussion

¢  Which toxins kill the beneficial insect and tell their number?
¢ How much time toxins take to kill insects?
Y Does it more affect larva or adult insects?
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Exercise No: 21

Drawing Map for Eggs of Top Borer on Sugarcane Plants

Introduction

Top borer not only feeds onsugarcane but also lives in Saccharum, guinea grassand maize and. This pest
causes damages from 10 to 15 per cent. In case of outbreak, it causes considerable damage.

Purpose

This exercise aims at identifying the top borer during egg stage and devise strategy for its control.
Further, when larva enters the stalk, then it is difficult to control.

Material

X

g
g
*

Lens

Chart and pencil
Scissors

Small zipper bags

Activities

g
%
g

This insect remains active from March to October. Hence, choose these months for the exercise
Enter the field peacefully in form of group and assess the field from four to five different sites
Observe backside of the leaves where sun light does not reach directly. Search and identity the
eggs with help of lens

Female of top borers lays eggs in bunch and cover them with silk hair. If you see a membrane of
silk hair inside leaves, then cut the leaves with help of scissor and keep them in zipper bags.
Draw its map when you are back to training centre and show it to each member of the group so
that they could recognize it

Discussion

1.
2.
3.

How many eggs are there in al bunch?
How many days does larva take to emerge cut of the egg?
Why does female covers eggs with silk hair?
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Exercise No: 22

Assessing Damage Caused by Gurdaspur Borers and identifying the adults

Introduction

This insect attacks sugarcane crop during rainy season. It always attacks in form of a colony. Nymph, a
little beneath bud eats stalk in circular shape and enters cane. Resultantly, plant gets weaker at the point of
attack and falls due to speed of wind.

Purpose

Main propose of this exercise is to raise awareness aware among farmers for assessment of the attack by
gurdaspur borers.

Material

P

Plastic sheets

Axe

Large size plastic containers which have small holes in their lids
Tissue paper/pad

Knife

Activities

I

P R o

Devise strategy to conduct exercise in a group

Gurdaspur borers always attack during rainy season, therefore select that season for this exercise
Enter crop for any cover

Proceed by walking through middle of the raised beds and move the plants

By moving, gurdaspur borers affect canes would stoop and fall

They attack in form of colonies, therefore you can check them by moving the plant and can
estimate the damage

Cut the affected part of cane with axe and bring them to training centre

Leave apart the canes and examine the feed of the larva and estimate damages

Cut a few pieces of affected canes by larva and keep them in plastic bags

Observe the transformation of larva into pupa and pupa into adult

Identify adults or compare them with other borers

Discussion

A

*
*
A g

From where did larva enter cane?

What sign did it leave when it entered cane?

What is the length of adult larva?

How many days it takes to transform larva into pupa and pupa into adult?

39



Exercise No: 23

A Method for Attaching Trichogramma Cards

Introduction

This exercise aims to build capacity of the farmers so that they can biologically control the stalk borers by
attaching Trichogramma cards.

Material

*
*

Trichogramma card
Stapler

Activities

o N X XX

¥

Select 6-8 sites in field for attaching Trichogramma car.

When you see any pest on sugarcane crop then start attaching Trichogramma card.

Select lower side of the leaf for attaching the card.

Staple it in such a way so that sunlight does not directly reach card.

Select morning or evening limiting for attaching cards.

Trichogramma is a small size insect. Female lays eggs inside the pores and larva coming out of
the eggs, starts eating them. It eats away all eggs and completes its growth. Afterwards it starts
search for eggs of other insects.

In case of sever attack by larva, use 10 cards per acre with an interval of 5 days.

Discussion

o X X X

Note

What is the impact of sunlight on triachogram eggs?

Why morning or evening timing is essential for attaching Trichogramma card?
What percent of control can be achieved by using these cards?

What is the color of affected egg?

What is the difference between healthy and diseased egg?

Trichogramma card is not much useful for borers on upper part of the plant because the female
covers eggs with silk hair.
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Exercise No: 24

Examine Red Rot Disease in Sugarcane Crop

Introduction

This exercise intends to provide information to the farmers about assessing the ratio of damage caused by
Red rot disease. Decide aptly whether they should keep crop or not.

Material

¥

*
*
g

Axe

Quadrate

Knife

Copy and pencil

Activities

i row %

A

Enter field from a corner in group.

This disease spreads during the months of August and September. Hence, these months should be
selected for this exercise.

Select one square meter of 5 plots in a field

Count the number of canes in each plot

Examine leaves; in beginningthird and fourth leaves start drying and when attack is sever then
entire lower part of bud gets dried. Hence, select those plants which are completely dried up or
third and fourth leave had become yellow.

Cut the affected part of cane with the help of axe

Peel cane and observe it in a group

It is attacked by red rot disease. Color of cane would be red having white dots, in fact insect
attacks cane in colonies.

If entire cane is dried up, its color becomes metallic

Compare healthy and affected canes and assess percentage of damages.

If it attacks 1 to 25 percent of crop, then weight decreases by 29 percent. Keeping in account
these factors, you can assess decrease in yield due to disease.

Discussion

o N R X

What was the color of affected leaves?

Which leaves did become yellow in beginning?

How does disease spread from one plant to another plant?
How much damage is caused to ratoon crop?

How can that disease be controlled?

What are the different methods through which it spread?
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Exercise No: 25

Assessing Whip Smut Disease in Sugarcane Crop

Introduction

Fungus called ustilajo scitamineae is the main cause of this disease. Black colour lash is obtained from
top of the cane, which is contained in white color membrane. When this membrane bursts, black color
powder comes out which spreads to healthy canes through wind and causes outbreak in sugarcane crop.
Affected canes become yellow and their weight is also reduced.

Purpose

Assess whip smut disease in field of sugarcane crop and devise strategy to control its outbreak.

Material

P

Large size envelop
Scissors

Matches

Axe

Fertilizers’ empty bag

Activities

A i

X %

This disease immediately affects the canes after their growth. It mostly in May, June, October and
November. Hence, select these months for the exercise.

Formulate joint strategy in a group and visit the field.

Enter the field without causing damage to the crop.

Search for lash like branches while moving in the field.

If you find lash like branch, cover it with envelop and cut it with the help of scissors. Make sure
that white powder of stick does not come out from shopper.

Cut all the diseased and scattered canes with axe and keep them in empty bag used for fertilizer.
Take these samples to training centre and compare them with samples brought by other groups.
Asses the severity of disease.

When experiments are over then collect all the affected matter and burn it toensure that disease
does not spread again.

Discussion

A g
*

What are other sources which spread this disease?
How many days does white membrane take to burst?
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Sustainable Cultivation Programme for Sugarcane and Cotton in Pakistan

Introduction

WWHF-Pakistan initiated “Sustainable Cultivation Programme for Sugarcane and Cotton in Pakistan” in
2006. The Programme aimed at creating an environment in which water availability in increased, use of
chemical fertilizers are decreased in cotton and sugarcane crops and reduce their harmful impacts on
environment.

Basic goal of the Programme

*

*

By 2010, all small and big farmers in Faisalabad and Bahawalpur would adopt Better Agriculture
Practices for sugarcane and cotton crops;

By 2010, create an environment on local, regional and international level that may prove useful in
promoting better agricultural practices.

