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FOREWORD

This guide is designed to provide technical guidance to achieve the 
productive objectives in the context of climate change set by the 
Government of Sri Lanka regarding selected strategic crops. 

As a living document, this guide will be updated regularly to include all 
crops deemed relevant by the government as well as the equipment 
needed to modernize the agriculture sector in Sri Lanka.

This first edition focuses on maize and groundnut upland production 
systems and on rice lowland production. 

It provides a quick reference for information on crop production and 
soil management, including crop varieties, nutritional requirements 
and field equipment. As climate change will result in wider and more 
severe occurrences of plant pests, this guide relies on integrated pest 
management practices adapted to climate change. Optimizing the 
production of these crops calls for the diversification of crop systems 
using intercrops and cover crops. In this context, the guide covers also 
legume crops. 

Sustainable mechanization is regarded as an essential agricultural 
production input to optimize labour and land productivity for the 
sustainable and profitable development of the agriculture sector. 
Therefore, this guide describes the innovative equipment needed for the 
sustainable optimization of crop production.

To ensure coherent guidance and advice on sustainable farming 
practices, inputs and technologies, this guide has been developed  
in cooperation with all stakeholders working in the agriculture sector  
of Sri Lanka. 

Xia, Jingyuan
Director
Plant Production and Protection Division
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INTRODUCTION

Sri Lanka is a country with a relatively self-contained agriculture sector. 

Rice is the staple food of the population of Sri Lanka – currently 21.4 million 
– and it is mainly grown as a lowland crop in irrigated lands during the 
monsoon seasons (see Rice crop information summary, p. 27). In the past 
decade, the country has been able to meet the domestic demand for rice. 
It is grown in all districts on an estimated 708 000 ha of land. Government 
policies are in place to discourage imports through taxes, stabilize 
domestic rice prices and ensure an average annual production of 2.7 
million tonnes. The government, therefore, maintains the price above the 
world market price and guarantees a minimum sale price for farmers and 
a maximum retail price for consumers. Furthermore, there is legislation 
mandating the cultivation of rice in the Mahaweli River Complex lowlands. 

After rice, maize is the most important grain (see Maize crop information 
summary, p. 9). Maize is considered a rainfed crop and is primarily 
grown in the uplands. The country was self-sufficient in maize until 2015. 
Since then, consumption of maize as feed has increased to support the 
expanding poultry sector and about 40 percent of national demand is 
addressed with imports. 

The Ministry of Agriculture predicts that the demand for rice will increase 
by 1.1 percent annually and it aims to respond to this rise in consumption 
by becoming once again self-sufficient in maize.

Achieving food security will require rapid deployment of climate change 
adaptation strategies for the dry zone, the main agricultural production 
centre of Sri Lanka.

The climate of Sri Lanka is tropical with distinct wet and dry zones (northwestern and southeastern).

The mean annual rainfall varies from < 900 mm in the dry zone to > 5 000 mm in the wet zone. 

The main factor conditioning the geographical distribution of rainfall is the orographic nature of the island.  
The central part of Sri Lanka is characterized by the Central Highlands – a series of well-defined high plains and 
plateaus rimmed by high mountain peaks and ridges reaching elevations of 910–2 524 m. 

Rainfall in Sri Lanka can be monsoonal, convectional or depressional. Monsoonal rainfall follows a bimodal 
pattern. The northeast monsoon brings more rain to the dry zone and the southwest monsoon to the wet zone. 
Between the two main monsoons, there is inter-monsoonal precipitation which occurs in all coastal regions and 
is of sporadic intensity.

According to the direction of the monsoon, the Central Highlands act as a climatic divide, presenting a windward 
and a leeward side. During each monsoon season, the moisture-laden air is orographically lifted along the 
windward slopes producing heavy rain exceeding 4 000 mm annually. However, on the leeward side, which 
forms a rain shadow within the highlands, the monsoon wing is warm and dry, bringing around 2 000 mm of rain 
every year.

The main agricultural season (Maha) starts with the northeast monsoon in September and ends in March. The 
minor agricultural season (Yala) starts with the southwest monsoon in May and ends in August.

Anuradhapura is one of the most important agricultural districts, accounting for 15 percent of total rice 
production and – located in the “maize belt” – significantly contributing to maize production. In Anuradhapura, 
farmers often own land in both the lowlands and the uplands. During the Maha season, they grow paddy rice in 
the lowlands and rainfed maize in the uplands. During the Yala season, they grow rice, maize or sesame in the 
lowlands or just leave the land fallow, depending on the availability of water in the reservoir. In the uplands, 
farmers with a well grow vegetables. 
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In recent years, the onset of monsoonal rainfall has become progressively 
more erratic, the intensity of rainfall events has increased and dry spells 
and droughts have become more prolonged with rainfall concentrated 
in a small number of days rather than spread over a long period. 
The combination of heavy rains, soil tillage and poor nutrient cycling 
causes soil erosion and soil fertility loss in the uplands with negative 
consequences on the productivity of upland farmers’ fields. It also results 
in siltation of the water reservoirs in the lowlands, which consequently 
operate at suboptimal capacity, further limiting the area that farmers can 
use to produce food and seeds.

Future climate expectations rely on the use of modelling approaches 
(global climate models) whose results are synthetized in the assessment 
reports of the Intergovernmental Panel on Climate Change (IPCC). The 
results of these models have a coarse resolution (of the order of 100 km) 
and have to be downscaled to account for the local features of climate, 
especially orography which is central to rainfall distribution in Sri Lanka. 
Twenty of the modelling groups contributing to the IPCC assessment 
reports participate in the Coupled Model Intercomparison Project Phase 5 
with the aim of establishing the range of expected projections for future 
climate and their uncertainties. The Sri Lanka models generally concur in 
projecting a future increase in both temperatures and precipitations, with 
a higher level of agreement for temperatures. Precipitation is generally 
projected to increase in Sri Lanka, although modest drying trends have 
been observed in recent decades, with a decrease in the number of wet 
days, possibly due to the delayed offset of the southwest monsoon. 

This guide provides targeted solutions to reduce the vulnerability of the 
dry zone in the context of the impacts brought about by climate change 
and to increase crop productivity with improved water use efficiency 
at the field level and a coordinated landscape approach so that run-off 
water can be stored and used for irrigation when rainfall is not sufficient. 
It also offers supportive solutions in the institutional and infrastructural 
spheres that reinforce and complement the impacts of the climate-smart 
solutions with improved prices, farm incomes and profitability. The Annex 
includes descriptions of agricultural machinery suitable for sustainable 
mechanization in conservation agriculture and covers infrastructural 
technological aspects regarding harvest, post-harvest processing and 
storage.
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CLIMATE-SMART SOLUTIONS FOR SUSTAINABLE AND 
PROFITABLE INTENSIFICATION OF RAINFED UPLANDS

This section addresses the solutions to the main challenges to increasing 
productivity and profitability of the traditional upland crop system in 
order to achieve production growth in the dry zone without expanding 
cultivated land area.

The dominant crop system traditionally practised in upland rainfed areas 
consists of maize grown during the Maha season (Figure 1) followed by a 
fallow or a drought-resistant crop, such as sesame, in the Yala season – 
depending on water availability.

Figure 1: Traditional farmers’ systems and climate-smart alternative for 
rainfed upland areas

Months J F M A M J J A S O N D

Season
dry season yala season dry season maha season...

Traditional 
crop system Sesame Maize

CSA
crop system

Sesame Maize

Sun Hemp Groundnut

High rainfall

Low rainfall

Dry period with no rainfall

Maize

Groundnut

Sun Hemp

Sesame

Maize and Ground nut Residue

Note: CSA – climate-smart agriculture.

Major constraints to the expansion of land under production include water availbility and protection of wildlife.

Traditionally, during the Maha season there is a 75 percent probability that rainfall alone will satisfy the water 
requirements of a 120-day cereal crop like maize; during the Yala season, the chances of obtaining a successful 
maize crop under rainfed conditions are low, because mean total rainfall for the Yala season varies from 300 
mm to 400 mm and the total water requirement of a maize crop in the Yala season exceeds 600 mm due to the 
high evaporation rate and the limited moisture retention capacity of the reddish brown soils. To prevent moisture 
stress, the crop would need to be irrigated at least once every three to four days, but not all upland farmers have 
individual water sources.

Sri Lanka has the highest density of elephants in the world. Due to climate change, elephants no longer find food 
in the forest and they look for it on farmland. Population growth has already rapidly restricted the habitat of 
elephants; restricting it further for extensive agriculture would increase the existing conflict between humans and 
elephants – already the cause of many victims.  
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Table 1 - Productivity and profitability of maize production in traditional and climate-smart production 
systems (per hectare)

MAIZE YIELD SEEDS FERTILIZER NET INCOME

Maha season Yala season Maha season Yala season

Traditional 
crop system

6.2 tonnes – 17 kg 1 tonne 
(20 50-kg 
bags)

USD 953 –

CSA 
no-till crop 
system 

7.4 tonnes – 12 kg 600 kg
(12 
50-kg bags)

USD 2 325
(maize + ground-
nuts)

USD 1 008 
(sesame)

With CSA, inco-
mes are 2.5 times 
higher in Maha

With CSA, inco-
mes are 2.5 times 
higher in Maha

Notes:
The table compares the productivity and profitability of maize produced with traditional and climate-smart practices. 
Data are based on key informants’ interviews and the results of field trials, assuming that:
• agronomic practices are implemented correctly;
• prices are not affected by external shocks or disruptions; and
• the entirety of the production (except internal consumption) is sold and there are no losses.

Problems and solutions

Problem Crop calendar constrained by lengthy operations
Traditionally, land preparation is important and every Maha 
season, land is ploughed at a depth of around 20–30 cm in 
the direction of the slope to increase the speed of drainage. 
After ploughing, farmers manually refine the soil and open 
the seeding line with the “mamoty” hoe. It takes about 20 
working days to finalize seeding operations in a 1-ha area.
At the end of the operation, the land typically remains 
unlevelled and farmers broadcast seeds manually. Harvesting 
is also usually manual. 

Productivity CCA CCM

Solution No-till seeding
Replacing broadcasting in ploughed soil with no-till seeding in 
undisturbed, mulched soil reverses the trend of soil degradation. 
It also provides immediate major benefits to farmers, reducing 
fuel, labour and equipment costs. Furthermore, planting seeds 
deep in the soil eliminates losses caused by birds.
No-till seeding requires seed drills that cut through crop 
residues or a ripper to open the seeding line through the crop 
residues:  
• Jab planters are manual tools commonly equipped with a 

double tip to apply fertilizer at the same time as the seed 
(see Annex). Both fertilizer and seed flows are adjustable. 
To operate, they are jabbed into the ground with the point 
closed; the handles are then pulled apart, allowing seeds 
and fertilizer to drop into the seeding hole; on closing, the 
seed and fertilizer points are recharged.

