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ABSTRACT: Dry zone of Sri Lanka is the major production area of Other Field Crops (OFC)
contributing to more than 80% to the national production. Even though these crops have a
high potential yield, farmers have failed to realize an acceptable level of this potential yield
at field level due to several biotic and abiotic constraints. The main causes for productivity
decline in the Dry Zone are deterioration of land resources, erratic weather patterns, biotic
stresses and poor adoption of improved agronomic practices. The OFCs mainly grown in the
drought prone areas in Sri Lanka are highly vulnerable to the anticipated climatic changes.
There are concepts and technologies so far developed to combat the adverse climatic
conditions however, some of which are not adopted by farmers. In the future endeavors,
development of varieties for adverse climatic conditions, strategies based upon agronomy
and surface and ground water management with advanced technology should be given high
priority in order to tackle the climate change and its adverse impacts. Evidence on climate
variations over the past and in future in Sri Lanka, potential threats, already available
strategies for adaptation and present status of research and development activities related
to climate change are reviewed in this paper.
Keywords: Other field crops, climate change impacts, adaptation, novel technologies

INTRODUCTION
The Other Field Crops (OFC) category includes condiments such as Chilli (Capsicum
annuum L) and Onion (Allium cepa L), coarse grains such as Maize (Zea mays L) and
Finger millet (Eleusine coracana Gaertn) , grain legumes such as Cowpea [Vigna
unguiculata (L) Walp], Mungbean [Vigna radiata (L) Wilczek], Blackgram [Vigna
mungo (L) Hepper], and Soybean [Glycine max (L) Merr], and oil crops such as
Sesame (Sesamum indicum L), Groundnut (Arachis hypogaea L) and Mustard
(Brassica spp.). The Dry Zone is the major production area of these crops in Sri
Lanka. The present production of majority of OFCs is far behind their national
requirement and therefore a large amount is imported to meet the national demand
(Anonymous, 2016). Even though the crops have a high potential yield, farmers
have failed to realize it at field level due to several biotic and abiotic stresses and
production constraints such as deterioration of land resources, erratic rainfall, pest
and disease incidences and poor adoption of improved agronomic practices
(Hewavitharana et al., 2010).
There are number of records on evidences of climate variations over the past in Sri
Lanka. The annual rainfall over a major part of the country has shown a decreasing
trend with high variability (Madduma Bandara and Kuruppuarachchi, 1988;
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Fernando and Chandrapala, 1995; Katupotha, 2009; Panabokke and
Punyawardane, 2009) while an increasing trend in temperature was observed
(Fernando and Chandrapala, 1995; Punyawardena and Cherry, 1999; Basnayake et
al., 2002; Rekha, 2006; Costa, 2008; Katupotha, 2009; Premalal, 2009).
According to the HadCM3 model output for Sri Lanka, the Northeast monsoon rains
are predicted to decease by 34% (De Silva, 2009) and Regional Climate Model
(PRECIS), predicted that annual temperature of Sri Lanka would increase by 2.54.5 °C and 2.50-3.25 °C under A2 and B2 scenarios (IPCC Special Report on Emission
Scenarios) respectively, by the year 2080 while the dry zone become more drier
than at present under both scenarios Punyawardane et al. (2013).
This climate variability would further aggravate the low productivity of rainfed
upland farming system in the Dry Zone. In addition, the amount of rainfall received
in the Maha season would decide the type and extent of both Maha and Yala
cultivation in the lowland rice-based cropping system. Thus, research strategies
should be strengthened and ensured that new innovations are adopted by the
farmers through an efficient dissemination system.

