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Abstract: Agriculture, especially crop production, is highly sensitive to both short- and
long-term changes in climate. Fruit crop cultivation is one of the important sectors of
agriculture in Sri Lanka and is influenced by the climate change (CC). Hence, studies on
climate adaptation are important to mitigate the CC impacts. This paper provide a literature
review of present status of research on fruit crop for CC adaptation and future needs.
Limited number of research have been done on water management and soil fertility,
breeding and crop management. Hence, future research should be focused on development
of new varieties, natural resource management, biotechnological approaches for pest and
disease management, cropping systems, orchard management and post harvesting to
support the adaptation efforts.
Keywords: Climate change, fruits, future needs, research

INTRODUCTION
Climate change impact in Sri Lanka is due to the increasing variability of rainfall
intensity and regimes, increasing frequency of storms, increasing mean ambient
temperature (CCS, 2010; Basnayaka et al., 2007). The annual average rainfall in Sri
Lanka has decreased by 144 mm during the period from 1961 to 1990, which is a
decrease of approximately 7% compared with the period of 1931 to 1960 (Baba,
2010). The rainfall intensity, amount of rainfall per rainy day and the average
rainfall per spell have increased in most parts of the country (Ratnayaka and
Herath, 2005). The mean temperature of Sri Lanka has increased by 0.016 °C per
year during the period of 1961-1990 (Chandrapala, 1996). Basnayaka et al. (2007)
reported that the mean temperature may increase by approximately 0.9 °C to 4 °C
by the year 2100.
According to the United Nations Framework Convention of Climate Change
(UNFCCC), Sri Lanka is considered as a vulnerable small island that is under serious
threat from various climate change impacts. However, climate change mainly affect
for agriculture sector (Esham and Gorforth, 2013). About 3,537,646 ha of land has
been used for agriculture and approximately 106,000 ha of lands are utilized for
fruit cultivation in Sri Lanka (Ag Stat, 2016). Banana, Mango, Rambutan, Papaya,
Citrus, Guava and Pineapple are the major type of fruits grown in the country. The
cultivated extent of the fruits vary from region to region.
Climate change will have both positive and negative impacts on fruits in the tropical
regions. Most of the perennial fruit crops need a dry period for initiation of flowers.
Under dry climatic conditions, flower initiation occurs profusely and resulting in a
good harvest when water is available after flowering. In rainy years, most of the
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fruit crops do not flower with no fruits been developed in these trees. Under the
influence of climate shift, both early and delayed flowering are characteristic
features in perennial fruit crops. As a result of variations in temperature,
unseasonal rains and higher humidity, fruit trees show altered flowering trends.
Delays in flower emergence and fruit set have been noticed. Fruit set and
availability of hermaphrodite flowers for pollination have an effect on yield due to
pollen and stigmatic sterility.
Some perennial tropical fruit trees species in nature are can be used as important
units in adaptation strategies for enhancing resilience (Scherr and Sthapit, 2009)
to adverse impacts of rainfall and temperature variability depending on the place
where they grow. Although perennial fruit trees have a number of survival
mechanisms that allow them to cope with stressful environments, these come at a
considerable energy cost thereby potentially reducing the fruit productivity. For
instance, several fruit crops have modified physiological and morphological
adaptations and withstood these changes well. Fig tree (Ficus carica L) has adapted
to retain high bound water in the tissue, by having sunken stomata, thick cuticle
and waxy coating on the leaves. Underutilized fruits such as Ber (Ziziphus
mauritiana L.), Phalsa (Grewia asiatica L.) and Tamarind (Tamarindus indica L.) also
have sunken stomata, thick cuticle and waxy coating of the leaves. Indian
gooseberry or Aonla (Emblica officinalis L.) have adapted by reducing leaf area,
thereby reducing the transpirational area. Pomegranate (Puncia granata L.) is a
fairly winter hardy and also drought tolerant. Aonla, being a hardy and drought
tolerant sub-tropical tree, can be grown well under tropical conditions. Pineapple
(Ananas comosus L.), being a CAM (crassulacean acid metabolism) plant, has
remarkable adaptability to different climatic regimes and has high water use
efficiency (Dinesh and Reddy 2012). However, under Sri Lankan condition few
research have been conducted on effect of climatic changes on fruit crops.

Water management and soil fertility
Water management can be used to mitigate climate change impacts in agriculture.
In the fruit crop sector, some water management research have been done with the
objective of increasing water use efficiency of the crops. Application of drip
irrigation system for papaya cultivation has increased the water use efficiency of
papaya plants under water-limiting situations (Medagoda et al., 2005).
Kuruppuarachchi (1981) also reported that drip irrigation is suitable for banana
where water availability is limited and cost of provision of water is high. Roonage
et al. (2012) reported that the ‘Amban’ banana had higher water used efficiency
than ‘Embul’ banana. The in-situ rain water harvesting system called ‘Eyebrow bund
and pitcher system’ has served as a soil moisture reserve to support perennial
plants like mango during dry periods (Dharmasena et al., 2001).
The internal browning disorder of banana is high under low soil moisture
conditions. Foliar application of boron (0.5% borax) or calcium (0.5% calcium
nitrate) at 3, 5 and 7 months after planting has helped to recover the problem
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(Wanniarachchi et al., 2009). Jayasundara and Gunathilaka (2006) reported that
application of coir dust and poultry litter (1:1) would increase the fertilizer use
efficiency of banana.

Crop management
Sirisena and Pinto (1987) have reported that the fruit size and bunch weight of
Kolikuttu banana, which flower into dry spell, could be increased by removing 80%
of each banana leaf of the plant at 4 weeks after flowering. Sweet orange grafted
onto wood apple root stock could be used to tackle the moisture stress situation of
the low country dry zone (Sirisena, 1991). In rambutan cultivation, air layering
under natural condition depends on the rainfall of the month preceding layering
(Heenkenda, 1998).