• No-till seeders are heavier than conventional seeders. The 
weight allows the seed drill to maintain the desired seeding 
depth in untilled soils and even with heavy residues. They 
can be tractor-mounted or tractor-drawn. In the case of two-
wheel tractors, it is necessary to limit the size of the units. 

• Rippers can be used to open a small furrow for small seeds 
like sesame. 

√ √





5



Problem Soil erosion and soil organic carbon depletion
Maize is often grown at a low level of technology. 
In shifting cultivation, locally known as the “chena” system, 
farmers clear the forest, cultivate the land for 2–3 seasons 
and abandon it afterwards. Soil of most newly cleared lands 
has a good supply of nutrients and fertilizer is not applied to 
maize. 
As a result of scarcity of land for shifting cultivation, farmers 
have started to adopt a stable type of cultivation. However, 
also in this system, soil and plant nutrition measures are 
rarely applied and ploughing is practised at the beginning of 
the rainy season.
The combination of soil tillage, heavy rains and failure to 
apply nutrients results in erosion and rapid decline of soil 
fertility causing soil mining in the upland farmers’ fields and 
siltation of the water reservoirs, with negative consequences 
also for the productivity of major irrigation systems in the 
lowlands. 
During the rainy seasons, faster and more intense water 
discharge on ploughed and bare soil are the cause of land 
degradation, soil erosion, decline of soil fertility in the 
uplands, siltation of water reservoirs and vulnerability to 
drought of lowland crop systems. 

Productivity CCA CCM

Solution Mulching crop residues and using cover crops 
Protecting soil with a superficial layer of crop residue improves 
the capture and use of rainwater as a result of increased water 
absorption and infiltration and decreased evaporation from 
the soil surface. 
This leads to reduced run-off and soil erosion and higher soil 
moisture throughout the season compared with soils that are 
disturbed then left unprotected.
When mulching is done with chopped crop residues, farmers 
need to spread the residue evenly throughout the field surface 
(combine harvesters leave it in rows).
When mulching is done with cover crops, a roller or a roller 
crimper (see Annex) – depending on the cover crop – is used to 
terminate the cover crop and bend down its stems. 
The next crop is then directly planted through the mulch.

√ √ √

Problem Multiplication of weeds during Yala fallow
In the uplands, maize is grown in the rainy Maha season and 
fields are then left fallow. This management approach causes 
a high level of infestation of weeds, which is costly to control 
with herbicides and labour, especially at the beginning of the 
season when farmers’ purchasing power is low.
In pre-emergence, 1–2 days after planting, farmers usually 
apply non-selective herbicides that cost around LKR 10 000 
(USD 54) per hectare (including labour). If the plot size is 
small, they are weeded out manually.
In post-emergence, most farmers apply selective herbicides 
with battery-operated sprayers before applying the first top 
dressing fertilizer (12–14 days after planting); this demands 
a significant cost (approximately LKR 15 000 [USD 81]/ha) 
for herbicides and labour (4 working days costing LKR 6 000 
[USD 33]/ha). During the season they use the mamoty hoe to 
scrape the weeds.
The solutions suggested rely on prevention (based on 
management of the soil seed bank and improvement of crop 
competitiveness against weeds) and direct management 
(mechanical, physical, biological and chemical). Farmers are 
advised to work closely with extension officers to understand 
the biological and ecological characteristics of weeds present 
in the field and the decision-making process on the basis of 
the critical period of weed control and weed thresholds.
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STEPWISE IMPLEMENTATION OF CLIMATE-SMART 
MAIZE-BASED CROP SYSTEMS

This section includes recommendations for the proposed climate-
smart upland crop protocol (Table 2) and describes the stepwise 
implementation of farmers’ traditional systems and climate-smart crop 
systems – in chronological order and side by side for ease of comparison 
(Tables 3–6).
The climate-smart crop systems presented use water, nutrients and 
labour efficiently to optimize yields and biomass production within the 
limits of the carrying capacity of the agro-ecosystem.
For each of the main crops used in the crop systems, information 
on growth thresholds and crop performance relevant to the crop’s 
adaptability to a changing climate in Sri Lanka is provided in the crop 
information summaries on, respectively, maize, groundnut and rice (see 
pp. 9, 11 and 27)

Table 2 - Recommendations for proposed climate-smart upland crop protocol

MAIZE GROUNDNUT SESAME

Crop Variety Jet, Pacific Tissa Locally Improved 

Seed Rate 12-15 kg/ha 50 kg/ha 7 kg/ha

Plant Density 59 000 plants/ha 38 000 plans/ha 222 000 plants/ha

Plant Spacing 45 * 30 cm 30 *25 cm Broadcasting/ Band sawing with 
row spacing of 15 cm

Productivity CCA CCM

Solution Crop intensification 
To decrease the competitive ability of weeds, in addition to 
integrated weed management practices (e.g. false seeding/
stale seedbed), the approach involves keeping the soil covered 
to take control of the space on farm:
• Growing pulses as intercrop with maize. Groundnut is the 

ideal intercrop because both maize and groundnut are in 
high demand locally and can thus provide additional income 
to the farmers, as well as controlling weeds and enriching 
soil by nitrogen fixation. 
This combination of intercrop can easily be practised 
because varieties of both crops are available with the same 
duration of 100–110 days.
In order to maintain the recommended density of maize 
(55 000–65 000 plants/ha), maize is planted at 45 cm × 30 
cm spacing, groundnut at 30 cm × 25 cm spacing, and two 
lines of groundnut are grown every four lines of maize.  

• Sowing cover crops (e.g. sunn hemp) as intercrops a few 
days before planting maize. This can suppress weed growth 
and enrich the soil with the nitrogen-fixing deep root system 
and replace – partially or totally – herbicides and fertilizers.

• Sowing cover crops (e.g. pigeon pea or sunn hemp) as the 
sole crop soon after the harvesting of maize in February in a 
green fallow.

√ √ √

Note: CCA – climate change adaptation; CCM – climate change mitigation.



7



Table 3 - Traditional farmers’ practices for Maha season1

Start Mid Sept. CROP OPERATION TASK TO BE PERFORMED

Day 1 Maize Planting Manual broadcasting of maize seeds 

Day 2 Maize Fertilizer application Application of basal fertiliser: urea 10 kg/ha, 
MOP 20 kg/ha and TSP 25 kg/ha2 

Day 3 Maize Planting Manual broadcasting of maize

Day 1 - 14 Maize Weed management Application of weedicides to control weeds

Day 14 - 25 Pest and disease 
Management Pesticide application

Application of radient (a.i. Spinetoram) (100–
180 g/ha), Corajan (a.i. Chlorantraniliprole) 
(100–180 ml/ha)

Day 28 Maize Fertilizer application Application of urea (250 kg/ha)

Day 115 - 120 Maize Harvesting Harvesting of maize by hand or with a 
combine harvester

Day 125 Maize Threshing Threshing of maize using maize thresher 
(see Annex) if harvested by hand

Notes:
1 Land preparation: Primary land preparation with a disc plough attached to the four-wheel tractor.
2 MOP – potassium chloride, muriate of potash; TSP – triple superphosphate.

Table 4 - Climate-smart upland crop protocol1 

Start mid-Sept. CROP OPERATION TASK TO BE PERFORMED

Day 1 Maize Planting

Planting of four rows of maize by four-row seeder 
coupled with four-wheel tractor with spacing of 45 cm 
* 30 cm or by injector planter coupled with two-wheel 
tractor (see Annex)

Groundnut Planting
Planting of two rows of groundnut using manual jab 
planter every four rows of maize with spacing of 30 cm 
* 25 cm

Day 12 All Fertilizer application Application of basal fertilizer: urea (10 kg/ha), MOP (20 
kg/ha) and TSP (25 kg/ha)2

Day 1 - 14 All Weed management Superficial scraping of weeds using a manual hoe, if 
necessary, and chemical weeding, if required

Day 14 - 45
Pest and 
disease 
Management

Herbicide application in 
the context of integrated 
weed management

Application of radient (a.i. Spinetoram) (100–180 g/ha), 
Corajan (a.i. Chlorantraniliprole) (100–180 ml/ha)

Day 28 Maize Fertilizer application Application of urea (250 kg/ha)

Day 42 Groundnut Fertilizer/gypsum 
application and earthing

Application of urea (10 kg/ha) and gypsum (20 kg/ha) 
and earth kernels by hand with a mamoty hoe

Day 100 - 110 Groundnut Harvesting Manual harvesting

Day 110 - 112 Groundnut Pod removing Removal of groundnut pods from the plant using 
groundnut-pod-removing machine (see Annex)

Day 115 - 120 Groundnut De shelling Threshing using groundnut decorticator

Day 115 - 120 Maize Harvesting Harvesting of maize by hand or with combine harvester

Day 125 Maize Threshing Threshing of maize using maize thresher (see Annex) if 
harvested manually

Day 130 Maize Crimping Use of roller crimper to terminate maize crop residue 
(see Annex)

Notes:
1 Land preparation: Before planting, multipurpose soil conservation bunds must be formed in accordance with Department 

of Agriculture recommendations; land levelling is performed using a terrace blade (or a laser leveller when a laser-
sensitive controller is adopted).

2 MOP – potassium chloride, muriate of potash; TSP – triple superphosphate.
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Table 5 - Traditional farmers’ practices for the Yala season

Start Mid March CROP OPERATION TASK TO BE PERFORMED

Day 1 Sesame Planting

Manual broadcasting of sesame seeds and 
manual broadcasting of urea (50 kg/ha), 
MOP (60 kg/ha) and TSP (120 kg/ha) as basal 
fertilizer

Day 28 Sesame Fertilizer Manual broadcasting of urea (60kg/ha)

Day 28 Sesame Weed management Chemical weed control, if necessary

Day 100 - 105 Sesame Harvesting Cutting of stems at the base when leaves 
turn yellow and the first pod turns brown

Note: MOP – potassium chloride, muriate of potash; TSP – triple superphosphate.

Table 6 - Practices for climate smart intensification for Yala season

Mid March CROP OPERATION TASK TO BE PERFORMED

Day 1 Sesame Planting

Strip planting (see Figure 2) of sesame seeds 
on top of maize crop residue and manual 
broadcasting of urea (50 kg/ha), MOP (60 kg/ha) 
and TSP (120 kg/ha) as basal fertilizer

Day 28 Sesame Fertilizer Manual broadcasting of urea (60 kg/ha)

Day 28 Sesame Weed management Manual thinning out of weeds, if necessary

Day 30 - 45 Sunn hemp Seed planting Spreading of sunn hemp seeds between sesame 
rows using a seed spreader (see Figure 3)

Day 60 - 75 Sunn hemp Trimming Trimming of sunn hemp plants using a grass 
cutter to continue vegetation growth

Day 90 - 105 Sunn hemp Trimming Trimming of sunn hemp plants using a grass 
cutter to continue vegetation growth

Day 100 - 105 Sesame Harvesting Cutting of stems at the base when leaves turn 
yellow and the first pod turns brown

Day 120 - 135 Sunn hemp Trimming Trimming of sunn hemp plants using a grass 
cutter to continue vegetation growth

Week before planting 
maize in Maha season Sunn hemp Crimping Bending and chopping of sunn hemp and other 

plant materials

Note: MOP – potassium chloride, muriate of potash; TSP – triple superphosphate.