Present status of research and development activities related to
climate change

The majority of research projects, which includes crop improvement, agronomy,
soil management, irrigation and plant protection carried out at present addresses
the climate change impacts and adaptation strategies. Given below is a summary of
some research projects already completed and in progress at FCRDI to cope up with
the climate change impacts.
Crop improvement:
The crop improvement program has given the priority for evaluation of varieties
and lines for high temperature and water stress tolerance. Germplasm of some
crops have been received from the international research organizations and for
some crops such as Black gram and Chilli, there is limitation in accessing germplsm.
Attempts are been made to introduce some underutilized crops [e.g. Sweet
sorghum – Sorghum bicolor (L) Moench] to the marginal lands such as salinityaffected lands, water-logged areas and drought-prone areas. The novel techniques
being used are mutation breeding, anther culture, double haploid technique and
marker-assisted screening. Climate resilient crop management practices include
alternative nursery management technologies, off season cultivation practices and
locations, management of soil compaction by sub soiling, optimizing bedded-basin
irrigation, optimizing micro irrigation by introducing specific management
packages, integrated use of micro and macro nutrients, insect pest population
dynamics under varying climatic conditions and pest management with light
alterations. Physiological responses to changing climate parameters (growth and
yield with increasing temperature and nodulation patterns) and possibility of
altering some phenological events and physiological processes (bolting in Big onion
and hard seed formation in Mungbean) and modifications to cropping systems
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(Alley cropping, Multifunctional bunds on rainfed uplands) are also being
attempted. Studies have been conducted to adopt mechanization as an adaptation
measure to climate change where improving varieties especially Mungbean for
synchronized maturity have been carried out at Research centers namely,
Mahailluppallama and Angunukolapelessa. Application of abscisic acid (ABS) to
increase the filling percentage of groundnut has given encouraging results.
However, the effect of ABA on mitigation of drought effect has to be further studied.
Technological improvement:
Several development projects have been executed even in the past to adopt
promising technologies at farmer level with the objective of uplifting the Dry Zone
agriculture (Somasiri, 1978; Fernando, 1981a; Fernando, 1981b; Keerthisena,
1998). Such concepts and technologies can be categorized into three basic groups
as the strategies focused on moisture retention, plant breeding and agronomic
approach. The Walagambahuwa concept (Somasiri, 1978) was developed to
maximize the utilization of incidental rainfall for rice cultivation while reducing the
crop failures due to shortage of water at the tail-end of the cropping season. This
was done with the underlying principle of utilization of incidental rainfall in Maha
cultivation through advancing the timing of field operations for rice and save water
for rice/OFC cultivation in the subsequent Yala season. However, the rate of
adoption of the concept by the farmers was not satisfactory.
Soil conservation:
Soil degradation caused by extensive clearing of catchment forest of village tanks
for farming without conserving soil had been a major issue in the Dry Zone
agriculture (Brohier, 1975). As a result, uplands have become unproductive while
the tanks in the lower catena are filled with sediments (Dharmasena 1992).
Attempts have been made to solve this problem taking the principles of traditional
Chena cultivation into consideration. Thus, the concept of conservation farming
was suggested to introduce to the upland rainfed farming system as a means of
maximizing incidental rainfall and to mitigate the effects of periodic droughts on
crop growth by the Department of Agriculture, Sri Lanka (Keerthisena, 1995). The
basic technology involved was the cultivation of annual crops between leguminous
tree species (Alley cropping). Soil moisture conservation with zero tillage, live or
crop residue mulching, green manuring, crop-livestock integration, biological
nitrogen fixation, use of low cost energy conserving tools were expected under this
system apart from other benefits such as nutrient recycling, weed control,
improvement in biodiversity as means of natural pest management systems
(Dahrmasena, 2003). Experimental evidence showed that soil fertility depleted
quickly and addition of inorganic fertilizer did not give substantial returns unless
combined with organic matter. As a result inclusion of pasture fodders on upland
cropping systems was studied.
Water management:
With the development of the Mahaweli Diversion Project, irrigation facilities were
provided to rice cultivation in the Maha season to the Dry Zone region of Sri Lanka.
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However, farmers were encouraged to cultivate less-water demanding OFCs during
the Yala season in paddy lands. Thus, technologies were developed to utilize limited
Yala rains and use available irrigation facilities efficiently. In this context, suitable
crops, varieties, specific growth habits, time of planting, land preparation practices
were investigated to support the production system. Short-age legumes were found
to be performing well with the soil residual moisture available immediately after
rice crop in Maha season. The concept of ‘Meda kanna’ (mid-season cultivation) was
introduced at this stage. Not only legumes but also some other crops showed
promising results in terms of water saving; for example Kurakkan was successfully
cultivated under minimum moisture at 15-20 days interval.
Short age varieties have been developed as an escape mechanism to alleviate from
drought situations such as maize (variety Aruna), Black gram (variety Anuradha),
Mungbean (variety MI-6), Cowpea (variety MI 35), Soybean (variety Pb 1) and
Groundnut (variety Tissa) (Anonymous, 1998). Cropping patterns and relevant
management practices to maximum utilization of the available moisture have been
introduced. For example, less water-demanding crops such as Finger millet and
Sesame were identified as suitable for the rice-based cropping systems and short
age crops for mid-season cultivation with appropriate agronomic management
practices. Water harvesting as a technique to mitigate the negative impacts of
climate change plays a significant role. The increasing temperature enhances the
evapotranspiration and desiccates the soils at a fast rate. Further, the changes in
the rainfall distribution over time has been observed where intensity of extreme
rainfall events have increased while increasing the length of dry spells even during
the rainy seasons. The increasing intensity of rainfall reduces the effectiveness of it
due to increase in the runoff percentage. Consequently, this will reduce the fraction
of infiltration consequently reduce the moisture storage in the soil profile and
retard deep percolations. Both increased rainfall intensity and extended length of
dry spells affect the crop productivity reducing the soil moisture availability to the
crops. Water harvesting was identified as a better remedial measure to address this
issue. With the water harvesting studies carried out, terraces with 1% gradient has
been identified as the best structure to harvest runoff into the soil profile. The
uniformity of moisture distribution within the surface area of terraces is over 90%.
Water harvesting either with terraces or with contour bunds enhances ground
water recharge. The terraces with 1% gradient is highly effective for the DL1b, DL3
DL4 and DL5 agro-ecological regions of the country, especially in the areas where
the total Maha season rainfall is less than 750 mm. In addition, storage of runoff in
farm ponds is highly effective for the mid country Intermediate Zone for
supplementary irrigation to support vegetables. Construction of eye brow bunds is
highly effective for perennial horticultural crops and plantation crops, which have
larger spacing between two plants.
Timely cultivation:
Due to the changes in rainfall pattern, farmers have found it difficult in identifying
the onset of the season and the dates for planting under rainfed condition.
Consequently, they lose their crops due to the failure of rainfall at the beginning of
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the season. To avoid such crop failures criteria have been developed to identify the
onset of the season and dates of planting. As reported by Punyawardane (2011),
onset of the season is determined according to amount of precipitation received in
a given period of time. If “weekly cumulative rainfall of a week equals or higher than
to the maximum potential evapo-transpiration of the said week and this condition
continues for three consecutive weeks beginning from first of September” it marks the
onset of the Maha season. When above condition is satisfied by the country or a
region that will be announced by the agro-climatologist of the Department of
Agriculture, through electronic media.
A study has been initiated to determine the date of planting for the major soil group
in agro-ecological regions taking the several factors into consideration and it was
defined as “a date where cumulative rainfall of a week ahead is adequate to soak
the first 30 cm of the soil to field capacity”. These factors include soil water holding
capacity, evapotranspiration rates at the commencement of the season, probability
of dry spells, and the length at the commencement of the season,