Crop improvement
Twenty two varieties of mango introduced from Pakistan and Australia have been
evaluated at Mahailluppallama in Sri Lanka where four varieties, namely,
Kensington, Joewelch, Tommy Atkins and Sensation were identified as promising
but with irregular bearing pattern (Somadasa and Adikari, 2003). A Philippine lime
variety has performed well in different locations of Sri Lanka (Bibila, Rahangala and
Mahailluppallama; Somadasa and Adikari, 2003). Banana cultivars such as Seeni,
Ambul, and Ash plantain could be properly grown in unproductive low county wet
zone using ditch and dyke system (Bandara and Silva, 2005). Two pomegranate soft
seeding varieties have been identified to be cultivated under dry zone condition in
the Jaffna district (Vijayaratnam et al., 2009).

On-going studies
Currently, a survey is being conducted to study the behavioral changes that occur
in fruit crops under changing climatic conditions, especially the changes on
flowering time, flowering intensity, fruiting pattern, etc. Research work has also
commenced to study the pest and disease-resistant rootstocks under varied
climatic condition to obtain high yields with high quality fruits from different fruit
spp. Development of fruit crop varieties adaptable to varied climatic condition are
also being carried out focusing on many fruit crops.

FUTURE NEEDS
Development or identification of fruit crop varieties adaptable to moisture stress,
high temperature and excess water, identification of resistant/tolerant varieties or
rootstock for pest and diseases and extreme climate factors, identification of
cropping systems to mitigate the impacts and adapt to climate change, and
development of orchard management system for efficient resource management
are future research needs.
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CONCLUSION
Limited number of research has been done on climate change adaptation of fruit
crops in Sri Lanka. Breeding and crop management research are extremely limited.
Further, insect pest and disease management and post-harvest research have not
been reported. Hence, much attention should be paid for climate change adaptation
research in the fruit crop sector of Sri Lanka.
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Climate Change Impacts on Export Agricultural Crops
Production and Adaptation Strategies for Productivity
Improvement:
A Review of Current Status
H.M.P.A. Subasinghe and D.G.I.S. Ariyathilaka
Central Research Station, Matale, Sri Lanka

ABSTRACT: Impact of climate change on spice crops mainly links with frequent dry spells
and intense rainfall. Adaptation strategies are focused to mitigate the adverse effects while
enhancing possible positive effects. Research strategies are based on short-term and long
term mitigation options. Majority of the spice crops are perennial and hence, immediate
results of such strategies are impossible. This paper discussed the past and present efforts
made in the short-, medium- and long-term to mitigate adverse effects of climate change on
spice crops. Short-term strategies included supplementary irrigation, conserving available
soil moisture, suitable planting material for higher establishment while the long-term
strategies included screening for drought-resistant varieties, and finding suitable nontraditional new niche environments for crops and suitable mixed cropping models to
increase the productivity. Farmers have followed feasible methods to combat adverse effect
of climate change.
Keywords: Pepper, dry spell, mitigation

INTRODUCTION
A rapid change in the climate has been experienced over the past two decade,
mainly in the form of rise in air and sea temperature, and changes in weather
parameters such as intensity of rainfall, dry spells, etc. Level and degree of changes
of these parameters has been researched substantially. Further, different
simulations with multiple scenarios conducted has predicted various possible
changes under different circumstances. Despite many attempts to predict
variations in climate, efforts to mitigate unfavourable impacts are comparatively
low or available suggestions are often impractical. Developing countries are the
most vulnerable group to the impacts of climate change where the buffering
capacity to the changes are low due to poor economies in these countries.
Agriculture is among the sectors that will mainly suffer from the negative impacts
of climate change for which major adaptation measures are needed (Verschuuren,
2016).
Sri Lanka is a highly vulnerable state to climate change. Its geographical location,
surrounded by vast Indian Ocean has further exaggerated the impact. Spice crop
sector plays an important role in the Sri Lankan economy and is the third most
contributing component to GDP in the agricultural sector after Tea and Rubber.
However, importance of the spice crop sector is more due to high dependency of
rural farmers on these crops. Fluctuations in production and price of these crops
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would hugely impact on the rural economy in wet and intermediate zones as
buffering capacity of these farmers are less. The most sensitive climatic parameter
that has shown drastic change over the past decade is the rainfall. Spice crops are
grown in wet and intermediate zone of Sri Lanka and thus inevitably, they are
water-loving crops. Small changes in either the amount or distribution in rainfall
would create a significant negative impact on plant establishment, vegetative
growth and most importantly reproductive growth of these crops.
Black pepper (Piper nigrum L), popularly known as the king of spice, is confined to
wet and intermediate zone of Sri Lanka and mainly grown in Matale, Kandy, Kegalle,
Ratnapura areas. Being a high-return cash crop, it is the most popular spice crop in
above areas. Vegetative and reproductive growth of pepper is coincided with
monsoonal rains. Plant establishment is traditionally done with the onset of Maha
rains (second inter-monsoon), which supply sufficient soil moisture for young
plants for 3-4 month for their successful field establishment. However, dramatically
low Maha rains (second inter-monsoon + north east monsoon) in the last 2 years
(2015-2016) has resulted in a significantly high plant casualty rate, which is
economically unbearable to rural farmers. Not only the Maha rains but also the Yala
rains (first inter-monsoon + south west monsoon) were received at below average
in the last two years resulting in even mature pepper plantations to fail due to dry
up and dying.
Flowering of Black Pepper is also coincided with monsoonal rains in Sri Lanka.
Black Pepper possess a bimodal flowering pattern where it flowers first in MayJune with onset of south west monsoon. The second flowering starts with onset of
north east monsoon in November-December period. This is beneficial for farmers
as the harvest of first flowering comes in February and that of the second flowering
in August in the following year. Both these periods are dry and thus, helps in drying
and processing of the product. However, the bimodal flowering pattern has totally
changed during the past decade lowering flowering resulting in reduced harvest.
Scientists believe that this is due to change in rainfall pattern owing to climate
change. Instead of having two flowerings per year, the crop has flowered 4-5 times
per year in small quantities, which has created difficulties in harvesting, processing,
and marketing.
Tough pepper requires a short dry spell for its flower initiation. Acute stress due to
short dry spells triggers flowering while it requires sufficient soil moisture for
subsequent pollination and fruit setting. Insufficient soil moisture after flowering
would result in low number of berries per spike and small berries. Value of black
pepper in international market highly depends on bulk density (weight of
berries/L). Small berries lower the bulk density resulting in lower price at the
international market.
All other spice crops are affected from short and long dry spells. Impact is profound
in plant establishment particularly in Ginger (Zingiber officinale Ros.), Clove
[Syzygium aromaticum (L) Merr.] and Nutmeg (Myristica fragrans Houtt.). Clove
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production has dramatically reduced from 2315 mt in 2009 to 1101.7 mt in 2014
(Anonymous, 2014), which could be attributed to recent changes in the climate.

