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INTRODUCTION 

This Report draws on the experiences of the Caribbean Agrometeorological Initiative (CAMI) as well as 
the experiences of other agrometeorological providers and users from across the globe, particularly that of 
a World Meteorological Organization (WMO) Expert Team in Strengthening Operational 
Agrometeorological Services, that is preparing a Report for that global body that will pay attention to 
successes across the globe, while placing some emphasis on what may be needed to close many gaps and 
constraints to progress. 

 

THE CARIBBEAN AGROMETEOROLOGICAL INITIATIVE (CAMI) – OBJECTIVES 
AND SUMMARY OF RESULTS 

The Caribbean region is vulnerable to a wide range of natural hazards, ranging from catastrophic events 
such as floods, droughts, and tropical cyclones to pests and diseases in plants, animals and humans.  
Especially in poor rural areas, these disasters cause much suffering, infrastructure and environmental 
damage, aggravate food insecurity and slow down or even reverse development gains.  Land degradation 
is a threat to natural resources with direct consequences on food security, poverty, and environmental and 
political stability. Climate variability, climate change and land degradation are intimately linked and are 
generating unexpected effects, for example, an increased occurrence of extreme weather conditions in the 
Caribbean region. 

The Caribbean Agrometeorological Initiative (CAMI – www.cimh.edu.bb/cami) was an initial step 
toward counteracting these threats. The project was funded by the European Union through its Science 
and Technology programme for Member States of the African, Caribbean and Pacific Group of Countries. 
The CAMI member countries are Antigua and Barbuda, Barbados, Belize, Dominica, Grenada, Guyana, 
Jamaica, St. Lucia, St. Vincent, Trinidad and Tobago. Participating regional agencies were the Caribbean 
Institute for Meteorology and Hydrology (CIMH), the project coordinator, and the Caribbean Agricultural 
Research and Development Institute (CARDI).  
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The overarching objective was to increase and sustain agricultural productivity at the farm level in the 
Caribbean region through improved dissemination and application of weather and climate information 
using an integrated and coordinated approach. The specific objective was to assist the farming community 
in the Caribbean region through the regional network of meteorological and agricultural service and 
research institutes by providing rainy season potential rainfall predictions; development of effective pest 
and disease forecasting systems for improved on-farm management decisions; preparation and wide 
diffusion of a user-friendly weather and climate information newsletter; organisation of regular forums 
with the farming community and agricultural extension agencies to promote a better understanding of the 
applications of weather and climate information and to obtain feedback to provide better products from 
the meteorological services for use by the farming community. 

Though the funded project terminated in early 2013, the activity is sustained through collaboration 
between the National Meteorological Services, Agriculture Extension Services, farmers and other 
agricultural entities. Collaboration during and after the project includes a monthly Climate Bulletin for 
Farmers on a regional scale and also a national scale in CAMI countries. 

The following is a summary of results of the project: 
• Over 825 persons (most of whom were farmers) participated in the 27 farmers’ forums. 
• Forums in collaboration with the establishment of national tri-partite committees, formed in all 

ten CAMI states, have enhanced or stand to enhance the three-way interaction so much lacking 
prior to CAMI for the provision of relevant weather and climate services to the sector. The tri-
partite committees are meant to sustain this interaction and the activities. Both the forums and the 
tri-partite committees are a means of feedback for the National Meteorological Services regarding 
the reach and effectiveness of the information provided. 

• Capacities at the National Meteorological Services, CARDI and CIMH were built through 
training in six important areas: (i) Seasonal Forecasting, (ii) Statistical Climatology, (iii) 
Irrigation Management, (iv) Crop Simulation Modelling, (v) Pests and Diseases Modelling; and 
(vi) Production of Bulletins and Newsletters. In addition, CIMH and CARDI staff received 
further training through attachments and courses at cutting edge research institutions. 

• Supporting initiatives to the CAMI project also provided training e.g. the electronic course in 
Statistics in Applied Climatology (e-SIAC, University of Reading) produced 18 graduates (the 
highest graduating rate in the history of the course). Through this course Meteorological Services 
have become more competent in analysing their data for application to sectors such as agriculture. 
Through another supporting initiative, the Caribbean Climate Outlook Forum (CariCOF) all 
CAMI states are part of the regional seasonal climate forecasting mechanism. Just as importantly 
the CAMI funds focused on appropriate interpretation of these seasonal forecast products by 
agriculturists (mainly farmers and extension officers) in each of the CAMI states. Another 
supporting initiative financed by Technical Centre for Agricultural and Rural Cooperation (CTA) 
has begun the thrust toward developing a Communication Strategy for weather and climate 
information. 

• Through data rescue within this action, new data were collected and entered in the CIMH 
database and is currently used in the many sustained activities of this action. This is being 
enhanced by a follow up data rescue and database design project funded by the Caribbean 
Development Bank (CDB). The new customised database will support data archiving 
management, sharing and dissemination. 

• Weather- and climate- related pests and diseases models were developed for what were deemed 
as three important regional pests/diseases. These were Black Sigatoka, Citrus Psyllid/Greening 
and Whitefly. Online training for Meteorological Services Personnel has begun. However, for full 
release and use, these models now have to be validated for the different Caribbean environments. 
Receiving data to commence the validation has proven a deterrent so far, since particularly 
biological and agronomic data relevant to the analyses have been difficult to acquire. 
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• The regional CAMI bulletin produced 24 volumes. Nine countries have begun production of their 
own national bulletins. Farmers’ forums participants are sent bulletins at least on a monthly basis, 
whether it is the regional or national bulletin or both. It has been made clear that farmers 
receiving the bulletins also forward them to others in their network, so the reach is further than 
those engaged directly under the project. 

• Trinidad and Tobago also provides ten-day bulletins, and Jamaica provides on-line four day 
forecasts on a web portal specially developed for farmers after requests during one of the farmers’ 
forums. Information from the Jamaica Meteorological Service is also disseminated via mobile 
phone. CIMH will continue to support and encourage similar shorter-term weather forecast 
information for the agricultural community as provided by Trinidad and Tobago and Jamaica, as 
the relevant capacity is embedded in the Meteorological Services in the region. Also, as CIMH 
develops a Communication Strategy for weather and climate information to regional sectors, 
expansion of dissemination by mobile phone is expected in the future. Efforts in at least one other 
country to provide warnings via this medium proved ineffective, as often, SMS advisories were 
released well after the advisory period. This needs better coordination and more in-depth dialogue 
with service providers.  
 

 

POTENTIAL FOR MONITORING and PREDICTION 

Weather and climate monitoring and forecasting 

The public, including the agricultural community, are very familiar with weather information from their 
newspaper, radio, television and most recently the internet, indicating (i) past conditions (normally over 
the last 24 hours), (ii) current conditions, and (iii) forecast conditions for the next 12 to 24 hours to up to a 
few days (to about four days in many parts of the Caribbean). This readily available information is 
however not translated into agricultural terms, particularly for the farmers, and the Extension Officers that 
serve them. These persons are then left to make their own interpretations of the information and left to 
make their own decisions based on perceived impacts of the existing and forecasted conditions. 
Particularly where extreme events are forecasted, reaching the farmer in time is of great importance. This 
hints at an important question, where agrometeorological tools and products are concerned. It is alright to 
have tools, products and information, but how is the information disseminated and communicated, and is 
it reaching the necessary persons?  
 
More unfamiliarly, CIMH has been producing seasonal (3-month) rainfall forecasts for over a decade. 
However, since February 2012, this has become a consensus process, as CIMH collaborates with 
meteorologists and climatologists from about 20 national meteorological services across the Caribbean 
forming (CariCOF). Precipitation forecasts for the Caribbean, from Guyana in the south across the island 
chain to Belize in the West are prepared, along with user-friendly newsletters, every month 
(http://rcc.cimh.edu.bb/long-range-forecasts/caricof-climate-outlooks/). Two 3-month forecasts are 
prepared (Figure 1), with zero- and three- month lead times,that provide information for the following 
two 3-month period, using output from a statistical climate prediction model1 that is driven by Caribbean 
data, as well as output from WMO Global Producing Centres (GPC)2. The information is in the form of 
probabilities of normal, above normal and below normal rainfall. It, however, has to be made clear that 
there is greater uncertainty the longer the lead time of the forecast. Apart from contributing to the regional 
precipitation outlooks, national meteorological services also provide national outlooks, increasing the 
potential for better decision making at the national scale. A similar approach is taken in developing 

																																																													
1	Climate	Predictability	Tool,	IRI	Columbia	University.	http://iri.columbia.edu/our-expertise/climate/tools/cpt/	
2	http://www.wmo.int/pages/prog/wcp/wcasp/clips/producers_forecasts.html	
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temperature forecasts with zero- and 3-month lead times (http://rcc.cimh.edu.bb/long-range-
forecasts/caricof-climate-outlooks/). Temperature is also extremely important in agriculture, as heat stress 
of both plants and animals can cause decreased production and even mortality. It is well known for 
example, that elevated temperatures can cause flower drop in crops like tomato. 

    

Figure 1 Caribbean Precipitation Outlooks for November 2013 to January 2014 and February to April 
2014. Being produced at the end of October makes it zero lead time (produced right before) for November 
to January 2014, and 3 month lead time (produced three months before) for February to April, 2014. 

 

With concerns over drought, in particular, it was thought necessary to develop a system that can monitor 
and forecast such events and thereby allow for the mitigation of their impacts and provide some means for 
adaptation in the future. Strengthening Drought Early Warning was one of the recommendations to 
CARICOM after the severe drought of 2009-2010. 
 
The Caribbean Drought and Precipitation Monitoring Network (CDPMN) was launched in January 2009 
under the project The Caribbean Water Initiative (CARIWIN, www.mcgill.ca/cariwin). The goal of 
CARIWIN was to increase the capacity of Caribbean countries to deliver equitable and sustainable 
Integrated Water Resources Management (IWRM). The Network, viewed as essential to Caribbean 
IWRM, intended for drought and general precipitation status to be monitored on two scales:  
(i) regional, encompassing the entire Caribbean basin 
(ii) national using a wide range of indices and indicators that reflect the different types of drought.  

Indices such as the Standardized Precipitation Index (SPI) (Mc Kee et al. 1993) and Deciles (Gibbs and 
Maher, 1967) would be indicators of normal or abnormal rainfall thus being able to detect meteorological 
drought. Other indices and indicators provide information on normal or abnormal soil moisture (Palmer 
Drought Severity index, PDSI, developed by Palmer 1965; and Crop Moisture Index, CMI, developed by 
Palmer 1968, soil moisture volumetric content, or soil moisture potential) or status of vegetation 
(Normalised Difference Vegetation Index, NDVI; or Vegetative Health Index). Others can provide 
information on stream and river flow or levels, lake and reservoir levels and ground water quantities. The 
final drought and precipitation status of the region/country should be determined, by consensus, by a 
network of persons from different sectors, institutions, communities and backgrounds embracing the 
diversity in definitions and impacts of drought and by utilising the spectrum of indices and indicators. 



6	
	

 
The CDPMN has four main targets: 
1. Monitor the status of water via climatological, agricultural, hydrological, and other indicators. 
2. Undertake projections with lead times of up to 3 months by coupling seasonal forecasts with 
drought monitoring.  
3. Post watches and warnings, when necessary, on CIMH website and disseminate to key agencies, 
governments and media, in partner countries 
4. By creating a network of researchers working with stakeholders including all levels of 
government (from the local/community level to national), develop mitigation, adaptation and response 
strategies to drought (and excessive rainfall).  

The first regional maps were produced on 7 April 2009, which provided the precipitation status as at the 
end of March on four time scales (1, 3, 6 and 12 month), reflecting the reality that different types of 
drought manifest themselves after different periods of exposure. For example, agricultural drought is 
expressed much sooner (1-3 months) than hydrological drought (6 months and beyond depending on 
whether a surface water or ground water resource). Examples of the 3- and 6-month SPI are shown in 
Figure 2. 

    

Figure 2. SPI maps for the periods (i) January to March 2010 and (ii) October 2009 to March 2010 as 
disseminated in 2010, the countries under severe to extreme drought clearly shown, particularly in the 
eastern Caribbean. 

 

Interestingly enough, the CDPMN, was launched just months before the severe to exceptional conditions 
of 2009-2010, with the intention of being fully operational by the end of 2010. However with the 
conditions becoming extremely worrying (Figure 3a) and forecasts of continued below normal rainfall 
being forecasted (Figure 3b), the information and advisories were forced to flow from the CDPMN to 
Caribbean governments from January 2010, well before its recommended operational date. The actual 
situation at the end of forecast period (3c) suggest that the forecast of below normal did result extending 
the drought to the end of March 2013 at least. In fact, the drought ended in April to May 2013, depending 
on the location in the Caribbean. 
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Figure 3 Showing conditions during periods (October to December 2009, left) and (January to March 
2010, right) of the drought of 2009-2010 using Deciles. The centre map shows the forecast for the period 
January to March 2010 that was produced at the beginning of January 2010. 

CariCOF now provides a drought alerting system (http://rcc.cimh.edu.bb/long-range-forecasts/caricof-
climate-outlooks/) that includes forecasts for the 6-month time scale and the hydrological year from June 
(the start of the rainy season in much of the Caribbean) to May (the approximate end to the dry season), 
with examples shown in Figure 4. CariCOF continues to seek stakeholder involvement (including from 
the agriculture sector) in refining the alerting system (Figure 5) and making it more relevant. All drought 
information is compiled and disseminated via a monthly bulletin (http://rcc.cimh.edu.bb/).  

    

Figure 4. Drought forecast covering the ix month period December 2014 to May 2015 (left), and the 
forecast drought forecast for the hydrological year (June 2014 to May 2015) released at the end of 
February 2015 (right). The forecasts indicate the impact that is likely to be felt from any deficits in 
rainfall for the time periods considered. 

The rainfall and temperature products currently provided, were all an important part of the information 
provision for the agricultural community during the CAMI farmers forums. This made farmers aware that 
such information is out there and can be used in decision making both on-farm and by policy-makers. 
Most farmers were unaware of the monitoring and forecast information during the 2009-2010 drought, 
and indicated that had they known, they would have done things a bit differently on their farms. This 
throws even more urgency on establishing a communications strategy for weather and climate 
information in agriculture. 
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Figure 5. Drought Alerting Levels and recommended actions 

Irrigation management 

During the CAMI project, meteorological service and CARDI personnel, and a PhD researcher were 
trained on Aquacrop3, which is a crop water productivity model developed by the Land and Water 
Division of Food and Agricultural Organization of the United Nations (FAO). It essentially simulates 
yield response to water of herbaceous crops, and is particularly suited to address conditions where water 
is a key limiting factor in crop production, thereby assisting with the management of irrigation quantities 
and timing.  

In addition to aquacrop, participants were trained on the ETo Calculator4, also developed by FAO, which 
estimates crop potential evapotranspiration. It is fairly simple to use and and is recommended for use by 
regional meteorologists to estimate potential crop water loss. The ETo	Calculator is embedded and used 
by Aquacrop to estimate its potential evapotranspiration. 

INSTAT5 3.37 (University of Reading), is widely used as a statistical climatology tool to provide climate 
information, but with applications to agriculture. INSTAT can also provide soil moisture and, by 
extension, irrigation estimates, without the crop specificity embedded in the software. The INSTAT user 
would have to include the necessary crop specific information, once it is known. Crop simulation models 

																																																													
3	http://www.fao.org/nr/water/aquacrop.html	
4	http://www.fao.org/nr/water/eto.html	
5	http://www.reading.ac.uk/ssc/n/n_instat.htm	
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such as DSSAT and APSIM, described in greater detail below, can also be used for irrigation 
management. 

Soil moisture balance modelling is important to any irrigation management system. Soil moisture balance 
models incorporate water loss (evapotranspiration, runoff, deep drainage), water added (rainfall, 
irrigation, capillary rise) and soil moisture content changes. The above-mentioned models use this 
philosophy. Further to estimating irrigation quantities and to efficiently schedule irrigation, understanding 
water use/loss from soils, also necessitates an understanding of soil available water capacities, and even 
more specifically Readily Available Water (RAW), where RAW provides a water stress-free 
environment, where yields are not compromised because of limited water availability. 

Apart from monitoring soil moisture, the use of these tools can extend to understanding future soil 
moisture conditions under a changing/changed climate. By extension, a comparison of irrigation needs 
can be made relative to present and future climates. In the same way that climate change 
projections/scenarios can be used, it should be imaginable that weather and climate forecasts can be 
coupled with these tools to budget soil moisture and estimate irrigation needs (Figure 6). 

    

Figure 6 Estimation of irrigation requirements over three periods for four planting dates; historically 
(from 1980 to 1990 bordered red), mid-21st century (from 2035 to 2064 bordered brown) and end of 
century (from 2071-2099 bordered blue). Note that irrigation estimates are lowest over the historical 
climate data. 