GAPS IDENTIFICATION AND FUTURE RESEARCH NEEDS
There are significant number of proven technologies developed recently and in the
past to cope up with climate change (Dharmasena, 2003; Malaviarachchi, 2003;
Nijamudeen, 2003), which consist of both individual crop-based approaches and
system-based approaches. Many of them were not published, however, the FCRDI
(2003) has compiled most of the past research outputs over a period of 50 years
(1950-2000).
Further, the scale of adoption of such technologies by the farmers is low. The
process of technology dissemination to convince farmers on threats of climate
change should be given utmost priority. The extension component should be
harnessed with adequate human resources, which is a significant constraint as at
present. The integrated involvement of the stakeholders of the agriculture
production process is insufficient. Technical and non-technical authorities do not
come into a consensus in addressing agricultural issues on most of the occasions.
Thus, not only we must find solutions on the farm land itself but also at the policy
level.
In many countries in the region including Sri Lanka, rainfed agriculture is practised
in harmony with the distribution pattern of rainfall. Variability of cropping
intensity (Dharmasena, 2000) and yield (Panabokke and Punyawardena, 2009) in
the dry zone was strongly dependent upon the rainfall pattern. Therefore,
technologies focused on productivity improvement of the rainfed farming is
essential. Simultaneously, priority should be given for development of short age
varieties, tolerant varieties for drought, excess moisture, heat, salinity, pests and
diseases using conventional and biotechnological tools. Biotechnological
approaches should be prioritized in variety development for stress environments,
too. Attention must be paid to incorporate wild relatives in breeding programs as
they might be better adapted to new climatic and atmospheric conditions.
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High temperature causes changes in insect pest population dynamics resulting
sudden in pest outbreaks (Karuppaiah and Sujayanad, 2012; Subasinghe and
Amarasena, 1988). High temperature influences the physiological (devernalization in onion), and phenological development (hastened maturation)
(Brewester, 1994; Craufurd and Wheeler, 2009). Ghannoum et al. (2000) and
Leakey (2009) predicted that C4 plants would get more advantages if they are
exposed to low moisture situations at elevated CO2 concentrations, which could be
observed with time (. Thus, weeds in C4 group would get comparative advantage
over C3 crops under water shortage situations. In this respect high competitiveness
of Purple nut sedge (Cyperus rotondus L), Kukul Atawara [Cynodon dactylon (L)
Pers], and Atawara (Panicum repens L.), which are at present the threatening weeds
on uplands in the Dry Zone would be unavoidable. At the same time, problematic C4
weeds common in the lowland rice fields such as P. repens, Echinchloa spp., C.
rotundus, Leptochloa chinensis (L) Nees, and Ischaemum rugosum Sal. would
flourish during comparatively drier Yala season where OFCs are grown under ricebased cropping systems. Most of the current noxious weeds being C4 plants may
become highly competitive with the C3 crops. Thus, farmers would be compelled to
apply higher rates of herbicides, which ultimately could contribute to the cost of
environment pollution. Therefore, novel weed control measures should be
identified specially, in a situation where some systemic chemical herbicides like
Glyphosate are currently unavailable due to a ban imposed by the government of
Sri Lanka.
Under moisture-stressed environments, and with erratic rainfall patterns, the
fertilizer use efficiency (FUE) get drastically reduced. Thus, farmers may tend to
apply higher amounts of fertilizers expecting higher yields. Thus, research to
increase FUE must be initiated. Similarly, to take advantage of the potential for
enhanced crop growth resulted in from increased atmospheric [CO2], plants have to
be supplied with adequate amounts of nutrients. This requirement would be mostly
met with inorganic fertilizers rather than the organic sources at an increasing
environmental cost, which should be avoided by introducing an Integrated Plant
Nutrient Management system. Studies are required to understand the soil, plant
and environmental interactions under variable climate for predicting the crop
growth and yield using “Crop Growth Models”. Developing models based on water
balance for the tank-based agricultural systems would minimize risk of farming
under climate variability. Except for few, studies focused on the crop physiology
and related aspects are rare with respect to OFCs; e.g. De Costa et al. (1999);
Malaviarachchi et al. (2013); Malaviarachchi et.al. (2016). The latest hybrid maize
variety, MI Maize H1 has shown an appreciable tolerance to moisture deficit
conditions.
The traditional cropping calendars have been outdated due to climate changes.
Although a criteria for identifying the onset of the season and the and date of
planting has been developed, still there are issues in determining the date of
planting as the length of the rainy season and the crop duration are not matching
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as in previously recorded. Hence, further studies on new cropping calendars are
imperative.
Changes in quality of legume seeds have been reported by the farming community
and researchers to have affected by the temperature changes due to climate change.
The physiology of these changes has yet be understood and development of new
varieties that are adaptable to fluctuating temperatures is an urgent and timely
need. Lowering temperature from 23 °C to 13 °C has increased the vegetative
growth of crops and reduced the N availability at the expense of filling seeds
(Larmure et al. 2005). Further, increasing temperature above 23 °C would result in
a decrease in the rate of N remobilization from vegetative parts to growing seeds
(Pellissier et al. 2007; Ito et al. 2009). Eventually, temperature variations can affect
seed N concentration, one of the main criteria of determining the quality of grain
legumes. Remedial measures for these changes have to be identified in the future.
Nitrogen-fixing in legumes are highly sensitive to environmental stresses (Sprent
et al., 1988), especially to temperature, water, salinity, sodicity, acidity, and
nutrient disorders (Chalk et al., 2010; Hungria and Vargas, 2000; Jayasundara et al.,
1998). This also will reduce the productivity of legumes. Hence, identification of
suitable measures to overcome the negative impact of climate change for Nitrogen
fixing in legumes is a need.
In addition to the technical approaches, institutional and attitudinal changes should
take place within the farming community to cope up with climate changes. Village
level organizations should take common decision as to how the limited natural
resources are used, and how to face natural disasters through exchanging their own
experiences and knowledge within and between farmer organizations. One of the
effective strategy currently practiced is the Bethma cultivation system in rice-based
lowland cropping systems where the paddy land is shared in water shortage
situation. Farmer’s attitudes must be focused towards the efficient utilization of
available rainwater along with suitable techniques such as micro-level rain water
harvesting systems for OFCs.