RESEARCH ACTIVITIES RELATED TO ADAPTATION STRATEGIES TO
CLIMATE CHANGE: PRESENT STATUS
Crop productivity has been projected to decrease with the increase in
environmental temperature (1-2 °C) at lower latitudes, especially in seasonal dry
and tropical regions of the world (IPCC, 2007). The rising atmospheric temperature
and carbon dioxide along with rainfall uncertainties may influence future food
security in developing countries due to its large population and limited resources.
Therefore, suitable adaptation strategies, which make agricultural crops to absorb
larger and sudden shocks due to climate change, should be explored. These
adaptation strategies have to be designed to accommodate both climatic and nonclimatic stresses to sustain the resources base and agricultural productivity. In this
review, an attempt has been made to compile the already available technology,
which can be used as climate change adaptation strategies to make the agroecosystem more resilient and sustaining the Export Agricultural Crops (EACs)
production.

ADAPTATION STRATEGIES IN EXPORT AGRICULTURAL CROPS TO
CLIMATE CHANGE
Short term climate change adaptation strategies
Major problem in perennial crops under climate change consequences are variation
of soil moisture status, increase of canopy temperature and heat stress which
directly effect on plant establishment in new planting, flower initiation, pollination,
fruit filling and fruit development of the crops. Therefore, various soil, water and
crop management strategies are discussed under short term strategies.
Land and water management strategies:
Productions of planting material in EACs are mostly practicing with seeds but use
of stem cutting is the main method of planting material production of black pepper.
Therefore, plant establishment rate of pepper is comparatively less in pepper as
compared to other EACs which varying between 50-60% in almost all areas of
pepper cultivation.
Irrigation: Soil water conservation practices and supplementary irrigation
techniques are considered as adaptation strategies to reduce the negative impacts
of climatic variability (Rockstrom, 2010) aiming at improving in-situ soil water
conservation. Micro-irrigation practices have shown a significant improvement in
almost all growth and yield parameters of black pepper (Table 1).
Table 1. Impact of microirrigation practices on growth and yield of black pepper
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Treatment

Survival and growth performances after one year
Plant
No. of
No. of
Survival
height
leaves/pla plagiotropics/pla
%
(cm)
nt
nt
81.2a
169.2a
112.8a
8.6a

Yield
(kg/ha)
after
five years
1624.8a

T1
(16
L/day)
T2
(8
70.8b
164.7a
93.1b
7.6a
1025.2b
L/day)
T3
(4
59.4bc
155.8a
74.5bc
6.9ab
997.8b
L/day)
T4
39.4c
124.5b
68.8c
4.9b
602.1c
(control)
Means followed by the same letter are not significantly different by the Duncan’s Multiple
Range Test (p=0.05)

As supplying the plant water requirement (16 L/day) may not be feasible with
larger extent of cultivations due to water scarcity, the reduced irrigation amounts
(Table 2) showed a substantial yield increase coupled with late rains received from
first inter-monsoon and then the south west monsoon, after three years of crop
establishmentThe highest fresh berry yield per vine was recorded with T1 (8
L/day) and it decreased progressively with decreasing rate of supplementary
irrigation.
Table 2. Yield performances of black pepper under reduced irrigation levels.
Treatment
T1 (16 L/day)
T2 (8 L/day)
T3 (4 L/day)
T4 (control)

Fresh berry weight (g)/vine
3.810
2,715
2.230
1.849

Soil moisture is also a vital factor for almost all growth parameters of ginger and
ultimately for its rhizome yield.
Pruning and mulching: Results of studies evaluating different combinations of
pruning and mulching practices revealed that pruning of Gliricidia and application
as mulch facilitate higher soil moisture conservation, and more dry matter
partitioning to both berries and roots of black pepper (Subasinghe et al., 2014).
Higher soil moisture level and more fine roots development may support higher
nutrient absorption, comfortable phloem translocation as well as reduction of heat
and water stress of the pepper vines. Heenkenda et al. (2012) reported that
enhancement in soil physical, chemical and biological properties may have
contributed to significant increase in Black Pepper yields under a Gliricidea
[Gliricidia sepium (Jacq) Walp.] mulch. This is an economical and feasible strategy
to mitigate unfavorable dry spells due to climate change. These strategies would be
sustainable due to economic feasibility, availability of mulching material.
Application of gliricidia mulch is recommended for organic ginger cultivation over
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the application of paddy husk and paddy straw while application of compost (30
tons/ha) with gliricidia green manure (50 tons/ha/year) has recorded the highest
yield in turmeric (DEA, 2010).
Crop management practices:
Date of sowing: Apart from adverse dry spells, which compel farmers to irrigate
ginger fields, dramatic fluctuation of farm gate prices with the harvesting season is
one of the major problems in ginger cultivation in Sri Lanka. Farm gate price of
ginger goes down approximately fivefold during harvesting season. Ginger is
normally cultivated April-May period and the prices would drastically be affected
at harvest after 8 month, in January-February period. The results of studies carried
out for two years to decide on the effective sowing dates of ginger showed
September would be most suitable for sowing ginger in Rideemaliyadda while
March is the most suitable for Matale and Narammala to obtain a substantially
higher yield (Tables 3 and 4).
Table 3. Final yield (mt/ha) of ginger at different locations - 2013/14
Date of planting
D1 – Jun, 2013
D2 – Sep, 2013
D3 – Dec, 2013
D4 – Mar, 2014