 

Crop yield estimating, monitoring and projections 

Crop simulation models are designed to simulate the effects of weather, soils, agronomic management, 
nitrogen, water and major pests on crop growth and yield and greenhouse gases emission as well as on 
organic carbon dynamics in aerobic and anaerobic conditions. The models allow quantitative 
determination of growth and yield. The growth of the crop is simulated with a daily time step from 
sowing to maturity on the basis of physiological processes as determined by the crop’s response to soil 
and aerial environmental conditions.  

The simplest simulation is the potential growth, where growth is not limited by management decisions, or 
water or nutrient deficiencies in the field. Potential growth depends on Photosynthetically Active 
Radiation (PAR) in a particular temperature regime of a country, and its interception as influenced by the 
leaf area index, row spacing and plant population. Crop simulation models like DSSAT (Decision 
Support System for Agrotechnology Transfer; International Consortium for Agricultural Systems 
Applications – Hoogenboom et al 2003) and APSIM6 (Agricultural Production Systems Simulator) are 
widely used, with regular training courses hosted. 

																																																													
6	http://www.apsim.info/	
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DSSAT was introduced to the Caribbean in 2008 through a training workshop in Guyana that was 
supported by the Caribbean Community Climate Change Centre (CCCCC). In 2012, CAMI training in 
Barbados focussed on the DSSAT, with meteorology and CARDI staff along with a PhD student from 
UWI Mona being exposed to the model. After this, CIMH and CARDI staff joined an international 
training course on DSSAT at the Griffin Campus of the University of Georgia, USA. The 4.5 version 
comprises crop simulation models for over 28 crops. It is supported by data base management 
programmes for soil, weather, and crop management and experimental data, and by utilities and 
application programs. The crop simulation models simulate growth, development and yield as a function 
of the soil-plant-atmosphere dynamics. Specifically, DSSAT “allows users to ask ‘what if’ questions by 
conducting virtual simulation experiments on a desktop computer in minutes which would consume a 
significant part of an agronomist’s career if conducted as real experiments.”7 The following are the uses 
of DSSAT:  

• Simulating potential production (driven by solar radiation and temperature) 
• Simulating water-limited production 
• Simulating nitrogen- and phosphorus- limited production 
• Seasonal and economic analysis 
• Crop rotation and sequence analysis 
• Evaluating risk and sustainability 
• Yield improvement and yield gap analysis 
• Climate change and climate variability analyses, questions such as “How would a 2050 climate 

influence yields of…?”. It also allows for questions on genetic modifications that can better 
respond to a changing/changed climate 

• Comparison of simulated outcomes with observed results 
• Decision support systems for farmer applications 

Assessment of the impact of climate change on maize yields were performed during the CAMI project. 
Results for Belize and Trinidad and Tobago suggest that yields would decline throughout the remainder 
of the century relative to recent climate (Figures 7). 

 

  

    
Figure 7 Potential simulated maize yields, using DSSAT, during three periods at Piarco Trinidad  (left) 
and Philip Goldson, Belize (right) over three periods for four planting dates; historically (from 1980 to 
1999, borderd red), mid-21st century (from 2035 to 2064 bordered brown) and end of century (from 
2071-2099 bordered blue). Note that yields are highest for the historical climate data. 

																																																													
7	http://dssat.net/	
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Pests and diseases modelling, forecasting and projections 

Major disaster risks exist due to the prevalence of crop and animal pests and diseases. It is well 
appreciated amongst the major drivers of their development and spread are weather and climatic 
conditions. Though temperatures do not vary very much in the Caribbean, certainly the very variable 
moisture levels facilitate periods of greater potential development of insects and pests of key crops in the 
region. Even with respect to temperatures themselves, small changes may result in the crossing of critical 
thresholds in the development of insects and pathogens. 
 
Information on the likely development or spread of organisms will be an asset in crop protection, with an 
added benefit of reducing chemical input costs, as applications would be done as necessary. So the 
emphasis is now often on the role of agrometeorological forecasting as a tool to reduce the cost of pest 
and disease control operations by reducing their frequency and spraying only when the risk and 
vulnerability are high. Further, pests and diseases models can be used to assess future risks due to climate 
change, supporting the development of long term strategies for adaptation.  
 
Who would use the outputs of pests and diseases models? WMO 2010 indicates the following potential 
users: 

• Farmers, whose interest is to apply control measures where they are effective, economically 
warranted and environmentally sustainable 

• Extension officers responsible for offering advice on pest and disease control 
• Agricultural authorities responsible for rural policy, food markets and food security 
• Environmental authorities responsible for protection of the environment. 

 
WMO 2010 continued to report that the task of forecasting pests and diseases for crop protection can be 
very difficult for many reasons including: 

• Situations may involve several pathogens and hosts because several types of organisms and 
different models are concerned.  

• Some pests and diseases can be polycyclic, during the growing period of crop. 
• Another criterion for classification of pests and diseases is the mode of interaction with the host 

(parts of host plant attacked, shows up during a particular period of the plant’s life cycle etc). 
• How susceptible the host plants are; for example water- and nutrient-stressed plants are more 

vulnerable. 

Despite the challenges, the CAMI project pursued, with the assistance of recommendations from national 
consultations, important pests/diseases to the Caribbean. These are: 

• Black Sigatoka (Mycosphaerella fijiensis) 
• Whitefly (Bemesia tabaci) 
• Citrus Greening/Citrus Psyllid (Diaphorina citri) 
• Soybean Rust (Phakopsora pachyrhizi) – applicable to Belize only. 

Like any other models, field validation is essential before release for operational purposes. However, the 
validation process have been hampered by (i) lack of historical biological data (the initially intended 
means of validation, and (ii) crop fields for testing (need maybe two seasons). The concern over 
biological data will be revisited in a later section. 
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Statistical climatology 

During the CAMI project, it was emphatically stressed that meteorological services need to do more with 
their data than just disseminate on request – there is a greater need to provide analyses including products, 
even if only basic summary statistics. For about two decades CIMH have been using and training students 
on the Statistical Climatology tool INSTAT, which has particular applications to agriculture. Though it is 
not as powerful in its statistics as other packages, the strength of INSTAT is that it can easily assist in 
estimating agricultural indicators, such as start of rains or growing season (Figure 8), dry spell lengths, 
evapotranspiration, plant available soil moisture, climate extremes, and probabilities, as these applications 
are built into its menus.  

			  

Figure 8 Beginning and end of rainfed growing season of West Indies Red hot peppers (Capsicum 
chinense Jacq.). Values are of month/date. Estimated using INSTAT. 

 

With funds from United Nations Institute for Training and Research through the Caribbean Community 
CCCCC, 18 persons graduated from the First Caribbean e-course in Statistics in Applied Meteorology (e-
SIAC)8. Through this course the application of statistical climatological analyses were enhanced. The 
main tool used was INSTAT. It is anticipated that future Caribbean SIAC courses will include the more 
advanced face to face version (f-SIAC)9 to be hosted in the Caribbean at CIMH.  

When a more powerful package is needed GenStat10 (VSN International) is used (Figure 9). But there are 
many statistical packages (very familiar and too numerous to mention) that can be used to provide the 
necessary information. 

																																																													
8	http://www.reading.ac.uk/ssc/n/esiac.htm	
9	http://www.meteo.go.ke/imtr/Siac.htm	
10	http://www.vsni.co.uk/software/genstat	
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Figure 9 Annual trends of mean daily temperature at stations in the western, eastern and southern portions 
of the Caribbean, calculated using GenStat.  

 

Climate change projections 

With limited peer-reviewed information for the Caribbean, the Intergovernmental Panel on Climate 
Change (IPCC) in its Fourth Assessment Report (Mimura et al. 2007) projects that there is a 90% chance 
that temperatures will rise across the Caribbean. An average of 21 models suggest the increase in the 
annual temperature could be in the range of 2 to 2.50C (Christensen et al. 2007). There is however, greater 
uncertainty in the rainfall projections in the region, particularly in the Lesser Antilles. None-the-less, it is 
projected that rainfall is likely (66%) to decrease in the Greater Antilles during the months from June to 
August. Most models predict a decrease in annual precipitation in the region of 5 to 15 % (Christensen et 
al. 2007). It is therefore anticipated that droughts will become more frequent in the future. On the other 
hand, there are indications of more intense rainfall events occurring in the region since 1950 (Petersen et 
al. 2002), and this trend is likely to continue with anthropogenic climate change. 

These trends and projections of changes are likely to impact agricultural production with yields being 
compromised (as in Figure 7 for maize), as water becomes less available and temperatures often super-
optimum. Animal husbandry and forest products may also be compromised in the tropical conditions of 
the Caribbean and in a regime where tropical cyclones are likely to be more intense. The many tools 
outlined above can provide indications of potential impacts of climate change on agricultural production. 
But equally important are the impacts of climate change on present and emerging markets and potential 
competitors. 

 

Geographical Information Systems (GIS) 

In presenting model output, utilisation of Geographical Information Systems (GIS) is also critical. Areal 
analyses and illustration of geographical differences in exposure, vulnerability and risks are important to 
decision and policy making. Training in GIS was not a part of the original CAMI plan, but certainly 
future training in GIS solutions for national meteorological hydrological services would be imperative. 
ArcGIS11 has shown to be the popular package in the Caribbean, but there are other Open Source means 
once the basic training has been pursued. One such Open Source GIS used in monitoring of 
meteorological drought using a tool (The Caribbean Water Monitor - CWM) developed through a 
collaboration between CIMH and the Institute of Earth Sciences-University of Applied Sciences of 
Southern Switzerland (SUPSI-IST) is Geographic Resources Analysis Support System (GRASS). An 
example showing SPI values for Barbados from the CWM using grass is in Figure 8. 

																																																													
11	http://www.arcgis.com/features/	
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Figure 8 GRASS output of SPI in Barbados from the Caribbean Water Monitor tool. 

 

CARICOM NEEDS FOR THE DEVELOPMENT OR ENHANCEMENT OF 
AGROMETEOROLOGICAL MONTORING AND FORECASTS  

Data 

An integrated science like agrometeorology requires the use of quality assured meteorological, biological, 
and soil data, which must be available at high enough resolutions, to perform relevant analyses and 
develop agri-related products and tools. Through CAMI, and subsequently a larger project, Recovery and 
Digitising of Meteorological and Hydrological Data in the Caribbean, funded by the Caribbean 
Development Bank and executed by CIMH, greater focus has been placed on improving the archiving, 
sharing and dissemination of weather, climate and water-related data.  

Agrometeorological data fall into roughly the following categories (WMO, 2010): 
• Data relating to the state of the atmospheric environment  
• Data relating to the state of the soil environment 
• Data relating to organism response to varying environments; organisms include crops, livestock, 

pathogens. Biological data are associated with phenological growth stages and physiological 
growth functions of living organisms 

• Information concerned with the agricultural practices employed 
• Information relating to weather disasters and their influence on agriculture 
• Information relating to the distribution of weather and agricultural crops, and geographical 

information, including digital maps 
• Metadata that describe the observation techniques and procedures used. 

 
The provision of biological and soil data is also critical. In more recent decades, there appears to be much 
less emphasis placed on collection of crop, pest, pathogen and soil data in the region. These data are 
important for the application of many relevant existing models and the development of new ones related 
to crop and irrigation simulation and pests and diseases forecasting.  
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Data for crop simulation models 
 
Crop simulation models are designed to simulate the effects of weather, soils, agronomic management, 
nitrogen, water and major pests on crop growth and yield and greenhouse gases emission as well as on 
organic carbon dynamics in aerobic and anaerobic conditions. Crop simulation models like DSSAT and 
APSIM are very data intensive.  
 
For example, the minimum data set (Level 1 data) for DSSAT to be able to run, for a particular 
experiment or application, particularly to determine whether the yield was as expected, include: 

• Weather data - daily maximum and minimum temperature, precipitation, solar radiation 
• Soil data - soil surface information (slope, colour, permeability, drainage, stones); Soil profile 

information(water holding characteristics, nitrogen, organic matter, phosphorus) 
• Crop management – crop, cultivar, planting date, row and plant spacing, irrigation (dates and 

amount), fertilizer (dates, amount and type), other applications (chemical) and operations (tillage) 
 
However, the minimum data required for model testing or model evaluation (Level 2 data), one would 
need to add: 

• Crop measurements: yield and yield components (biomass, seed number, seed size, etc.); 
phenology (dates of flowering (50%), physiological maturity, harvest maturity, first seed, etc.) 

• Crop measurements - growth analysis using biomass components (leaf, stem, seeds/grains, etc.) at 
regular time intervals 

• Soil measurements - soil moisture at different depths over time; soil nitrogen/carbon/phosphorus 
at different depths over time. 

 
Minimum data set for model development (Level 3) 

• Level 2 data for model evaluation 
• Research reports/publications 
• Detailed experiments including response to temperature, water, nitrogen and other factors 
• Specific experiments to address knowledge gaps. 

During the CAMI project, data more akin to that for Level 2 was used to assess the potential impacts of 
climate change on the two crops for which such data was more readily available (including maize as 
shown earlier in Figure 7). If the desire is to evaluate the model for experiments on any specific 
crop/variety in real field conditions, Level 2 data is required. This should be the minimum aim of 
Caribbean experiments. 

 

Pests and diseases models  
	
In pests and diseases modelling, environmental data like weather and soil, and biological data like that of 
insect, pathogen and phenology are very important – representing weather and environment, agent and 
host. 

Based on this, a list of the main required data for the CAMI-related pests and diseases models validation 
were 

• structural and location data (for example geographical identification – latitude, longitude, 
elevation, plant density, management - amount and timing of fertiliser applications, variety – 
susceptibility, etc.) 

• macro and micro environmental data (weather and soil, and sensors and methods used) 
• pests and diseases data (infection severity, number of damaged plants, number of insects) 
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• crop data (phenology, leaf area, biomass) 

When dealing with transport of animal and plant diseases and insects, data such as the surface, 850 
millibars (mb) and 700 mb wind speed and direction, ambient and dewpoint temperature are needed. Also 
of importance in crop protection is timing of spraying, where lower level winds determine potential for 
spray drift, particularly for aircraft spraying. 

 

Other data needs 

Data should also be enhanced by remote sensing techniques, including satellite and radar, particularly in 
the larger countries where some resolutions may be more applicable. Rainfall data sets, such as the 
Tropical Rainfall Measuring Mission (TRMM)12 are provided from satellite. Other data sets exist for 
other meteorological parameters including temperature and wind. 

It must also be stated that satellite data is also available on plant-related parameters, which provide 
general measures of the state and health of vegetation such as the Normalised Difference Vegetation 
Index (NDVI), and Vegetation Health Index (VHI)13. Some regular climate and biological indices have 
been combined with satellite data to establish the Vegetation Drought Response Index (VegDRI)14. Such 
indices are not operationally used in CARICOM States. 

Weather generators to generate missing or non-existent daily temperature, precipitation, radiation, relative 
humidity, and wind data for crop models, are now more frequently used.  

Other data requirements may be related to animal husbandry, fisheries and forestry. Applications for these 
may include data on the animals and their diseases, heat stress thresholds, fish migration characteristics, 
fish stock intensity, forest fire and forest management models (which will need data on the various 
characteristics of undergrowth and forest species). 

Resources should also be made available to establish national and regional centralised databases for 
agrometeorological data (meteorological, biological, soil and other environmental and management data 
as deemed necessary). The benefit of modern technology is such that data can be easily transmitted to the 
central databases and readily converted for the relevant applications. 

 

Observational networks 

Traditionally in the Caribbean, rainfall and other weather data was recorded at plantations, suggesting the 
importance placed on such information by the colonial powers. There are now fewer stations in operation. 
The loss of these stations must be halted, and in fact should be enhanced by the use of the relevant 
Automatic Weather Station (AWS) sensors in these locations, which have the added benefit of recording 
data at fine time scales in digital formats and facilitating telemetric transfer. Satellite and radar should 
also be a part of the observational network. 

There are a number of initiatives (national and regional) that have supplied or will supply AWS for 
installation in the various countries. What is needed is for the various responsible agencies to pool these 
resources under one observational network, supported by data-sharing agreements so that the data is 

																																																													
12	http://trmm.gsfc.nasa.gov	
13	http://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/index.php	
14	http://www.drought.unl.edu/vegdri/VegDRI_Main.htm	
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available to all agencies. Preferably, and by consensus, one agency should have responsibility for 
collating and managing the national meteorological network. This has been found to be more difficult to 
achieve than it appears. 

 

Building capacity through training 

Like many other parts of the world, Caribbean Meteorological Services were established to provide 
aviation information, which then expanded to providing public weather forecasts. It is therefore of no 
surprise that the limited human resources in the Caribbean did not have the capacity to provide weather 
and climate services and applications to sectors such as agriculture. With the CAMI project and the 
rolling out of the Global Framework for Climate Services in the Caribbean, this has begun to change as 
weather and climate services, particularly in light of changing climate, have been recognised as critical to 
climate variability and change adaptation, and disaster risk reduction in agriculture, and achieving 
Millennium Development Goals.  