CONCLUSION
The OFC group, which has a significant contribution to the Sri Lankan economy are
mainly grown in the drought prone areas in Sri Lanka. These ecosystems are highly
vulnerable to climatic changes. As most of promising technologies so far developed
are not readily adopted by farmers, effective dissemination strategies have become
crucial to obtain the anticipated benefits Development of varieties and associated
technologies for adverse climatic conditions, management of quantity and quality
of surface and ground water using advanced technologies, and publications
emanating out of those research should be given high priority to overcome climate
change and its adverse impacts.
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Impact of Climate Change on Vegetable Cultivation in Sri
Lanka: A Review
R.G.A.S. Rajapakse, P. Malathi, W.A.P. Weerarathna, J.P. Marasinghe and
K.W.D.P. Nishantha
Horticulture Research and Development Institute, Gannoruwa, Sri Lanka
ABSTRACT: Vegetables are known as protective food as they supply essential nutrients,
vitamins and minerals to the human body and are the best resource for overcoming
micronutrient deficiencies. The production of vegetables in Sri Lanka has increased during
the last decade despite the climate changes. The annual cultivating extent was were 102,364
ha and 99,219 ha and production was 1.1 million t and 1.12 million t in 2015 and 2016,
respectively. The average yields of vegetables in upcountry (14 t/ha) are higher compared
to that of the low country (10 t/ha) where the climate is comparatively cooler in the former.
Presently, year-round cultivation is a common practice especially, in the upcountry and
irrigable lands in low country because of the introduction of high yielding,
temperature/drought-tolerant hybrids and selected traditional vegetable varieties, and
adaptation of newly developed integrated crop and pest management practices. Research
and development activities of the vegetable production are mainly focused to meet the
recommended per capita vegetable intake of 200 g/person, which will need to require
around 1.8 million t of vegetables per annum. However, limited land availability,
unavailability of high yielding stress-tolerant varieties for all major vegetables and poor
management strategies for soil nutrients, water post-harvest and value addition are the
major constraints in improvement of annual year-round vegetable production and
productivity of the crops under climate change. Therefore, development and adaptation of
new varieties capable to tolerate stresses and novel technologies of integrated crop and pest
management packages is a necessity to minimize the impact of climate change on vegetable
cultivation in Sri Lanka.
Keywords: Climate change, vegetables, pest and disease, production problems