Matale

Narammala

Rideemaliyadda

9.85
3.80
8.45
13.76

8.58
5.37
7.32
15.76

16.64
20.25
7.66
9.43

Table 4. Final yield (mt/ha) of ginger at different locations - 2014/15
Date of planting
D1 – Jun, 2014
D2 – Sep, 2014
D3 – Dec, 2014
D4 – Mar, 2015
* Not available

Matale

Narammala

Rideemaliyadda

23.01
*
5.21
25.11

14.4
*
0.98
2.31

27.78
20.89
*
16.78

Synchronization of flowering
Despite adverse effects of climate (dry spells), dramatic fluctuation of farm gate
price, the most important issue in clove cultivation in Sri Lanka is finding labor for
harvesting. Tree climbers are difficult to find even after offering a half share of the
harvest. This would further aggravate when clove flowers irregularly, 3-4 times per
year and appearance of flowers for longer duration in a single flowering cycle.
These would result in berries at different maturity stages, which create difficulties
in harvesting. In addition, incorporation of immature buds at harvest would
ultimately lower the quality of the final product. This also hinders the possibility of
applying hormonal methods (ethylene) to drop berries, which is a possible
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alternative for harvesting. The studies revealed that the use of plant growth
regulator Paclobutrazole (PBZ) for induction of flowering and regulating flowering
pattern as a productivity improvement measure for clove showed no observed
changes within the first three months period. Studies have also indicated that when
an adequate soil moisture level prevails, a lengthier dry spells would trigger more
flowering while under frequent irrigation conditions, less irrigation amounts would
trigger flowering in black pepper.
Different growth media:
Rhizome parts weighing about 40g are considered for planting of ginger. Less
germination percentage is one of the problem face by farmers particularly with
irregular and short dry spells. A possible strategy to increase the germination
percentage would be to plant sprouted ginger. Ariyawansa (2016) reported the
highest sprouting percentage in seeds placed in wet coir dust medium with a
superior vegetative growth after field planting. Ariyawansa (2016) also stated that
the wet coir dust medium is the best to sprout ginger and that sprouted ginger is
better than non-sprouted ginger as planting material.
Techniques to produce planting material:
Production of planting material of black pepper in commercial cultivations is done
by stem cuttings. Mostly stem cuttings are collected from the ground runners,
however, other branches such as fruiting branches (plagiotopics), vertical branches
(orthotopics), hanging branches and terminal branches also could be used for
production of planting material. However, planting material originated from
different branch types behave differently in the way of branching after field
planting. Ideal plant type for pepper should have a uniform cylindrical canopy with
higher number of fruiting branches, which are responsible to determine the crop
yield. Report says that planting material taken from terminal branches can be used
for development of ideal type plant canopy and to obtain an above average yield.
However, collection of sufficient stem cuttings for large scale planting material
production is difficult due to shortage of stem cuttings during the season.
Therefore, different rapid multiplication techniques have been introduced. Quality
planting material with good root system and high vigour are utterly important to
improve plant establishment rate, initial growth and canopy development.
Therefore, this study was conducted to compare planting material producing
through different rapid multiplication techniques.
The results of studies have revealed that the planting material production through
terminal shoots with ‘high density standard technique’ would be a good solution
for further development of commercial pepper cultivation (Tables 5, 6, 7 and 8).
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Table 5. Variation of vine length of pepper vines originated from different cutting types at
different locations
Treatments
T1 - Up rights
T2 - Ground runners
T3 - Plagiotrophics
T4 - Plagiotrophics (Knitted)

Nillambe
137.3
178.3
42.4
39

Location
Naramala
101.2
146.7
26.7
59.1

Matale
153.5
166.4
36.3
32.1

Table 6. Variation of number of lateral branches of pepper vines originated from different
cutting types at different locations
Treatments
T1 - Up rights
T2 - Ground runners
T3 - Plagiotrophics
T4 - Plagiotrophics (Knitted)

Nillambe
20.4
14.2
9.5
6.2

Location
Naramala
6.4
3.3
2
2.3

Matale
11.3
9.9
2.4
1.9

Table 7. Variation of number of orthotrophic branches per vine which originated from
different cutting types at different locations
Treatments
T1 - Up rights
T2 - Ground runners
T3 - Plagiotrophics
T4 - Plagiotrophics (Knitted)

Nillambe
2.4
1
0
0

Location
Naramala
2.2
2.2
0
0

Matale
1.2
1.2
0
0

Table 8. Variation of number of spike per vine originated from different cutting types at
different locations
Treatments
T1 - Up rights
T2 - Ground runners
T3 - Plagiotrophics
T4 - Plagiotrophics (Knitted)

Nillambe
44.3
8.2
18.8
4.2

Location
Naramala
4.3
0
3
2.6

Matale
46.8
15.9
5.8
5.1

The most important factor for increasing yield is number of lateral branches per
vine, thus it is interesting observe that plants from terminal branches have given
highest number of lateral per plants as compared to other plant types. This
character is also related with uniform cylindrical shape of the vine as well as the
crop yield. The experiment will be continuing for 3 more years for data recording.
Biological supplements aiding establishment:
One of the possible solutions for lower establishment rate of black pepper with
increasing irregular dry spells is the introduction of nutrient supplement biological
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agents and their favorable conditions to the soil. Weerawardena et al. (2017)
reported that inorganic fertilization had improved plant growth comparatively to
organically-managed plants. However, the effect addition 0.5 and 1 kg of partially
burnt paddy husk needs to be evaluated further.
Among effective and feasible ways to mitigate dry spells which adversely affect
plant establishment, growth and harvest of black pepper, addition of mulch to
conserver soil moisture has abundantly used. However, live mulch would be far
more advantageous since it provides additional benefits too. Minimal labour
requirement, nitrogen fixation are among these benefits. Gunaratne et al. (2015)
reported that among three cover crops evaluated, namely, , Arachis pintoi Krapov &
W.C. Greg, Mucuna bracteata DC and Desmodium ovalifolium Merr., Black Pepper
vines with A. pintoi and D. ovalifolium showed comparatively higher vegetative
growth. Further, soil moisture content was also increased by 32% with A. pintoi,
59% with D. ovalifolium and 77% with M. bracteata compared to control.