Achievements of Programme

X

A

Activities are in progress under this Programme. Further, 64 Farmer Master Trainers and 1400
farmers have been trained in FFS.

For promotion of Better Agriculture Practices information booklets, advertisement, training
manuals and calendars have been developed and distributed among farmer organizations and
non-governmental organizations. Messages on this Programme are telecasted on radio and TV
For research on Better Agricultural practices, experiments are being conducted in collaboration
with Agricultural Research Institutes, NARC, NIBGE, WMRC and Agricultural University
Faisalabad.

FFS are being conducted in collaboration with different organizations and institutes, such as
PIDA and CARITAS. It aims to create awareness among farmers about Better Agricultural
practices. They have not only increased the yield of the crop but play important role in improving
the environment.

With the help of Better Agricultural Practices;

¥¢ 80 % decrease in use of agricultural toxins.

¥¢ 11 % decrease in use of chemical fertilizer.

Y 20 % decrease in irrigation expanses.

¥ In addition to this, decrease in expanses of land degradation.
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Mutual Cooperation

Punjab Agriculture Department (PAD)

Pakistan Sugar Mills Association (PSMA)
ShakarGanj Sugar Mills,Jhang

Ayub Agriculture Research Institute, Faisalabad
National Agriculture Research Centre (NARC)
Punjab Irrigation and Drainage Authority (PIDA)
University of Agriculture Faisalabad (UAF)
Pakistan Society of Sugar Technologists (PSST)
Kareetas, Pakistan Faisalabad

NIBGE, Faisalabad

Farmers Association of Pakistan (FAP)

All Pakistan Textile Mills Association (APTMA)

Kisan Welfare Association (KWA)Bahawalpur

44



Our Mission

WWEF-Pakistan strives for reducing degradation of natural resources and
pollution. It aims to build a future in which people could live in harmony with
nature. To achieve that aim, following actions are being taken; Preserving
genetic species and ecosystem biodiversity Ensuring the use of renewable
natural resources in a sustainable way, by now and in the long run Promoting
actions to reduce pollution and wasteful exploitation and consumption of
resources and energy

Join us

With each new day, pressure is increasing on our environment. Increasing
pollution, decreasing natural resources and natural degradation are
impacting biodiversity. For solution of these problems, join WWF-Pakistan as
partners and individual numbers. Members are regularly updated about
conservation issues and inaddition to that complete information is provided
about WWF-Pakistan performance and activities.

For more information ; Jhang Office Bahawalpur Office

contact us: WWF-Pakistan H#, 4 Sarwar Muhammad
Karachi Office, WWF- | H#467, LalaZar Colony, Near | Hussain Shaheed Road
Pakistan B# 46/K, Block 6, | Government Collage of | Model Town, A, Bahawalpur
P.E.C.H.S Shahra-e-Faisal, | Commerce Tel#062-2888314

Karachi Jhang, tel# 047-7500155 Bahawalpur@wwf.org.pk
Tel# 021-34328478, 021-

34544791-2

Rahim Yar Khan Office

H# 64-A, Osman Block,
Assasia Town Rahim Yar Khan
Tel# 068-5000414

This booklet has been developed with financial support of IDRC. WWF-Pakistan reserves all rights
of this publication whereas the text in it does not belong to IDRC.
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Tillage, lrrigation, Crop
Husbandry,
and pest control strategies to
address climate and food
shocks
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Foreword

This manual has been put together with the objective of assisting Pakistani farmers with best
practices to either mitigate or harness where possible the effects of climate change. Planners
and other designing regulations and incentives may also be interested in reviewing the contents
of modules to review their own adaptation investments in relation to crop husbandry, tillage,
irrigation and use of agrochemicals. This manual brings together a collection of concepts and
practical suggestions that can be of immediate use for identifying problems and for formulating,
executing and evaluating solutions to improve crop productivity through conservation of soil
and water resources.

This publication serves as a guide that will allow farmers to discover ways of solving problems
associated with changing climactic patterns in Pakistan. The manual includes useful information
on how farmers can deal with changes in temperature, rainfall and occurrences of extreme
events, and what adaptive measures are available and, in some cases, have proven successful in
not only sustaining but also increasing crop productivity. Participatory action by farmers will be
the basis for success in building the resilience of household incomes derived from agricultural
produce, but, also in upscaling public activities and investments, especially as they concern food
security.

The manual is a component of the project “The Determinants, Impact and Cost Effectiveness of
Climate Change Adaptation in the Indus Ecoregion”, which is carried out in collaboration with
Lahore University of Management Sciences (LUMS) and benefits from the generous funding and
technical guidance of the International Development Research Centre (IDRC). The objective of
the project is to understand the impact of climate change on food security in Pakistan, and the
role of adaptation in determining this impact and possibly attenuating the costs of climate
change.

It is hoped that the manual will achieve its objective of equipping the average farmer with
necessary skills and know-how needed to tackle agricultural issues arising due to climate
change. The mainstreaming of these recommendations will not only benefit the farmland but
alsofarmers' families, and the agricultural economy.
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Letter from Regional Director

This manual is meaningful to WWEF-Pakistan. It is not the first time we have addressed
conservation in the agricultural sector. Indeed, a longstanding Sustainable Agricultural
Programme (SAP) has successfully engaged farmers, ginners, local listed composite textile
companies, buyers in Europe and the United States. This is, however, one of the few instances in
which our ongoing work on reducing farmland footprints in water, energy, and agrochemical and
pesticide use has squarely confronted often costly adjustments made by farmers to climate
change.

The manual is primarily addressed, in the first person, to private farm owners, be they on
irrigated lands or salabi/barani farmers in such locales as Rawalpindi. The level of detail is suited
to their daily practices inrelation to named crops, covering tillage, crop husbandry, irrigation and
rainwater harvesting, but also agrochemical and pesticide use.

Besides the detail, | am confident that the structure of the manual will make it a practical
reference tool. In particular, the manual first proposes to focus on rainfall and temperature,
reviewing stand scenarios within each such as longer periods without rain and heavy rainfall.
Then, for each scenario the manual proposes to successively review options for farmers within
the following standard farm practice categories: crop husbandry, choice of crops, tillage and
timing of operations, pest management and input of agrochemicals, and irrigation and water
harvesting.

WWE-Pakistan is proud to encourage the spread and up scaling of climate change best practices
beginning with its own projects in Pakistan. The work in this instance has resulted in detailed
adaptation research unprecedented in the body of publishable, quality country-level farm
adaptation reference materials. Its utility will almost certainly be high in countries that WWF-
Pakistan brokered climate change partnerships with Pakistan.

Rab Nawaz
Regional Director Sindh and Balochistan
WWE-Pakistan
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Introduction

Climate variability in Pakistan's inland and coastal areas has resulted in productive asset losses
and even human casualties. This has led farmers to rethink their crop plantation strategies.

Below is a list of climate variations and theirimpacts on Pakistan:

Cyclones that hit the coastal areas of Pakistan have increased. This increase has had
detrimental impacts on crop yields. For example, in 2007 (Yemyin) and again in 2010
(Phet), in both Sindh and Balochistan were extremely damaging to the crops in these
areas.

Since 2010 heavy rainfall has caused annual flooding in Pakistan. These floods are
damaging to agriculture as they damage crops and increase soil erosion and water
logging thereby leaving land in-cultivatable for months.