Through CAMI, capacity building has begun, and must be built upon, in areas such as estimating 
evapotranspiration and irrigation management, pests and diseases modelling, crop growth and 
development simulation, climatic data analyses, and weather and seasonal climate forecasting and their 
applications to agriculture. Whereas, the CAMI project trained meteorology and climatology staff in 
being able to provide some of this information to agriculture, most of whom have other duties, one of the 
major capacity needs is specialised trained, competent staff dedicated to agrometeorology or applied 
meteorology within the national meteorological services to deliver products and information and 
advisories to stakeholders on routine and necessary bases. In order for this to be realised, many of the 
national meteorological services need to make requisite changes to the organisational structures that 
currently prioritises application to aviation only. Many services in the Caribbean are beginning to see this 
restructuring as being necessary, and steps are already been made to address this. 

Agriculture Extension Officers, even though becoming a rare breed in tropical agriculture, have been 
providing important advice and support for farmers. However, it was found that most of these officers are 
ill-equipped to provide important advice with respect to weather and climate issues. In an era of changing 
climate and increased weather and climate risks, advice on these issues is becoming increasingly 
important. Caribbean Extension Officers must therefore be made better equipped through training in 
relevant aspects of agrometeorology. In the Caribbean, this began in 2014, with a training course at 
CIMH, specially for Extension Officers. 

What is also critical is that the awareness training continues for farmers in the interpretation of weather 
and climate information, as occurred during the farmers forums of CAMI. These forums would boost 
decision-making at the level of the unit of production – the farm. 

 

Communication and dissemination 

If farmers do not gain an economic benefit from the information and services provided, then they will not 
use them, and it is clear from the farmers themselves that such potential economic gains exist. But how do 
they access this information, and how is it communicated? 

Most definitions of communication include five fundamental factors: an initiator, a recipient, a mode or 
vehicle, a message, and an effect. So, the message is first conceived by the sender and then encoded into a 
format that can be sent by a specific medium. This must further then be decoded by the recipient before it 
can be acted upon and a return message is sent regarding the successful understanding or not of the 
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message. So communication must include a sharing of meaning or understanding for it to be successful. It 
must also be a two-way process. A trained agrometeorologist becomes important, acting as a part of the 
channel, and must first interpret the statistics and the scientific analysis and translate it into layman’s 
terms so that the farmers can understand it. Thus, the agrometeorologist plays a vital role in the encoding 
and decoding of the messages from meteorologists and climatologists to the agricultural sector. The 
institutional dissemination channels are a vital part of the chain including farmer associations, non-
governmental organisations (NGOs), input suppliers, and influential or lead farmers. The content of the 
message is also important to its value. It must be relevant to the decision making processes of the clients 
and must also alter actions in a way that improves outcomes.15 

It was clear from many CAMI discussion sessions with both information providers and users, that means 
of dissemination and communication were just as important as the information and products themselves. 
Farmers and other agriculturists want to make informed decisions, but about what? How? And when? A 
regional CAMI meeting to initiate discussion on a Communication Strategy for weather and climate 
information to farmers, as well as National Famers Forums clearly revealed that understanding what the 
customer (in this case the farmer) wants is most critical. Other critical needs are to understand how the 
farmer wants this delivered and when and how often. For these needs to be facilitated, there must be 
frequent and meaningful dialogue between meteorologist and farmer. Communications professionals at 
the regional meeting set the tone for initiation of a Caribbean Communication Strategy with effective 
product and service delivery by indicating that16: 

• Communication is 50% talking and 50% listening 
• Understanding what the customer wants (in this case the farmer) is the greatest need 
• Being able to then deliver information to them in ‘farmer speak’ rather than ‘meteorology speak’ 

is essential 
• Farmers need to be engaged, not educated, when it comes to developing communication 

strategies and channels. They have just as much to add to the communication strategy 
development and delivery process as do meteorological services personnel 

• There is no longer a single channel. Today a fast-changing mix of multiple channels, some face-
to-face and some virtual, with the aid of technology (e.g. internet and cellular phone), are needed 
to communicate to individual persons 

• People need a ‘gift of time’ today. This means a lot of thought has to be put into ways the desired 
interactions can take place in the shortest possible time but still deliver the maximum benefits 

• Communication skills and virtual facilitation skills are now far more important than journalistic 
skills 

• Collaboration within and between sectors and stakeholder groups is essential 
• Some farmers globally are willing to pay for products and services 
• Local and global are now inter-connected. 

The many discussions revealed the variety of needs, for both information and media, across the 
Caribbean, reflective of national and local development, geography, culture and timeliness. These 
dynamics can only be understood and catered for through continuous dialogue as the many farmers 
situations differ. The media recommendations included, but were not limited to: 
• Newspapers 
• SMS messages 
• Radio and television 
• Web pages/portals 

																																																													
15	Information	compliments	(WMO)	Expert	Team	in	Strengthening	Operational	Agrometeorological	Services	
16	Communications	Strategy	Session	Outcomes	Report	-	
http://63.175.159.26/~cimh/cami/files/PUBCOMM/PresK11/PDF/Ivey%20CAMI%20Communications%20Strategy
%20Workshop%20Session%20Outputs%20Report.pdf	



19	
	

• Farmers forums (akin to WMO roving seminars), which have been one of the main sources of 
feedback in CAMI 

The type of information and the timeliness of information helps to determine the medium. For example, 
an extreme weather event alert would need dissemination by immediate means such as television, radio or 
SMS, dependent on what is available to farmers. However information on seasonal events can be done 
though slower means, for example newspapers and farmers forums. Farmers were also very adamant that 
awareness and education forums were important to them understanding any information disseminated by 
any media, as this is the key to deciding on any response. 

In CAMI, results from the seasonal climate outlooks and from the agro-climatic analyses are used to 
compile bulletins at regional and national scales; the regional one being produced by CIMH and the 
national ones by the National Meteorological and Hydrological Services (NMHS), most often in 
collaboration with the Ministries of Agriculture. Caribbean NMHS, also provide weather and climate 
information through web pages, telephone access and SMS (in the case of Jamaica). Trinidad and Tobago 
also produces a 10-day bulletin (http://www.metoffice.gov.tt/ ), which all other national services should 
aspire to, as they address their human capacity and structural needs. At present, CAMI bulletins generally 
provide (i) a summary of the previous period, with some reported impacts on production, farm 
environment and property, whether related to crops, animal husbandry or fisheries, (ii) forecasts, with 
some prognosis on the future impacts. Much more emphasis must now be placed on researching, 
understanding and communicating expected impacts. Future milestones for Caribbean bulletins (over the 
multiple time-scales) include: 
• Crop condition and stress 
• Crop specific advisory  
• Weather sensitivity of crop 
• Weather sensitivity of management action. 

An important part of the sustained dialogue and communication in CAMI countries is being achieved 
through the establishment of tri-partite committees, comprising of personnel from the meteorological 
services, agriculture extension services and farmers. These committees, some which function better than 
others, are intended to sustain the activities of CAMI particularly by continued breakdown of the barriers 
between these groups. As the interaction continues, a clearer understanding of needs and capabilities are 
developed, which stimulates greater trust in the information provided.  

 

Restructuring at national meteorological services, and collaboration with Ministries of Agriculture and 
agricultural research institutions 

For weather and climate services to be available for the agriculture and related sectors on a routine basis, 
there is a need for well trained staff, dedicated to providing such information, Just as is the case with 
many other meteorological services across the globe, the main function in the Caribbean was to provide 
aviation information. This extended to providing public forecasts on weather, which now realises routine 
forecasts for 12 to 24 hours to a few days (normally up to four). These had become the bread and butter of 
Caribbean services. 

However, it has become clearer that weather and climate scientists have much to offer to many other 
sectors. In agriculture in particular, it is long known that weather conditions significantly influences 
quantity and quality of crop yield, health and productivity of farm animals, and the safeguard of farm 
buildings, equipment and infrastructure, and even farmer health security. In recognition of this, the global 
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community, driven by the efforts of the WMO, established an Agrometeorological Programme17 and a 
Commission for Agricultural Meteorology, whose mission statement is “to promote agrometeorology and 
agrometeorological applications for efficient, sustainable food, fodder and fibre production for an 
increasing world population in fastly changing environments”. In 2009, with the improvements and 
development of climate science, and with increasing concerns over impacts and potential impacts of 
climate variability and change, the Global Framework for Climate Services18 (GFCS) was launched under 
WMO that "enables better management of the risks of climate variability and change and adaptation to 
climate change, through the development and incorporation of science-based climate information and 
prediction into planning, policy and practice on the global, regional and national scale." Agriculture is 
one of the four sectors of focus for the GFCS. The GFCS was launched in the Caribbean in May 2013in 
Port of Spain, Trinidad and Tobago, and a national consultation took place in Belize in October 2013 and 
in Dominica (with a strong focus on health) in August 2014 . Preliminary discussions have also occurred 
with authorities in Trinidad and Tobago for a similar consultation. The Caribbean is in pursuit of 
implementing the proposed framework which recommends (i) a user interface platform, (ii) a climate 
services information system, (iii) observations and monitoring, (iv) research, modelling and prediction 
and (v) and capacity development. 

In the Caribbean, the efforts of the Agrometeorology Programme of WMO and in more recent time 
CAMI and the GFCS, have been impressing upon policy makers and relevant authorities that the time has 
come to place greater attention to weather and climate services. However, for such services to contribute 
to the extent that the potential suggests, there must be significant changes to the structure of most 
meteorological services in the region. Sufficient competent staff at the national meteorological services 
dedicated to agro-meteorology, are necessary to deliver information requested by farmers and extension 
officers is a necessity. The region’s authorities must be willing (and capable) to provide adequate human 
and financial resources for the desired changes. In various ways, since CAMI, GFCS and the re-
establishment of the Caribbean Climate Outlook Forum (CariCOF), national meteorological services, 
within their limitations, have begun to put some of the pieces in place. At the regional scale, under the 
Programme for Building Climate Capacity in the Caribbean (BRCCC programme - 
http://rcc.cimh.edu.bb/brccc/) a regional consortium is being established that will support tailoring of 
early warning information for the many climate sensitive sectors in the Caribbean – including agriculture. 
So is there light at the end of the tunnel?  

CAMI has also revealed that collaboration and dialogue amongst the key players, in particular 
meteorological services, agriculture extension services and farmers, is critical for success and 
sustainability (CAMI 2013). This is the primary reason for the launching of tri-partite committees in 
CAMI countries. To advance weather and climate services to agriculture, it is recommended that 
countries engage in national consultations to establish needs, understand the gaps and weaknesses, and to 
pursue the services relevant to their circumstances. To maintain and enhance the collaboration and 
dialogue, education and awareness of the agriculture community is being pursued.  

It is anticipated that with relevant trained persons in place, dialogue and collaboration will more 
meaningfully determine the information and products, the feedback necessary for continued enhancement 
will be forthcoming, and the information, assistance and advice necessary will reach the farmer. 

The research community has a very important role to play. Take the pest and diseases modelling and 
validation for example. Effective field measuring and observing techniques, research methodology, clear 
understanding of the relationships of pests/pathogen-weather-hosts and computer programming skills are 
necessary for development of new models (and the validation of present ones). 

																																																													
17	http://www.wmo.int/pages/prog/wcp/agm/agmp_en.php	
18	http://www.gfcs-climate.org/	
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Finally, to make the desired impact, a Communication Strategy for weather and climate information to 
key sectors, agriculture included, is being pursued. The personnel, tools, products and information is 
great, but if not communicated appropriately with effective means of dissemination it will be all for 
nought. 

CONCLUSIONS AND RECOMMENDATIONS  
 

There is great potential for Caribbean meteorology to be of greater service to agriculture, and support 
regional food and nutrition security and enhancing livelihoods. These include current and potential 
capacities to produce information on weather and climate monitoring and forecasting, irrigation 
management, crop yield simulation and pests and diseases forecasting. However, the earlier discourse, 
though outlining some successes and ground work that was laid, provides some background as to the gaps 
to be filled and hurdles to be overcome. Caribbean policy makers, particularly those responsible for 
meteorology, agriculture and finance, have significant roles to play in promoting the adaptation of 
agriculture to climate variability and change. The key points and recommendations for the way forward in 
succeeding in providing effective weather and climate services for the agriculture sector, at both the 
producer and policy-making levels, are well summarised in CAMI (2013) to such policy makers as below: 

 
Key Points Recommendations 
Sufficient competent staff at the national 
meteorological services (NMS), dedicated to agro-
meteorology, is necessary to deliver information 
requested by farmers and extension officers.  
 

Adequate human resources and structural changes 
at NMS that support weather and climate services 
for agriculture.  
Financial resources for developing competent staff 
to deliver agrometeorological services  
 

In a changing climate it is imperative that extension 
agents be better equipped to advise farmers on 
issues related to weather, climate and climate 
change.  
 

Support specialised training for staff of agricultural 
extension services in agrometeorology  
 

Collaboration and data (meteorological, biological, 
soil, management) sharing among agricultural 
ministries, meteorological services, water, 
statistical, environmental and other related agencies 
is critical for success.  
 

Policies and protocols put in place within and 
between government, statuary departments and 
research institutions that encourage collaboration, 
data sharing and centralising of agrometeorological 
data.  
 

Continued sensitisation of farmers, rural 
community groups, and the general public to the 
importance of weather and climate information in 
farming and the interpretation of relevant weather 
and climate products in support of decision making.  
 

Farmers’ forums led by the NMSs, particularly just 
prior to the beginning of the wet/hurricane and dry 
seasons.  
Radio and television programmes and newspaper 
articles can be used to supplement the awareness.  

Appropriate means of dissemination of weather and 
climate information that ensure that farmers are 
reached, and are presented in a language that 
farmers can understand.  
 

Pursue a robust strategy for communication with 
the assistance of communication specialists, at the 
national and regional levels, ensuring efficient and 
effective dissemination of information.  
 

There is a paucity of data needed for the 
development and application of statistical, crop, 

Financial resources made available for adequate, 
well maintained observation networks of higher 
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Key Points Recommendations 
irrigation and pests and diseases models. 
Information from such models is critical to decision 
and policy making.  
 

spatial density including automatic weather 
stations.  
Particular emphasis should be placed on enhancing 
the quality and detail of biological information.  
 

National tri-partite committees, made up of 
meteorologists, extension officers and farmers as 
core groups, have been formed that will oversee 
and support sustainability of the activity begun 
under CAMI.  
 

The committee should be ratified by government 
and report to the Ministries of Agriculture, 
particularly at times of threatening weather and 
climate conditions. These committees can be either 
expanded to, or play an advisory to role of disaster 
risk reduction committees in agriculture.  
 

  
 
 
The list may seem a bit daunting, but with collaboration between the many stakeholders involved, and 
pooling of resources, the gaps can be closed and hurdles removed to significantly reduce the added stress 
brought by climate variability and change to Caribbean agriculture and food and nutrition security. 
 

 

REFERENCES 

Caribbean Agrometeorological Initiative (CAMI). 2013. Policy Brief - Tapping into the potential of 
weather and climate services: a new asset for Caribbean food security. Bridgetown, Barbados: 
Caribbean Institute for Meteorology and Hydrology 
http://63.175.159.26/cami/files/PolicyBrief-Final.pdf 

 
Christensen  J H, Hewitson B, Busuioc A, Chen A, Gao X, Held I, Jones R, Kolli R K, Kwon W-T, 

Laprise R, Magaña Rueda V, Mearns L, Menéndez C G, Räisänen J, Rinke A, Sarr A and Whetton 
P. 2007.  Regional Climate Projections. In: IPCC. Climate Change 2007: The Physical Science 
Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge, United Kingdom and New York, NY, USA: Cambridge 
University Press, pp. 848-940 

 
Gibbs W J and Maher J V. 1967. Rainfall deciles as drought indicators. Bureau of Meteorology Bulletin 

No. 48. Melbourne, Commonwealth of Australia: Bureau of Meteorology 
 
Hoogenboom  G, Jones J W, Porter C H, Wilkens P W, Boote K J, Batchelor W D, Hunt L A Tsuji G Y. 

(eds). 2003. Decision Support System for Agrotechnology Transfer Version 4.0. Volume 1: 
Overview. Honolulu, Hawaii: University of Hawaii 

 
McKee T B, Doesken N J and Kleist J. 1993. The relationship of drought frequency and duration to time 

scales. Preprints, Eight Conference on Applied Climatology, Anaheim, California,  17-22 January  
1993, pp. 179-184 

 
Mimura N, Nurse L, McLean R F, Agard J, Briguglio L, Lefale P, Payet R and Sem G. 2007. Small 

islands. In: Parry M L, Canziani O F, Palutikof  J P, van der Linden P J and Hanson C E (eds). 
Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to 



23	
	

the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK: 
Cambridge University Press, pp. 687-716 

 
Mukhala E. 2000. Meteorological services and farmers in Africa: is there shared meaning? SD 

Dimensions. Sustainable Development Department, FAO.  
 