Long term climate change strategies
Change in Land use:
Mixed cropping models: A cacao mixed cropping model planted under coconut with
papaw and ginger has shown a significant growth improvement of papaw plants
under disc ploughed coconut area compared to the standard unploughed area,
while a better growth of cacao was also observed in the ploughed area (DEA, 1998).
Though replacement of one row of Gliricidia with cinnamon did not effectively
reduce the total lopping yield of coffee, cinnamon would provide additional income
for the farmer (DEA, 1996). Black Pepper (2.44 m x 2.44 m) and Coffee cv. Catimor
(1.22 m x 1.22 m) planted with one row of Pineapple in the center (6000 plants/ha)
have reported a superior growth of Black Pepper and Coffee in comparison to nonpineapple treatment indicating that this system is economically viable during the
first three years of establishment (DEA 1996).
Heat and drought tolerant crop varieties: A research carried out to develop drought
tolerant Black Pepper varieties have helped in identification of high-performing
lines though the yield was not very attractive (3100 g/vine; DEA, 2008).

CONCLUSION
It is evident that frequent dry spells, unfavourable distribution of rainfall with
extreme events are the main impacts on spice crops particularly in plant
establishment and growth. Short term mitigation strategies consist with
supplementary irrigation, mulching and researching for propagation methods to
increase plant establishment rate are feasible to improve the growth, yield and
economic return of spice crops. However, long term mitigation strategies such as
screening for drought resistant varieties, mixed cropping, finding suitable new
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niches with changed climate are essential as short term strategies alone would not
be sufficient to cope up with the intensity of the climate change. Suitable short term
strategies for pepper are well researched, however, applicability of these methods
in other crops need to be further investigated.
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Present Status of Research and Development Activities
on Climate Change Mitigation and Future Needs:
Contribution of Tea Research Institute of Sri Lanka
T.L. Wijeratne

Plant Physiology Division, Tea Research Institute of Sri Lanka, Talawakelle, Sri Lanka
ABSTRACT: Tea being a rainfed crop, the climate change affects directly on the productivity
and profitability of the tea industry. Tea Research Institute (TRI) of Sri Lanka had initiated
research activities to identify the responses of tea plants to climate change, to assess the
vulnerability of tea plantations to climate change, to overcome the deleterious effects of
climate change through adaptation practices and to mitigate the climate change well in
advance. Consequently, a vast amount of important information has been generated and
being used by the stakeholders to avoid/reduce the impacts of climate change.
Furthermore, exploring the possibility of generating income through different trading
systems such as payments for environmental services is also highlighted. The research
activities have continued to to focus on further exploration of the impact of climate change,
and adaptation and mitigation activities. The necessity of high tech equipment for multifactoral studies is also highlighted to get better results.
Keywords: Adaptation, climate change, mitigation, tea plantations

INTRODUCTION
Tea [Camellia sinensis (L) Kuntz.] is one of the main commercial plantation crops in
Sri Lanka contributing to nearly 1.0 % for the gross domestic product. It is a rainfed
plantation crop grown from almost sea level to about 2200 meters covering all
three elevation categories namely, the Up-country (UC; >1200 m amsl), Midcountry (MC; 1200 – 600 m amsl) and Low-country (LC; <600 m amsl). Tea is a crop
with wide adaptability to different climates and soils in various parts of the world.
It is a shade loving plant requiring an annual minimum rainfall of 1200 mm. Under
Sri Lankan conditions, a uniform distribution of rainfall throughout the year is
important for successful cultivation. Tea plant prefers slightly acidic, well-drained
soil of pH 4.5 - 5.5. Growth of tea shoots is optimal at temperatures in the range of
18 - 30 °C. The minimum leaf temperature necessary to initiate shoot extension is
about 21 °C and the growth decreases above 35 °C. Long sunshine hours are
essential for the maximum yield and dormancy sets in when the day length falls
below 11 h and 15 min. It needs a water vapor saturation deficit of the air of at least
2 k Pa to maintain a favorable water balance in the leaves (Carr and Stephens,
1992). Although high winds are considered to be detrimental for the growth of tea,
mild dry winds accompanied by the cold nights and bright days are known to be
associated with accumulation of characteristic flavors in seasonal teas (Yamanishi
et al., 1989).
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Anthropogenic activities have led to rapid and unprecedented increases in
atmospheric carbon dioxide (CO2) and other greenhouse gases (GHGs), which in
turn have resulted in numerous observable climatic changes, such as elevated
temperature (global warming), increased frequency and severity of extreme
weather events (e.g. floods, landslides and droughts, etc), and altered precipitation
patterns (e.g. shifts in monsoons). Under Sri Lankan context, De Costa (2008)
reported that there are statistically significant long-term increasing trends for
annual mean air temperatures and decreasing long-term trends in annual
precipitation in several locations representing different agro-ecological zones of Sri
Lanka. De Costa (2008) further stated that there were significant variations in the
climate variability at different locations in Sri Lanka. Therefore, the impacts of
climate change can directly affect the productivity and profitability of the tea
industry.
The objectives of this paper is to review literature related to climate change aspects
of tea in Sri Lanka, to identify the present status and gaps in climate-related
research and thereby focus on the future needs of research.