Sea levels continue to rise; reducing area of arable land; salinizing irrigation water,
estuaries and freshwater systems.

Drought affected areas are increasing and spreading across Pakistan. Droughts cause
land degradation, soil erosion and loss of arable land consequently reducing crop yields
and affecting human life. Recent droughts in southern Punjab and Tharparker (2013-14)
have affected crop yields and increased the number of casualties in the affected areas.

Increase in daily average temperature across the country has had a negative impact on
crop yields. These temperature changes have resulted in shorter and warmer winters
positively affecting crop yields in areas where colder climate persist. However in
temperate areas, where climate is generally hotter, a yield decline across various crop
typesis experienced. This change is most evident in temperature sensitive crops varieties
such as wheat, rice etc. Temperature changes have also increased the likelihood of pest
and pathogen outbreaks which could have detrimental impacts on cropyields.

In view of the above-expected impacts, what can you do to protect crops and maintain/increase
yield and profit? Actions that can be taken relate to crop varieties, seed, pest, and soil and water
management:

A. Crophusbandry:refersto altered rows and spacing; and, intercropping

B. Choice of crop: refers to altering the mix of crops; selecting drought/heat/pest
resistant varieties; use of slower/quicker growing varieties; and, altering the mix of
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crops
C. Tillage and time of operations: use high yielding varieties with known resilience

D. Pest management and input of agrochemicals: adopt practices that control pests,
diseases, and weeds

E. Irrigation and rainwater harvesting: improve water use, soil retention, and harvest
rain

F. Disaster risk reduction and early warning systems: especially as concerns
flood or cyclone prone areas, use prior information to take prior actions to protect lives
and productive infrastructure such as boats, chicken coops, draft animals, implements,
orsilo stores of seed, etc.

We now examine A-F above are now successively assessed, paying attention in particular to
variations in rainfall and temperature patterns. In the assessment of A-F possible responses are
described at a level of detail that most suits an individual farm household.
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Rainfall

Rapidly changing rainfall patterns can have serious impacts on the agriculture in Pakistan. Farmers may
experience crop failure/damage owing to one or more of the following:

i. An increase in heavy rains; or,
ii.  Shorter/longer periods between rainfall events during the cultivation.

The likelihood of crop failures is high in cases where crop exclusively rain fed or dependent on other
unreliable sources for water.

High flow timings are unpredictable in areas where crops are dependent on river runoff (itself obtained
from Himalayan glacial melt and rainfall).

Wherever runoff declines, it is expected that aquifer recharge will be reduced i.e., water from tube wells will
be reduced or eliminated as water tables fall.

Changes in rainfall patterns coupled with temperature variations can be devastating for crops as they can
affect soil moisture thereby affecting crop yields.

With variability in rainfall, your crops can be damaged or lost, and your profit margin reduced, unless you can
maintain soil moisture and crop productivity (within your existing budget).

Alternatively, the variability in rainfall can be an opportunity. You might be able to plant over larger areas of
land or plant more profitable varieties, so long as changes in soil moisture favoured this.

In either event, whether crop damage/loss or opportunities for profit presented themselves, you may need
to make some adjustments and preparatory investments.

In the face of variability in rainfall, this module of the manual will suggest a checklist of adjustments that can
be made to your:

Choice of crops and crop husbandry;

Tillage and timing of operations;

Irrigation and rainwater harvesting; and,

Input of agrochemicals, weed killers, and pesticides.

oOnwm>

Note, for purposes of brevity, this list subsumes farm practice categories A and B from the aforementioned A-
F categories; and, it collectively discusses category F at a later stage.

The discussion of options (below) is especially relevant to rain fed farmers (barani), some of whom also rely
on flooding of river banks (salabi), but have in common no/limited access to canal or tube well water.
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Rainfall

Rapidly changing rainfall patterns can have serious impacts on the agriculture in Pakistan.
Farmers may experience crop failure/damage owing to one or more of the following:

i Anincrease in heavy rains; or,
ii.  Shorter/longer periods between rainfall events during the cultivation.

The likelihood of crop failures is high in cases where crop exclusively rain fed or dependent on
otherunreliable sources for water.

High flow timings are unpredictable in areas where crops are dependent on river runoff
(itself obtained from Himalayan glacial melt and rainfall).

Wherever runoff declines, it is expected that aquifer recharge will be reduced i.e., water from
tube wells will be reduced or eliminated as water tables fall.

Changes in rainfall patterns coupled with temperature variations can be devastating for crops as
they can affect soil moisture thereby affecting crop yields.

With variability in rainfall, your crops can be damaged or lost, and your profit margin reduced,
unless you can maintain soil moisture and crop productivity (within your existing budget).

Alternatively, the variability in rainfall can be an opportunity. You might be able to plant over
larger areas of land or plant more profitable varieties, so long as changes in soil moisture
favoured this.

In either event, whether crop damage/loss or opportunities for profit presented themselves,
you may need to make some adjustments and preparatory investments.

In the face of variability in rainfall, this module of the manual will suggest a checklist of
adjustmentsthat can be made toyour:

A. Choiceof cropsand crop husbandry;

B. Tillageandtimingof operations;

C. Irrigationandrainwater harvesting; and,

D. Inputofagrochemicals, weed killers, and pesticides.

Note, for purposes of brevity, this list subsumes farm practice categories A and B from the
aforementioned A-F categories; and, it collectively discusses category F at a later stage.

The discussion of options (below) is especially relevant to rain fed farmers (barani), some of
whom also rely on flooding of river banks (salabi), but have in common no/limited access to canal
or tube well water.
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Rainfall Longer periods without rain

Inan event where there are longer periods without rain, you may experience soil moisture stress
and evendrought.

A. Choice of crops and crop husbandry
First, as concerns crop husbandry, in the event of soil moisture stress/droughts, you may
consider whether there are changes to be made to the following:

1. Intercropping using legumes. Soil moisture stress leads to low soil fertility which
can be treated by increasing the content of organic matter in soil. Organic matterin
soils can be increased by planting legumes as intercrops, relay crops, or cover crops.
In this way legumes serve as good substitutes to nitrogenous fertilizers. They
reduce farmland costs, increase organic nutrient inputs, increase retention and
reduce the need of syntheticfertilizers.

2.  Reducing plant spacing increases the population density of crops. This will, along
with intercropping, increases the production biomass in the field. More biomass,
along with high fertility of soil, will help restore soil fertility that was lost due to
water stress.

Table 1impact of soil on rainfall (low).

Rainfall (Low)

Cause Impact Solution
Soil |- Prolonged droughts lower | - Soil fertility reduces | - Leave crop residues
soil organic matter and and lowers crop |- Sow acovercrop
clay content yield - Incorporate green
manure

- Intercrop with legumes

- Inoculate the legumes

- Rotate the crops

- Fallow with a cover crop

- Apply (in)organic fertilizers

Second, apart from protecting your soil from water stress through crop husbandry,
use the following as a checklist and see whether you have exhausted your options as
they relate to choice and rotation of crops:

1. Droughtresistantvarieties:
As concerns crops, known drought-tolerant crops include: millet, sorghum and
maize. There are principally 3 sources from which you can find drought resistant
varieties of the same crop you are growing: 1) local markets and local suppliers; 2)
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repatriation from an international/regional office; and, 3) seed exchanges. In any
case certified seed should be used whenever possible. These can be obtained from
Punjab Seed Corporation, Sindh Seed Corporation, NWFP Agricultural
Development Authority and Agricultural Department in Balochistan. In case of
limited or no accesstothese agencies use seeds acquired from healthy crops.