Palmer W C. 1965. Meteorological drought. Research Paper No. 45. Washington, D.C.: U.S. Department 

of Commerce Weather Bureau 
  
Palmer W C. 1968. Keeping track of crop moisture conditions, nationwide: the new Crop Moisture Index. 

Weatherwise 21:156-161  
 
Peterson T C, et al. 2002. Recent changes in climate extremes in the Caribbean region. Journal of 

Geophysical Research: Atmospheres 107(D21), 4601 
 
Svoboda M, LeComte D, Hayes M, Heim R, Gleason K, Angel J, Rippey B, Tinker R, Palecki M, 

Stooksbury D, Miskus D, Stephens S. 2002. The Drought Monitor. Bulletin of the American 
Meteorology Society 83:1181-1190 

World Meteorological Organization. 2010. Guide to agrometeorological practices. WMO No. 134. 
Geneva, Switzerland: World Meteorological Organization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24	
	

Improving the sustainability of germplasm conservation, 
sharing and utilisation through effective networking  

- a case study 
Pathmanathan Umaharan  

Cocoa Research Centre, The University of the West Indies, St. Augustine, Trinidad and Tobago 
E-mail: Pathmanathan.Umaharan@sta.uwi.edu 

 
Paper presented at the Improving the policy framework for developing climate change agricultural 
systems: the role of plant genetic resources workshop hosted by the Caribbean Agricultural Research 
and Development Institute (CARDI) and the Technical Centre for Agriculture and Rural Cooperation 
(CTA) as part of the Caribbean Week of Agriculture (CWA), Antigua and Barbuda. 13-15 October, 2012  
 

   

INTRODUCTION 

Crop genetic resources or crop germplasm refers to the total genetic variability that exists with respect to 
a crop species.  These are present as new varieties, old varieties, landraces, wild undomesticated types, 
and related species.  The crop germplasm is therefore a reservoir of useful and potentially useful genes 
that have the potential to transform an agro-industry.   The genes can be utilised to improve the yield 
potential or quality of existing varieties or to respond to emerging threats of climate change or 
introduction of new pests and diseases through the development of more adapted varieties.  The genetic 
variability of a crop is therefore a resource for the world that is vital for the long-term survival of 
agriculture and to ensure global food security.    

The genetic resources of species are not evenly distributed around the world but concentrated around 
centres of diversity, where the crop originated or was first domesticated (Harlan 1971).   Much of the crop 
genetic diversity exists in developing countries where resources are limited to support conservation and 
utilisation efforts; while the developed world with resources available for utilisation is poor in terms of 
genetic diversity.   Genetic diversity with respect to many species is hence disappearing from the face of 
the earth.  Introductions of new varieties replacing the thousands of land races maintained by farmers; 
alternate land use resulting in habitat destruction, as well as political calamities and natural disasters are 
all contributing to the irreversible loss of biodiversity or genetic erosion.   

Collection and conservation efforts have focused on only a limited number of commercially important 
crop species, where the genetic resources have been captured and conserved in international and national 
genebanks.   The majority of the crop germplasm, however, continues to exist in natural habitats as wild 
types or in farms as landraces, and remain extremely vulnerable to genetic erosion.  Of the more than 
3000 crop species with over 7 million accessions that are maintained ex situ, ten species represent about 
half of the global inventory of ex situ resources (3,540,000 accessions).  Even where ex situ conservation 
efforts exist for a species they are often fragmented, poorly characterised and documented; and not readily 
accessible to the breeder.  

Even for crops where germplasm collections exist the utilisation of germplasm in breeding has been 
hampered, with the exception of a few species, by inadequate sharing of genetic resources, restricted 
characterisation and sharing of germplasm information, and inadequate programmes for utilising the 
genetic diversity, such as prebreeding efforts. The advent of biotechnological approaches to crop 
improvement during the past two decades and successful application of plant patents by private 
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multinational companies has resulted in many developing countries retaliating with strict access laws 
restricting movement of germplasm out of their countries. Realising the negative effect of this 
development on future breeding and food security, the Food and Agricultural Organization of the United 
Nations (FAO) developed the International Treaty for Plant Genetic Resources for Food and Agriculture 
(ITPGRFA) to improve access and benefit sharing with respect to 64 important crops.  At present 126 
countries and the European Union are party to this treaty.  

Only a small fraction of the naturally occurring genetic diversity available in the world's germplasm 
repositories has been explored to date, but this is expected to change with the advent of affordable, high-
throughput genotyping and sequencing technology (McCouch et al. 2012). It is now possible to link 
genome-wide patterns of natural variation obtained using high throughput DNA fingerprinting 
methodologies with downstream phenotypic changes assessed through improved phenotyping systems 
using genome wide association studies. Furthermore, the rapidly declining costs of next generation 
sequencing (NGS) technologies will soon allow the simultaneous harnessing of information on thousands 
of candidate genes for thousands of individuals to the benefit of crop improvement programmes.  These 
will make genomic selection methodologies more reliable allowing for simultaneous manipulation of 
large numbers of genes in population improvement programmes (Kilian and Graner 2012).  This for the 
first time will allow a pragmatic approach to utilise the genetic variation that is maintained in genebanks.  
Due to these developments genebanks are becoming hotbeds of research and this trend is likely to 
continue into the future. 

Sustainable conservation, characterisation, documentation, utilisation and sharing of germplasm and 
germplasm information require successful networking between various entities.  In this case study, the 
case of cocao (Theobroma cacao L.) is used to illustrate the potential collaborations required to ensure 
that the genetic resources are conserved and utilised in the best possible way. The study also identifies 
potential best practices that can be used to sustainably conserve and utilise genetic resources in the 
Caribbean. 

 

CASE STUDY: THEOBROMA CACAO L. 

Theobroma cacao L. (cacao) is a tropical under storey forest tree cultivated for its beans (cocoa) used in 
confectionary, cosmetic and health industries to produce chocolates, body creams, soaps and 
nutraceuticals.  Although cacao is of South American origin over 70% of the cocoa is produced in West 
Africa, while the remainder is equally divided between the Tropical Americas and South and South East 
Asia. 

Cacao is believed to have originated in Peru and Ecuador near the headwaters of the Amazon river, but 
germplasm of the crop exists throughout tropical South America (Peru, Bolivia, Ecuador, Colombia, 
Brazil, Venezuela and the Guianas).  Although cacao still remains primarily a forest tree species of 
Tropical South America, it is believed that the Olmec, Mayan and Aztec civilisations of the Americas had 
domesticated cocoa and used it in rituals, as a currency and as a beverage.  The domesticated types, 
referred to as ‘Criollo Cacao’ are found throughout Central America.  Motamayor et al. (2008) recognises 
ten distinct phylogenetic groups of which nine (Marañon, Curaray, Iquitos, Nanay, Contamana, 
Amelonado, Purús, Nacional and Guiana) are indigenous to South America and one (Criollo Cacao) to 
Central America.  Of these much of the variability resides in the phylogenetic groups of Peru and 
Ecuador, and the Amazonian part of Brazil, which suggest the head waters of the Amazon may be the 
Centre of diversity for the species.  

It is believed that approximately 10,000 accessions are held in a number of national and international 
collections around the world.  The International Cocoa Genebank, Trinidad (ICG,T) curated by the Cocoa 
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Research Centre of the University of the West Indies contains approximately 2500 accessions and is 
regarded as the largest and most diverse of the world collections (Figure 1). Due to the poor viability of 
cocoa beans, and the difficulty in conserving cocoa in vitro, the cacao germplasm is maintained as field 
genebanks, where each cocoa accession is maintained as trees.   

 

 

 

Figure 1:  The relative sizes, expressed as the number of accessions, of 14 important collections of 
Theobroma cacao L. in the world. 

 

INTERNATIONAL COCOA GENEBANK, TRINIDAD  

Origin and diversity 

The ICG,T is located at the Las Chaguramas Estate at El Carmen Village, Trinidad on the banks of the 
Caroni river.  It is a 100 acre estate where each of the 2500 accessions is maintained in plots consisting of 
approximately 16 trees per accession (Butler and Umaharan 2004). The germplasm at the ICG, T is based 
on several expeditions into South and Central America and the Caribbean undertaken between the period 
1930-2000.  It also consists of collections of Trinitario cacao that is believed to have evolved in Trinidad 
through natural hybridisation between Criollo and Lower Amazon Forestero germplasm (Motilal and 
Sreenivasan 2012).  The early collections were held in different locations in Trinidad (Marper Estate, 
Manzanilla; River Estate, Diego Martin; St. Augustine; San Juan Estate, Grand Couva and Las Hermanas 
Estate), but were consolidated into a single site to form the ICG, T in 1981 (Butler and Umaharan 2004).  
The collection is extremely rich in Upper Amazon Forastero material from Peru, Ecuador, Colombia as 
well as Lower Amazon populations such as ‘Guiana’ and hybrid Trinitario populations from throughout 
the Caribbean (Figure 2). The collection is irrigated from two ponds through a subterranean irrigation 
system during the dry season (January – May).  The collection is fenced all around to prevent stray 
animals and has a fire trace all around to prevent the rapid spread of forest fires.  
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Figure 2 – The diversity of cocoa accessions in the International Cocoa Genebank, Trinidad.  The 
collection is particularly rich in Upper Amazon Forastero types from the centre of diversity. 

Legal status 

Following its establishment in 1981 ICG,T was regarded as one of two universal collections of cacao by 
the International Board for Plant Genetic Resources, now Bioversity International.  In 2008, the collection 
was brought under the multilateral system under the ITPGRFA as an international collection in the public 
domain.  

Financing and administration 

The Cocoa Research Centre which is the custodian of the ICG,T is the successor organisation to the 
Cocoa Research Scheme of the Imperial College of Tropical Agriculture which began its research work 
on cocoa in 1930.  In 1962, the Cocoa Research Scheme transformed itself into the Cocoa Research Unit 
of the University of the West Indies.  This year, during its 50th Anniversary, the Cocoa Research Unit was 
elevated to the status of a ‘centre’ and is now known as the Cocoa Research Centre.  Early financing of 
the Cocoa Research Scheme was based on funding from a number of Commonwealth countries but with 
the emergence of an independent Trinidad and Tobago it was replaced by funding from Cocoa Research 
Association of the UK, Government and Trinidad and Tobago as well as industry funded projects (World 
Cocoa Foundation, Common Fund for Commodities, Chocolate Company funds, multilateral funds).   
The cocoa research centre is managed by a Advisory Board appointed by the Campus Principal of the 
University of the West Indies, St. Augustine and involves in addition to the nominees of the University of 
the West Indies, representation from the Cocoa Research Association, UK, CIRAD, France and the 
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Government of Trinidad and Tobago.  At the moment the financing of the ICG,T comes from the budget 
of the Cocoa Research Unit.   

Additional mechanisms of funding the collection through agrotourism, sale of limited edition chocolates 
Save-a-tree campaign and soliciting funding from the private sector are also being pursued.   The latter 
two approaches provide opportunities to the public at large and private companies, respectively, to 
support and participate in conservation activities. 

 

CacaoNet 

CacaoNet is a mechanism developed by the international cocoa stakeholder community to support the 
sustainable conservation and utilisation of Cacao Genetic Resources in the long-term.  It is spearheaded 
by Bioversity International, with the objective of establishing a trust fund that will provide sustainable 
funding for conservation and utilisation activities, so that not only genetic resources are sustainably 
conserved but that they are also utilised to the benefit of the international cocoa industry.  CacaoNet’s 
strategy document was launched in October, 2012 and it moved into the implementation stage in 2013.   

It is envisaged that activities such as diversity gap analysis, collection, conservation, characterisation, 
information sharing and utilisation efforts such as prebreeding will be supported by CacaoNet through 
grant funding.  It also provides a network through which the interest of chocolate manufacturers, grinding 
facilities, breeders, conservation managers and cocoa researchers can be galvanised in support of the 
sustainable management and utilisation of genetic resources.  

 

Collection and conservation 

The Cocoa Research Centre is very much interested in identifying diversity gaps that may exist within the 
ICG,T collection and filling those gaps as and when new material becomes available.  Recent molecular 
survey of cocoa genetic diversity in South America suggests that there may be some diversity gaps in the 
collection.  In a World Bank funded project, relic Trinitario cacao types in Trinidad and Tobago were 
identified which will be incorporated into the collection.  Furthermore, expeditions into the Amazon 
region in French Guiana have resulted in novel germplasm, which will be transferred into ICG,T through 
intermediary quarantine.  Newly identified materials from Peru, Ecuador, Colombia and Brazil will also 
be included as and when they become available.  CacaoNet will form a multilateral mechanism which 
will allow collection and sharing of genetic resources.  

 

Duplication of the collection – “Partnership in Conservation”: a farmer participatory approach to 
sustainable conservation of cocoa genetic resources 

The accessions held at the ICG,T at the moment are not duplicated in another location, hence are  
vulnerable to the vagaries of the climate. The site of the ICG,T being close to the Caroni River is 
subjected to short-periods of waterlogging throughout the wet season, and hence accessions not adapted 
to waterlogged conditions have been difficult to establish and maintain. In the dry season, in addition, 
there is the possibility of forest fires that have resulted in loss of accessions in the past and can happen in 
the future. In order to minimise the risk of genetic erosion, the Cocoa Research Centre has launched a 
“Partnership in Conservation” programme. Under the programme, cacao farms in Trinidad and Tobago 
can adopt small subsets of the ICG,T collection (between 50-100 accessions) on their farms.  Under the 
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arrangement, each farm will be given five clonal plants of each accession. At present 52 farms across 
Trinidad and Tobago have enrolled in the programme.  The objective is to have at least 3 X coverage of 
each accession, which will ensure that each accession in the genebank will be triplicated in at least three 
other locations in Trinidad and Tobago.    

 

Intermediary quarantine and germplasm distribution (bilateral partnerships) 

One of the challenges in moving cacao germplasm globally is the pests and diseases of quarantine 
importance.  Cacao is plagued by a number of pests and diseases which are not evenly distributed.  The 
major diseases of importance in moving germplasm within the Americas are Frosty Pod disease caused by 
Monoliophthora roreii, Witches’ Broom disease caused by Monoliophthora perniciosa and Blackpod 
disease caused by Phytophthora palmivora. In Africa while Frosty Pod and Witches’ Broom are not 
present, Cocoa Swollen Shoot Virus and Phytophthora palmivora and P. megakarya are important 
problems.  In South East Asia, Cocoa Pod Borer and P. palmivora are of importance, while other diseases 
are not present.    

The International Cocoa Quarantine Centre, Reading (ICQC,R), UK serves as the intermediary quarantine 
for international transfer of germplasm. The Cocoa Research Centre has established a Memorandum of 
Understanding with the University of Reading to provide quarantine services on behalf of the ICG,T.   
Much of the outward movement of germplasm from the ICG,T to the rest of the world therefore occurs 
through ICQC,R. At the moment, approximately 280 accessions from the ICG, T are being held in 
quarantine for onward transfer to countries around the world. This includes accessions from an ICG, T 
core collection.  All material transferred is accompanied by a standard material transfer agreement as per 
the requirement of the ITPGRFA. 

Inward movement of germplasm from South America into the ICG,T as well as outward movement from 
the ICG,T to the Americas were being facilitated through Barbados Cocoa Quarantine managed by the 
Cocoa Research Unit of UWI. This has been temporarily abandoned due to inadequate financing.  
Attempts are being made to establish a partnership with the Government of Barbados in providing 
quarantine for the Americas. 

 

Characterisation and evaluation: research-industry partnership 

Systematic characterisation and evaluation of the germplasm began in the early 1990s and is continuing to 
this date.  A short-list of 22 heritable morphological descriptors are being used to characterise the 
accessions held at the ICG,T (Bekele et al 2006).  The populations are being uniquely fingerprinted using 
molecular markers, Simple Sequence Repeat (SSR) Polymorphism and Single Nucleotide Polymorphisms 
(SNPs).  These are being used to uniquely identify accessions, identify errors within the plots, determine 
phylogenetic relationship and kinship between populations and individuals, and to determine a core 
collection.  The accessions are being also evaluated for yield, flavour characteristics, resistance to Black 
Pod disease and Witches’ Broom disease as well as tolerance to drought and waterlogging.  Long-term 
characterisation and evaluation of genetic resources at the ICG,T could not have been carried out without 
long-term commitment of resources by the industry led Cocoa Research Association, UK.  Similarly 
industry funds through the World Cocoa Foundation have been instrumental in evaluating the ICG,T for 
resistance to Witches’ Broom disease and for butter fat content.  A similar industry partnership initiative 
is being developed to support quality evaluation of cacao genetic groups and identifying cacao accessions 
that do not bioaccumulate cadmium. 
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Information dissemination network 

The data collected is shared internationally through the International Cocoa Germplasm Database (ICGD) 
managed by the University of Reading, UK.  This is a repository of information from not only ICG,T but 
also from all other cocoa collections throughout the world. This allows breeders to search the data base to 
identify accessions with specific characteristics that they can request.  