INTRODUCTION
Vegetables are an important component of human diet as they are a rich source of
nutrients, vitamins and minerals. Vegetable crops are generally sensitive to
environmental extremes, and thus fluctuations in temperature and limited and
excess soil moisture are the major causes of low yields as they significantly affect
several physiological and biochemical processes like reduced photosynthetic
activity, altered metabolism and enzymatic activity, thermal injury to the tissues,
reduced pollination, fruit set, etc., which will be further magnified by climate
change. Increasing pest and disease problems are common and they render the
vegetable cultivation unprofitable.
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There are two main vegetable growing zones in Sri Lanka namely, up country and
low country, having two temperature regimes. The production of vegetables in the
country has been increased during the last decade despite the climate change
(Table 1). The average vegetable prices also drastically reduced in 2016 compared
to that of 2015 (Figure 1), which could be a result of increased year-round
production of vegetables. The annual cultivating extent in low and upcountry
country was 64,521 ha and 31,940 ha and production was 700,639 t and 465,997 t
in 2015 and 2016, respectively (Table 1). The average yields of vegetables in the
upcountry are the highest compared to the low country where the climate is
comparatively cooler in the former.
The increased global temperatures and carbon dioxide levels over the past six
decades coupled with greater weather variability and higher extreme weather
conditions such as droughts and ﬂoods have impacted crop yields and shifted the
geographical ranges of crop cultivation (Ewerta et al., 2005). Sri Lanka is an island
having mainly tropical climate. The country and consists of three major climatic
zones, i.e. wet, intermediate and dry zone, based on the average rain fall >2500 mm,
1750-2500, and <1750 mm, respectively. Further, the county is sub divided into 46
agro-ecological regions based on the rainfall pattern, elevation, land form,
temperature range and type of soil (Punyawardena 2008; Mapa et al., 1999).
Table 1. Extent and productivity of vegetable cultivation in agricultural seasons.
Vegetable extent and productivity in agricultural seasons
Yala
Maha
Yala
Maha
Yala Maha 2016/17
2014 2014/15
2015
2015/16
2016
(up to March)
Up country (ha)
13,694
16,774
14,613
15,201
16,739
16,799
Low country (ha)
19,462
38,600
32,373
39,112
28,170
32,776
Total extent (ha)
33,157
55,378
46,986
54,313
44,906
49,575
Total production (t)
357,181
615,477
452,532
621,507 545,129
586,663
Productivity (t/ha)
10.772
11.114
9.631
11.443
12.139
11.893
(Source: DOA – various issues.)
Parameter
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Bitter Gourd
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Beet root
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Beens(Green)

0
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Figure 1. Average price fluctuation of vegetables 2015 -2016 (Source: DOA – various issues)