2. Croprotation:
The principle behind rotating crops is to plant those crops which are more resistant
to changes in rainfall. For example planting sorghum instead of maize if rainfall
decreases or lanting maize instead of sorghum as rainfall increases can help you
adaptto changedin rainfall.

Table 2: Impact on crops of rainfall (low)

Rainfall (low)
Cause Impact Solution
Crops - Low moisture - Crop - Introduce drought resistant
retention as soils do germination is crop varieties
not receive sufficient poor - Crop rotation
rains - Leave crop residues
Sow a cover crop
Apply mulch
- - Carry out deep-tillage
seeding (rip plant)
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A.

Tillage and timing of operations

The following checklist will help you exhaust options within tillage and the timing of your
operations:

1. Change fallows/mulching practices. In response to longer periods
without rain, introducing periodic fallows will help. For example allowing the land to rest
in either kharif or rabi season will allow the accumulation of moisture for the following
crop.

To ensure fallow periods result in a maximal supply of moisture for the next crop, make
every effort to control growth in the fallow field without leaving its soil bare. Application
of mulch or soil organic matter will also improve the water absorption capacity of the soil
during periods of drought.

2. Deep tillage-seeding (rip-plant): As land is increasingly exposed to longer periods
without rain the soil becomes compacted and hard. When this happens it is necessary to
prevent poor crop germination, e.g., incomplete germination owing to a light/short
duration spell of rain.

In order to allow full germination to occur on hardened land, seeds must be sown deeper
than before. This practice is called deep tillage-seeding. With hardened soil deep tillage-
seeding requires the use of equipments with high draught power (drawn by draught
animals or operated by tractors). This practice is unfavorable because it is time
consuming and adds to new-out-of-pocket expenses.

In deep tillage-seeding you should sow the seeds in dry soil at a depth of 5cm, before
rainfall. In this way germination will take place only after sufficient rainfall has raised soil
moisture. Also germination will not take place in low rainfall.

Deep tillage-seeding can be expensive technique for compact or hard soil types, its
benefits may only last a single season and hiring of machinery could be expensive (Note:
hiring/purchasing a “paraplow” or a “mouldboard plough” can be less expensive than a
“subsoiler”).

The pre-requisites for deep tillage seeding are hiring/applying a subsoiler machine drawn
by a tractor. The spacing and number of shanks will depend on the power of the tractor
and the depth desired (20-30 horse power per shank is needed, though more may be
required depending on: (i) the state of the 1.5 inch shank points, (ii) the design of the
subsoiler; and (iii) degree of compaction of the soil). The depth of the shank should
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roughly be 1.5 times the depth of the bottom of the compacted layer. For example, if this
layer is at 26cm, and a 90 horsepower tractor is being used, the subsoiler should
penetrate atadepth of 37 cm.

Use of discs and press wheels hitched to the subsoiler would allow narrowing of slots;
‘and, in such a case, seeding can be undertaken as soon as the rain falls. Waiting for
loosened soil to settleisthe only alternative.

A few final helpful points on best practices in deep tillage-seeding can now be made.
Subsoiling should be undertaken when soils are dry and hard or only slightly moist, noting
that clogging can happen if there are thick crop residues (e.g., from stalks of
sorghum and maize). Prior use of a rotary mower is needed for avoiding such clogging. If
your soil faces drainage problems, then drainage channels should be installed to a depth
greater than that reached by the subsoiler. Channels should be perpendicular to the
drainage canals, to ease the flow of water towards the drains.
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C lIrrigation and rain water harvesting

Table 3 Impact on irrigation of rainfall (Low)

Rainfall (low)

Cause Impact Solution
Irrigation | - Absence of surface - Evaporation - Supplement irrigation
water on farm land increases and efficiency by introducing
from insufficient rains infiltration “wind breaks”
lowers -Change the variety or the
crop

- Leave crop residues
-Sow a cover crop
-Apply mulch

1. Supplement irrigation efficiency by introducing “wind breaks”. Introducing a
barrier from winds can prevent moisture losses due to evaporation caused by wind
velocity. This is especially important if you have frequent and high-velocity winds in your
area.

2. In addition, in arid areas where soil has hardened and vyearly rainfall is
received, it isdesirableto create in-field rainwater harvesting as follows, in 4 steps:

rent atractor-drawn ripper-furrower;

rip the hard pantoadepth of 60 cm;

form furrows so that harvested water is concentrated in the root zone of crops;
Plant cropsintherip lines together with a mixture of fertilizer and manure.

A tractor is only needed in the 1st Year. From the 2nd Year onwards, you can plant crops
directlyin the existing rip lines using an animal-drawn direct seeder.
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D. Introduction of agrochemicals, weedicides and parasites

1. Vary the type and quantity of fertilizer: You are recommended to apply
“green manure” or “organic fertilizer” (e.g., legumes are incorporated into the soil
as non-decomposed vegetative matter, or left on the surface as mulch). Its use will
protect the surface layer of the soil from wind and sun. Biomass will be supplied
yearlong to the soil. As mulch, it reduces soil temperature variations and
evaporation of water thatis especially needed with water stress and droughts.

Be sure to choose a “green manure” legume that itself is drought resistant. The seed
of the legume should be medium sized (1,000 to 1,500 seeds/kg) and be able to
germinate in soil that is conventionally prepared. Choose a variety that is non-
climbing, particularly if a perennial.

Especially desirable “green manure” legume choices for Rabi (October March) are:
jack beans (rajlobia), velvet beans (tarwi), lupine (wark) and crotalarias (methi).

For Kharif (April to September), note that jack beans (raj lobia) will also grow in
autumn, as will pigeon pea (arhar).

2. Alter time of application of weedicide and
pesticides: A way in which longer periods
without rain can manifest is the late arrival of
season rains (e.g., Pakistan's monsoon). Late
season rains can result in more severe
Ascochyta blight infection on such plants as
chickpea pods and Fusarium head (a toxic
fungal disease) blight on wheat.

Figure 1 A Pakistani farmer applies  As concerns Ascochyta, particularly

pesticides to his field susceptible chickpea varieties are C-727 and C-

44. The most virulent strains of this deadly

fungal disease were observed in Punjab's Islamabad, Attock, Sialkot, and Faisalabad

districts (in Khyber Pakhtunkhwa, the most virulent strains were spotted by the Pakistan
Agricultural Research Council at Kaghan and Karak).

Resistant species of chickpea do exist among cultivated species but also among the wild
species such as Cicer. Though government of Pakistan is working on radiation mutation as
part of resistance breeding programmes, you can do a number of things on your own:

First, it is recommended to apply fungicides in peremptory amounts ahead of the

delayed monsoon (i.e., prior to flowering and before diseases developin a field).
Second, apply rotations i.e., you should grow chickpea on the same ground once

every 3 years.
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An emerging threat to wheat, barley, and sorghum is the Fusarium head. It also began
attacking rice plants, under the name of bakanae, for the first time in 1988 in Punjab.
Recent research in Pakistan in 2013 suggests that the best results for Bas-385 variety of
rice from among a range of fungicidal products commonly used in Pakistan were (in
descending order of effectiveness): Daconil, Derosal, Topsin-M., Aliette, and Precure-
Combi. A product named Mancozeb showed the least impact on germination. The
products were applied at 4g/kg of seed.