PRESENT STATUS OF RESEARCH AND DEVELOPMENT ACTIVITIES
RELATED TO CLIMATE CHANGE
Being an important commodity research institute responsible for the sustainability
of the tea industry in Sri Lanka, the Tea Research Institute (TRI) had initiated
research and development activities in relation to climate change: to identify the
responses of tea plants, assess the vulnerability of tea plantations, overcome the
deleterious effects through adaptation practices and to mitigate climate change.
Consequently, the 1st ever corporate plan of the TRI that was developed for the
period 1999 – 2003 also included research area of drought and stress alleviation.
Since then, the focus of research activities were more concentrated on different
aspects of climate change. Currently the corporate plan of TRI consists of a separate
thematic area to address climate change issues in tea. Developing improved
planting materials to face emerging challenges and developing adaptation and
mitigation strategies to minimize impact of climatic change are included in the goals
of TRI, too.
Earlier more research work was concentrated on developing adaptation strategies
to overcome the deleterious effects of climate change. Therefore, refinement of
agronomic practices such as soil rehabilitation, nursery management, shade
management and good agricultural practices were further studied in view of
producing tea plants withstand adverse weather conditions. As a result, a drought
management package was introduced by Anadacoomaraswamy (1997).
Recommendation of spraying K2SO4 and muriate of potash (MOP) together with
urea prior to and during a dry spell to tea has been found to help the plant to
withstand drought conditions better. Development of water management
techniques for young tea in drought prone areas to minimize casualties, studies on
rainwater harvesting, soil and water conservation measures are also on going.
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Collating the results gathered from field experiments, it is expected to provide
guidelines on rain water harvesting techniques, irrigation techniques and novel soil
moisture conservation measures to the tea growers. Artificial mulch introduced by
Bandara et al. (2016b) would help in soil moisture retention as well as in
suppressing weeds. Breeding new cultivars resistant to biotic and abiotic stresses
is also among the top priority of research. In aid of that a Drought Susceptibility
Index was tested and being used to screen and identify new cultivars tolerant to
drought at early stages of growth (Damayanthi et al., 2010). Development of bi- and
poly-clonal seedling tea is another invention. Initiatives have been taken to obtain
genetic variation and develop new tea cultivars to meet emerging challenges
through controlled hybridization viz. higher tolerances to biotic and abiotic stresses
such as climate change. Investigations on identification of suitable graft
combinations having higher degree of drought tolerance is also in progress (Anon,
2017).
Tea plants are raised in a nursery for a period of about one year before planting in
the field. Soil that is used in the nursery is fumigated with chemicals to eradicate
soil-borne pests and diseases, mainly the parasitic nematodes. Methyl bromide was
used until recently to fumigate nursery soil. However, due to its ozone depleting
nature and phytotoxicity (producing bromide residues, a groundwater pollutant)
its use was banned following the Montreal Protocol in 1997. As a result, the search
for alternate methods of soil fumigation began and many environmentally-friendly
alternatives are now being tested including soil solarization, the use of metham
sodium, dazomet and different organic formulations in different concentrations
(Vitarana et al., 2002). Sri Lanka has been recorded as the ﬁrst tea-growing country,
which has totally phased out the use of methyl bromide and thereby earned the
ozone-friendly label (Gunawardena, 2011).
Before establishing tea plants in the field, extensive land preparation is done by
removing all the other vegetation to prevent the possibilities of contamination.
During this uprooting of vegetation, the soil is loosened resulting in signiﬁcant soil
erosion. Further, during the crop establishment period, i.e. the ﬁrst two to three
years, there is a high possibility that the land is exposed and become eroded (Van
der Wal, 2008). Tea lands in many places in Sri Lanka have lost topsoil in the order
of 300–450 mm during the past 100 years, which is equivalent to a total of 3–4.5
million kg ha −1 of soil loss (Zoysa et al., 2008).
Unlike most other perennials, tea is harvested at seven- to ten-day intervals
throughout its lifespan. Therefore, it is necessary to replenish the depleting
nutrients continuously to avoid any economic loss. These intensive cultivation
practices necessitate the use of synthetic fertilizers and chemicals. The
monoculture nature of tea plantations aggravates this issue as they are usually
lacking natural enemies and heavily dependent on chemicals to protect the tea
bushes and to achieve higher productivity (Van der Wal, 2008). The use of such
chemicals may cause other environmental hazards such as global warming, soil
erosion and eutrophication.
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High doses of synthetic fertilizers are conventionally applied to obtain better yields
and tea growth. However, it has been reported that the same results could be
obtained using low levels of nitrogen (N) and phosphorous (P) together with
microbial inoculants compared to the use of a chemical fertilizer alone or the
inoculant alone (Nepolean et al., 2012; Saikia et al., 2011). Recent studies on
bioﬁlm-biofertilizers (BFBF) have revealed the possibility of reducing the use of
recommended chemical fertilizer by 50% at the nursery stage when it is applied
with BFBF (De Silva et al., 2014). Furthermore, use of site-speciﬁc phosphoroussolubilizing bacteria allows the grower to reduce the use of fertilizer by one-third,
which will ultimately reduce the use of synthetic fertilizers (Tennakoon et al.,
2016). Site-speciﬁc fertilizer recommendations prevent the use of chemical
fertilizers unnecessarily without compromising the crop yield. It replenishes the
soils with only the depleted nutrients and thereby reducing fertilizer wastage,
which would ultimately reduce eutrophication and algal bloom. Similarly, slowrelease fertilizers release nutrients according to the requirements of the plants
thus, reducing environmental pollution. Improving the organic content of soil will
also improve the fertilizer use efﬁciency while reducing wastage. Organic
cultivation also increases the soil carbon pool and thereby reducing the
atmospheric CO2 concentration and mitigating climate change (Cracknell and
Njoroge, 2014). Furthermore, the addition of organic inputs increases the efficient
use of fertilizers and reduces indirect emissions associated with fertilizer
production. This would also lead to reduced soil erosion, become another
greenhouse gas (GHG) emission source, by binding the soil particles together.
Soil rehabilitation using grasses is identified as an important operation prior to
planting of tea in old tea fields with the objectives of improvement of soil physical,
chemical and biological properties and means of managing pest and diseases. Soil
Quality Index was developed to evaluate the soil chemical, physical and biological
parameters (as a composite index) to see whether there is any possibility to reduce
the soil rehabilitation time period (Bandara et al., 2016a).
Being a rainfed plantation crop, the production of tea is greatly influenced by
weather and climatic conditions (Wijeratne, 1994; 1996; 1997; Amarathunga et al.,
1998). Prolonged dry spells and high intensity rainfall are predicted for Sri Lanka,
and particularly the lower elevations and Uva have been shown to be more
vulnerable. The variations in temperature and rainfall pattern have been identified
as the most influential climatic factors affecting productivity. Dry weather
conditions, in particular, severely limits both the growth and yield of tea crop
(Wijeratne and Fordham, 1996). Hence, with climate change, tea will be subjected
to severe stress bringing in low yields affecting the country’s economy, earnings of
those who are dependent on these plantations and the industries as a whole.
Establishment and management of shade trees in tea plantations will thus, become
mandatory requirement to face the hanging climates in the future. A database on
potential shade tree species has been compiled by the Plant Physiology Division of
the TRI while alternate shade tree species are currently being evaluated.
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Trend analysis carried out with the rainfall, and surface and temperature data
received from the Meteorological Department for 1961 to 2010 together with soil
information to identify vulnerable regions to adverse impacts of climate change in
the regions and develop adaptation strategies have been completed. The results of
the analysis (Tables 1 and 2) revealed that the Agro-Ecological Regions (AERs) viz.
WL1a, WL1b, WL2a, WM2a, WM2b, WM3a, IM2b, IM3a and IM3c are highly
vulnerable to climate change whilst WM1a, WM1b, WM3b, IM1a, IM2a, IU3a, IU3d
and IU3e are vulnerable to climate change (Wijeratne and Chandrapala, 2014;
Anonymous, 2016).
Table 1. Approximate locations classified as highly vulnerable to climate change
AER*
WL 1a
WL1b
WL 2a
WM 2a
WM 2b
WM 3a
IM 2b
IM 3a
IM 3c