There are two monsoon, namely, South-West and North-East that occur from May
to September and December to February, respectively. Climate change impact in Sri
Lanka is due to increasing variability of rainfall intensity and regimes, frequency of
storms, mean ambient temperature, variation in diurnal temperature range and
changing monsoonal pattern (CCS 2010; Basnayaka et al., 2007). The rainfall
intensity, amount of rainfall per rainy day and the average rainfall per spell have
increased in most parts of the country (Rathnayaka and Herath, 2005), while the
mean temperature has increased by 0.016 °C per year during 1961-1990
(Chandrapala, 1996).
Several disorders have been reported in the recent past in the vegetable
cultivations mainly due to climate changes. Absence of fruit formation in tomato
(Solanum lycopersicum L) and vegetable capsicum (Capsicum spp) grown in the dry
zone areas and pod formation of bean in Matale, poor head formations of cabbage
and cauliflower in Marassana and Dambulla area (Kandy and Matale districts),
abnormal fruit shape of tomato and okra [Abelmoschus esculentus (L) Moench]
grown in dry areas, fruit drop of bitter gourd (Momordica charantia L) and luffa
[Luffa acutangula (L) Roxb.] grown mainly in the dry and intermediate zones
(Researchers at HORDI and Provincial Departments of Agriculture – personal
communications) in the vegetable cultivation are some of such impacts reported.
Climate change is predicted to have a direct impact on changes in the seasonal and
monsoon pattern, biotic and abiotic factors, occurrence and severity of pest and
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diseases in crops and salinity build up in soil, which will have a serious impact on
food security (Esham and Garforth, 2013). Despite having a direct effect on rainfed
vegetable cultivation, climate change affects water storage and availability of water
for irrigation. The failure of the monsoons results in water shortages, leading to
below-average crop yields. High temperatures and inadequate rainfall at the time
of sowing and heavy rainfall at the time harvesting would cause severe crop losses
in the dry and intermediate zones in the country. This is particularly observed of
vegetable production in the low country in Yala season 2015. The productivity of
the vegetables was low (7.82 t/ha) in Yala 2015 compared to that of Yala 2014
(10.31 t/ha) and Yala 2016 (10.51 t/ha) because of the drought condition prevailed
in Sri Lanka during 2015 (Table 1).
In addition to the physiological and biochemical changes in crops, climate change
influences the pest and disease incidence, host-pathogen interaction, distribution
and ecology of insects, time of appearance, migration to new places and their
survival capacity in the vegetable ecosystems. Sri Lanka is rich in biodiversity of
insect pests, mites, nematodes and their natural enemies, and pollinators. Insect,
mite and nematode pests sometimes cause up to 100% economic losses in
horticultural crops. The severity of the damage mainly depends on the size of the
pest population available in the environment. Ecological factors, climate and
agricultural practices play an important role in the pest abundance. Furthermore,
the tropical climatic conditions and the vast array of plant diversity are favourable
for multiplication of insects. Recent changes in climatic conditions seem to have
made a shift in the abundance of certain pest species such as plant virus vectors.
Outcomes of surveys and research also show that the change of climatic factors
could increase the numbers of important plant virus vectors such as aphids,
whiteflies, thrips, plant hoppers and also plant diseases that have not been present
under previous climatic conditions (Krishnareddy, 2013).
The vegetable pests such as melon flies (Batocera spp. complex) are a major threat
to production and marketing of fruits and cucurbits in Sri Lanka and many other
countries. The abundance of fruit fly diversity vary with the availability of the host
plants, climatic factors, etc. The effect of climatic factors on the distribution and
establishment of fruit flies has been studied (Kriticos et al., 2007). Statistical models
have predicted that with increasing environmental temperatures, the potential
distribution of fruit flies includes much of the tropics and subtropics and they
extends into warm temperate areas (Stephans, 2007). Similar situations have been
reported recently i.e. new epidemics of insect vectors such as white flies, mealy
bugs, scales insects, plant hoppers, and lepidopteron leaf minor (Tuta absoluta) in
tomato cultivations in the country (Researchers in HORDI and extension offices of
the Department of Agriculture – Personal communication).
Rapidly-changing climate creates favorable conditions for development and
increased spread of plant virus diseases due to direct or indirect impacts on
population dynamics of virus-transmitting insect vectors. Yamamura and Kiritani
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(1998) found that the activity and population of sucking pests such as aphids,
whiteflies and thrips increases with increase in temperature. In recent years,
diseases caused by plant viruses and phytoplasma have become a significant
limiting factor in the sustainable production of vegetables in the commercial and
smallholder farming systems of Sri Lanka. A high incidence of leaf hoppertransmitted phytoplasma disease in brinjal (Solanum melongena L), cucurbits and
okra was reported recently in the dry and intermediate zones and crop losses were
reports as almost 100%.
The epidemics of virus diseases such as whitefly-transmitted Begomo viruses in
beans and cucurbitaceous vegetables, aphids-transmitted cucumber mosaic virus
in pumpkin and capsicum, leaf hopper-transmitted curly top virus in tomato are
some of the examples for virus out breaks. Similarly, insects such as mealy bug and
scales, mites and root-knot nematodes (Meloidogyne spp.) are also becoming a
major threat to several food crops, including vegetable capsicum, chilli (Capsicum
annuum L), tomato, leafy vegetables and many other vegetables grown in
commercial cultivations and in home gardens all over the country. Some of the
features accounted for the emerge of Meloidogyne spp. populations during the
recent past in vegetable ecosystems in Sri Lanka are the wide spread cultivation
and availability of its host plants, changes taking place in climatic parameters,
physico-chemical and biological properties of the agriculture soils, difficulties
encountered in controlling these nematodes through nematicide, and adaptation of
cropping systems for year round cultivation with introduction of susceptible
hybrids.
Increasing trend was reported of the frequency and gravity of plant diseases such
as powdery mildew (Leveilula taurica), early blight (Alternaria solani), fusarium
wilt (Fusarium oxysporum) and bacterial wilt (Ralstonia solanacearum). In contrary,
some diseases such as late blight (Phytophthora infestans), verticilium wilt
(Verticilium albo-atrum) and Sclerotinia rot (Sclerotinia sclerotiorum) were
reported as less prevalent and cause less damage, while some others remained
unchanged probably due to unfavorable climatic conditions that prevailed. In
potato, economic production is often impossible without controlling blight disease,
which is considered to be the most economically important disease of potato
worldwide. Application of contact fungicides is the most common practice in
controlling blight and usage of fungicides may increase if changing crop physiology
interferes with the uptake and translocation of pesticides. Washing away of the
contact pesticides due to more frequent rainfall could also lead to more frequent
applications. Vegetable farmers tend to use heavy volumes of agrochemicals and
other inputs to obtain good yields thus, resulting in higher price increases
especially in the months of April to June and November to January. Use of
appropriate varieties is the most important strategy to increase the vegetable
production and income of farmers during off seasonal cultivation.
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The global agricultural regime of monocrops and narrow gene pools is becoming
more prone to the effects of climate change creating food insecurity and thus, the
lives of farmers more precarious. Traditional crop varieties contain high levels of
genetic diversity, which tend to express variations when planted in different agroecosystems. The genetically diverse traditional varieties can be utilized to develop
new varieties that can increase yield, adapt to climate change, new diseases and
other threats to crop production.
Even though some IPM technologies related to the control of virus epidemics in
vegetables, organic agriculture technologies and improvement of traditional
vegetable varieties to mitigate the impact of climatic change on vegetable
productions have been introduced, less attention has been paid to develop climate
adaptable hybrids and open-pollinated (OP) varieties, and relevant integrated crop
management (ICM) practices to mitigate the impact of climate change on vegetable
production and productivity in the country. Therefore, it is important to strengthen
the crop improvement programs using novel techniques to introduce climate smart
varieties compatible with new pest and crop management practices under different
climatic situations. In addition, research on soil and water management is
important in vegetable production under stress environments. New innovations of
postharvest and value addition technologies are important to support the
adaptation efforts of vegetable farmers to climate change and also improve farmer
income supporting sustainable vegetable production by mitigating the impact of
climate change.