Striga is a parasitic weed common to Punjab, e.g., with growth of sorghum in Deraghazi
Khan, which enters the roots of cereal plants and stunts growth and removes nutrients.
Striga affects such crops as sorghum, maize and sugarcane.

This weed thrives in semi-arid conditions in temperatures ranging from 30-35 degrees
Celsius. The weed may enter your geographical area if temperatures rise to this range. Its
invasive potential may alsoincrease if rainfall patterns change in your locality.

In the event that Striga affects your cereal crops, the following practices will prevent the
spread of the pest, provide protection to your plant, and improve yields:

Crop rotation with use of fallow land (cereal crops often are pursued in
monoculture without rotation)

Hand-weeding without abandoningland, as this will only intensify its growth
Organicmanure use

Arational combination of cultural, biological and low risk pesticides

Introduce legumes into crop rotation as cover/catch crop
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Rainfall Heavy rainfall

The variability of rainfall in Pakistan has increased over the past few decades. You may have
experienced crop failure/damage due to heavy rainfall (Another possible rainfall event longer
periods without rainfall is covered in the preceding section of this manual).

Heavy rainfall is likely to bring about water erosion through 3 mechanisms:
A. Lackofsoil coverandlow infiltration
B. Lackofsurfaceroughness

C. Runoff
Table 4 Impact on soil of rainfall (intense)
Rainfall (Intense)
Cause Impact Solution
Soil | Higher concentration of rain | - Soil erosion - Increased water retention can be

droplets loosen soil debris and runoff; remedied by ridges;
- Loss of sail - Use of organic matter
nutrients with | (leaves; roots; crop residue; corrective or
runoff organic compounds like compost and manure)

increases soil fertility

Inadequate vegetative cover | High  surface | - Increased soil cover (e.g. plant cross slope
over moderate and/or steep | runoff vegetation; terraces, earth

slopes bunds, tied ridges; grassed waterways)

Water erosion from heavy rainfalls can damage crops and reduce yields. Measures are needed to
counter soil erosion especially in sloping or mountainous areas of Pakistan. The presence of
cover will give more time to the rainwater for infiltration, which will reduce the chances of soil

erosion.
Table 5 Impact on crops of rainfall (intense)
Rainfall (Intense)
Cause Impact Solution
Crops Rainfall causes river | Flooding of agricultural | Introduce tolerant
overflow or damages | lands species/varieties of
waterways crops.

The steps and checklists of actions provided below will help you retain as many soil nutrients as
possible when faced with heavy rainfall:

A.Increase infiltration viaanincrease in soil cover

1.  Increase plant population and crop residues: Soil cover can be increased by planting
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higher plant population densities, or, by planting crop varieties that produce greater
quantities of residues. Wheat and sorghum produce high residues.

Sowing cover crops, intercrops or fallow crops can also provide more crop residue
to protect the soil. (See section on “longer periods without rainfall” above for examples
of varieties used typically asintercrops and cover crops)

2. Apply a mulch or organic manure: Application of mulch or soil organic matter
improves and stabilizes the soil structure so that the soils can absorb higher amounts of
water without causing surface run off, which could result in soil erosion and, further
downstream, in flooding.

3.  Zero tillage: Use this method to grow crops without disturbing the soil through
tillage. Zero tillage will help you to increase the infiltration process into the soil and
increases organic matter retention, hence, eliminating water erosion.

For zero tillage use a simple stick to punch holes for placing seeds or use a hand operated
seeder/planter to inject the seed. The idea of this technique is to minimize inversion,
mixing, fracture, pulverization, and compaction, especially through use of tractors and
otherintensive methods.

While intensive soil tillage reduces soil organic matter through aerobic mineralization,
low tillage and the maintenance of a permanent soil cover (through crops, crop residues
or cover crops and the introduction of diversified crop rotations) increases soil organic
matter. A no- or low-tilled soil conserves the structure of soil for fauna and related
macrospores (earthworms, termites and root channels) to serve as drainage channels for
excess water.

4.  Avoid straw burning and restrict grazing: In order to protect the soil cover, the
burning of straws and stubbles should be avoided. Also, restrict your livestock from
grazing on agricultural lands. These activities will remove the crop residue which will
increase the chances of water erosion.

5. Control weeds with cultivators or herbicides: The use of cultivators for weed control
is better than the use of disc harrows because the cultivators uproot the weed and leave
them on the surface which in-turn increases infiltration. Herbicides can also prove to be
helpful because the weed residue will protect the top soil in your field from erosion.

Table 6: Impact on pests and weeds of rainfall (intense)
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Rainfall (Intense)

Cause Impact Solution
Pests |- Creates conditions favorable for spread |- Increased - Apply pasture
of pest and diseases, and less desirable population of and pest control
pasture species (for example, stagnant pests and weeds management
water) techniques

B. Increaseinfiltration by increasing your soil's surface roughness

1. Ridge tillage: For flat surfaces, the system of beds and furrows can help you to
reduce erosion. Recall, beds and furrows won't be possible for you to build on slopes
steeperthan

7%. If you did this, there is a risk of collapse; and, moreover, overspill increases which can
cause severe erosion due to downhill flow of water from the furrows.

2. Strip tillage: In strip tillage the equal space between rows is covered by straw and
dead weeds. Thisincreases surface roughness and improves infiltration.

Table 7 Impact on irrigation and water management of rainfall (intense)

Rainfall (Intense)
Cause Impact Solution
Irrigation | Direct heavy rainfall on -stream flow and - Sow live vegetative

croplands; or, river groundwater barriers

bank overflow; or, flash floods discharge - Diversion drains
-runoff - Terraces
-loss of nutrients - Alley cropping
(leaching) - Stone walls
-Increase in salinity
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D. Rainwaterharvesting
If you carry out rainwater harvesting, you will contribute yearlong to all livelihood
activitiesand notjust agriculture.

Conservation ponds for runoff water capture on sloping lands: this refers to small scale
holes duginto land surrounding your farm fields they will be used to collect runoff.

The size of pond to dig will depend on how much land you have available, slope
considerations, and the quantity you require. Do not build your pond in landslide prone
areas.

Lining materials for the pond include: plastic, stones, and clay. Make sure your ponds are
1-1.5 metersindepth. The length will vary according to land availability.

Connections to a waterway can help divert excess water. For this purpose, village
trenches are a good example of a waterway.

In terms of maintenance, be sure to eliminate fine soils from the pond bottom before the
monsoon season (June to September). Also be sure to clear diversion waterways.

Rooftop rainwater harvesting: There are three steps involved in building this system:
First, the collection area must be designated i.e., the roof of your home. The section(s)
Chosen should be solid enough to shunt rainwater, besides supporting a gutter system.

Second, there must be a conveyance system consisting of gutters and pipes to link your
roof to a storage facility.

Third, a storage facility should be built; it is typically an underground tank. A minimum
size tankis 1,000 litres (for a 2-4 person family).

Excess rain can contribute to river flooding, flash floods, or breaches in water
holding
Facilities like bunds.