Vulnerability to
climate change
highly vulnerable

Locations

Avissawella, Eheliyagoda, Ratnapura (West), Pelawatta, Nagoda,
Akuressa (North) Pitabeddara, Niyagama, Tawalama, Elpitiya,
Bulathsinhala, Ruwanwella, Dehiovita
Matugama, Dodangoda, Bandaragama
highly vulnerable
Kalutara, Galle, Akuressa, Mulatiyana, Aturaliya, Yakkalamulla, highly vulnerable
Imaduwa, Akmeemana, Baddegama, Ambalangoda
Nawalapitiya, Gampola, Kothmale (West)
highly vulnerable
Peradeniya, Hemmathagama, Udunuwara, Yatinuwara, Aranayake
highly vulnerable
Tumpane, Mawanella (East), Hataraliyadda
highly vulnerable
Imbulpe (East), Balangoda & Weligapola, Badalkumbura, Southern and highly vulnerable
western parts of Haldummulla, Rattota (West), Central part of Ukuwela
and Kundasale, Pathahewaheta (North)
Hangureanketha (North), Kundasale (South), Meda-dumbara (South)
highly vulnerable
Hanguranketha
highly vulnerable
* AER = Agro-Ecological Regions; (extracted from Wijeratne and Chandrapala, 2014)

Over the last century, atmospheric concentrations of CO2 and other greenhouse
gases have increased significantly and are set to rise further, resulting in significant
changes in the global climate such as increasing atmospheric temperatures,
changing rainfall patterns and increasing frequency of extreme climatic events
(IPCC, 2007). As a result, the majority of countries have drawn their attention to
reduce CO2 concentration, the major GHG in the atmosphere and thereby member
countries in the United Nations (UN) agreed to follow the Kyoto protocol.
Table 2. Approximate locations classified as vulnerable to climate change
AER*

Locations

WM 1a

Deniyaya, Maliboda, Kenilworth, Kotapola (North), Kalawana
(South)
Rakwana, Kalawana (North)
Kandy, Pathadumbara, Akurana, Harispattuwa, Pujapitiya,
Panwila, Central part of Rattota, Ambagamuwakorale

WM 1b
WM3b
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IU 3a
IU 3d
IU 3e

Bandarawela (South), Haputale (East)
Rahangala, Welimada (West)
Welimada, Uwa-paranagama (South), Haputale (Noth),
Bandarawela (West)
IM 1a
Badulla, Hanguranketha (East), Walapane (North & East), Haliela
(South), Passara (West)
IM 2a
Kolonne-korale, Weligapola (West), Central parts of Balangoda,
Imbulpe, Haldummulla
* AER = Agro-Ecological Region; (extracted from Wijeratne and Chandrapala, 2014)