PRESENT STATUS OF RESEARCH AND DEVELOPMENT ACTIVITIES
RELATED TO CLIMATE CHANGE
Several research and development programs have been carried out at the HORDI
and regional research centers with the following objectives:
 Development of adaptable high yielding shot duration, pest and disease
resistant and high quality hybrid and OP varieties for cultivation under
varied climates in the country. Studies are ongoing with some crops such as
pea (Pisum sativum L), bean (Phaseolus vulgaris L), tomato (Solanum
lycopersicum L), capsicum (Capsicum annuum L), brinjal (Solanum
melongena L), luffa [Lufa acutangula (L) Roxb.], bitter gourd (Momordica
charantia L), okra [Abelmoschus esculentus (L) Moench.] and other major
vegetables.
 Modification of the crop canopy and roots architecture, development of
sustainable nutrient management plans by scheduling root and foliar
feeding to enhance nutrient use efficiency, identify best growing medium
and efficient utilization of space to obtain maximum productivity of crops
grown in control environment.
 Development of site-specific nutrient management packages for major
vegetable crops base on the testing of site plant nutrient availability, plant
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nutrient contents, soil conditions and use of biological agents, nitrification
inhibitors and vegetable varieties that efficiently uses nutrients..
To ensure year-round availability of safe and quality-assured vegetables by
introducing suitable varieties to off-season cultivation and diverse agro
ecological regions, improving present ICM and IPM techniques, introducing
cultivation technologies to grow vegetable in abandoned paddy fields and
technology of potato tower and sweet potato cultivation in poly sack bags
for home garden and urban agriculture systems , and technology
development for cultivation of vegetables in protected houses and input
supply (rain shelters, micro irrigation systems, water pumps, reflective
mulch, insect proof nets, crates for vegetable transportation, etc. under
national food production program) with dissemination of relevant
technologies for growing vegetables under extreme weather conditions.
To avoid price fluctuations of vegetables during off season (June-July and
mid November-mid December) by introducing selected locally-developed
varieties such as Okra, Brinjal, Mae, Winged bean [Psophocarpus
tetragonolobus (L) DC], Brinjals and some traditional vegetables, and exotic
hybrids such as Cabbage (Brassica oleraceae L), Cauliflower (B. oleraceae
var. Botrytis), Beet (Beta vulgaris L), Carrot (Daucus carota (Hoffm) Shcubl
& Martens], etc., for dry zone and recommendation of crop combinations of
traditional varieties for home gardens.
To reduce post-harvest losses up to 10%, programs for reduction of
postharvest losses and development of value addition products based on
five colour health concern concept and dissemination through training
programs for farmers in Kandy, Anuradapura, Nuwara eliya and Dambulla.
Development of value addition technologies to introduce nutritionally rich
diet with five colour health concept. Studies are ongoing and some products
are commercialized by private sectors.
Value addition technologies were introduced by establishing five food
processing centers with modern facilities. Additional five food processing
centers will be established in five major vegetable growing areas.
Development of organic agricultural technologies and introduce safe
natural bio-pesticides and botanicals (Trichoderma spp, and fluorescent
Pseudomonas spp., natural polymer-Chito power, neem – Azadirachta india
A. Juss., annona botanical formulations, etc.) to ensure safe to eat quality
vegetables.

Outcome of the all activities will meet the recommended per capita intake of safe
and quality assured vegetables of 200 g/person.
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IDENTIFIED GAPS
Climate change will continue to have a larger impact on vegetable cultivation as
well as food security in the near future. Present evidence indicates that research
on shifting of cropping seasons, growth and yield patterns, pest and disease
scenario under changing climatic conditions in respect to vegetable crops in Sri
Lanka and use of traditional knowledge has been lacking, which has to be taken up
as a urgent approach.

Gaps in adoption of novel approaches in variety improvement of
vegetables
With biodiversity loss and concentration of control of seeds by various seed sectors,
there is an ever increasing need to conserve the genetically diverse, traditional
seeds by the farmers themselves. Together, new varieties are also required for
obtaining higher yield and resistant/ tolerant to new biotic and abiotic threats to
vegetable production. There is a growing recognition and interest in farmer
participatory approaches in response to the challenge of making agriculture more
sustainable by considering farmers as partners in crop improvement programs
from the initial stages of breeding and selections. This can potentially result in
varieties adapted to the needs of farmers with low resources in highly stress-prone
environments, and lead to enhanced on-farm (in-situ) conservation of crop genetic
resources. Therefore, major attention should be given to development and selection
of climate smart vegetable varieties, improvement of cultivation technologies and
IPM techniques specified to different vegetables crops.