If you are growing crops on a river bank, you may wish to protect your crops and soil from
sand deposits. One way of doing this is sewing crops such as watermelon and sweet
potatoes. In terms of timing of planting, you can plant these 2 crops' seeds between
Januaryand February.
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B If there is insufficient rainfall for rice
cultivation in the period after May,
Covered storage .
¥ : . - > o harvesting can be delayed to August.

reservoir

Sweet potatoes can then be
cultivated via vegetative propagation
/ with vine cuttings from mature crops.

Outlet tap

il
IS

roof catchment

Figure 2 A catchment area collects rainwater, which can
be utilized for livelihood as well as agricultural purposes

In terms of planting, the seeds are to be placed in pits measuring 30 cm depth and 30 cm
diameter, spaced at 1 meterintervals. Prior to planting, farmland should be left to dry out
for 10-15 days. Next, fill the pits with farmyard manure, DAP fertilizer and urea. Use
agrochemicals in reasonable quantities. Each pit can accommodate up to 3-4 seeds.
Cover the pits with mulching materials, preferably straw or tree branches until such time
as 4-5 leaves are seen. Watermelons should be watered daily until 2-3 leaves are seen on
the plant.
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Exercise Topic: Soil Moisture

Objective:
The aim of the exercise is to make farmers understand the effects of tilling methods on soil
moisture and cropyield.

Rationale:

This experiment will demonstrate the difference in soil moisture between two treatments. It can
be done any time to compare soil moisture during times of poor rainfall and between soils that
have been treated with mulch and untreated soils that most farmers use.

Materials needed:
Clear plastic containers, soil samples.

Instructions:

1.  Begin by describing the purpose of the experiment, which is to learn about the
impact of ploughing/tilling on soil moisture. You may also explain the concepts of water
infiltration and erosion to farmers.

2.  Askfarmersto collect two soil samples from the FFS plots and two soil samples from
non-FFS plots.

3.  Make sure that the depth of the soil is the same for all samples. Also, each sample
should have the same quantity of soil. 1/2 litre of soil is required to be collected from each

site.

4.  Placethesoilsamplesinfour clear plastic containers and tightly close the lid.
5.  Labeleachcontainer with numbers 1-4.

6. Invertthecontainerssothatthe bottom facesthe sun.

7. Leavethe containers exposedto the sunfor 15-30 minutes.

8.  After15-30 minutes, ask the farmers to tell you what they see.

Questions to ask farmers:
Thisisasimple and visual experiment. To prompt farmers the following questions may be
asked regarding soil moisture:

Which soil has the most moisture?

Why do they think it has more moisture than the other samples?

Is the temperature differentin each sample? Why?

What retains moisture from escaping the soil when itis not ploughed?

What retains moisture from escaping the soil when there is mulch?

After arain, which field would have more moisture: tilled or untilled?

How can farmers use this information to farm better?

@000 mo
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Temperature

Temperature can affect your crop productivity, often negatively. For example, excessive heat in
the kharif season (October to March) can affect germination and fruit formation/maturation,
while rabi (April - September) crops may not germinate fully owing to longer periods of cold and
fogs.

Also, in between Rabi and Kharif sowing times, temperature fluctuations can increase the
incidence of pest and disease outbreaks.

The length of growing season may increase as temperature prevail, allowing earlier planting of
crops, say, in kharif, earlier maturation, earlier harvesting, and being able to complete 2
or more cropping cycles within asingle season.

In Pakistan night-time temperature minima have shown a rise even as daytime maxima have
remained the same. So, while daytime heat stress is relatively mild, increased night-time minima
will likely augment respiration in your crops. As they increase respiration, your crops will
experience adecreasein pollen germination, spikelet fertility, and grain dimensions.

Separately, we may sow premature maturation | certain crop species also associated with
reduced starch content (and hence lower average unit farm prices), when temperatures in the
day and night are higherin a sustained manner.

With high temperatures one expects accelerated physiological development, resulting in early
maturation and reduced vyield. Those crops most affected by increases to night-time
temperature maximaincluderice and cereal crops like wheat, sorghum and maize.

In the face of variability in temperature, this module of the manual will suggest a checklist of
adjustments that can be made toyour:

Choice of crops and crop husbandry;

Tillage and timing of operations;

Irrigation and rainwater harvesting; and,

Input of agrochemicals, weedicides, and pesticides.

o0 w>
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Table 8 Impact on crop of temperature (high)

Temperature (High)

Cause Impact Solution
Cropf- igher - Increased risk of fires, No. of days for tillers |-  Use heat resistant crops,
temper and grain development reduced, especially | change variety
ature in cereal crops (stunted crops cause lower - Delay planting date in order
yield and lower market price) to increase the number of
days needed for seedbeds
to cool

A. Choice of crops, crop rotation, and crop husbandry:
Choice and rotation of crops

1.Heat resistant varieties: To date, in Pakistan the only laboratory developed crops that
areresistant to climatic conditions are “drought” resistant varieties. You may however be
aware of varieties you are already cultivating which are heat/cold resistant. If you are not
aware of it, other farmers and farmers' associations may be aware of varieties that you
may now need.

At lower latitudes of Pakistan, a rise in temperatures can reduce yields of rice, wheat and
maize. (Water scarcity and drought would only compound the downward effect on
yields). Bhakkar variety of wheat is heat and drought resistant, and is grown in
Balochistan where, in many cases, Sehar variety is not supported.

2.Protecting seeds from temperature fluctuation: Traditional storage for seeds in
Pakistan includes clay pots or plastic bags. Owing to temperature fluctuations, these
methods will prove insufficient for safeguarding seeds.

Instead, you are better off using other methods. Let us use the example of a storage
method that protects potato seed from light exposure and temperature fluctuations.

First, designate a seed storage area. You may need to construct it if you do not already
have a sheltered structure. Be sure to treat the seed with recommended fungicides to
control seed borne diseases.

Second, ensure that indirect sunlight reaches the seeds. The light should be adequate for
reading. One way to judge if lighting is correct is: 1) growth of thin white sprouts; and, 2)
simultaneous growth of short, stout and coloured sprouts. Incorrect lighting will induce
growth of long white sprouts.

Third, ensure proper ventilation in the seed storage area. Insufficient ventilation is a risk
since potatoes produce heat when they breathe which will accumulate in the storage
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area. If ventilationis insufficient, growth of sprouts will accelerate ahead of time.

Fourth, existing seed storage “clay pots” or similar can be used for this method. In
particular, fill 2/3 of the pots with seeds. Next, suspend the pot from the ceilingin such a
way thatitis safe fromrain and wind.

The above canalso be undertaken using wooden trays. For approximately 12 kgs of potato
seeds, these canbe 60cminlength,37 cminwidth,and 18 cm high. Itis best to stack trays
to save space, noting that rack size will vary depending on your needs. Trays slats must
have gaps for ventilation. Wire netting can protect from rats.

For high storage requirements, e.g., 500 kgs of potato seeds, you can build a 2 meter long,
0.8 meter wide, and 2.3 meter high facility with shelves. Ensure the roof does not use tin,
which would overheat the storage unit; instead, use thatching. A height of 30 cm from the
ground for the first shelf will spare tubers from rainwater splashes. Fine wire netting will
protect against pest and insect infestation.

3. Off-season cultivation for heat/cold excesses: Crops can be sewn during
unseasonal weather conditions, especially fruit and vegetables. You can do this by
artificially controlling weather extremes and their impacts, through a method known as
tunnel culture.