vulnerable
vulnerable
vulnerable
vulnerable
vulnerable

Carbon trading is one of the major components in Kyoto Protocol, which helps to
reduce global atmospheric CO2 gas concentration. Carbon sequestration is
comparatively a new idea of climate change mitigation, which refers to the capture
and storage of carbon dioxide that would otherwise reside in the atmosphere for a
long period of time causing global warming. De Costa et al. (2008) estimated the
carbon balance (carbon footprint) of tea plantations in different tea growing
regions of Sri Lanka using several assumption. The work was a collaborative effort
between the TRI and the Faculty of Agriculture, University of Peradeniya, Sri Lanka.
Results of the study showed that the Sri Lankan tea industry is a net carbon
absorber, with an annual absorption of 7.837 mt of CO2, thus providing a strong
foundation for marketing tea as an eco-friendly product. The annual carbon
absorptions in Up-, Mid- and Low-country regions in Sri Lanka were 0.874, 1.278
and 1.426 mt respectively. The corresponding emissions were only 0.430, 0.334
and 0.677 mt per year for the three respective regions. Accordingly, the net carbon
balances of the three regions were 0.444, 0.944 and 0.750 mt yr-1, making-up the
total carbon balance to be 2.137 mt yr-1 (De Costa et al., 2015). Furthermore, carbon
and nitrogen stocks were also determined in different tea cultivars in view of
assessing the potential of different tea cultivars for mitigating climate change
(Vinodhini T. et al., Unpublished manuscript).
Carbon sequestration measurements in tea plants for both VP and seedling in
different elevation zones were completed. Accordingly, seedling tea plants are
superior to VP tea plants in sequestering carbon. The differences in percentage
distribution of total biomass within the tea bush in seedling and VP tea were
identified as the major reasons for this observation. Temperature was identified as
the main environmental parameter that determines the measured carbon
sequestration rates. Determination of carbon sequestration potential of tea
plantations fulfills the documentary requirements for claiming environmental
services of tea cultivation, a potential benefit to be harnessed in the context of
climate change (Wijeratne, 2015). Addition of shade trees in tea plantations has
increased its carbon sequestration potential substantially (Figure 1). Tea
plantations with high and medium shade trees in Low-country, Mid-country, Upcountry and Uva had carbon sequestration potentials of 6.7, 3.5, 2.3 and 5.1 Mg of
C ha-1 yr-1, respectively. These values were comparable with the reported carbon
sequestration values of smallholder agro-forestry systems and mesic savannas but
lower than those for tropical rainforests. This study further emphasized the
necessity of establishment and management of shade trees in tea plantations not
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only for enhancing yields, but also for better environmental resilience (Wijeratne
et al., 2014a,b,c,d; 2015).

Figure 1. Comparison of carbon sequestration potential of tea lands among different teagrowing regions with different densities of shade trees relating to different levels of
compliance with TRI recommendations (Extracted from Wijeratne, 2015).

According to Wijeratne and Bandara (2017), the soil respiration was much higher
in Up-country than Low-country tea fields. Soil respiration was significantly higher
in wet condition than dry condition, too. In order to establish carbon balance sheets
and their variations with anticipated climate change, investigations on soil
respiration and organic matter under different soil series in tea ecosystems for wet
and dry seasons are in progress. Actions were already initiated to estimate CO2
emissions to prepare GHG inventories together with the estimated values of carbon
sequestration potentials of tea plantations in different regions and in proper
documentations of the REDD+ preparation phase.
Use of crop simulation models has become the best choice, as simulating climate
change aspects in real world is costly and time consuming. Initially, correlation
analysis between the weather parameters and tea crop yield was used to make
predictions on the effects of climate change on tea production (Wijeratne and
Fordham, 1996; Wijeratne et al., 2007). Yield projections made by the crop model
developed by Wijeratne et al. (2007) showed that rising temperatures and
diminishing rainfall reduce tea yield in many tea growing regions except Upcountry Wet zone (UW). The results also predicted that tea yields are likely to
increase at high elevations while the yields at low elevations are likely to reduce
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due to climate change. However, as the effects of climate change and plant
interactions with the external environment are complex, developing predictive
models based on plant processes became necessary. As a result, Sheffield Dynamic
Global Vegetation Model (SDGVM), which is a process-based explanatory crop
simulation model, was modified and fine-tuned to predict the impact of climate
change on tea production and carbon sequestration potential in Sri Lanka
(Wijeratne et al., 2011; 2013). Agreeing with the model predictions of Wijeratne et
al. (2007), the tea yields in Low-country are observed having a decreasing trend
while in Up-country the yields are showed an increasing trend under the A1F1
scenario, provided that the increasing atmospheric CO2 is kept constant. However,
it explains that the yields and carbon sequestration potential are having an
increasing trend in all tea growing elevations due to CO2 fertilization effect. The
observed yield increments were 3.4, 2.9 and 3.6 kg ha-1 yr-1 for Low-country, Midcountry and Up-country, respectively. Furthermore, the increase of carbon
sequestration potential per unit increase of CO2 will be having a decreasing trend
exhibiting plants acclimatization ability (Wijeratne, 2015).
It is expected that the incidence of pests and disease occurrence may change with
the climate change. In order to address this, a project is in progress on the impacts
of climate change on population incidence and dynamics of Pratylenchus loosi in tea
plantations through comparative morphometric and molecular analysis as part of
a post graduate study. Field experiments in different areas with varying levels of
Pratylenchus loosi infestations are being monitored for pathogenicity,
symptomology and biocontrol efficacy. Determination of impacts of climate change
(rainfall and soil temperature) on population incidence and dynamics of
Pratylenchus loosi in plantations through comparative morphometric and
molecular analysis using nematodes as bioindicator are being continued
(Anonymous, 2017).

IDENTIFIED GAPS
As climate change is happening simultaneously with the rising in atmospheric CO2,
and that the increasing temperature and extreme weather events such as drought
and these factors are interrelated, it is difficult to understand the responses of tea
plants to climate change using field or glass house data alone. Therefore, it is
necessary to have a controlled environment facility with the ability of controlling
different parameters of climate change. This need was clearly identified by the Plant
Physiology Division of the TRI, which has been granted the approval by the
Government of Sri Lanka for special project to identify the adaptive responses of
tea plants to climate change. The study, which is currently in progress, will address
especially the heat stress and the data will be useful in developing a cultivar
screening method to identify suitable cultivars for future climates.
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CONCLUSION
The responses of tea plants to climate change aspects are already explored to a
greater extent by the TRI. The future activities are also planned based on the need
and sustainability of the industry. However, the TRI should be strengthened with
high-tech equipment and better human resources.
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