Gaps in adoption of novel approaches in pest control of vegetables
Use of biopesticides, botanicals and plant-derived soil amendments would also help
in mitigation of climate change as they helps in the reduction of nitrous oxide
emission by nitrification inhibitors. However, how such techniques would
contribute to shifting of microflora under varied temperature and moisture
regimes are not yet understood.
Use and benefits of ecofriendly methods in disease management for sustainable
crop production is well understood. In the changing climate and shift in seasons,
choice of crop management practices based on the prevailing situation is important.
In such scenarios, weather-based pest/disease monitoring and rapid diagnostics
would play a significant role. Other multipronged approaches should be included
healthy seeds with innate forms of broad and durable disease resistance, and
intercropping systems that foster refuges for natural biocontrol organisms. In
addition, monitoring and early warning systems for forecasting pest/disease
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epidemics should be developed for important pest and pathogens which have a
direct bearing on the earnings of the farmers and food security at large.
Laboratory and infrastructure facilities and limited availability of literature
pertaining to effect of biotic and abiotic factors on vegetable production, new
technologies for pest/diseases on changing climatic conditions in respect to
vegetable crops in Sri Lanka have hindered the research and development in
relation to climate change impacts on vegetable crop production in Sri Lanka.

FUTURE RESEARCH NEEDS
Future research should mainly be focused to fulfill the objectives to ensure yearround availability of safe and quality assured vegetables, to avoid price fluctuations
of vegetables during June to July and mid-November to mid-December time periods
in given year, to reduce postharvest losses up to 10% and to meet the
recommended per capita intake of safe and quality assured vegetables 200
g/person.

Research needs in plant improvement
The research needs identified for vegetable crop improvement are as follows.
 Development and application of molecular and other novel techniques to
screen germplasm for quality parameters, pest/disease resistance, and
adaptability to different climatic stress (heat and drought/excess moisture
tolerance) and to finally identify resistance/tolerance characters during
early stages to minimize time taken for breeding varieties.
 Accelerate the development of F1 hybrid for different vegetable production
systems such as poly tunnels, rain shelters, and soilless growing systems.
 Accelerate the development of F1 hybrid and OP varieties, which are
suitable to mitigate shifting of growing seasons, drought, excess moisture
and heat conditions when crop is grown in stress-prone areas.
 Promotion of demand-driven variety development process through farmer
participatory breeding programs to develop varieties with higher farmer
adoption and acceptance for year-round cultivation and home gardens.
 Evaluating and improving traditional varieties to meet the changing needs
of famers (organic or low input agriculture, etc.) and consumers (health
concerns, consumer preference, etc.) through farmer participatory plant
breeding.
 Strengthening evaluation of high yielding and quality exotic vegetable
varieties, which are suitable to dry zone and their ability to mitigate the
effect of climate change on vegetable production, and to identify the potato
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varieties grown in different agro-ecological regions under changing diurnal
temperature.
 Production of sufficient quantities of nucleus and breeder seeds of
recommended vegetable varieties and parental lines of F1 hybrids to meet
the future targets provide by Seed and Planting Material Development
Center.

Research needs in vegetable agronomy
The research leading to advances in agronomy of vegetable crops should focus on
developing ICP package for a variety of vegetables growing under different
cropping systems. Elaborated studies should be carried out with collaboration of
scientists in the fields of soil and water management, plant protection, weed
management, physiology and food science, which are necessary to develop
sustainable crop management systems, including nutrient management, to mitigate
the effect of changing climate parameters on vegetable production.

Research needs in pest/disease control
The research needs focusing on pest/disease control n vegetable crops are as
follows:
 Collection, tabulation and summarization of long term climatic data
covering major vegetable growing areas in Sri Lanka to study the
correlation of climatic parameters and dynamics of recent outbreak of pests
and diseases
 The etiology of recently reported vegetable diseases (fungal, bacterial, viral
and phytoplasma) in Sri Lanka should be studied in detail.
 The insect involvement as virus vectors and direct injuries onto crops need
experimentation.
 Identification of the ecofriendly methods in disease management for
sustainable crop production using formulations of biocontrol agents
(Trichoderma spp. and fluorescent Pseudomonas), natural polymers, and
plant extracts (Neem) for vegetable crops.
Final outcomes of these research should lead to the improvement of present ICM
and IPM packages and Identification of new effective ICP and IPM packages
including good agricultural practices for controlling vegetable pest/diseases with
climate changes.

CONCLUSION
The climate change is a cause for shifting of agriculture seasons, changing of biotic
factors mainly the abundance and dynamic of pest, disease, beneficial insects and
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microbes, crop physiology and changing of abiotic factors such as heat, drought,
excess moisture, temperature regimes, sunshine hours, etc. Absence of climate
smart vegetable varieties has significantly affected the vegetable production of the
country. Present studies are required to develop systematic study plans to assess
the long term climate change impact on vegetable productivity and to develop
sustainable ICM, IPM and nutrient packages to cater the demands of increasing
vegetable production under a changing and variable climate.
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