This method uses low-cost structures that regulate humidity levels and temperature, and
use soil management and irrigation to facilitate optimal yield during unfavourable
seasons.

The purpose of tunnel culture is to increase production, incomes, and crop diversity when
confronted by higher than average temperatures in summer, extremely cold winters, and
temperature fluctuationsin between the two seasons.

Materials needed to build tunnels include bamboo canes and wooden poles of about 2.5
cmindiameter. Crops that can be grown include: tomatoes, cucumbers and beans.

First, build a frame from which to suspend string to support crops. You can do this by
combining 2-3 bamboo canes to design a bow and girder frame. Strings can be suspended
from thisto supportthe growth of the above mentioned crops.

Second, place a transparent plastic sheet over the frame. In this way, plants can receive

sunlightinthe daytime. Place a black sheet on the soil to retain heat during the night time.
Make holes in the black sheet to facilitate seed germination. This frame and sheet set up
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will at once retain moisture (reduce water loss), retain heat when needed, and reduce
weed growth.

Third, a stone wall can be erected adjacent to the frame. This will provide support against
strong winds. Another contingency measure is to place leaves or locally available crop
wastes over the plastic sheet roofing. This will reduce heat loss in the coldest months of
rabi (October to March), while the same sheet may be removed to provide aeration at the
end of kharif (April to September) and very start of rabi.

Crop husbandry

1. Intercropping: In terraced steep valley areas of Pakistan, with altitudes of
250-4,000 meters above sea level, you can grow soybeans, beans, and ginger with
maize as anintercrop. Peas can be intercropped with wheat. This will reduce the risk of
drought.

At elevations of above 8,000 meters, intercropping will be needed for your barley,
potatoes, and buckwheat, and amaranthus (e.g., as is done typically in Gonar and Azad
Jammu and Kashmir) to protect them from dry and cold spells and to stabilize
productivity.

2. Changingplanting dates to overcome heat stress:
Higher temperatures both daytime and night-time ones are likely to affect some of your
crops more than others.

For example, cereal crops such as wheat, sorghum and maize (grown in Sindh and south-
eastern Punjab) are highly sensitive to small increases in temperature.

The effect on your cereal crops will be to reduce the number of days in the growing
season, thereby lowering number of tillers and grain size as well.

Stunted crops will reduce overall quantities/weight (in nos. of maunds) you can sell in the
market. Also, due to smaller grain sizes, the prices you can demand may also fall. The risk
isafallinyourseason'sincome.

If you are growing rain fed wheat, a new problem you could face is the advent of high
temperature in September, immediately after the monsoon (June to September). The
high temperature will rob you of soil moisture (which you normally obtained as a leftover
of the monsoon). If you persisted in sewing wheat in September in the absence of soil
moisture, you would risk the following:
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- poor seedling establishment;

- accelerated and early vegetative development;
- reduced canopy cover;

- reducedtillering;

- reduced spike size; and,

- Reducedyield.

A potential solution to this is to delay sowing up to mid-October. The additional 3-4 weeks will
allow your seedbeds to cool, even if you much of the usual soil moisture isirretrievable.

If you are in a multiple cropping system, and are obliged thereby to sow wheat in December/
January, there may be far less effective solutions available for to you than delaying sowing. In
fact, you may only be able to apply: minimum/zero tillage, mulching, protective crop residues
(see description of this in sub-section B of the temperature section, above). Similarly, these may
be your only potential solutions if you begin to experience high temperatures in the second half
of kharif (February, March, and April). This untimely high temperature will no doubt reduce
viable florets and reduce the duration of grain-filling.

Aside from cereal crops, note that in the case of rice heat stress will damage rice crops the most if

it occurs at the start of the grain development stage. Its effect will be to reduce pollination and
grain numbers.
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B. Tillage and timing of operations
(in the face of hightemperatures)
With high temperatures, the Equipment for deep tillage and seeding
temperature of your soil isexpectedto combined in one operation

increase. The effect of this is that your crop
will face poor germination. A simple
remedy to help improve germination in
conditions of excessive and high soil
temperatures is to place a straw cover or a
kilt cover crop on the soil surface to lower
temperatures.

Another simple practice that lower soil
surface temperatures: conservation
tillage. In this technique, residues are not
buried as you might do conventionally;
instead, residues from previous year's crop
are left on the soil surface before and after
planting the next crop. For successful
result, make sure that 30% of the soil
surface is covered with residue after the crop in planted. Surface mulch cover protects soil from
excess temperatures and evaporation losses and can reduce crop water requirements by 30
percent.

Figure 1 Deep tillage and seeding

There are four main conservation tillage methods: no-till, strip-till, ridge-till, and mulch-till.
i. In no-till method, you plant crops directly into residue that has not been tilled at all.

ii. In strip-till, crops are planted into
residue that has been tilled only in narrow
strips of about 5-20 cm wide and 5-10 cm
deep, with the remaining plot left untilled.
Make sure that the soil between the strips |
remains untouched except for weed
control purposes.

iii. Ridge-till method involves planting | - '

ridge-tops into adjacent furrows so that Figure 4: Zero tillage allows significant amount of crop

new crop can be planted onridges. residues to remain on the soil surface, protecting it
from water erosion and building soil productivity
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iv. In mulch-tillmethod, one-third of the soil surface is covered with crop residue.

An alternate way with which you can lower soil temperatures is to till the soil leaving no surface
residue. In places where there are strong winds, installation of windbreaks can help reduce the

wind-chill effect.

Table 9Impact on soil of temperature (high)

Temperature (High)
Cause Impact Solution
Soil Increased - Increased moisture Minimum tillage/zero
evapotranspiration loss tillage systems
Poor conditions for seed - Restrict growth of Mulching
germination seedling Maintain a protective
- Crusting cover of residue
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C.Irrigation and water harvesting
This has been discussed earlier.

Table 10 Impact on water of temperature (high)

Temperature (High)
Cause Impact Solution
Water | - Increased potential - Reduced water - Water conservation
evaporation supply measures
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Extreme Events: risk assessment and reduction

Extreme weather events may cause productive asset losses and damage to crops. In Pakistan,
the following climate change related events appear to be increasingin frequency:
Floods, cyclones, sealevelrise, droughts and landslides.

There is a need to enhance your resilience and that of your farmer community. The following
checklist of technologies and practices will help you assess your progress with potential
resilience building solutions:

- Hazard-proofgrain storage facilities and livestock shelters,
- Cropdiversification,

- Cropinsurance schemes,

- Droughtorflood-tolerant crop varieties,

- Strategicfodderreserves,

- Waterreservesto buffer droughts

This is not a complete list. You may face circumstances specific to your contexts that aren't
covered by this. However, this list has the advantage of covering water, fodder, crops and grains.
This is a good start. This manual is expected to receive revisions and revisions as part of its

updating.
Table 11 Impact on soil of extreme events
Extreme events
Cause Impact Solution
Soil | - Floods and - Erosion - Diversion canals
landslides - Crop - Drainage
destruction - Introduce tree crops or deep-
rooted crops

Hazard-proof grain storage: It is important to avoid post-harvest crop losses, when weather
risks, like changes in temperature and humidity, can lead to the quality of your crop seeds being
affected negatively.