Figure 2 – Strip planter for seasme     Figure 3 – Spreader for band sowing of   
          sunn hemp between sesame bands
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Maize
Maize is the second most important cereal crop after rice in Sri Lanka and the government has taken steps to 
expand maize production in the country. In 2000, maize production was just 29 000 tonnes; it increased at an 
average annual rate of 16.73 percent to reach 351 000 tonnes in 2019. Cultivation is predominantly in dry and 
intermediate zones and mainly rainfed. It can be consumed fresh as a vegetable, although the vast majority is 
conserved as dry grain. Stored grain is susceptible to aflatoxin contamination, and dried grain should be stored 
with less than 14 percent moisture content.
Maize is a warm-weather annual crop adapted to a wide range of agro-ecologies, where average temperatures 
range from 21 °C to 30 °C, with 25–30 °C considered optimal. The figure shows the ecological requirements by 
phonological stage. 

Temperature and rainfall requirements of maize at different stages of development

The plant requires night temperatures above 15 °C and warm temperatures from germination to flowering.  
The most critical developmental stage of maize plants is silking (pistillate flower maturity), because it influences 
kernel quality and yield. Most plants silk about 65 days after emergence and require temperatures below 35 °C. 
During this stage, maximum temperatures of ≥ 35 °C over several days can destroy pollen.
As a C4 species, photosynthesis at higher temperatures and lower atmospheric CO2 concentrations is efficient, 
thus maize can be considered a relatively drought-tolerant crop that resists hot and dry atmospheric conditions, 
provided that sufficient water is available. Plants are negatively affected with dry periods of 7–10 days (depending 
on soil moisture). The germination and seedling stages are particularly sensitive to drought damage. After 
germination and until the tasselling stage, the crop can withstand reduced moisture, as it requires more water 
during the reproductive period and less as the crop matures. In general, for optimal development, maize plants 
require 500–700 mm of well-distributed rainfall. 
Since maize is highly sensitive to waterlogging throughout its development – more than it is to drought – it can be 
grown in the dry zone of Sri Lanka in upland areas and in well-drained lowland fields. Poor soil management and 
declining natural soil fertility are problems for sustainable upland maize production because maize soil fertility 
requirements for grain production are relatively high. Furthermore, the effects of temperature are magnified under 
conditions of low soil moisture typical of soil organic matter-deficient soils.
Depending on the genetic background, maize varieties require 100–140 days from seeding to full ripeness of the kernels.
It is very important to select those varieties with a growing period that matches the length of the growing season. 

Annual
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Varieties recommended for local conditions

VARIETIES VARIETAL  
CHARACTERISTICS

GROWING CYCLE ACHIEVABLE 
YIELD ON STATION

AVERAGE YIELD 
ON FARM

RECOMMENDATIONS / 
SUITABLE USES

Hybrid 1 Hybrid released in 
the 1970s by the 
Department of 
Agriculture

110-115 days 5–6 tonnes/ha 4.5 tonnes/ha High yield and 
drought tolerant

Hybrid 2 Hybrid released in 
the 1970s by the 
Department of 
Agriculture

105-110 days 5–6 tonnes/ha 4.5 tonnes/ha High yield and 
drought tolerant

• Long-duration (> 120 days) and medium (96–120 days) varieties are both planted in areas and/or seasons 
expecting to receive ≥ 800–1 000 mm of rainfall. 

• Early (83–95 days) varieties are recommended for 500–700 mm of rainfall where early maturation serves as an 
important characteristic for drought avoidance. 

• Extra early (≤ 80 days) varieties are targeted for growing seasons with 200–500 mm of rainfall. However, when 
the average daily temperatures during the growing season are < 20 °C, maturation increases by 10–20 days for 
each 0.5 °C decrease, depending on the variety. 
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Groundut
In the dry and intermediate zones, groundnut is grown in upland areas under rainfed conditions in the Maha 
season and in paddy lands under irrigation during the Yala season. It is grown mainly in Monaragala, Kurunegala, 
Ampara, Badulla, Puttalam and Ratnapura districts. Though groundnut is an oil crop, in Sri Lanka it is in demand for 
snacks and confectioneries. An average of 20 000 ha are cultivated with groundnut, harvesting an average yield of 
25 000 tonnes. To reach national demand, a further 10 000 tonnes of groundnut are imported. 

Groundnut is a self-pollinated tropical legume crop.

It grows best in well-drained loose, friable medium-textured soils, because heavy textures prevent the pegs (on 
which the fruits are formed) from entering the soil easily and are problematic for lifting the crop at harvest. 

Excessive moisture severely affects plant health and lack of oxygen in the soil limits the activity of the N-fixing 
bacteria. This limitation results in an unhealthy growth pattern and yellowing of the leaves, which in case of 
inundation, will cause mortality in 2–4 days. Furthermore, at harvest, excessive soil water in heavy soils can cause 
the pods to be torn easily from the pegs while the pods remain in the soil. 

Groundnut is considered to be moderately drought tolerant, because during the growing season it can withstand 
dry periods of 10–12 days before yields are affected. However, in general terms, water deficits during the 
vegetative period cause delayed flowering and harvest as well as reduced growth and yield. During flowering, they 
cause flower drop or impaired pollination, and during the yield formation period (especially pod setting) they result 
in reduced pod weight. 

Temperature and rainfall requirements of maize at different stages of development
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Rainfall of 400–700 mm per year is indicated as the minimum for groundnut in drier climates. However for 
maximum yield and quality of groundnut, the rainfall requirement is 500–1 000 mm well distributed over the 
growing period. For example: 100 mm at pre-planting; 150 mm at planting; and 400–500 mm at flowering and pod 
development. Groundnut benefits from drier conditions after 60–90 days of plant growth. 

A minimum of 100 days with optimum temperatures during the growing season is necessary for optimum yield. 
The optimum mean daily temperature for groundnut is 30 °C. The suitable vegetative growth temperature is 20–30 
°C. At 33 °C, growth can decline by up to 84 percent and growth ceases below 15 °C and above 45 °C. A beneficial 
temperature for flowering and pod formation is about 28 °C. 

Most commercial varieties belong to the species Arachis hypogaea and A. fastigiata var. vulgaris.

Varieties recommended for local conditions

VARIETIES GROWING CYCLE  RECOMMENDATIONS 

Late maturing > 110 days Areas with 800–1 200 mm rainfall

Intermediate maturing 90–110 days

Early maturing < 90 days Areas with 400–600 mm rainfall
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CLIMATE-SMART SOLUTIONS FOR SUSTAINABLE AND 
PROFITABLE INTENSIFICATION OF LOWLANDS UNDER 
MINOR IRRIGATION SYSTEMS 

The intensive crop systems developed in this section address the 
problems related to water, soil fertility and weed management while 
aiming to reduce greenhouse gas emissions.  

Figure 4 presents the dominant system in irrigated lowlands (traditional 
crop system) and the conservation agriculture alternative (climate-smart 
agriculture crop system).

Figure 4: Traditional farmers’ systems and climate-smart alternative for 
lowland areas of the minor irrigation system

Months J F M A M J J A S O N D

Season

Maha Inter-monsoon 
season

Yala Season Inter-monsoon season Maha Season

Rainy season

Kanna Meeting1

Irrigation

Traditional 
crop system

Kanna Meeting

Irrigation

CSA 
crop system2

High rainfall

Low rainfall

Dry period with no rainfall

Irrigation

Kanna Meeting

Rice

Mungbean

Notes: 
1 Pre-season meeting.
2 CSA – climate-smart agriculture.

Due to lack of available water in the reservoirs, lowland farmers under the minor irrigation scheme can often 
produce in only one of the two agricultural seasons, thus limiting the productive potential of the country.
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Problems and solutions

Problem Low water productivity
Grown in continuously flooded paddies, rice requires 2–3 times 
more water than other irrigated cereals, despite the similar 
transpiration rate.
As a result, producing 1 kg of paddy rice requires approximately 
1 400 litres of water per season, which translates to water 
productivity of 0.7 kg/m3. 

Productivity CCA CCM

Solution Timely planting operations
Growing a 3.5-month rice variety in 1 ha under flooded conditions 
requires approximately 9 000–15 000 m3 of water when land 
preparation starts between late October and early November, after 
the reservoir has reached maximum capacity.
Initiating Maha land preparation at the beginning of the rainy 
season (with the onset of the second inter-monsoonal rains late in 
September to early October) will reduce water use by 20 percent. 
Using rainfall water in the Maha season will save irrigation water for 
the Yala season. 
Water for Yala land preparation can be released in mid-March and 
planting can be carried out in early April. The first inter-monsoonal 
rainfall (from April to mid-May) will fulfil the water requirements of 
the rice crop during emergence and root formation, and the water 
saved in the tank will be released during vegetative growth of the 
crop. 
Ensuring coordinated management of water release and changing 
farmers’ behaviour on the timeline for operations and varieties 
requires the participation of all stakeholders in the pre-season 
meeting (“Kanna” meeting). These include farmers, irrigation 
department representatives, the Department of Agrarian 
Development (responsible for water management and rehabilitation 
of minor reservoirs and for monitoring of farmer organizations), 
the Department of Agriculture (extension staff of the village/s 
under the reservoir/tank) and members of the beneficiary farmer 
organization/s.
The Kanna meeting should be conducted before the start of the 
Yala (mid-March) and Maha (mid-October) seasons.  

√ √
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Productivity CCA CCM

Solution Laser land leveling
Laser levelling is an effective operation to reduce losses from 
waterlogging and run-off. A levelled surface is important to 
facilitate uniform and equal distribution of irrigation water. 
In flooding systems, laser levelling reduces irrigation time by 
on average 60 hours/ha per season and improves yield by 
approximately 7 percent compared to traditionally levelled fields 
(done with either two-wheel tractors or with a wooden leveller 
in animal traction systems). Less time spent on irrigation also 
saves about 755 kWh/ha per year in rice–wheat systems irrigated 
with fuel pumps. With less time spent on seeding, pumping and 
effective fertilizer application, laser levelling technology reduces 
emissions of greenhouse gases.
The system includes a laser-transmitting unit that emits an 
infrared beam of light that can travel up to 700 m in a perfectly 
straight line. A receiver senses the infrared beam of light and 
converts it to an electrical signal. The electrical signal is directed 
by a control box to activate an electric hydraulic valve. Several 
times a second, this hydraulic valve raises and lowers the blade of 
a grader to ensure that it follows the infrared beam. 
Laser levelling of a field is accomplished with a dual slope laser 
that automatically controls the blade of the land leveller to 
precisely grade the surface to eliminate all undulations that tend 
to hold water. Laser transmitters create a reference plane over the 
work area by rotating the laser beam 360 degrees. The receiving 
system detects the beam and automatically guides the machine 
to maintain the proper grade. Dual slope laser levellers have the 
ability to give a reading on two slopes on separate axes at the 
same time, which permits the farmer to achieve a compound 
smoothening of the surface.
It is sufficient to repeat the operation every 3 years.
The Farm Mechanization Research Centre and the Farm 
Mechanization Training Centre of the Department of Agriculture 
provide demonstrations of laser levelling services.
In the presence of bunds between fields, farmers need to 
temporarily remove the bunds using a backhoe. 