 

Building partnerships for better utilisation 

Despite the presence of cocoa genebanks the utilisation of the genetic resources has been hampered by the 
long breeding cycle for cacao, requirement of large scale field experimentation over replicate sites to 
effectively select for useful traits and long-term commitment of resources and personnel to effectively 
undertake such long-term breeding programmes.  A recent review of cocoa breeding programmes around 
the world shows that despite worldwide breeding programmes on cocoa over the past century, the total 
number of parents utilised in breeding programmes is very limited, perhaps involving around 15 clones. 

Recently (2000 – 2009) with funding from the Common Fund for Commodities two prebreeding 
programmes were established for Black Pod resistance and Witches’ Broom resistance at the Cocoa 
Research Centre. These were the first such programmes in cocoa and provide the first broad based 
populations combining genes from across the various population groups.  The effectiveness of such 
programmes measured by genetic gain per cycle was however hindered by lack of effective genetic 
selection strategies.  With the advent of genomic information for crops and the declining cost of high 
throughput genotyping or resequencing genebanks have the chance to take on new life. Previously seen as 
"warehouses" where seeds were diligently maintained, but evolutionarily frozen in time, genebanks could 
transform into vibrant research centres that actively investigate the genetic potential of their holdings 
(McCouch et al. 2012). This however requires that the genebanks build effective partnership with lead 
research institutions so that markers can be converted into candidate genes and effective genomic 
selection strategies developed so that rapid improvements can be realised.  

The Cocoa Research Centre as custodian of the ICG,T has developed partnerships with a number of lead 
organisations working on Cacao Genomics such as CIRAD, France, USDA-ARS, Stanford University 
and MARS.  Under this partnership arrangement 150 cacao accessions are being resequenced, high 
throughput genotyping methods are being employed to survey the natural variations that exist throughout 
the cacao genomes.  The Cocoa Research Centre has also embarked on a massive phenotyping exercise 
for useful traits with funding from the Research and Development Fund of the Government of Trinidad 
and Tobago. Linking the polymorphisms with phenotypic data will allow identification of candidate 
genes to be used in genomic selection of populations that have been constructed and planted by the Cocoa 
Research Centre.  This will provide the first attempt to use genomic information available to effectively 
exploit the natural variability available in cocoa germplasm collections. Prebreeding populations and 
breeding methodologies developed will be transferred to cocoa growing countries worldwide to support 
country specific breeding efforts.  

  

Discussion 

In the case of major staple crops the Consultative Group on International Agricultural Research (CGIAR) 
system serves as the mechanism to establish global partnerships between organisations to ensure that the 
genetic resources for the staple crops are sustainably conserved and utilized to ensure a food secure 
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future.  The CGIAR system operates through a CGIAR Multidonor Trust Fund administered by the World 
Bank. The CGIAR Fund provides reliable and predictable multi-year funding to enable research planning 
over the long term, resource allocation based on agreed priorities, and the timely and predictable 
disbursement of funds.  The fund also ensures that the funding is related to tangible outcomes that will 
benefit the global breeding industry towards achieving food security.  

Another global system that specifically supports crop diversity conservation efforts is the Global Crop 
Diversity Trust (GCDT).  Its mission is to ensure crop diversity conservation and its availability for food 
security worldwide. The GCDT is the worldwide response to the funding crisis that faces conservation 
efforts.  The 64 crops on the Annex 1 list of ITPGRFA are eligible for receiving funding to support 
conservation activities. This system provides funding for conservation initiatives outside the limited crops 
supported by the CGIAR. 

For crops such as cacao which are not part of the CGIAR system or part of the Annex 1 list of the 
ITPGRFA, sustainable funding has to be obtained through novel partnership arrangements outside of 
these systems.  Further global partnerships for utilisation have to be developed on an independent basis.  
The systems that operate at the Cocoa Research Centre have evolved over 82 years and hence provide an 
ideal case study scenario of networking and partnerships for sustainable conservation and utilisation of 
genetic resources that can be of particular value for similar orphan crops in the Caribbean and elsewhere 
globally.   

The systems that have evolved to support the sustainable conservation and utilisation of cocoa are based 
on several best practices: (a) establishing a legal status of ICG,T as a universal, international public 
domain collection of cocoa supported by Bioversity International and the ITPGRFA; (b)  involvement of 
global industry organizations such as the Cocoa Research Association of the UK and research institutes, 
such as CIRAD, on the advisory board; (c) establishing global research partnerships with lead research 
institutions working on cocoa to support utilisation of cacao genetic resources; this provides greater 
opportunities to obtain multilateral funding; (d) involving the beneficiary organisations in supporting 
selected genebank activities; (e) establishing linkages with international quarantine facilities to provide 
germplasm transfer; (f) linking with the international cocoa germplasm database to provide germplasm 
information worldwide; (g) developing a partnership in conservation programme to duplicate the 
collection with support from farmer organisations and (f) developing programmes and projects to provide 
additional support for  conservation and utilisation efforts of the ICG,T. 

CacaoNet is a novel mechanism being developed to provide sustainable trust funding to support 
collection, conservation and sustainable utilization efforts for cacao similar to what prevails for crops in 
the CGIAR system or Annex 1 crops under the GCDT.  Although it is premature to predict its success, as 
it was launched only in October, 2012, it is perhaps a step in the right direction.  In the absence of such 
funding, genebank functions such as collection, conservation, characterisation, evaluation, documentation 
and information dissemination, germplasm transfer and utilisation had to be achieved either through 
industry funding, multilateral donor funding, government subventions or revenue generation activities of 
the Cocoa Research Centre such as Save-a-tree campaign, genebank tours, as well as training and 
consultancies.   

The generation of multistakeholder interest to set up the CacaoNet is an example of how a functioning 
genebank such as ICG,T can trigger stakeholder interest in setting up a system to further improve services 
rendered.  In the absence of international participation in information dissemination, quarantine services, 
industry support of selected activities and global research partnerships the impetus for such a network 
could not have been there.  Cocoa Research Centre’s relationship and long-term support from industry 
organizations such as the Cocoa Research Association of the UK, and the World Cocoa Foundation of the 
USA were useful in obtaining further industry funding and support from a number of industries including 
Mars Ltd, Lindt and Sprugli, Valrhona, Guittard Chocolate to name a few.   Cocoa Research Centre’s 
close association with CIRAD by accommodating two full-time researchers at the centre on a permanent 
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basis, provided further opportunities for building collaborations with other research organisations 
working on cocoa.  This over the years has resulted in MOUs with other international research 
organisations and universities such as USDA-ARS, University of Hamburg, University of Reading and 
Stanford University.  The inclusion of the industry organisation on the Advisory Board of the Centre also 
opened opportunities for research collaboration and industry funding and support.  This was achieved 
only due to an institutional mechanism (Cocoa Research Scheme) set up 82 years ago by the Imperial 
College of Tropical Agriculture, which was continued after 1962 by the University of the West Indies as 
the Cocoa Research Unit and now the Cocoa Research Centre. 

For the Caribbean, in the absence of an institutional mechanism for nurturing orphan crops the Caribbean 
Plant Genetic Resources Network (CAPGERNET) perhaps could and should play an important role in 
ensuring sustainable conservation and utilisation of genetic resources.  It should in addition to 
coordinating regional projects for funding through GCDT perhaps establish a trust fund similar to what is 
being envisaged for cocoa, so that the long-term sustainable utilisation of germplasm of indigenous 
species of the Caribbean can be ensured.  

 

CONCLUDING REMARKS 

The International Cocoa Genebank, Trinidad  provides a case study of a genebank that provides the whole 
spectrum of genebank services without being supported by the CGIAR system or GCDT.  This offers the 
opportunity to understand the partnership and networking opportunities that have evolved and have 
allowed this genebank to function quite effectively. The evolution of the CacaoNet to support the long-
term conservation of cocoa genetic resources is an example of backward linkages supporting the growing 
need for germplasm and germplasm services globally.  The best practices that can be gleaned from this 
case study can be used to develop CAPGERNET into a mechanism to support the development of global 
partnerships and attract funding to ensure the effective conservation and utilisation of Caribbean crops.  
The study shows that the genebank functions can only be delivered through strong networking and 
partnerships.  It also illustrates the opportunity for small Caribbean territories to participate in 
international programmes for sustainable agriculture development using cutting edge technologies. 
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CLIMATE CHANGE WITH PARTICULAR REFERENCE TO THE CARIBBEAN 

 

Global Climate Change caused by atmospheric pollution by greenhouse gases is predicated to 
significantly affect the Caribbean region.  Kattenberg et al. (1996) forecast a rise in temperature of the 
Caribbean Sea by 2°C in the 2050s and 3.1°C in the 2080s.  The most significant outcome of this is 
expected to be a rise in the levels of the sea of about 5mm per year.  The main effects on the climate and 
environment are likely to be as follows: 

• Less rainfall with its greater concentration in the wet seasons and the dry seasons becoming drier. 
• Higher atmospheric temperatures with greater evapotranspiration losses.  
• Rise in sea level with resulting flooding with salt polluted water in low lying coastal areas, 

aquifers, river courses and coastal erosion. 
• The above changes could lead to significant modifications in land use especially in the newly 

flooded areas 

In this scenario, it is imperative that there is greater production of food to achieve food security and this 
can only be done through irrigation use to make food production as independent as possible on the 
seasonality of rainfall.  Presently there is some effort being made in this regard by utilising high 
production technology systems in growth houses with drip irrigation and fertigation but only with 
vegetable crops.  It is only in Guyana, Suriname, Cuba, Dominican Republic and to a lesser extent 
Jamaica that limited staple food production is being achieved through irrigation. 

 

EFFECT OF EXPECTED CLIMATE CHANGE ON THE SOILS AND 
AGRICULTURAL ENVIRONMENT 
 

There are a number of soil water and environmental features which could be affected in one way or 
another by a warmer climate.  Trotz et al. (2001) outlined some of these features and the nature of these 
changes which would have implications on water use and management as the region proceed with the 
goal of achieving food security.   

Changes in precipitation and temperature and hence evapotranspiration will be expressed in soil water 
content.   Increases in CO2 through its stimulation of plant growth, will result in greater water use.  
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Enhanced drying through higher temperatures can cause drought conditions even in normally moist areas.  
In some places with drier dry seasons than normal, lower soil water contents can be expected and 
conversely, waterlogging may be experienced during wet seasons, thus, a set of deficient soil water 
conditions will be experienced as a result of climate change. 

Soil temperature will undoubtedly increase because of higher atmospheric temperatures.  In colder areas 
this will be a distinct advantage as it would lead to enhanced biological activity and would result in 
greater production but not in Caribbean areas.  The main effect of an increase in soil temperature in 
Caribbean conditions would be an increase in evaporation rate, thus creating more demand for water. 

Soil workability is largely dependent on soil water content plus some other aspects of soil behaviour.  
Any changes which will affect soil water content will influence the workability of the soil.  For instance, 
increases in precipitation in already wet areas could reduce the workability and would have an overall 
negative impact on agricultural production.  Likewise in already wet areas, some reduction in 
precipitation can make soils more workable.  The soils which would be most affected are the high activity 
clay soils which are abundant in the region. The adverse management features which are characteristic of 
the wetting and drying cycles of these soils would be more greatly expressed with external variations in 
precipitation and higher evaporation.  These changes can lead to the evolution of different farming 
systems than those currently practised. 

Soil structure which is the arrangement of soil components resulting from natural soil forming processes 
is influenced by organic and inorganic soil constituents, tillage operations, activity of soil organisms and 
physical processes such as wetting and drying.  It is obvious that since so many inter-related factors are 
involved in the development of soil structure, climate change will impact on the formation and nature of 
the resulting structure.  Again the high activity clay soils would be most affected since excessive drying 
would lead to the development of larger and deeper soil cracks with implications on the movement of 
water and solutes caused by rainfall or irrigation.  Changes in porosity and rate of water movement take 
place as a result of soil structural changes.  Soil aggregates can also be made stronger or weaker and will 
then increase or decrease the difficulty of soil components to be dislodged and moved by agents of 
erosion. 

Changes in evaporation and rainfall regimes can increase or reduce soil salinity with resulting land 
degradation and decrease in crop yields.  Areas with reduced rainfall but increased evaporation can 
develop soil salinity and bad irrigation practices can make this worse especially if the irrigation water is 
rich in dissolved salts.  Along low lying coastal areas sea level rise can contribute to already existing 
salinity problems.   

Enhanced leaching of cations in areas with higher rainfall and rainfall intensities can cause soil 
acidification.  In any event this process will take place at least during the wet seasons with increased 
rainfall.  The long term effect of this loss of soil fertility will have a debilitating effect on the soil.  To 
correct this problem, other aspects of soil management to maintain soil fertility will have to be developed. 

Increases in rainfall intensities and amounts and/or decreases in soil infiltration directly or indirectly due 
to climate change will influence soil erosion due to changes in runoff.  Changes in soil structure will be 
influential in the quantity and nature of runoff.  Climate change is likely to increase both wind and water 
erosion at many locations.   

Soil organic matter which is made up of partly decomposed plant and animal remains, plays a pivotal role 
in the formation and stability of soil structure, modifying the nature, size, shape and stability of soil 
aggregates.  With its role in determining the physical structure of the soil and its other physio-chemical 
properties, it influences the water holding and other water transmission characteristics of the soil and 
indirectly controls soil processes such as leaching, runoff and erosion. 
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Temperature and precipitation dictate the rate of decomposition of plant and animal remains and therefore 
climate change will impact on the quality and quantity of soil organic matter as would any change in land 
use patterns. 

 
IMPACT ON WATER RESOURCES 
 

Caribbean water resources are likely to be significantly affected by the projected climate change in 
several ways.  The supply could be reduced by a decrease in rainfall while at the same time the demand is 
likely to be greatly increased from all users, particularly agriculture.  Losses from evaporation due to 
higher temperatures and from runoff caused by higher intensity rainfall are likely to increase.  The water 
quality will also be in serious danger of deteriorating by the rising sea level and consequent intrusion and 
pollution by saline water in estuaries, aquifers along river courses and even in irrigation systems.  Coastal 
erosion will also become more important leading to displacements and great economic loss by coastal 
communities and those in low lying wetland and dryland areas. 

The main environmental effects of the projected climate change and sea level rise could be the following: 

• Direct inundation or submergence of low lying wetland and dryland areas 
• Increase in salinity of estuaries, aquifers and river courses in low lying areas 
• Higher coastal water tables. 

The greatest difficulty would be the protection of fresh water from pollution by saline water intrusion as 
the sea level keeps rising from lowland areas such as in Guyana, Suriname and Belize.  Throughout the 
region but particularly in the small island states a substantial proportion of the economic activity occurs 
within a few kilometres of the coast and therefore sea water intrusion even to a small extent can be 
disastrous. 

In order to ameliorate the full impact of these negative forces on the future supply of fresh water, it is 
necessary that corrective and preventative measures be taken when it is not too late.  Measures to reduce 
waste and increase the efficiency of use will make more water available for other important uses even 
with the present supply situation. 

 
WATER AVAILABILITY AND USE IN A DRIER CARIBBEAN 
 

Rainfall is the primary and dominant source of water for the region.  It is utilised directly as rainfall, 
stored and utilised as needed as ground water or stored in aquifers and utilised through wells and 
pumping.  The rainfall which is received is rapidly drained by the many rivers which exist caused by the 
steep terrain especially so in the Leeward and Windward Islands with the result that the rivers can be dry 
soon after rainfall incidents.  In a few instances the rivers extend up to the central highlands and 
consequently these have a better water supply.  In the continental areas (Guyana, Suriname and Belize) 
there is much more flat land which result in more impeded surface drainage and flooding can occur.  The 
result of fast drainage is that the water received as rainfall is rapidly lost unless it is stored, which is 
hardly being done at present. 

Singh (1997) pointed out that several models have indicated a general tendency towards more extreme 
rainfall conditions, that is, decrease of rainfall during the dry season and increase during the wet season, 
for the Caribbean region.  A decrease in rainfall during the dry season will mean a decrease in availability 
of fresh water supplies because of less runoff into rivers and less recharge to aquifers.  This should 
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necessitate reduction in extraction rates with the consequential negative impacts on domestic use and 
industrial and agricultural activities.  A decrease in runoff to rivers and recharge to aquifers will induce 
further saline intrusion in both cases, resulting in even more damage to aquifers and contamination of 
fresh river water for longer distances upstream.   

An increase in rainfall during the wet season can have both positive and negative effects.  An increase 
during the wet season will mean rainfall of a higher intensity; as far as ground water is concerned, higher 
intensity rainfall does not necessarily mean more availability for the aquifers, as the capacity and rate at 
which the aquifers can absorb recharge are both limited.  This means there will be more direct runoff into 
rivers, which can result in flooding of important agricultural and residential areas.  On the positive side, 
measures can be taken to store the excess rainfall during the wet season to be made available to 
supplement supplies during the dry season. 

As a result of the Inter-tropical Convergence Zone and other atmospheric factors affecting weather, the 
rainfall is strongly seasonal with the first half of the year being dry and the rest of the year wet.  The 
continental and equatorial areas of Guyana and Suriname on the other hand have two wet and two dry 
seasons which at least gives a better distribution of the rainfall each year. 