Traditionally seeds are stored in clay pots. Sometimes they are buried underground, or, vertical
silos are used. Alternate hazard-proof methods of crop seed storage include:

- Metalbins;
- splitbamboo bins;
- improved mud bins;
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- sealedstorage containers;

- Supergrain bags;

- ventilated godowns (warehouses);

- Potatoseestorage under diffused light; and,
- Cellarstorage of fruits.

Further, certain measures are helpful:
- lining with polyethylene sheets;
- painting bitumen on the outside;
- Ward off moisture (add double lids or painting white enamel on the outside); and,

- Ward off pests like mice and rodents (attach 25 cm long metal strips to bases).

Before storing grains be sure that the seeds have been sufficiently dried. Moisture content of 9-
10 percentingrainsisideal.

Table 12Impact on irrigation of extreme events

Extreme events
Cause Impact Solution
Irrigation | -  Sea-level | - Inundation of coastal springs and | - Increase groundwater
rise flooding of agricultural land protection measures
Flash
floods

Landslide prevention on sloping farmlands: Agricultural lands located near hills and steep
slopes may be adversely affected by landslides after the onset of extreme events, like heavy
rainfall, and manmade event like deforestation and overgrazing.

By adopting preventative approaches you may be able to alleviate the risk from landslides.
Examples of preventive measures are:

- establishing vegetation barriers;

- brushwood dams; and,

- sowing fast growing plantations
Reducing damages from embankment flooding: Extreme events such as heavy rainfalls may also
cause sedimentation in river banks. The resultant flooding may damage crops situated near the
embankments.

The effects of flooding on your crop can be mitigated through such measures as:

- plant soil-binding forage grasses;
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- plant bamboo plantations;
- Place boulders and rocks along the banks of the river (to keep soil erosion in check).

You can take advantage of flooding of plains planting rice in flood-prone areas.

Table 13Impact on crops of extreme events

Extreme events
Cause Impact Solution
Crops - Sea-level rise - Salinity - Introduce salt
tolerant crops

With increasing climactic variability and unpredictability you may experience more intensive
climate-related hazards, such as extreme temperatures, floods and droughts, heat waves, wild
firesand storms. Insect infestation isanother hazard thatimpacts crops negatively.

Rises in sea levels, glacial melt, stressed ecosystems and the degradation of natural resources
may also have a negative impact on the productivity your crops, food security, property, and your
capability to financially cope with hazards and resultant losses.

With an increased awareness of what to do when confronted by these events, you are likelier to
employ disaster risk reduction (DRR) strategies. These strategies reduce damages to crop seed
and produce.
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Disaster risk reduction strategies

As a first step, map out hazard prone areas and vulnerability assessment. This would serve as an
outline of areas that are prone to disasters, such as floods and drought areas. Typically these
maps would also specify the severity as well as the frequency of disaster occurrences as they
affect your soil, irrigation, infrastructure, productive assets such as storage silos, and mechanical
farmimplements such as tractors.

List different hazards, e.g., flood prone areas, and list alongside it adverse impacted activities,
e.g., agriculture and property. It is important to include all possible hazards that you may
encounterinyour area. Amultiple-hazard risk analysis will help to better understand all the risks,
and plan out adaptation techniques accordingly.

Use shapes and legends below to clearly identify jurisdictions and locations of productive assets,
farming fields, residences, seed storage areas, livestock enclosures, hospitals, schools and other
important areas.

Also include in the map a historic trend of hazards, and begin identifying possible scenarios and
listagricultural plansto confront the risk in each scenario.

Use the following 6 points as a checklist to build your own Disaster Risk Reduction (DRR)
Strategy:

=l

Social, political and community infrastructure (village residential context);

Likely threats (identifying hazards and risks);

Score likelihood and list consequences (analyze the risks);

Rank risksin priority (evaluate risks);

Determine steps to eliminate, reduce or manage risk (identify risk treatment
strategies); and,

Consolidate the project outcomes and achievements.

A community-based approach would be ideal for mapping out DRR strategies. All farmers and their
families can partake in the identification, analysis, treatment, monitoring and evaluation of disaster
risks. Through this participatory approach farmers will be more willing to implement disaster
management practices, and will make decisions that will benefit them as well as their communities.

Building resilience through improved agricultural practices

Traditional knowledge can be made use of to build resilience of your farming outputs. These
include:
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Resilient crop species;

Low/no tillage and maintenance of permanent soil cover (increasing soil organic
matter and reduces impacts from flooding, erosion, drought, heavy rain and winds.)

Plant breeding (using seeds from the previous harvest);

Farming practices (water, soil or pest management, erosion control); and

Climate forecasting (traditional knowledge for forecasting weather and predicting
extreme event).

In Pakistan areas affected by flooding and landslides can make use of various varieties of trees as
a water velocity reduction strategy to build slope stability and reduce chances of landslides.
Planting grass, taro, sugar cane and coconut palm trees on slopes not only reduces runoff and
decreases soil erosion but also minimizes inundation in the lower levels. These water tolerant
crops prevent damage to more valuable crops in the lower levels. Planting taller trees will act as
windbreaks and prevent soil erosion on hilly areas and around riverbanks.

Afforestation in coastal areas, which include mangroves, can provide much needed shelter for
crops from the impact of tidal surges and waves. They prevent soil erosion and retain water for
water storage, mitigate the effects of flooding, stabilize the shoreline, and protect against salt-
waterintrusion.

Trees and forests improve the microclimate by buffering winds, regulating the water table,
providing shade to crops and animals, and stabilizing coastal areas (e.g. through mangrove
rehabilitation and reforestation). They thus contribute to sustainable agricultural production
and food security.

Storage is also a crucial component of any successful DRR strategy. Appropriate storage
strategies will protect your crops from climactic challenges such as fluctuations in weather and
climate.

Improved traditional storage options, like those discussed in the Extreme Events module (page 18),
would decrease crop losses and protect their quality from deterioration. Improved seed storage
structures and practices include sealed storage containers, super grain bags, ventilated godowns
(warehouses), and potato seed storage under diffused light.

Building resilience through structural means
By building certain structures on your farmland you can cut down on losses associated with
climactic changes. Examples of strategies for adapting to drought and flood conditions are given

below.

Fordrought areas you can:
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Construct rainwater harvesting tanks to collect rainwater;

Repair natural ponds to collect and retain rainwater and prevent wastage of
irrigation water;

Renovate/repair of old wells.

For flood-prone areasyou can:
Construct retaining walls and embankments (barrier and terrace) to reduce

inundation during monsoon months;
These strategies will protect your farm from avoidable catastrophes and losses.
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The Lahore University of Management Sciences (LUMS) and the World Wide Fund for Nature-
Pakistan (WWF-Pakistan) have embarked upon a three year study of the determinants, impact and
cost effectiveness of climate change adaptation in the Indus eco-region. This three year project, 1
March 2012 to 1 March 2015, is funded by the International Development Research Centre (IDRC)
and aims to inform the discourse on climate change adaptation in Pakistan by synthesizing the
lessons learnt from its study of household adaptation to climate change and from its analysis of the
political economy of climate change, food and water governance.

This working paper series serves the function of building capacity for academic research in various
disciplines that relate to climate change. The goal is to encourage a new generation of academic
and policy scholars to work on issues related to global climate change. This working paper series is
broadly on climate change in Pakistan and not focused solely on adaptation. Each working paper is
envisioned to be the starting point for more academic and policy work in the future.
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