√ √
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Productivity CCA CCM

Solution Alternate wetting and drying (AWD)
AWD is an irrigation method involving periodic application of water 
followed by aeration of the soil. The period between irrigations is 
1–10 days, depending on soil type, weather and crop growth stage. 
This method reduces water withdrawal by 10–20 percent as well 
as methane emissions.
Flooding of rice fields is a weed management practice that 
exploits the ability of rice to withstand anaerobic soil conditions 
(an ability lacking in weeds), thus helping farmers to reduce both 
labour and herbicide use. However, rice grows better in aerobic 
soil conditions, which result in fewer lodging problems thanks to 
the deeper rooting systems that improve the plants’ anchorage. 
Balancing the advantages of AWD with the need for weed 
management in the context of labour scarcity is possible with 
weed control at land preparation and ad hoc flooding periods 
of 2–3 weeks to suppress weeds. This requires a very efficient 
and equitable water management system so that each farmer 
can control the water supply independently and receive it when 
needed, even under a system of upstream control. 
The water-saving benefits of AWD will not be immediately enjoyed 
by farmers in the command area; nevertheless, AWD will require 
immediate behavioural changes, particularly by those at the top 
end. It is therefore important that farmers are aware that they will 
all benefit individually from increased water availability during the 
subsequent season. 
Iron (Fe) toxicity may occur with permanent flooding and it causes 
leaf discoloration (bronzing) and a stunted root system. AWD is 
recommended for soils affected by iron toxicity because dry soil 
conditions prevent the formation of ferrous ions. 
On the other hand, AWD is not recommended for soils affected by 
salinity, because the alternation of wet and dry regimes causes 
the deposition of toxic ions in the root zone. To address salinity, 
the water level would need to remain constantly above the surface 
level.
See Box 1 for a full description of AWD management. 

√ √ √
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Problem Greenhouse gas emissions 
Agriculture releases to the atmosphere significant amounts 
of CO2, CH4 and N2O. CO2 is released largely from microbial 
decay or burning of plant litter and soil organic matter. CH4 is 
produced when organic materials decompose in oxygen-deprived 
conditions, such as when rice is grown under flooded conditions.
Flooding fields is a principal source of methane due to the 
anaerobic decomposition of organic matter, but it limits emissions 
of nitrous oxide. 
Periodically aerating soils interrupts methane release, but it 
causes the release of nitrous oxide and nitric oxide mainly through 
ammonia volatilization. 
Methane and nitrous oxide are both potent greenhouse gases 
released by microbial processes. 
Methane is released as a result of the decomposition of organic 
matter (e.g., crop residues, soil organic matter and organic 
amendments) by methanogenic and methanotrophic microbial 
communities under anaerobic conditions. 
The recurring shift between aerobic and anaerobic conditions 
induced by intermittent soil aeration inhibits methane-producing 
bacteria (methanogenic and methanotrophic) and interrupts 
methane release, but it enhances the transformation of inorganic 
and organic nitrogen fertilizer in nitrates (by nitrification). 
Intermittent soil aeration (as in AWD systems) inhibits 
methanogenic and methanotrophic methane-producing bacteria 
and interrupts methane release, but it increases nitrification and 
denitrification bacterial activities. If the nitrates produced are not 
taken up by the plants, nitrogen is released into the atmosphere 
(by denitrification).
Adoption of the practices described will ensure that the switch in 
greenhouse gas emissions from methane to nitrous oxide (caused 
by an improvement in irrigation management by passing from 
flooded to AWD systems) will deliver the mitigation benefits of 
AWD.

Productivity CCA CCM

Solution Selecting adapted rice varieties
Methane is produced under anaerobic conditions of submerged 
soils in flooded rice fields. 
Part of the methane bubbles up from the soil and/or diffuses 
slowly through the soil and overlying flood water. 
Most of the methane produced is released into the atmosphere via 
gas spaces in the rice roots and stems. 
Rice varietal differences in methane emission are noticeable. 
Selecting low emission varieties (such as Bg 300 and Bg 352) can 
increase the climate change mitigation potential of rice production 
systems. 
Farmers typically prefer long-duration varieties as they require 
less maintenance. To convince farmers to select a different variety 
to mitigate methane emissions, there needs to be a market for the 
variety and seeds available.

√ √
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Productivity CCA CCM

Solution Improving fertilizer management
Improved management of nitrogen fertilizer includes the following 
practices that increase overall crop nitrogen use efficiency 
reducing nitrification of ammonia to nitrates and improving access 
to root zone nutrients.
• Instead of spreading basal fertilizer (triple superphosphate) 

over the open fields, application in nursery trays can reduce 
fertilizer requirements by approximately 40–45 percent from 55 
kg/ha to 30 kg/ ha. This recommendation applies both to trays 
used for manual parachuting and to those used for mechanical 
transplanting.

• Instead of applying a standard dose of basal fertilizer (triple 
superphosphate) for all fields in the command area, doses can 
be targeted for each plot based on laboratory soil tests (Box 2).

• Doses of urea can be calculated using leaf colour charts so 
that the nitrogen needs of the crop can be addressed at each 
stage and the amount of urea reduced by approximately 20 
percent without compromising the yield. The leaf colour chart 
has four green strips with colours ranging from yellow green to 
dark green. It determines the greenness of the rice leaf, which 
indicates its nitrogen content (Box 3). 

√ √

Solution Improving water management
See improved water management practices for AWD above and 
in Box 1.

√ √ √

Solution Rice straw management
Normally rice is harvested with combine harvesters and the straw 
is evenly spread on the field surface. 
Burning the straw is banned in Sri Lanka. Retaining the straw 
on the field is an important factor in controlling greenhouse gas 
emissions from lowland rice-cropping systems. In addition to 
greenhouse gas emissions, straw management plays an important 
role in the carbon cycle thanks to its high carbon content, which 
improves farmers’ resilience to climate change. Soil organic 
carbon is an important indicator of soil fertility. 

√ √ 

Problem Low productivity
Most farmers use their own seeds because of the high cost (LKR 
85 [USD 0.46]/kg) and lack of availability at the right time of 
certified seeds in private or public agribusinesses. The purity and 
the quality of uncertified seeds, however, are very low, resulting in 
frequent weed, pest and disease infestations and low yields. 
Most farmers also use broadcasting as a planting method. Plant 
density in seed broadcasting is generally excessive, causing 
competition for nutrition, which results in lower tillering and lower 
yield compared to improved planting methods. 
Furthermore, broadcasting results in an uneven crop stand that 
cannot compete with weeds. The yield is impacted and weed 
management results in reduced quality because only chemical 
and manual weeding are possible in broadcasted crop systems. 
Harvest losses are also frequent, because the stems are weaker 
and the plants are subject to lodging due to wind, which makes 
harvesting difficult. 
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Productivity CCA CCM

Solution Adopting integrated weed management 
AWD requires a new approach to weed management that relies on 
pre-emptive measures. All practices recommended in this guide, 
including those indicated in the rest of this section, have multiple 
purposes and are conducive to preventing the dispersal of weed 
seeds. Additional practical suggestions include: 
• preventing weed seed production in farmers’ fields as well as 

in neighbouring bunds, on fallow land and in irrigation canals to 
deplete the weed seed bank;

• promoting seed decay of non-persistent weeds;
• stimulating fatal germination of weed seeds (e.g. stale seed 

bed); and
• preventing weed germination and emergence through mulching.

√

Solution Using quality seed 
Using government-certified seed paddy available at One Stop 
Super is the best solution for farmers to ensure good germination 
and minimize dispersal of weed seeds. 
Furthermore, the Rice Research and Development Institute 
provides free training for innovative and progressive farmers to 
register as certified seed paddy producers at the Seed and Planting 
Material Development Centre of the Department of Agriculture. 
Their role is important to meet seed requirements from the village 
and sell any excess seed to the Department of Agriculture as well 
as to farmers in neighbouring villages.

√ √

Solution Planting with line seeder (drum seeder) 
Rice planted with the line seeder produces a higher number of 
tillers per unit area and hence higher yields, with fewer seeds than 
with broadcasting (Box 4). The cost for seeds is 50 percent lower 
with this method.
A regular spatial layout facilitates weeding operations, which can 
also be mechanized. Also chemical control for pests and diseases, 
if needed, can be undertaken. 
The disadvantage of germinated seeds in regular lines on the soil 
surface is that the birds and other wild animals can easily pick the 
exposed seeds. Exposed seeds lying on the soil surface can also 
be washed away by heavy rainfall in the Maha season.
The market price for a locally manufactured line seeder (drum 
seeder) is about LKR 25 000 (USD 125) and farmers can either 
invest in it or rent it from One Stop Super. The cost of planting with 
the manual line seeder is lower than with other improved methods 
(e.g. parachuting and mechanical transplanting – described 
below).

√ √

Solution

segue

Planting with parachute method 
The parachute technique comprises the following steps:
• Pregerminate seeds in flexible plastic trays (56 cm × 34 cm × 2 

cm, containing 434 plugs). To plant 1 ha, 16 000 seedlings are 
required (1 000 trays/ha), i.e. a seed rate of 30 kg/ha.

• Fill plugs to three-quarters with mud mixed with triple 
superphosphate fertilizer (30 kg/ha).

• Place 2–3 healthy seeds and cover with a thin layer of soil.
• Apply water as required.
• Remove seeds after 12–14 days (roots developed, seedlings 20 

cm) ensuring that soil is retained.
• Broadcast in projectile manner (40–45 seedlings/m2) – seeds 

will fall upright as they have developed roots.

√ √
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The same parachute trays can be used for about four cropping 
seasons. They cost approximately LKR 40 (USD 0.21) and can be 
purchased at One Stop Super.  
Raising seedlings in plastic trays reduces the nursery bed area, 
saves labour for broadcasting and creates a levelled seed bed.
The significant yield increase achieved with the parachute method 
is the most attractive benefit for farmers. Yields are 10–15 percent 
higher than with broadcasting.
The application of basal fertilizer (triple superphosphate) in the 
nursery trays – rather than broadcasting it over the fields – 
reduces fertilizer use by approximately 50 percent. 
The parachute method enables early transplanting, which 
promotes early tillering, which in turn gives plants an advantage 
to compete with weeds and dry spells; it reduces weed infestation, 
eliminating or significantly reducing costs associated with 
herbicides; and it produces higher yields. Thanks to the high 
number of tillers developed by the plants, parachuting reduces 
seed requirements by 75 percent compared with broadcasting.
The cost of parachuting for 0.5 ha is LKR 56 842 (USD 308), which 
is lower than broadcasting (LKR 62 818 [USD 340]) because the 
saving in seeds compensates for the investment in the trays.