Most of the area is in the hurricane belt and hurricanes can occur from June to October each year.  Storms 
and high winds are also more common with time.  Together when they occur, heavy rains are usually 
received which are associated with disastrous landslides and floods.  

Another important factor which affects the rainfall and its distribution throughout the region is the 
occurrence of most of the islands in a north-south orientation with central highlands.  With a prevailing 
north-east trade wind these factors lead to an exposed (eastern) side of the islands and a rain shadow 
western side.  A fairly well defined dry season occurs during the first half of the year, with the annual 
rainfall for St. Vincent for instance ranging from about 3750mm in the Central Mountains to as low as 
1500mm near the coast.  This distribution super-imposed upon the basic shape of the islands has resulted 
in a zonation of rainfall in concentric belts around the central mountain core (Ahmad 2011).  In Dominica 
the central highlands have the highest peaks and annual rainfall in these areas exceeds 7,500mm.  Unlike 
islands such as Dominica and St. Lucia, the western part of St. Vincent is mountainous with steep slopes 
and the gentler, longer slopes are on the eastern side.  Thus the western or leeward side of the island 
receives more rainfall than the windward or eastern side. 

The total annual rainfall received for most of the territories in the region might indicate a good supply of 
water to support agriculture at current levels.  Unfortunately, this rainfall is very unreliable in amount and 
in distribution and the projected climate changes for the future will add to these uncertainties.  At present 
only a small percentage of the water is used and except for the calcareous countries, most of it is lost by 
runoff.   

The attitude to water use in the Caribbean up to the present is that its supply is not limiting. However, it is 
projected that by 2020 due to natural increases in demand on the one hand and a decrease in supply on the 
other, there is likely to be a shortage of this essential commodity.  It is important that these likely 
possibilities are highlighted as this would lead to a different outlook on the use and conservation of water. 

Before considering the various measures which can be taken to increase water use efficiency in the 
region, it would be pertinent to briefly examine what happens to the water that falls as rain.  This is 
determined also by the way the rainfall is received.  Firstly, there is evapo-transpiration from the bare soil 
surface and from vegetative cover.   

Water also infiltrates and percolates and together these processes are known as hydraulic conductivity.  
Evapo-transpiration is important in maintaining turgidity in the plant system which is necessary for 
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growth and plant metabolic activity and infiltration and percolation are important in replenishing stored 
water in the soil, thus providing the plant with a constant supply of water to avoid lack of turgidity and 
wilting. 

The other important form of loss is by runoff and the greater the slope, the more profound is this loss.  
The norm at present is for runoff from elevated and sloping land to be uncontrolled and this is responsible 
for catastrophic soil erosion along with indiscriminate land clearing for farming activity and for 
construction.  This also leads to uncontrolled flooding at the lower elevations in river floodplains, 
pollution of water, destruction of crops and loss of property among other consequences.  In the rainy 
season the supply of water through rainfall can be overwhelming but in the dry season there is very 
inadequate available water.  Clearly, supply and demand of water throughout the year should be 
rationalised to alleviate wet season flooding and dry season drought.  The real answer is storage of water 
in the wet season for use in the dry season and controlled disposal of runoff in the wet season. 

The intensity of the rainfall is very important in determining its effectiveness in meeting water demand.  
High intensity rains reinforced by strong winds are almost the norm in the Caribbean.  This type of 
rainfall is destructive to the soils if unprotected.  It can also disrupt aggregates on the soil surface which 
can lead to crust formation, decreasing infiltration and increasing erosion.  On the other hand gentle rains 
especially if intercepted by vegetation or soil mulch will have maximum effect in increasing infiltration 
and replenishing available soil water. 

At the present time water storage in the region is largely confined to a few strategically located reservoirs, 
the water being used for domestic purposes.  Hardly any stored water is used for irrigation except for 
Guyana and Suriname. 

At present, probably as much as 80% of rainfall is lost through uncontrolled runoff.  The important 
question is how much longer can the region so poorly utilise this valuable resource?  For dynamic and 
prosperous agriculture and in keeping with the stated goal of achieving food security as soon as possible, 
production must become independent of the natural weather patterns.  Good and effective water 
management is therefore an essential pre-requisite for successful agriculture and this has to be improved 
and developed in every territory. 

 
 
PROJECTIONS OF FUTURE CONDITIONS AFFECTING WATER USE 
 

Among the factors limiting growth, the availability and use of fresh water is very likely to become one of 
the most important.  The demand for water will come from all areas of human activity.  In the domestic 
and municipal areas, the demand will increase rapidly as the population increases and the living standards 
keep rising.  Tourist developments will also demand more and better water supplies.  The industrial sector 
is likely to expand significantly at least in some territories and make demands on available water.  
However, it is in agriculture area that the greatest demand for water will come.   

With the exception of Guyana, Belize and Suriname the CARICOM region is a net importer of food, 
including very basic products.  Even these three mainland countries import some food products, 
especially white potato, processed foods, beverages and wheat flour.  Presently there is much interest in 
the region in achieving food security and there is some effort being made in increasing production 
through irrigation.  However, this increase is occurring only in the area of vegetable production, 
employing high production technology systems utilising growth houses and drip irrigation and fertigation.  
In Guyana, Suriname and Belize and to a lesser extent Jamaica limited food crop production is being 
achieved through irrigation.  There is some irrigation also being practised in the region for the production 
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of banana and sugarcane.  However, irrigation is little used in the Caribbean, with the exception of Cuba 
and Dominican Republic, but the demand for it is likely to change drastically when the region fully 
embraces the task of achieving food security.  

 
 
WATER AVAILABILITY AND MANAGEMENT 
 

In considering strategies for soil water management the following aspects of accessing and using the 
available water must be considered: 

• Water harvesting 
• Irrigation  and water quality 

o Water quality 
o Caribbean experience in using and maintaining irrigation water quality  

• Agronomic considerations in soil and water conservation and use 
o Soil surface manipulations 
o Soil erosion and conservation 
o Protected agriculture 

• Crop selection and other agricultural options 
o Livestock production 
o Aquaculture 

• Policy for and management of water resources 
• Water management systems 
• Soil water management systems 

 
 
WATER HARVESTING 
 

The term water harvesting is used to describe situations in which surface water in the form of dew or rain 
is intercepted and stored in tanks and used for very restricted, life saving irrigation, as done in the arid and 
semi arid regions of India.  Other forms of water harvesting can be seen in restricted areas in the 
Caribbean where parts of  hillsides are concreted and the water falling as rain is intercepted and stored in 
small reservoirs for use in irrigation or for domestic purposes.  Another occurrence of water harvesting is 
developed again in the drier areas where the water that falls as rain on house roofs or on small hillsides is 
collected and stored in cisterns or small reservoirs, commonly constructed under the house.  This is done 
in Antigua and Cayman Islands and possibly elsewhere as well. 

A form of water harvesting also occurring in dry climates and in areas with calcareous rocks as in 
Bahamas, Cayman Islands and Belize is the collection of water in solution cavities (cenotes) in the rocks 
from where it may be used either for agriculture or for domestic purposes.  These means of water 
harvesting contribute to overall water supply and economic situation but their application and use must 
now be decreasing in the region in favour of more convenient means of obtaining fresh water. 

The construction of farm ponds preferably in association with mini-watershed protection projects could 
be useful in collecting and storing water for small to medium size farm development.  It is surprising that 
this form of water storage is not as yet more developed in the region.  In the early 1960s farm ponds were 
established in many key locations in central Antigua but these were not maintained and utilised at the 
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necessary level and the ponds became silted and over-grown with weeds.  Only a few are still in use.  In 
some cases, the water had too high concentration of soluble salts and in such instances the water was 
unsuitable for use.  At this time the Trinidad and Tobago Government is constructing strategically located 
farm ponds throughout the islands and it is expected that these will provide some irrigation. 

The major form of water harvesting is the creation of reservoirs in strategically located areas selected on a 
watershed basis in which water will collect from drainage through particular river systems.  Examples of 
such reservoirs are the Caroni-Arena, Valencia and Navet reservoirs in Trinidad, the Mona and Hermitage 
reservoirs in Jamaica, the Roseau Dam in St. Lucia and the Potworks reservoir in Antigua.  In Guyana 
and Suriname there are extensive reservoirs in the southern limits of the coastal plain, the water being 
impounded by earth embankments at the northern limits and along the river banks and by more elevated 
land at the southern bounds of the coastal plain.  At the present time the water stored in the reservoirs is 
mainly used for domestic purposes except in Guyana where agriculture is probably the main user. 

The construction and use of reservoirs for water storage in the Caribbean is not developed as much as it 
should and there is now great emphasis being given to desalination of sea water as a quick solution for 
domestic use and even for wider applications.  Apart from the economies involved in producing and 
distributing desalinated water this is not addressing watershed protection problems in the region.  The 
watersheds in the region are progressively degenerating due to land clearing and occupation of the land 
for housing and agriculture; increasing soil erosion follows these activities caused also by the high 
intensity rainfall.  The watersheds have to be protected from the impact of the rainfall by collection of the 
runoff in strategically located reservoirs and by structures to regulate the safe drainage of excess water 
from these areas.  Watershed protection has to be done at all levels from small to large and this has to be 
the focal point of soil and water management in the Caribbean.  If the drainage of water in the watersheds 
is regulated and the use of the land include adequate conservation measures, the deterioration of the 
environment which is now occurring would be stopped and even reversed.  Desalination is therefore not 
an alternative to water harvesting where this is possible, although it may have applications in special 
circumstances. 

 

Irrigation and water quality 
 

Irrigation is the application of water to soil for the purpose of providing a favourable environment for 
plant growth.  Up to the present, agriculture in the region is mainly rainfed with farmers being able to 
produce one crop per year especially for the longer duration food crops such as cassava, sweet potato, 
yam, eddo and dasheen.  In order to enable farmers to be more productive and the consumer to be assured 
of a better distribution and supply of produce, agriculture must become weather independent as far as 
possible.  Without this facility the region may not be able to achieve food security. 

So far some irrigation is used for the production of the export crops sugarcane and banana and for rice in 
Guyana, Suriname and Belize.  Recently there has been some interest and expansion in its use throughout 
the region mainly for vegetable crops but irrigation has not been extended to production of other staple 
foods.   

The existing conditions of soil permeability, the crop to be grown, topography, availability and quality of 
water, soluble salt content of the water and salinity status of the soil are all factors to be considered in 
deciding on the method of irrigation.   The four principal methods used for the application of water are 
flooding, furrow, sprinkling and drip.  The flood method is preferred if salinity is a serious problem and 
there are variations to the design depending upon the crop and land layout.  Furrow irrigation is well 
adapted to row crops and is suitable where the topography is too uneven or steep for other methods.  
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Sprinkle irrigation is generally more costly but depending on the quality of the water, it may be difficult 
to apply enough water to achieve adequate leaching.  The drip method is the most costly to install but it 
makes the most economic use of water which can be applied directly to the roots of the crops.  The water 
is kept away from the foliage thus discouraging the spread of plant pest and diseases.  It does not allow 
for any appreciable leaching and therefore only the best quality water should be used to prevent salinity 
increase in the soil. 

After deciding on the method of irrigation, the next important decision is the amount of water to apply to 
meet the needs of the plant and the soil.  It is important to avoid using too much or too little water.  Too 
much will cause a waterlogged root environment and lead to a breakdown in soil structure; plant, pest and 
diseases will also be encouraged and in some instances it could lead to soil salinisation and soil crust 
development.  Too little water would not supply enough to the crop for its best growth and production and 
lead to soil salinisation. 

For good irrigation control water budgeting is necessary in which the requirements of the soil and the 
crop are met.  The consumptive use of the crop and the leaching requirement of the soil must be met and 
allowance must also be made for rainfall during the period of crop growth. 

 

Water quality 
 

Since dissolved salts move with water (leaching) once water is added to soil as in irrigation, the dissolved 
salts can accumulate as it is mainly the water which is taken up by plants.  Irrigation, leaching and 
drainage should be considered collectively if maximum efficiency is to be obtained in irrigation use.  In 
humid and sub-humid regions when irrigation is provided, salinity is usually of little concern because 
rainfall is sufficient to leach any accumulated salts.  However, in semi-arid or arid regions, salinity is 
usually an ever-present hazard and must be taken into account at all stages of planning and operation.  In 
the Caribbean, all these conditions are available and must be considered.  The higher the salt content of 
the water, the greater the amount of water that must drain through the soil to keep soluble salt content at 
or below the acceptable level.  For efficient irrigation, the soil must be free-draining otherwise the 
required leaching rate will not be achieved.   

The concentration and composition of dissolved constituents in water determine its quality for irrigation 
use and a full understanding of this factor is necessary for successful irrigation.  The characteristics of 
irrigation water which are most important in determining its quality are (United States Salinity Laboratory 
Staff 1954; Dargan et al. 1981): 

- Total concentration of dissolved salts 
- Relative proportion of sodium to other cations 
- Concentration of boron or other elements which may be toxic to plants 
- The concentration of bicarbonate ion as related to the concentration of calcium and magnesium 

The total concentration of soluble salts in waters can be adequately expressed in terms of electrical 
conductivity which can be readily and precisely determined as micro-Siemens per cm (mS/cm) (formerly 
milli-mhos / cm).  In general, all waters which have been traditionally used for irrigation have electrical 
conductivity values less than 2,250 mS/cm, (equivalent to 1440 parts per million).  The higher the 
concentration of soluble salts, the greater the amount of water which is needed for leaching.  For instance, 
if a sensitive crop like beans is being grown 56% additional water is needed for leaching plus the amount 
needed for the consumptive use of the crop but for a tolerant crop like cotton, only 14% above the 
consumptive use of the crop is needed for leaching.  The situation is that most of the food crops of the 
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tropics are in the sensitive or moderately sensitive range of salinity tolerance but more information is 
needed on this aspect.  The main conclusion is that the leaching requirement of the soil must be taken into 
account if irrigation is contemplated on a more permanent basis. 

The relative concentration of sodium to other cations is important in the alkali hazard involved in the use 
of water for irrigation. If the proportion of sodium is high this cation becomes more important in 
exchangeable form and this increases the alkali hazard. Conversely if calcium and magnesium 
predominates, the hazard is low.  To the extent that this occurs, the soil becomes alkaline and this is often 
characterised by poor tilth and low permeability.  The old expression “hard water makes soft land and soft 
water makes hard land” is applicable in this case.  This property of the water is known as the sodium 
adsorption ratio. 

Boron is a minor element which is highly toxic when it is present in the irrigation water above the 
tolerance limit.  The element in toxic levels is commonly found in salt affected soils.  The problem is that 
if boron is allowed to accumulate in soils, it is very difficult to remove by leaching since borates are 
insoluble in water.  The occurrence of boron in toxic concentrations in some irrigation waters makes it 
necessary to consider this element in assessing the water quality. 

The concentration of bicarbonate as related to the concentration of calcium and magnesium is an 
important aspect in determining the quality of the water for irrigation because there is a tendency for 
calcium and magnesium in solution to precipitate as carbonates as the soil solution becomes more 
concentrated.  This reaction does not go to completion under ordinary circumstances but in as much as it 
does proceed the concentration of calcium and magnesium are reduced and the relative proportion of 
sodium is increased, leading to alkalisation of the soil. 

In order to assess any water for its suitability for irrigation, the following properties must be routinely 
assessed:  

• pH 
• electrical conductivity 
• calcium, magnesium, sodium and potassium 
• carbonate and bicarbonate, sulphate, chloride and nitrate 
• boron 

 

CARIBBEAN EXPERIENCE IN USING AND MAINTAINING IRRIGATION WATER 
QUALITY 

Guyana and Suriname: The water stored in coastal reservoirs which collects during the wet seasons is of 
excellent quality for irrigation having very low contents of dissolved salts.  However, during dry seasons 
and depending upon their severity and amount of water stored, salt water can encroach along rivers from 
the ocean and pollute the water in the rivers as well as in irrigation channels.  In very bad years this 
pollution can be very serious, making the water unusable.  Rice and sugarcane crops are largely affected.  
The varieties of rice which are popular are sensitive to salinity and this has made farmers very vigilant.  
Once salt affected water floods a field, it will take at least 2 years before the decreasing effects on crop 
performance are not evident. 
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Trinidad and Tobago 

With cessation of sugarcane cultivation, irrigation for other crops is only now becoming important.  
Surface water in small reservoirs and in some restricted cases, domestic water, is used with trickle 
irrigation.  The water so far used is of good quality with respect to salinity. 

Barbados 

Ground-water is utilised for irrigation; this is the same source for domestic and municipal water supply.  
There are two potential hazards in this situation, one being over-pumping of ground water leading to 
saline water intrusion and the other is pollution of the ground water from pollutants on the soil surface.  
Investigations show that neither of these occur at the present time (Wood 2007).  The water economy in 
Barbados is very good since surface drainage is directed underground through wells and losses by runoff 
is minimal.  About 30% of the precipitation is stored as ground water. 