√ √

Solution Planting with mechanical transplanter
Mechanical transplanting is recommended for long-duration 
varieties (4–4.5 months). Transplanters have an inter-row spacing 
of 30 cm. Accordingly, the recommended spacing between hills is 
12–20 cm, with 4–5 plants per hill (Figure 5). 
Mechanical transplanting allows 10–15 percent higher yields than 
the conventional broadcasting method. 
Given the high initial capital for the transplanter (> LKR 600 000 
[USD 3 243]) and nursery trays, service providers offer planting 
services for LKR 15 000 [USD 78] per hectare.

√ √

Solution Growing drought-tolerant rice varieties during the Yala season
Adapting crop systems to low water availability requires the 
use of crop varieties selected for stress escape (suitable length 
of the growing cycle/phenological stages), stress tolerance (to 
heat shock, drought, waterlogging, low temperature, emergent 
pests and diseases) and stress avoidance (low water requirement, 
optimal water use pattern). Major adapted rice varieties include Bg 
251, Ld 253, Bg 252 and Bg 300.

√ √

Solution Growing a short-duration pulse crop between the Maha and Yala 
seasons 
In the Yala season, only the plots located along the canal 
originating from the lowest sluice gate of the reservoir receive 
water for rice production. The rest of the command area does not 
receive irrigation water and is usually left fallow. 
Thanks to the improved water management practices described 
in this guide, farmers can grow a 2–3-month crop between the 
Yala harvest in June–July and the beginning of the following Maha 
cropping season in September–October, instead of leaving the 
land fallow in the inter-season.
The short-duration (2 months) crop, green gram, is ideal for 
increasing cropping intensity, enriching soil with nitrogen and 
preventing proliferation of weeds. 
Green gram is usually broadcasted the day before paddy 
harvesting. To reduce the seed rate, it is recommended to 
plant through stubbles using a no-till seeder immediately after 
harvesting.

√ √ √

Note: CCA –  climate change adaptation; CCM –  climate change mitigation.
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Box 1. How alternate wetting and drying (AWD) works

AWD management entails the following steps:

1. In a levelled field, select a location representative of the 
average water depth. It should be in a readily accessible 
part of the field close to the upper bund and easy to 
monitor. The number of pipes per area depend on the 
landscape of the command area (e.g. 7–8 pipes/ha if the 
land is flat). 

2. Perforate a 20-cm long 10-cm diameter plastic pipe with 
multiple holes/cuts on all sides so that the water table is 
easily visible.

3. Hammer the pipe 15 cm into the soil so that 5 cm protrude 
above the soil surface. Any soil present should be removed 
from inside the tube so that when the field is flooded, the 
water level inside and outside the tube is the same. 

4. Mark the field where the PVC tube is installed.

5. Regularly measure the water level using a ruler.

6. 2–3 weeks after rice establishment, irrigate the field up 
to 5 cm above the soil surface and allow the field to drain 
until the water level reaches 15 cm below the soil surface 
(a water cycle typically takes around 7 days for loam and 
sandy soils and 10 days for clay soils). 

7. Until panicle initiation (when 50 percent of flowers are 
visible), repeat Step 6 whenever the water reaches 15 cm 
below the soil surface and whenever weed infestations 
occur. A water controller appointed to take care of water 
management for the command area needs to ensure 
adequate water supply to all fields. In order to avoid 
different fields in the command area requiring water at 
different times, an extension officer will have to advise 
farmers to align practices. 

8. For 2 weeks after the beginning of flowering, maintain 
the water level at 0–5 cm above the soil surface.

9. During the maturity stage, follow Step 6. 

10. Two weeks before harvesting, allow fields to gradually 
drain completely.

Installing a water tube in the field

Placing a pole to identify water tube location

Measuring water level with a ruler

AWD system in paddy cultivation
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Box 2. Laboratory soil tests to determine dose of triple superphosphate

Soil phosphorous availability Recommended dose of Triple Superphosphate (kg/ha)

Low (< 5 mg/kg) 55

Medium (5-20 mg/kg) 30

High (> 20 mg/kg) 0

Determination of soil phosphorous availability
using Transchem soil testing kit:

1. Put 10 ml of reagent from bottle No. 8A in a plastic beaker and add 1 level steel spoon of powder from bottle No 9. 
2. Add 2 steel spoons of soil sample, mix thoroughly for 5 minutes and filter through special filter paper provided 

with the kit. 
3. Put 2 ml of filtered solution in a graduated glass test tube and add 6 drops of reagent from bottle No. 10A. Add 1–2 

ml of distilled water and mix gently.
4. Put 2 ml of reagent from bottle No. 11 in another graduated glass tube.
5. Add a pinch of powder with the help of the white needle spoon from the bottle containing PO4 powder and mix 

properly until it dissolves.
6. Add the reagent prepared in Step 4 into the Step 3 test tube and add distilled water until it reaches the 10 ml mark.
7. Seal the test tube with a rubber cork and mix gently. 
8. After 10 minutes, compare the colour developed using the following chart:

++

Low Medium High
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Box 3. Calculation of doses of urea using the leaf colour chart (LCC)

Leaf colour chart:

Assessment of the nitrogen fertilizer requirement of rice crops entails the following steps:
9. Randomly select at least ten disease-free rice plants or hills in a field where plant population is uniform. 
10. Select the topmost, youngest, fully expanded leaf from each hill or plant. This part best reflects the nitrogen content 

of the plants. 
11. Place the middle part of the leaf on the leaf colour chart and compare its colour with the colour panels. Do not 

detach or damage the leaf. 
12. Always measure the leaf colour in the shade of your body as direct sunlight affects leaf colour. If possible, the same 

person should always read the leaf colour chart and at the same time of day. If the colour of a rice leaf is between 
two values, use the average value. For example, if the colour is between colour 3 and colour 4, use 3.5. 

13. After measuring the colour of the 10 leaves, calculate the average value. 
14. Look for the average value in the table to identify the recommended amount of urea to be applied. For example, if 

during the third week after planting, the colour of the leaf is equivalent to colour 3 in the LCC chart, there is no need 
to apply urea. If during the fifth week the colour of the leaf is equivalent to colour 3 in the LCC chart, apply 50 kg/ha 
of urea.

Weeks after 
planting

Leaf Colour equivalent 
to colour 1 in the LCC 

chart

Leaf Colour equivalent 
to colour 2 in the LCC 

chart

Leaf Colour equivalent 
to colour 3 in the LCC 

chart

Leaf Colour equivalent 
to colour 4 in the LCC 

chart

2 - 62.5 - -

3 - 62.5 - -

4 - 150 50 -

5 - 200 100 -

6 - 92.5 55 18.75

7 - 75 37.5 -

8 - 75 37.5 -
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Box 4. Spatial layout of paddy rice

Comparison between direct seeding and motorized transplanting:

Regular spatial layout in paddy field:

Figure 5: Mechanical transplanter

20cm

8cm

Spatial layout of paddy rice
planted with direct line seeder

Spatial Layout of paddy rice
transplanted with motorised
transplanter
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STEPWISE IMPLEMENTATION OF CLIMATE-SMART RICE-BASED CROP SYSTEMS

Table 7: Traditional farmer practices for lowland paddy cultivation in the Maha season

OPERATION TASK TO BE PERFORMED

Land Preparation
Primary land preparation using a disc plough attached to a two-wheel 
or four-wheel tractor

Secondary land preparation is performed using a rotary tiller.

Bund forming and bund 
plastering Clearing and forming of bunds after land preparation to avoid seepage

Fertilization Application of 5 kg of zinc sulphate and 55 kg of TSP by manual 
broadcasting

Day 1 Planting Manual broadcast of pre-Germinated seed paddy 100kg/ha

Day 12 - 30 Weed management Thinning out of weeds or application of chemicals to control weeds

Day 21 Fertilizer application Application of 50 kg/ha of urea by manual broadcasting

Day 35 Fertilizer application Application of 75 kg/ha of urea by manual broadcasting

Day 49 Fertilizer application Application of 65 kg/ha of urea by manual broadcasting

Day 56 Fertilizer application Application of 35 kg/ha of urea by manual broadcasting

Day 100 - 105 Harvesting Harvesting of paddy with a combine harvester

Note: TSP – triple superphosphate.

Table 8: Climate-smart lowland paddy production technologies in the Maha season using 
transplanting methods: motorized transplanter/parachuting

OPERATION TASK TO BE PERFORMED

Land Preparation

Bund forming and 
bund plastering Clearing and forming of bunds after land preparation to avoid seepage

Fertilization

Application of 5 kg of zinc sulphate and 22 kg of TSP into the nursery trays 
used for transplanting and parachuting
During the season, monitoring of the colour of leaves on a weekly basis 
using the leaf colour chart method (Box 3) and application of urea 
accordingly

Integrated pest 
management

Implementation of integrated pest management practices recommended 
by the Department of Agriculture throughout cultivation

Day 1 Establishment of 
nursery

Parachute: Preparation of nursery trays (1 000/ha) with seed rate of 30 kg/ha
Transplanting: Preparation of nursery trays (200/ha) with seed rate of 75 
kg/ha

Day 14 - 16 Transplanting
Parachute: Projectile tossing of plant plugs into the paddy field by trained 
labour
Transplanting: Planting of seedlings with paddy transplanting machine

Day 10 - 16 Water management Starting of AWD irrigation method

Day 14 - 21 Weed management
2–3 weeks after rice establishment, irrigation of the field up to 5 cm above 
the surface level, allowing the field to drain until the water level reaches 15 
cm below the soil surface

Day 28 - 30 Weed management
Parachute: Manual thinning out of weeds as necessary
Transplanting: Mechanical controlling of weeds with motorized paddy weeder

Day 42 - 44 Water management Transplanting: Mechanical controlling of weeds with motorized paddy 
weeder

Day 90 - 95 Harvesting Termination of AWD, allowing water to gradually drain from the field

Day 100 - 105 Drying and storing Harvesting of paddy with a combine harvester

Day 105 - 107 Drying and Storing Use of paddy drying machinery to dry paddy as soon as possible after 
harvesting, measuring the moisture level before storing (see Annex)

Note: TSP – triple superphosphate; AWD – alternate wetting and drying.
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Table 9: Climate-smart lowland paddy production in the Maha season using direct line seeding

OPERATION TASK TO BE PERFORMED

Land preparation 

Bund forming and bund 
plastering Clearing and forming of bunds after land preparation to avoid seepage

Fertilization

Application of 5 kg of zinc sulphate and 55 kg of TSP by manual 
broadcasting.
During the season, monitoring of colour of leaves on a weekly basis 
using the leaf colour chart method (Box 3) and application of urea 
accordingly.

Integrated pest 
management

Implementation of integrated pest management practices recommended  
by the Department of Agriculture, throughout cultivation.

Day 1 Seed establishment Planting of seeds in the field using direct line seeder with seed rate of 
30 kg/ha

Day 10 - 14 Water management Starting of AWD irrigation system (Box 1)

Day 14–16 Weed management Use of manual cono weeder to control weeds

Day 14–21 Water management
2–3 weeks after rice establishment, irrigation of the field up to 5 cm 
above the surface level, allowing the field to drain until the water level 
reaches 15 cm below the soil surface

Day 28–30 Weed management Use of manual cono weeder to control weeds

Day 90–95 Water management Termination of irrigation, allowing water to gradually drain from the field

Day 100–105 Harvesting Harvesting of paddy with a combine harvester

Day 105–107 Drying and storing Use of paddy drying machinery to dry paddy as soon as possible after 
harvesting, measuring the moisture level before storing (see Annex)

Note: AWD – alternate wetting and drying; TSP – triple superphosphate.
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Rice
Rice is a short-day plant requiring a hot and humid climate. For optimal growth and development, average temperatures 
of 21–37 °C and mild night-time temperatures of 15–20 °C are preferable. High night-time temperatures can lead to loss 
of reserved food through greater respiration. Specific temperature requirements are different for different stages of 
development. In terms of humidity, moist humid weather during vegetative growth and dry sunny weather during ripening 
are most desirable. High wind velocity and storms are not desirable, as they cause lodging or shattering, depending on 
the crop growth stage.

Temperature and rainfall requirements of rice at different stages of development

Flowering begins one day after heading and continues down the panicle until all the florets have opened. Anthesis 
begins with the opening of the florets followed by stamen elongation. As pollen shedding generally occurs within 
minutes of floret opening, pollen is usually shed onto the florets of the same panicle, resulting in self-fertilization. 
Fertilization can be completed in just a few hours and is the stage when rice is most sensitive to cold temperatures. 
Table 1 provides the fertilizer applications for the dry and intermediate zones as recommended by the Department 
of Agriculture.

For vegetative growth, the optimal temperature is 25–30 °C, for flowering it is 26.5–29.5 °C and for ripening 20–25 
°C. The critical mean temperature for flowering and fertilization is 16–20 °C, and temperatures above 35 °C affect 
pollen shedding and grain filling. 

As the rice plant grows, primary tillers begin to emerge from the axial nodes of the lower leaves. These give rise to 
the secondary tillers, from which tertiary tillers can also develop. 

Grain ripening starts when the florets are fertilized and the ovaries begin to develop into grains. For higher yield, 
the crop should receive more than 300 hours of sunshine during the last 45 days before harvest. Low solar 
radiation hampers ripening of grains and disproportionately increases chaff production. Initially, the grain fills with 
a white, milky fluid as starch deposits begin to form. The panicle remains green at this stage and begins to bend 
downwards. Leaf senescence continues from the base of the tillers, but the flag-leaf and the two leaves below 
remain photosynthetically active. The grain then begins to harden into the soft dough stage. Husks begin to turn 
from green to yellow, and senescence of the leaves and tillers is at an advanced stage. During the final stage, the 
grain matures, becoming hard and dry, husks begin to turn from green to yellow, and the entire plant begins to turn 
yellow and dry, at which point the grain can be harvested. When rice is harvested it is called “paddy”. Paddy refers 
to a complete seed of rice.

Rice can be grown in all types of soils, from light to heavy, and in soils with a wide pH range (4.0–8.0). However, clay 
soils with high water-holding capacity and a slightly acidic pH of 6.0–7.0 are desirable. More than 98 percent of Sri 
Lanka’s rice areas are cultivated with improved, high-yielding, self-pollinating varieties (Table 2). 

The long history of rice cultivation in Sri Lanka spans over 2 000 years and is closely linked with climatic variations 
in the region where rice is grown, resulting in a high varietal diversity of rice (Table 2). There are several indigenous 
rice varieties that can tolerate different climatic and soil conditions and are highly resistant to pests and diseases, 
for example: traditional upland varieties well known for their drought tolerance; varieties grown in coastal areas and 
the floodplains of rivers with tolerance to submergence and flash floods; varieties cultivated at higher elevations (> 1 
000 m) that grow at low temperatures; and varieties with broad-based resistance to serious pests, high salinity and 
other adverse soil conditions. 

Annual
Average
Optimal
Temp

TempCelsius

Emergence

days 0-5 6-45 46-75 76-105

Root
Formation

Tillering

Panical
initiation
Heading
(50%)

Heading
Maturity

(85%)

Annual
Average
Optimal
Rainfail

mm/year

4000
2200
2100

2000
1900
1800
1700
1600
1500
1400
1300
1200
1100

1000

37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
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Table 1: Recommended fertilizer applications for the dry and intermediate zones

DURATION  
OF THE CROP

TIME OF  
APPLICATION

TYPE OF FERTILIZER AND QUANTITY (KG/HA)

Urea TSP MOP Zinc Sulphate

3-month varieties

Basal dressing 55  5

1st Top dressing (2 WAP) 50   

2nd Top dressing (4WAP) 75 25  

3rd Top dressing (6 WAP) 65 35  

4th Top dressing (7 WAP) 35   

Total 225 55 60 5

3.5-month 
varieties

Basal dressing  55  5

1st Top dressing (2 WAP) 50   

2nd Top dressing (4WAP) 75 25  

3rd Top dressing (6 WAP) 65 35  

4th Top dressing (8 WAP) 35   

Total 225 55 60 5

4-month varieties

Basal dressing  55  5

1st Top dressing (2 WAP) 50    

2nd Top dressing (4WAP) 75  25  

3rd Top dressing (7 WAP) 65  35  

4th Top dressing (9 WAP) 35    

Total 225 55 60 5

Note: MOP – potassium chloride, muriate of potash; TSP – triple superphosphate; WAP – weeks after planting.
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Table 2. Popular rice varieties categorized by length of growing cycle recommended for local 
conditions

VARIETIES VARIETAL CHARACTERISTICS SUITABLE USES

Bg 251 Ultra-short duration (80-85 days) Medium yielding Recommended for Yala and as a 
drought-tolerant variety

Bg 252 Ultra- short duration (80-85 days) Medium yielding Recommended for Yala and as a 
drought-escaping variety

 Ld 253 Ultra-short duration (80-85 days) Medium yielding Recommended for Yala and as a 
drought-escaping variety

Bg 750 Ultra-short duration (80-85 days) Medium yielding Recommended for the Yala and as a 
drought-escaping variety

Bg 300 Short duration (3 months, 90-99 days) High yielding Recommended for both Yala and Maha

At 307 Short duration (3 months, 90-99 days) High yielding Recommended for both Yala and Maha

At 308 Short duration (3 months, 90-99 days) High yielding Recommended for both Yala and Maha

Bg 310 Short duration (3 months, 90-99 days) High yielding Recommended for both Yala and Maha

Bg 352 short duration (3 months, 90-99 days) high yielding Recommended for both Yala and Maha

Bg 357 Medium duration  
(3.5 months, 100-109 days)

High yielding Recommended for both Yala and Maha

Bg 358 medium duration  
(3.5 months, 100-109 days)

High yielding Recommended for both Yala and Maha

Bg 359 Medium duration  
(3.5 months, 100-109 days)

High yielding Recommended for both Yala and Maha

Bg 360 Medium duration  
(3.5 months, 100-109 days)

High yielding, high 
quality

Recommended for both Yala and Maha

Bg 362 medium duration 
(3.5 months,100-109 days)

high yielding Recommended for both Yala and Maha

Bg 366 Medium duration 
(3.5 months, 100-109 days)

High yielding Recommended for both Yala and Maha

Bw 367 medium duration  
(3.5 months, 100-109 days)

high yielding Recommended for both Yala and Maha

Bg 368 Medium duration  
(3.5 months, 100-109 days)

High yielding Recommended for both Yala and Maha

Bg 374 medium duration  
(3 months, 100-109 days)

high yielding Recommended for both Yala and Maha

Bg 94-1 Medium duration 
(3.5 months, 100-109 days)

High yielding Recommended for both Yala and Maha

Bg 403 Long duration (4 months) High yielding Recommended for Maha; 
recommended for Yala with assured 
irrigation

Bg 406 Long duration (4 months) High yielding Recommended for Maha; 
recommended for Yala with assured 
irrigation

Bg 379/2 Long duration (4.5 month) high yielding Recommended for Maha

Bg 450 Long duration (4.5 month) high yielding Recommended for Maha
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SUPPORTIVE CLIMATE-SMART SOLUTIONS BEYOND THE 
FARM LEVEL AND ACROSS CROP SYSTEMS

This section addresses the supportive climate-smart responses to the 
main challenges to increasing productivity and profitability.  
These supportive solutions address critical problems and gaps inherent 
in the institutional and infrastructural systems underpinning the current 
agricultural production and marketing systems. They are essentially 
macro in nature – that is, they go beyond the individual farm level – and 
are crucial to reinforce and complement the intensification, productivity 
and profitability impacts of the climate-smart solutions detailed earlier 
(for both traditional upland crop systems and lowland irrigated rice-based 
crop systems). The aim is to offer collective services to all farmers and 
crop systems by helping them to improve both crop productivity  
and farm profitability. 

Table 10 shows the major institutional and infrastructural constraints 
at the various crop stages and the relative climate-smart solutions for 
enhancing crop productivity, farm income and profitability. Specific 
problems and solutions are then explored in further detail under 
“Institutional and infrastructural problems and solutions”.

The institutional and infrastructural system is key to improving profitability and hence income. Profitability 
depends on crop productivity (yield) and price, but farmers often obtain low prices due to problems connected to 
production or marketing or both. 

Problems during production affecting output quantity and/or quality and resulting in low income:

• erratic rainfall or unreliable irrigation;

• insufficient or untimely input supply (including due to credit); and

• inefficient extension support. 

Problems during post-harvest and marketing resulting in low prices: 

- immediate or distress sales to local lenders/traders;

- low/no bargaining power;

- lack of strategic sales due to absence of storage facilities or aggregation arrangements; and

- poor output quantity/quality due to poor processing and post-harvest losses. 

These constraints can undermine the performance of all crop systems – both traditional and climate-smart. 

This section offers solutions to major institutional and infrastructural problems, providing the key for farmers to 
enhance productivity, profitability and income.  
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Table 10 - Major institutional and infrastructural constraints and solutions at different crop stages

Crop stages INSTITUTIONAL SPHERE INFRASTRUCTURAL SPHERE 

Problems Solutions Problems Solutions

Production

• Lack of farmer 
organizations (or 
existing ones are 
weak).