Windward Islands 

Surface water is used for irrigation, usually from constant flowing streams.  The water is of excellent 
quality but its supply is really not constant and is unreliable.  With increasing irrigation some storage will 
be necessary. 

Leeward Islands 

Surface water and domestic water are used.  In Antigua some use is made of small reservoirs (farm 
ponds).  With the exception of Antigua, very little irrigation is practised.  The quality of surface water in 
Antigua should be regularly checked because there is some salt water pollution already occurring. 

Jamaica 

Ground water from springs and wells and surface water from constant-flowing streams are used.  The 
water originating from the central limestone plateau of the island is usually of good quality.  There is one 
significant spring at Caymanas which yields brackish water not suitable for irrigation.  The water at lower 
elevations is obtained by pumping and supplying much of the water for both domestic and agricultural 
use.  Unfortunately sometime in the relatively recent pest, the water was over-pumped and was used for 
growing of sugarcane and other crops in the Clarendon Plains and St. Catherine.  For some time it was 
also used for production of banana.  Considerable salinisation of the soils resulted and in the present 
situation of water availability in this part of Jamaica, the satisfactory reclamation of these soils may never 
be achieved.   About 9,000 ha of land have been salinised in this way and now out of production.  At least 
this should serve as a reminder to the region that if irrigation is being used, proper monitoring and 
management of the water resources must be employed. 

Cuba and Dominican Republic 

In both these countries there are examples of soils salinised by faulty irrigation.  In Cuba about 600,000 
ha and in the Dominican Republic about 25,000 ha have been made saline.  Especially in Cuba strict 
monitoring and control measures are now being followed, but there has been extensive salinisation of 
ground water in the southern parts of the country.  The Dominican Republic has considerable water 
resources from constant flowing streams and the water is of good quality; about 90% of the water used is 
surface in origin and 10% ground.  In both these territories irrigation is very important.  In Cuba for 
example, half of water use is for irrigation and in the Dominican Republic almost 400,000 ha is irrigated. 
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Haiti 

Some irrigation is achieved using surface water but this is done on a limited basis. 

Bahamas and Cayman Islands 

The Bahamas has considerable ground water resources especially in the larger islands of Andros and 
Abaco.  At present this water is hardly exploited for agriculture but due to the low elevation of the islands 
the freshwater aquifers can become polluted and therefore future exploitation should be carefully 
monitored to prevent saline intrusion.  The same applies to the Cayman Islands where sea water intrusion 
is a more common occurrence due to exploitation of the ground water for domestic and municipal 
purposes.  Recharge of ground water has been tried in the Cayman Islands with some success. 

In the Caribbean as a whole, the use of waste water for irrigation is hardly being done, which leaves a 
significant source of water for irrigation not being fully used. 

 
AGRONOMIC CONSIDERATIONS IN SOIL AND WATER CONSERVATION AND 
USE 
 
Soil surface manipulations 
 

Since the loss of water from the soil takes place from the soil surface or along the surfaces of soil cracks 
any manipulations which will reduce the exposure of these surfaces will reduce soil moisture loss.  The 
material used to do this, usually straw, wood chips or any vegetable residues is called a mulch and the 
process of using it is called mulching i.e. spreading the material thinly on the soil surface.  Its other 
benefit is to protect the roots of plants from heat or cold or to keep fruit and vegetable clean.  Other 
important functions of a mulch are to control weed growth, runoff, and to protect the soil surface from the 
direct impact of rainfall.  A covering of the soil surface of about 3 cm with the mulch is usually enough.  
Mulching is very effective in reducing moisture loss from the soil but the availability, handling and 
spreading of this bulky material is a problem.  For this reason, the use of plastic sheets spread over the 
soil surface i.e. plastic mulch is gaining in popularity.  The plastic material is usually black in colour to 
prevent weeds from growing.  The sheets are also made with spaced holes for the planting of seedlings or 
seed.  While plastic mulches are not nearly as beneficial to the soil as vegetable mulches for soil 
protection and preservation, its role in reducing water loss from the soil is quite good. 

Yet another form of soil surface manipulation to reduce soil water loss is called dust mulching.  This 
technique is used particularly in cracking clay soils and it consists of tilling the surface of the soil to a 
medium tilth at the beginning of the dry season.  This tilled layer causes a discontinuity of the porosity of 
the deeper soil in which the surface can become desiccated as the dry season progresses but the moisture 
in the subsoil is stored for future use.   The surface dust mulch also prevents the soil from cracking and 
this further reduces evaporation loses.  This technique is used in semi-arid and arid climates in countries 
such as India, Australia, Sudan and Southern Africa. 

Live mulches can be very beneficial in saving soil water and in providing soil protection at the same time.  
Leguminous plants are commonly used as live mulches either as a complete ground cover or in alley 
cropping.  Live mulches have the added advantage in cracking clay soils to greatly reduce the incidence 
of cracking and thus reducing evaporation losses also. 
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Another form of soil water storage is known as stubble mulching.  This technique has been developed in 
more temperate countries involving cereal crops such as wheat, oats, barley and maize.  In this case, the 
straw from the harvest of these crops in the autumn is left on the land surface at harvest.  In the spring 
weedicides can be applied to destroy weeds if necessary and then the succeeding crop is sown on zonally 
tilled soil using a seed drill.  In this case disturbance of the soil is minimal thus also reducing soil erosion.  
In the Caribbean this farming system could be tried in Belize, for instance in the cowpea crop, and it 
could be used in the future if field cropping of row crops become widespread. 

 

Soil erosion and conservation 
 

Unlike water, soil is not a renewable resource and it is being lost by mis-management for hundreds of 
years.  The main form of soil loss in the region is in runoff and so it is closely associated with water loss 
as well.  Madramootoo (2001) listed a number of measures which can be taken to prevent soil erosion and 
runoff losses of water, all of which are applicable to the Caribbean.   

Soil erosion and associated runoff and water loss have been a serious problem throughout the long history 
of agricultural activity in the Caribbean leading to loss of top soil, downstream pollution and soil 
compaction. The overall incidences of steep slopes was always a major factor in aiding soil loss but 
fortunately many of the soils especially in the volcanic islands have relatively stable soil structure and 
high permeability and therefore resist normal erosion and degradation.  Where this is not the case as in 
Haiti, the results have been disastrous.  Another important factor is the historical cultivation of plantation 
crops in the region which provide some soil protection as typically occurs in Grenada.  The present 
overall status of soil erosion in the region is that while the impact is variable it is a serious problem which 
requires immediate solution. 

Many instances of serious soil erosion are related to the method used in land clearing.  Manual land 
clearing is the most protective of the methods but it has many disadvantages, since it is too slow, 
laborious and time consuming.  There is always a great temptation to use mechanical land clearing 
without regard to the damage which can be done to the soil to initiate accelerated erosion after removal of 
the vegetative cover.  In this process there can be too much soil disturbance and soil loosening and 
destruction of the surface soil layer thus exposing the more compact and less permeability subsoil with 
increased runoff.  Too often, windrowing of the up-rooted vegetation in barriers along the natural contour 
of the land is not done and this adds to the erosion hazard.  Burning can be useful in reducing the biomass 
resulting from land clearing but this can be overdone as a clean burn will over-expose the soil to erosion. 
If this process is necessary, controlled burning should be done, the main component of which is burning 
when the up-rooted vegetation is not too desiccated.  This is sometimes achieved in the “milpa” farming 
system done in Belize. 

Over the years there has been awareness of the soil erosion problem and attempts have been made to 
correct it.  Yet today there is little or no evidence of any activity in this regard.  Traditionally, two 
categories of soil conservation methods have been used to protect the soil against erosion and these are 
biological or agronomic methods and engineering methods.  Gumbs (2001) outlined the various 
techniques which can be used in each category. For instance good soil management to aid plant 
establishment, crop and root growth and rapid ground cover.  Tillage systems which minimise the use of 
implements and soil disturbance are preferred.  Minimum tillage should be emphasised.   

On sloping land, contour cultivation should always be practised and care should be taken to have the crop 
actively growing through good agronomic practices to achieve optimum ground cover.  Live or dead 
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vegetation can form effective barriers for controlling or reducing soil erosion.  Mulching over the soil 
surface is always effective in conserving the soil and reducing weed growth and water loss.   

Crop selection can also be important in soil conservation.  For slopes up to 10 °, there is considerable 
flexibility in crop selection but as the slopes get steeper small annual crops should be avoided and larger 
plants preferred.  With slopes greater than 20 ° tree crops should be grown.  In this way, the ground 
surface will get maximum protection.   In formulating recommendations and ways of developing and 
managing the soils, not only the slope but the depth of soil and nature of the soil parent material should be 
taken into account and a treatment oriented recommendation should be made as was proposed for St. 
Lucia (Ahmad and Sheng 1988). Other techniques such as multiple cropping, intercropping, and relay 
cropping, some elements of which are endemic in West Indian agriculture, are all useful in providing 
protection to the soil and reducing water loss.  Forms of agro-forestry systems in which trees are utilised 
in various combinations and arrangements to facilitate the cultivation of crops and food trees in 
combination are also good strategies in soil and water conservation. 

There are four types of engineering structures which are relevant to farmers in the Caribbean: these are 
contour or cut-off drains, downslope waterways mini-terraces, eye-brow terraces and gully control 
structures. Gumbs (1987) gave specification for the constructing of these.  Stone barriers have been tried 
in parts of the Caribbean but they are very labour demanding and should only be tried where stones are 
plentiful.  These were tried in the Leeward Islands of Montserrat, St. Kitts and Nevis and more recently in 
Cuba.   

All these measures will not only reduce the rate of runoff of water from the soils but will facilitate greater 
infiltration and percolation, hence their role in water conservation, while at the same time protecting the 
soil. 

There is no doubt that the above listed methods, both agronomic and engineering, are effective in 
controlling soil erosion if they are well applied and managed.  Yet presently there is very little evidence 
that they are being applied and used inspite of the fact that in some instances there are some cash 
incentives paid by Governments.  There are several reasons for failure in this most important activity.   
Lack of land ownership is important because most of the farmers involved do not own the land and they 
are therefore hesitant to invest labour, time and financial resources to establish the particular structures.  
For terraces, drains and contour beds, not all the farmers cooperate to construct and maintain these 
structures.  Since the holdings are generally small, farmers find it difficult to utilise parts of the land area 
to construct soil conservation structures and in many cases the plants used to establish barriers have little 
or no commercial value.  In Jamaica large areas of land were terraced and small farmers settled on such 
land.  As soon as the areas reverted to management by the farmers, the terraces deteriorated.  Today there 
are no remnants of these terraces at Smithfield or Christiana or wherever they were constructed in 
Jamaica (Ahmad 2011).  About the only example in the Caribbean where soil conservation measures are 
still successful is the Scotland District of Barbados where some measure of Governmental control still 
exists.    

The methods which are likely to be more successful are the agronomic ones which the individual farmer 
can apply and manage.  Nevertheless there are instances such as the control of gullies, stream bank 
erosion and land slippage where governmental intervention and the use of heavy earth-moving equipment 
are necessary.  To some extent this is the present approach in St. Vincent for instance. 

While land degradation and unrestricted water loss is a continuous process in the region, the rehabilitation 
of the degraded land is receiving little or no attention.  Only in Cuba is there a programme based on 
regeneration of natural vegetation and the replanting of forest.  For the 50-year period 1950-2000 the 
forested area increased from 13.4% to 21.8%.  Presently, there are about 500,000 ha of plantation forests 
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in the country.  It was found that on sloping lands 5 to 7 year re-growth of the vegetation was already very 
effective in reducing runoff and soil erosion. 

The retention of water by the soil is an important way of increasing its supply to growing crops.  
Caribbean soils have been largely degraded by erosion over many years of misuse.  Many of the soils on 
sloping terrain are now very shallow and they are underlain by solid volcanic rock.  Any attempt to use 
these soils in a food production drive will face the problem of water supply since the soils in their present 
degraded state are able to store very little.  Any programme of soil rehabilitation should include the 
building up of the organic matter content since this component will not only absorb and store more water 
but will also retain more plant nutrients.  In this process the use of mulches including live mulches would 
be very beneficial.  Farming systems to keep the soil protected at all times are needed.  Such systems will 
include multiple cropping, intercropping, relay-cropping and the use of trees for overall production in 
agro-forestry systems in which case food producing and fruit trees would be incorporated into the system. 

There is now international interest in the use of powdered charcoal as an additive to degraded tropical 
soils to increase their water and fertility retention capacities and research should be done in the region to 
investigate this claim.  There is a new product called “Biochar” which should be tested for its efficacy in 
this respect (Simpson 2010). 

 

Protected agriculture 
  

In the Caribbean there are often strong winds charged with marine salts and water use for agriculture and 
availability of land for crop production can be significantly influenced by protection from such winds 
through wind breaks, shelter belts and overhead shade.  These measures modify the micro-climate in the 
crop environment, making it more suitable for crop growth and reducing soil water loss by evaporation.  
With efficient protection, crops are saved from physical damage by high winds and from leaf scorch by 
salt spray and other physical damage.  There are many examples in the region which show the beneficial 
effects of protection as well as the reverse.  Unfortunately it seems that farmers are now no longer keenly 
aware of the beneficial effects with the results that new windbreaks are not being established and the 
existing ones are also not being maintained. 

In the region the natural agro-ecological zones are fairly clearly defined and this is followed in 
agricultural land use and crop zonation which is good for efficient water use.  Additional protection from 
adverse climatic factors would add to the efficiency of agricultural production. 

 
Crop selection and other agricultural options  
 

In the context of a drier Caribbean, the cultivation of the same crops now being grown for food 
production is likely to experience serious problems since they do not have much known drought or salt 
tolerance.  Additionally, it would be difficult to change the food preferences of the population as 
experience has shown in other parts of the world.  Research will have to be done to assess the water stress 
and salt tolerances within crop varieties.  Clearly, cultural practices and crop production techniques may 
have to be modified to fit into the changing patterns of climate.  On the whole it may be more 
advantageous to increase water use efficiency rather than to change the crops in the hope of finding more 
drought tolerant ones. 
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Some aspects of the projected climate change may actually facilitate crop production.  For instance, the 
increase in CO2 in the environment could lead to earlier maturity of some crops, better root development 
and increase in biological nitrogen fixation.  Also there may be the possibility of introducing new crops 
into the region. 

 

Livestock production 
 

A drier climate may be advantageous for livestock production since among forage species, drought and 
salt tolerance are well known and other forage species may be introduced into the region which may be 
adaptable to local conditions.  However, other factors in a changing climate such as increased temperature 
and evaporation could have negative impacts on the livestock themselves. 

 
Aquaculture 
 

In future strategies for water use and management, aquaculture as an integrated aspect of the agriculture 
of the region should be included.  In areas where various forms of flood irrigation is being used, the waste 
or drainage water from irrigated land may well be suitable for some aspects of aquaculture as done in 
Israel for example.  In this instance water is used to irrigate a succession of crops with increasing 
tolerance to salinity until it has a concentration of dissolved salts which make it unsuitable for the 
irrigation of any crop being cultivated.  At this stage, the water is collected in fish farms producing tilapia.  
After harvesting the fish, the salt polluted water is drained away and discarded.  In this way, the 
maximum benefit is obtained from the water.  However, this level of use of water requires careful 
monitoring of the water quality as it is used from one crop to another as well as suitable infrastructure for 
the conductance of the water from stage to stage.  It is obvious that in a drive to achieve self sufficiency in 
food, more fish and fish products, among other commodities, would have to be produced.  Tilapia may 
not be the only species which can be produced in this way. 

 
POLICY FOR AND MANAGEMENT OF WATER RESOURCES 
 

Concerns over the status of freshwater availability in the Caribbean region have been expressed for at 
least the past 30 years (Cashman et al. 2010).  If the expected increase in use and in efficiency of use of 
water is to be achieved in a drier Caribbean, greater attention is needed in water policy and management 
reform.  At present especially in the southern Caribbean, there is little regulation in the use of water and 
there does not appear to be any central infra-structure for its distribution other than for domestic water 
use; this is the reason for the large scale use of domestic water for irrigation.  The use of irrigation cannot 
expand on this basis.  In Trinidad and Tobago there is as yet no organised system for collection of water 
or its distribution for irrigation.  Only now the government is involved in establishing small reservoirs 
(farm ponds) but there is no information on how the stored water is to be distributed for irrigation.  The 
Water and Sewerage Authority in the territory has ownership of all water whether surface or ground in 
origin and in theory fees are collectable for the use of the water for irrigation.  There is a conflict of 
interest in this arrangement. 

Since irrigation is little developed in the region it follows that infrastructure for the conveyance of water 
would be minimal.  In Cuba, Dominican Republic and Jamaica there are some old conveyance channels 
but these are mainly in poor condition and need to be improved and maintained.  In Guyana and Suriname 
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there are distribution systems but they need maintenance.  Most of the new irrigation areas receive 
pipeborne water from the domestic supply or pumped from nearby streams.  The overall efficiency of 
conveyance at present is probably less than 50%.  Major loss occurs through evaporation, seepage and 
theft. By comparison, in Israel where water is transported for long distances in pipes or conduits, the loss 
can be less than 10%. 