• Poor input supply 
systems and 
scarcity of individual 
input and credit 
procurement.

• Inefficient/reactive 
extension support.
Low quantity and 
poor quality of 
output.

• Establish/provide 
guidance for farmer 
organizations.

• Assure timely supply 
of inputs and group 
credit and input 
procurement.

• Provide efficient/
proactive extension 
support.

• Enhance quantity 
and quality of output.

• Unreliable and poor 
irrigation storage 
systems.

• Inefficient and 
poorly maintained 
water distribution 
networks.

• Absence/non-use 
of supplemental 
irrigation wells.

• Implement reliable 
and renovated 
irrigation storage 
systems.

• Renovate and 
improve efficiency 
of distribution 
networks with farmer 
management.

• Renovate/dig 
supplemental 
irrigation wells. 

Harvest and  
post-harvest

• Unsuitable 
traditional harvest 
and post-harvest 
methods leading 
to output damage/
loss.

• Poor packaging 
materials and 
transport leading 
to output damage/
loss.

• Adopt improved 
harvest technologies 
and methods with 
fewer  output losses, 
fostering farm 
machinery hubs and 
group-hiring. 

• Use high-quality/
affordable preserving 
and transport-safe 
packaging materials.

• Lack of efficient and 
all-weather drying 
and processing 
facilities. 

• Lack of pre-market 
aggregation centres 
and transitory 
storage facilities.

• Establish efficient, 
affordable and 
climate-proof drying 
and processing 
facilities. 

• Create pre-market 
aggregation centres 
and transitory 
storage facilities, 
and promote virtual 
marketing to avoid 
costs associated 
with unnecessary 
commissions, 
transportation and 
losses.

Marketing

• Immediate/distress/ 
Individual sales 
to local traders/
moneylenders.

• Lack of tie-ups 
with supermarkets/
corporate bodies. 

• Absence of 
institutional options 
with banks/other 
bodies to partially 
monetize by 
pledging outputs.

• Poor organization 
of farmer/producer 
groups resulting in 
weak bargaining 
power. 

• Low crop prices and 
uncertain payments.

• Adopt strategic/
group marketing, 
selling directly in 
wholesale markets.  

• Establish tie-ups 
with supermarkets/
corporate bodies.

• Create options with 
banks/other bodies 
to partially monetize 
by pledging outputs.

• Increase bargaining 
power of organized/
federated farmer 
producer groups. 

• Raise crop prices and 
guarantee payment.

• Inadequate and very 
costly transport for 
reaching market 
centres. 

• Lack of safe and  
weather-proof 
storage facilities. 

• Absent or weak local 
and intermediate 
markets near 
production centres.

• Develop affordable 
transport 
arrangements to 
access market 
centres.

• Build modern and 
temperature-
controlled storage 
facilities.

• Support local and 
intermediate markets 
near production 
centres by 
developing road and 
transport networks, 
and promote virtual 
marketing with the 
development of 
app-based marketing 
mechanisms.

Notes:
The table is based on the following caveats and assumptions:
• The solutions are not simple and their impact is not immediate, but even partial and/or selective implementation can 

contribute to improving and sustaining agricultural performance across farming systems.
• The impacts will be similar (if not identical) for all farmers and all crop groups in both upland and lowland farming 

systems.
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Institutional and infrastructural problems and solutions
Problem Production stage: low quantity and poor quality of crop output 

Institutional sphere: Input (e.g. seeds, fertilizers, agrochemicals 
and bank-based credits) supplies are often insufficient, resulting 
in an excessive reliance on moneylenders who can cover as much 
as 50 percent of needs. The lack of producer organizations means 
that farmers procure inputs and credits individually; the result is 
that they are susceptible to exploitation and inputs are of poor 
quality and costly. The extension system is more reactive than 
proactive and characterized by staff who lack the training to cover 
the vast service areas; services at both the individual and the 
group level are neither sufficient nor consistent enough to make 
a difference, especially given the absence of effective farmer 
organizations. 
Infrastructual sphere: Irrigation storage systems are old and 
typically characterized by insufficient water storage capacity, 
inadequate water conveyance and poor water use efficiency.  
Farmer groups are barely (if at all) involved in the maintenance and 
management of these infrastructures, which are unable to meet 
irrigation needs across farms and over seasons. The situation 
is further exacerbated by the absence or poor reliability of 
supplemental irrigation wells. Consequently, the irrigation supply 
is undependable and erratic, resulting in an output (in terms of 
both quantity and quality) well below the potential. This situation 
is common, especially in northern and eastern dry zones, as well 
as in regions outside the Mahaweli System. 

Productivity Profitability CCA

Solution Enhancing quantity and quality of crop output 
Institutional sphere: The relevant institutions must have a strong 
enabling influence during crop production, covering key areas 
such as input and credit supply, extension support, and farmer 
organizations. The latter play a central role in crop planning and 
water allocation (especially during times of water scarcity), system 
maintenance and management, marketing, and enhancing and 
conveying the effectiveness of both input supply and extension 
systems. Farmer organizations are key to enhancing the quantity 
and quality of output. Specific steps include:
• Creation of strong, organized and trained farmer organizations 

with formal registration and mandates. 
• Strengthening of public input and provision of credit for better, 

adequate and timely supply of inputs to effectively compete 
with the private sector.

• Farmer-managed group procurement of key inputs and also 
group credit arrangements with public and private banks and 
other financial bodies.

• Efficient and proactive extension services mediated through 
farmer organizations to improve reach and address staff 
inadequacy. 

Infrastructural sphere: A renovation programme is needed to 
improve irrigation storage systems and water distribution networks 
and to revive and create supplemental irrigation wells. Farmer 
organizations need to be responsible for water allocation and 
system maintenance and management. If implemented together 
with the necessary agronomic inputs, water infrastructures can 
then improve productivity on a sustainable basis. Specific steps 
include: 
• Renovation of irrigation storage systems to enhance water 

storage capacity.
• Renovation of water delivery systems and water distribution 

networks to reduce water loss and improve conveyance 
efficiency.

• Revival and creation of supplemental irrigation wells to meet 
water needs.

• Promotion of CSA technologies for improving on-farm water use 
efficiency and water productivity.

• Creation/strengthening of farmer organizations, encouraging 
their active involvement in water allocation and system 
maintenance and management.

√ √ √
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Problem Harvest and post-harvest stage: high harvest/post-harvest losses 
and quality damage 
Institutional sphere: The predominance of traditional harvest 
and post-harvest practices, typical of informal rural institutions, 
leads to substantial output losses occurring during harvesting, 
threshing, drying, packaging, transporting and storing. Depending 
on the crop, losses are estimated at 30–40 percent (325 kg/ha 
for maize, 275 kg/ha for paddy and 115 kg/ha for groundnut). 
Manual and animal-based harvesting and threshing practices 
are common (even though 60 percent of farmers are reported 
to use various kinds of machines) and much less efficient than 
combine harvesters. Almost 90 percent of crops are dried using 
traditional practices (e.g. spreading on roads and other common 
areas) resulting in output loss and damage; packaging, storing 
and transporting practices also result in losses and damage.
Infrastructual sphere: For most crops in the majority of areas, 
post-harvest infrastructures – all-weather drying yards, crop 
processing facilities, pre-market aggregation centres, transitory 
storage spaces – are inadequate and sometimes totally lacking, 
with serious effects, especially in the rainy season and under 
cloudy conditions, when exposure to rain and moisture results 
in even greater crop losses and damage. For instance, about 75 
percent of paddy coming to mills is estimated to be ≤ grade 3 
due to high moisture and foreign matter content, immature and 
unfilled grains, damaged/discoloured grains, and type admixture. 
Such problems arise in the production stage as well as the harvest 
and post-harvest stages.

Productivity Profitability CCA

Solution Reducing harvest/post-harvest losses and preserving output 
quality  
Institutional sphere: The institutional, technological and 
infrastructural dimensions are clearly intertwined: in order to 
reduce losses and improve quality, new and improved practices 
must be adopted through enhanced availability and affordability 
of harvest and post-harvest technologies and infrastructures. 
Specific institutional and technological steps include:
• Promotion of improved harvest technologies such as mini 

combine harvesters.
• Creation of affordable “farm machinery hiring hubs” and 

promotion of group hiring through farmer organizations to 
share costs.

• Introduction of improved and affordable quality-preserving 
and transport-safe packing materials such as plastic bags and 
crates.

• Organization of on-farm output pick-ups by sellers through 
forward contracts. 

Infrastructural sphere: The availability of affordable temperature-
controlled all-weather drying and processing facilities, better-
ventilated storage systems, pre-market aggregation and 
transitory storage amenities, and transport services can reduce 
considerably post-harvest losses for most farmers. Since these 
facilities require major investments, they need to be multipurpose 
integrated complexes to ensure year-round utilization and realize 
scale economies. From an operational, logistical and managerial 
perspective, such facilities may be linked with service agencies 
(e.g. agrarian service centres) and local farmer organizations.  
Specific infrastructural steps include:   
• Establishment of efficient, affordable and climate-proof drying 

facilities with arrangements for grading and processing of all 
major crops. 

• Creation of pre-market aggregation centres (preferably close 
to drying and processing facilities) or of transport points for 
reaching these facilities. 

• Construction of transitory storage facilities or warehouses with 
good ventilation and temperature and humidity control. 

√ √ √
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Problem Marketing stage: lower and uncertain output prices and farm 
income  
Institutional sphere: TThere exist a wide range of institutional 
problems and constraints at the marketing stage. They are 
particularly challenging because they are rooted in structural 
issues and traditions and they face strong resistance from 
economically entrenched interest groups. Traditionally, 
immediate/distress sales to local traders/moneylenders are 
common practice and, despite some changes, farmers still sell 
about 65 percent of their output immediately after harvest in 
order to meet production costs. Farmers’ vulnerable economic 
situation leaves them in a weak bargaining position, and this is 
exacerbated by the absence/ineffectiveness of market-related 
supportive policies and institutions. The absence of farmer 
organizations means that there are no joint marketing initiatives; 
combined with limited public procurement, this results in low crop 
prices. Further, farmers cannot make delayed or strategic sales 
due to the absence of affordable storage facilities, nor can they 
partially monetize their output by pledging it with banks/other 
bodies due to the lack of relevant policies. There are limited direct 
sales through wholesale markets and tie-ups with supermarkets/
corporate bodies. The result is low and uncertain crop prices and 
reduced farm income.
Infrastructual sphere: Many institutional problems at the 
marketing stage originate with or are reinforced by the limitations 
in market-related infrastructure. For instance, the lack of accessible 
and affordable storage facilities and transport arrangements is 
responsible for the absence of economic incentives for joint sales 
and direct marketing through farmer organizations. The shortage 
of local and intermediate markets close to production centres 
creates the conditions for traders to exploit weak farmers.  Even on 
the rare occasions that such markets exist close to urban centres, 
they are characterized by weak competition due to collusion 
among traders, private input suppliers and moneylenders. These 
limitations contribute to the inability of farmers to obtain their due 
prices. 
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Productivity Profitability CCA

Solution High and guaranteed prices and farm income   
Institutional sphere: At the marketing stage (as at the production 
and harvest/post-harvest stages), farmer organizations are key.  
Once farmer organizations are in place, it becomes much easier 
to implement other solutions. For instance, strategic group sales 
lead to a fall in immediate/distress and individual sales, as farmers 
share storage and transport costs. Similarly, farmer organizations 
can facilitate direct sales through wholesale markets and 
forward contracts (e.g. maize-growing farmer organizations in 
Anuradhapura had a forward contract that resulted in prices 11 
percent above the market price, a 28-percent drop in input costs, 
a reduction in post-harvest losses, and lower processing and 
transport costs due to on-farm output pick-up). Overall, such 
solutions enable farmers to secure better prices and higher farm 
income. Specific steps include:
• Development of strong farmer organizations to gain bargaining 

power and access shared storage and transport facilities.  
• Promotion of group marketing strategies with sales directly to 

wholesale markets.  
• Establishment of tie-ups with supermarkets/corporate bodies 

through forward contracting and tripartite agreements. 
• Creation of options to partially monetize harvested and 

processed outputs by pledging them with banks/other bodies.
• Expansion of the coverage of public procurement to strategically 

guide and support crop prices. 
Infrastructural sphere: Infrastructural solutions at the marketing 
stage reinforce the effectiveness of market-related institutional 
solutions. They are mostly easy and quick to implement, the main 
requirement being investment to develop affordable transport 
arrangements and accessible and safe storage facilities. On the 
other hand, the development of local and intermediate markets is 
not easy due to logistical and structural constraints. While some 
investment may come from the private sector (especially for 
transport), most needs to come from the public sector. Specific 
steps include:
• Development of affordable transport arrangements to access 

market centres.
• Building of modern and temperature-controlled storage 

facilities, accessible and affordable to farmer organizations 
through cost-sharing.

• Development of local and intermediate markets near production 
centres.

• Development/upgrading of rural roads to strengthen market 
linkages.

√ √ √

Note: CCA = climate change adaptation and sustainability; CSA = climate-smart agriculture.
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STEPWISE IMPLEMENTATION OF SUPPORTIVE  
CLIMATE-SMART SOLUTIONS

This section includes recommendations for the proposed supportive 
climate-smart solutions and describes strategies for their stepwise 
implementation within a logical and sequential framework. They are key to 
enhancing the effectiveness and sustainability of the solutions suggested in 
earlier chapters, but there are some fundamental differences, in particular:

1.  Climate-smart solutions operate largely in the agronomic and 
technological spheres, while supportive solutions operate mainly in the 
institutional and infrastructural spheres.

2.  Climate-smart solutions depend on necessary conditions, while 
supportive solutions depend on sufficient conditions to achieve the 
same goals of crop productivity, farm profitability and agricultural 
sustainability; thus, they are mutually complementary.  

3.  They operate in different spheres with different functional roles; 
nevertheless, the impacts will ultimately be reflected in the same 
economic indicator – i.e. higher and more secure farm income.

4.  Climate-smart solutions are essentially implemented at the individual 
farm level, while supportive solutions are implemented at the collective 
and regional levels, transcending crops and upland lowland farming 
systems. 

5.  The impacts of climate-smart solutions can be observed almost 
immediately, often at the end of the crop season, while the impacts of 
supportive solutions may not be evident for several years, depending 
on their nature.

6.  Climate-smart solutions are less costly and easier to implement than 
supportive solutions, partly due to the investment size and scale and 
partly due to structural constraints.

Implementation strategies and tips
In addition to understanding these differences and complementarities, 
it is important to recognize their operational and strategic features in 
order to minimize implementation challenges and maximize operational 
synergies, exploiting strategic and sequential linkages within a set 
time frame. Key considerations for the implementation of both kinds of 
solution within a common framework are as follows:

1.  Climate-smart solutions within the technological and agronomic 
spheres can be implemented separately from supportive solutions; 
however, the latter offer the potential to enhance the level and 
sustainability of the economic impact achieved. Furthermore, since 
more time is required to feel the impact of supportive solutions, 
their implementation can be economically sustained by the benefits 
of the climate-smart solutions in the interim period. Simultaneous 
implementation of the two sets of solutions within a common 
programme is therefore best to optimize mutual operational linkages 
and synergies.
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2.  Simultaneous implementation of all solutions  – a “big bang” 
approach – is ideal; however, considering the inadequate investment 
and execution apparatus, it is necessary to adopt a prioritized and 
sequential approach.    

3.  Supportive solutions based on infrastructure are relatively easy 
and fast to implement because they depend mainly on investment 
to develop facilities such as drying yards, aggregation centres, and 
accessible and safe storage facilities. Solutions in the institutional 
sphere are more complex due to the wide range of stakeholders 
involved.

4.  When implementing infrastructural solutions, there is considerable 
scope for reducing investment while improving overall performance. 
For instance, given the close functional linkages between 
infrastructural facilities (e.g. drying yards, aggregation centres and 
storage facilities), multipurpose and integrated complexes should be 
planned in order to enable year-round utilization and realize scale 
economies. Similarly, from an operational, logistical and managerial 
perspective, these facilities could be linked with service agencies 
such as agrarian service centres and local farmer organizations. Good 
design for both individual and joint usage of facilities can minimize 
investment costs and increase impact .

5.  Institutional solutions at the marketing stage are more challenging 
and have a longer gestation period than those at the production and 
harvest/post-harvest stages; on the other hand, some institutional 
solutions at the marketing stage are more feasible and have more 
direct and immediate impacts than others – (e.g. forward contracts 
between farmer organizations and private companies). However, 
farmer organizations entering into contracts may require additional 
support to ensure that they are in a position to respect agreements 
made. 

6.  Despite the very challenging nature of institutional solutions, there 
exist practical linkages between solutions across crop stages. For 
instance, forward contracts address marketing problems, but they 
also address production problems with better and cheaper inputs and 
extension services, enhanced crop quality and quantity, and higher 
farm income. Likewise, efficient and proactive extension systems 
are essential for the effective implementation of agronomic and 
technological solutions.

7.  Finally, although institutional solutions at the various stages are 
many, varied and challenging, there is one institutional solution 
that provides important logical and operational linkages: the farmer 
organization. Therefore, all institutional solutions should be organized 
around this key institution, and this applies to both infrastructural 
solutions and climate-smart solutions operating in the agronomic and 
technological spheres. Given the centrality of farmer organizations, 
their development must be top priority. When such organizations 
exist – with the required institutional strength and functional capacity 
– the implementation of all other solutions at the different stages 
becomes smooth and effective.
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ANNEX

The solutions proposed in this guide include use of sustainable 
mechanization. However, problems of availability and affordability may 
inhibit the use of certain machinery among smallholders in Sri Lanka. 
For this reason, in parallel with the suggested introduction of new and 
more sustainable farming practices, efforts have been made to improve 
access to and affordability of sustainable mechanization through the 
creation of a “hub” for the provision of mechanization hire services. 
The hub, located in Puliyankulama (Anuradhapura district), is equipped 
with modern machines for use by its members, who include maize and 
rice farmers as well as private service providers. Any farmer or service 
provider in the area can become a member by participating in specific 
training on the adoption of conservation agriculture and on the use of 
sustainable mechanization. In addition to mechanization services, the 
hub also provides advice on sustainable farming practices and it acts as 
a matchmaker for farmers and mechanization service providers. Hiring 
rates of machines provided by the hub are initially controlled to ensure 
accessibility and adoption. The hub, based on a model promoted by 
the Sri Lanka Department of Agriculture in collaboration with FAO, is 
managed under a public–private scheme. 

Maize thresher

The maize thresher is used for threshing maize 
and removing maize seeds from the maize 
cob. Both pealed and non-pealed maize can be 
threshed with this machine. The thresher has a 
capacity of 2 500 kg/hour and is powered by a 
7–12 hp two-wheel tractor. Designed especially 
for maize, the grain damage percentage is < 1 
percent, hence the machine can also be used to 
thresh cobs cultivated for use as seed. 

Injector planter for maize coupled 
with two-wheel tractor

The injector planter is used for maize row 
seeding and can be used without land 
preparation; it is, therefore, ideal for soil 
conservation. The machine drills a hole in the 
ground and injects seeds into the soil. ©
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Groundnut pod-removing machine

The groundnut pod-removing machine is 
used to separate pods from the groundnut 
plant and has a capacity of 3 ha/day. 

Finger millet threshing 
and dehusking machine

This machine separates finger millet grain 
from millet earheads and is powered by 
a two-wheel tractor. As the drum turns, 
friction, crashing and shaking cause the 
grain granules to separate and the stems 
are expelled under the centrifugal effect. The 
machine is designed as a trailer and can be 
attached to a two-wheel tractor. 

Roller crimper

The roller crimper is one of the main 
attachments used in conservation 
agriculture. The crimper presses the crops 
into the soil to enable organic nourishment 
of the soil. As it chops the crop residues and 
presses them into the soil, it is pulled by a 
12-hp two-wheel tractor. 
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Five-row seeder coupled 
with four-wheel tractor

Accurate crop establishment is one of the main 
factors affecting yield. When crops are evenly 
distributed, they can easily and uniformly 
access inputs such as water, fertilizer and 
air. Using a seeder is the best way to achieve 
an evenly distributed field. The seeder is 
driven by a four-wheel tractor and has five 
rows for seeding. The distance between two 
rows is easily adjustable. The five units work 
independently, and for this reason the seeder 
also performs satisfactorily in uneven soil 
conditions. It is an ideal machine for large-scale 
farmers.

Jab planter 

Seeder–fertilizer applicators are in widespread 
use on large-scale farms; they are also a good 
solution for efficient and timely operations 
on small-scale farms. The jab type seeder is 
designed for smallholders and is very user 
friendly. There are six rollers for six different 
crops and only limited technical knowledge 
is required to interchange between them. A 
fertilizer applicator is included as an accessory 
and it is easily fixed to the seeder. 

Paddy dryer

The traditional system requires farmers to 
dry harvest paddy before threshing. However, 
with the introduction of the paddy combine 
harvester, farmers have to thresh paddy while 
it still contains some moisture (around 20–24 
percent), but if this moisture level remains for 
too long, the quality of the paddy is affected. 
Therefore, paddy drying is essential and the 
mobile dryer provides the best solution. The 
machine dries in batches and has a capacity 
of 2 tonnes. A diesel burner produces hot air, 
which removes moisture from the paddy; a 
blower driven by the power take-off of a tractor 
produces the airflow. The operator regulates 
the temperature and the RPM of the blower to 
enable a smooth drying process.©
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