In the Gezira Irrigation Project in the Sudan about 2 million ha of clay soils are irrigated for the 
production of cotton mainly; water distribution systems are kept filled with water when not in use so the 
soils on the embankment remain saturated and there is no shrinkage and cracking of the soil and loss of 
water is accordingly greatly reduced. 

In any future developments in irrigation in the region, conveyance of the water should be well planned to 
reduce loss so that maximum benefit can be derived from the water. 

In Jamaica, irrigation has been in use especially in the parishes of Clarendon and St. Catherine for a long 
time and some infra-structure exists.  This, however, needs maintenance to reduce loss and increase 
efficiency.  Recently, the management of the resource has improved with a functioning National Irrigation 
Commission and there is much better control on the quality of irrigation water following the salinisation 
of large areas of agricultural land in these parishes.  In the Dominican Republic and Cuba there is 
satisfactory management of irrigation but maintenance of the infrastructure needs to be improved. 

In Guyana and Suriname irrigation of the main crops rice and sugarcane is well organised and managed 
although the system in place allows for over-use of water.  Arrangements for the irrigation of market 
garden crops on the other hand is not organised and it is likely that the main source of water is the 
domestic supply which cannot be the basis for an increase in area in these crops. 

The question of payment for the water used for irrigation is a questionable aspect throughout the region 
probably due to the traditional non-payment or token payment for water in the past.  In Guyana for rice 
and sugarcane production, farmers are assessed by the area of land being farmed and not by the amount of 
water used.  In Jamaica this was also the system for payment but recently the basis was changed to the 
volume of water used.  In the Dominican Republic farmers pay for water for the amount used but the rate 
is very low, ranging from 0.05- 0.08% of the actual cost of providing the water. 

From the above, therefore, it is obvious that much progress has to be made in developing and improving 
all aspects of irrigation in the region. 

 
SOIL WATER MANAGEMENT SYSTEMS 
 

While at high governmental levels in the region there has been much concern expressed about increasing 
the amount of water available for use, the implementation of measures to achieve this has been slow.  The 
philosophical thinking up to now with respect to water use has been directed to providing water for 
domestic and municipal use and not so much for agriculture.  This is not so for Guyana, Suriname, 
Dominican Republic and Cuba, however; in the first case engineering projects are mainly involved such 
as construction of reservoirs and establishing distribution networks.  For agricultural use, there are many 
other considerations which are important, the more difficult ones being the interacting of water with the 
environment and the consequences.  If agricultural production is to become independent of the weather, 
water in the form of irrigation must be provided so that food production can be a continuous process.  
Water must also be available for the production of all staple food crops and not only for vegetable crops. 

In order to make a significant impact on agricultural production much more water would have to be made 
available for irrigation from both surface and ground-water sources.  Emphasis should be given to 
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utilising surface water because of its relationship to soil erosion and conservation in all its forms.  Water 
must be accessed on a watershed basis so as to influence its disposal and consequent effect on soil 
conservation.  So important is the reduction of the erosive capacity of water in a drainage basin that the 
water which is won may be regarded as secondary to the soil which is saved.  Watershed protection such 
as developed by the Tennessee Valley Authority in the United States and St. Lawrence River Action Plan 
(Madramootoo 2001) are models to follow.  In these examples, the drainage water is led away safely and 
can be used for irrigation while at the same time the watershed is protected and soil erosion is checked. 

The exploitation and use of ground water is simpler and less costly especially if the water is used close to 
where it is available since the construction cost would be less.  The main danger in using ground water for 
irrigation is contamination of the aquifers with saline water and the continued inadvertent use of the 
polluted water for irrigation until the soils become salinised.  It is a fact that all the lands which were 
made saline by irrigation in Jamaica, Dominican Republic and Cuba were from ground water use.  In the 
particular environments the reclamation of these lands is simply not possible due to the quantity and 
quality of water which would be needed for leaching of the salts so that crops can be successfully grown 
again. 

In developing soil water management systems especially for a drier Caribbean, an integrated approach 
involving good soil water, crop and environmental management should be used.  Increased water use 
alone would not solve the problem but might probably create others.  Madramootoo (2001) listed 20 
measures which are appropriate in controlling soil and water loss, and all of them are applicable to the 
region. A few more can be added for the Caribbean to cater for specific environmental factors such as 
high winds and hurricanes and the many agro-ecological zones which are characteristic of the islands due 
to orientation of land mass, slope, aspect, and variability in the soil.  It is up to the farmer and the 
technical adviser to develop production systems employing the particular conservation measures suitable 
to the environment which would include the use of irrigation.  The land resources are available to achieve 
food security although the region is not generously endowed in this if Guyana, Suriname and Belize are 
excluded.  While much of the land is already degraded much of it can be rehabilitated and made 
manageable.  Compared to many other parts of the world, the Caribbean has good water resources which 
need to be properly developed and used.  The climate is amenable but will pose problems in the future 
with changes which are taking place and predicted.  It is expected that with needed changes in crop 
production techniques the region will continue to produce a range of high quality products.  With all these 
attributes and with an enlightened population, what has to be done is to bring all these attributes together 
and develop integrated production systems to provide the food we need. 

 
 
CONCLUSIONS 
 

The following are the main conclusions from this study: 

1. Climate change in the Caribbean seems inevitable unless measures are taken to reduce 
atmospheric pollution by greenhouse gases.  If the current trend continues, global temperatures 
will increase, and for the Caribbean there will be reduced rainfall and the rainy season will 
become shorter and rainfall incidents heavier.  This will cause greater losses of water from runoff 
and associated loss of soil through erosion. 

2. Global warming will result in rise in sea level which could lead to salt water intrusion in coastal 
irrigation systems and ground water pollution. 

3. The changes in climate will affect many soil properties which together will make the soils more 
difficult to manage. 
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4. Climate change will have effects on the crops which are normally cultivated in the Caribbean.  
The new agronomic conditions will expose the crops to water stress, increase in soil and water 
salinity, higher temperatures and increased atmospheric CO2.  Crops are likely to have shorter 
growing periods with decreased yields.  Some of the current crops may be unable to be 
productive but on the other hand other crops may be introduced.   

5. At present the region as a whole has a good supply of water through rainfall but the use that is 
made of it can be greatly improved.  Most of it is lost by runoff and only a small amount is 
intercepted and used. 

6. It is projected that the demand for water in the region will greatly increase in the medium and 
long term particularly in agriculture as the region strives to achieve food security.  Irrigation 
which is as yet little used in most of the region would be more developed and more widely 
applied and will extend to the production of the staple food crops.  Storage of surface water 
through the use of water harvesting techniques and reservoirs from farm ponds to large water 
storage structures will have to be used.  The interception of runoff will have to be done on a 
watershed basis as a soil conservation measure as well.  Distribution systems will have to be 
developed and improved especially to reduce losses.  For this reason, the use of ground water 
should take precedence over the use of desalinised water. 

7. Where ground water is available, its careful exploitation and use will be the most convenient 
source of increased water supply.  Monitoring the quality of the water for salt water intrusion and 
other pollution will have to be carefully, thoroughly and routinely done. 

8. For effective use of surface water for irrigation, storage is necessary except in cases in which the 
water is supplied from constant flowing streams.  The water harvesting must be done on a 
watershed basis varying from mini to large watersheds; at the same time soil conservation and 
watershed protection measures should be incorporated. 

9. Appropriate irrigation systems must be compatible with the particular farming systems and water 
quality.  The amount of water applied must allow for the consumptive use of the crop and the 
leaching requirement of the soil to avoid soil salinisation.  Water quality must be carefully 
monitored, the main parameters being pH, electrical conductivity, relative proportion of sodium 
to other cations, concentration of boron and other elements which may be toxic to plants and the 
concentration of bicarbonate ion as related to the concentration of calcium and magnesium.  

10. Agronomic measures known to be beneficial in soil and water conservation such as mulching 
(vegetable, live and dust), windbreaks, overhead shade where applicable and shelter belts should 
be incorporated in the farming systems as soil and water conservation measures. 

11. Soil erosion is an important hazard in the region resulting from the predominance of steep slopes 
and high intensity rainfalls.  Soil and water conservation measures based on watershed protection 
principles are of great urgency. 

12. In a policy to maximise the use of water, opportunities may be created for the development of 
inland aquaculture as the final use of the water when it has become too saline for crop irrigation.  
If environmental conditions become too marginal for crop production, more livestock production 
may become possible since forage species exist with greater salt and drought tolerance. 

13. With some exceptions i.e. Cuba, Dominican Republic, Guyana, Suriname and Jamaica to some 
extent, irrigation is little used and inadequately managed.  Management systems are needed to 
ensure that farmers have access to irrigation and that water is used in the right amounts and 
appropriately applied.  A system of fees for water use would have to be developed. 

14. Soil water management systems should be designed by the farmer and relevant scientist, taking 
into consideration all the factors which are involved and important for successful water use in 
agriculture. 
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EDITORIAL GUIDELINES  
	
The aim of CARDI Review is to highlight quality research by scientists working or collaborating with 
CARDI, or any other scientist, who wish to publish quality work done in the CARICOM region.   

CARDI Review publishes research and review papers on production, pest and diseases, germplasm 
(development, characterisation, production), post-harvest, marketing and agri-business. Papers dealing 
with the following commodities are especially welcomed: 

• Cereals and grain legumes 
• Small ruminants: goat, sheep 
• Roots and tubers: cassava, sweet potato, yam, dasheen 
• Fruits and vegetables 

 
CARDI has a number of particular thematic focal areas namely, protected agriculture; organic 
agriculture;  invasive species; biotechnology in agriculture; climate change and Caribbean agriculture; 
soil and water management. 
 
Articles are subject to full scientific scrutiny before they are published. All manuscripts should be 
submitted in Microsoft Word.  It is expected that most articles that are published will be between 6 and 20 
pages in length; abstracts will be between 100 and 300 words; the title will be informative but not lengthy 
and there will be between 2 and 5 keywords.  Tables are numbered serially and figures are also numbered 
serially.  Table titles appear above the table to which they refer and figure captions appear below the 
figure. Manuscripts should be sent with double spacing.   
 
Authors should refer to the CARDI Review: Instructions for Authors and the Sample layout of 
CARDI Review paper which are included in these editorial guidelines. 

The following publications also provide more detailed rules and procedures for preparing a paper for the 
CARDI Review:  

Walmsley D (ed.). 1996. Style guide for technical editors. St. Augustine, Trinidad and Tobago: 
Caribbean Agricultural Research and Development Institute. (CARDI Communications Guide 
No. 1) http://www.cardi.org/wp-
content/themes/default/files/publications/Style_guide_for_technical_editors.pdf  
 
Walmsley D (ed.). 1996. Guide for technical writers. St. Augustine, Trinidad and Tobago: 
Caribbean Agricultural Research and Development Institute. (CARDI Communications Guide 
No. 2) http://www.cardi.org/wp-
content/themes/default/files/publications/Guide_for_technical_writers.pdf  

	
These CARDI Communications Guides and CARDI Review issues are available on the CARDI website 
www.cardi.org under the CARDI Publications tab, or from the Information Centre, CARDI, P.O.  Bag 
212, University Campus, St. Augustine, Trinidad and Tobago. Email: infocentre@cardi.org. 
 
Prospective authors who require more information or detail may request this from the editor. 
Email your manuscripts and queries to: 
Editor, CARDI Review  
℅ Secretary, Publications and Seminars Committee (PSC) 
Email: infocentre@cardi.org  
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Instructions for Authors 
	

Electronic Format:  
All manuscripts should be submitted in Microsoft Word 
 
Margins: 
Left and Right: 1.25in 
Top and Bottom: 1in 
 
Line Spacing:  
double (for manuscript) 
single for final version 
 
Font:  

• Generally: Times New Roman, size 11, Normal. E.g. Text in the body of the paper sections.  
 

• Title of Paper: Times New Roman, size 18, small caps, bold, center 
 

• Author: Times New Roman size 11, italics, center 
 

• Affiliation: Times New Roman size 10, center 
 

• Keywords:  
       Keywords heading Font: Times New Roman size 10, bold, italics 

 Keywords text Font: Times New Roman size 10. (exception: italics are used  for scientific names 
of genus, species, subspecies and variety 

 
• Headings (e.g. Abstract, Introduction, Materials and Methods, Conclusions, etc.):  

             Times New Roman size 12, bold, Capitals 
 

• Sub-headings: Times New Roman, size 11, Normal, bold, italics 
 
 
Structure of Paper 

• Title informative but not lengthy 
 

• Author Full Name 
 

• Affiliation Organisation’s name and address. Author(s) Email address.  
 

• Abstract 
       between 100 and 300 words.  
       Indented 2 ins 
 

• Keywords  2- 5  keywords 
 

• Introduction: 1-2 paragraphs of historical and other background information. Purpose and scope 
of the paper 
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• Materials and Methods 
Information on everything concerned in setting up the work should be included here. Review papers 
will detail the review methodology 

 
• Results  
Factual statement of what was observed, supported by any statistics, tables or graphs derived from 
analysis of the data recorded 

 
• Discussion 
An objective consideration of the results and should lead naturally to the main conclusions 

 
• Conclusions 
View(s) taken by the writer as a consequence of what has been discovered.  

 
• Acknowledgements 

 
• References 
Guidelines for the styling for the reference list are given in: 
Walmsley D (ed.). 1996. Style guide for technical editors. St. Augustine, Trinidad and Tobago: 
Caribbean Agricultural Research and Development Institute. (CARDI Communications Guide No. 1), 
pp. 17-19; 24-26 
http://www.cardi.org/wp-

content/themes/default/files/publications/Style_guide_for_technical_editors.pdf 
 

In each citation indent any lines after the first one. 
 

• Appendix 
 
 
In text References 

• Harvard or name-and-year system used 
 

• Example: 
Adams and Seaton (1992) have suggested… 
As already reported (Adams and Seaton 1991; Charles 1992)… 

 
• Additional examples and guidelines are given in 
Walmsley D (ed.). 1996. Style guide for technical editors. St. Augustine, Trinidad and Tobago: 
Caribbean Agricultural Research and Development Institute. (CARDI Communications Guide No. 1), 
pp. 16-17 
http://www.cardi.org/wp-
content/themes/default/files/publications/Style_guide_for_technical_editors.pdf 

 
Walmsley D (ed.). 1996. Guide for technical writers. St. Augustine, Trinidad and Tobago: 
Caribbean Agricultural Research and Development Institute. (CARDI Communications Guide No. 2), 
pp. 26  
http://www.cardi.org/wp-content/themes/default/files/publications/Guide_for_technical_writers.pdf 
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Illustrations (tables, figures, maps) 
 

• In digital format 
 

• Do not embed illustrations in the paper.  
 

• Please submit separately from text. Indicate in paper where the particular illustration should be 
placed. 

 
• For guidelines on layout, please refer to  
Walmsley D (ed.). 1996. Style guide for technical editors. St. Augustine, Trinidad and Tobago: 
Caribbean Agricultural Research and Development Institute. (CARDI Communications Guide No. 1), 
pp. 21-22 
http://www.cardi.org/wp-
content/themes/default/files/publications/Style_guide_for_technical_editors.pdf 
 
Walmsley D (ed.). 1996. Guide for technical writers. St. Augustine, Trinidad and Tobago: Caribbean 
Agricultural Research and Development Institute. (CARDI Communications Guide No. 2), pp. 27-38 
http://www.cardi.org/wp-content/themes/default/files/publications/Guide_for_technical_writers.pdf 

 
	
Photographs 

• In digital format: JPEG, high resolution (300dpi) 
 

• When taking photographs, set the digital camera to a high resolution (300dpi minimum) 
 

• High resolution photographs should be scanned and sent as JPEG files.  
 

• Photographs taken at lower resolutions should not to be scanned, but sent “AS IS” and saved as 
JPEG files. 

 
• Do not embed photographs in the paper.  

 
• Please submit separately from text. Indicate in paper where the photograph should be placed. 

 
 
Prospective authors may also study previous issues of CARDI Review for style & layout guidance. 
Issues of CARDI Review are available on the CARDI website www.cardi.org under the CARDI 
Publications tab 
 
 
 
 
	
	
	
	
	



Page 2

P.O. Bag 212
University of the West Indies
St. Augustine Campus, St. Augustine
Trinidad and Tobago

Email: infocentre@cardi.org
Website: www.cardi.org
Fax: 1-868-645-1208
Tel:1-868-645-1205/8120

HEADQUARTERS CONTACT INFORMATION

Facebook: CARDI - Caribbean 
Agricultural Research and 
Development Institute
You Tube: CARDIcaribbean


	CARDI Review Issue 16
	updated 18 dec CARDI Review issue 16  Nov 2015 body kr
	CARDI Review Issue 16

