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Abstract

for the fruit tree crop subsector are presented.

Agriculture, the most important productive sector for many Caribbean countries, is also the most susceptible to climate disasters such as
hurricanes, which are expected to increase in frequency and intensity due to climate change. Based on assessments in the crop sub-sector, certain
crops have been recognised as being highly prone to negative impacts of hurricanes while others are relatively little affected. There is a dearth
of post-hurricane assessment information for fruit tree crops that make substantial contributions to food and nutrition security in the region,
both directly and indirectly. This paper reviews the effects of hurricanes in the Caribbean on fruit tree crops and the implications for food and
nutrition security and also livelihoods. A case study on the impact of Hurricane Tomas on damage on fruit tree crops with emphasis on breadfruit
and breadnut in St Lucia and St Vincent and the Grenadines and lessons on the potential of climate change adaptation and mitigation strategies
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Introduction

The Caribbean has been identified as a region that is highly
likely to be negatively impacted by climate change by 2050 [1,2].
Small geographic size, particularly of the islands, stage of devel-
opment, general over-reliance on economic sectors such as tour-
ism or agriculture, high dependence on food imports and limit-
ed development of hazard mitigation measures, all contribute
to the high vulnerability of these small states and dependencies.
Increased water stress, due either to drought or flooding, and ex-
treme weather events are projected to be major consequences of
climate change, with serious consequences for agriculture, and by
extension food and nutrition security.

Hurricanes and tropical storms with wind speeds from 115 to
over 250 km/h are the most frequently occurring natural disas-
ters in the Caribbean [1]. Assessments of the economic and social
impacts of 24 disasters in the region from 1972 to 2010, showed
that 21 (88%) were related to extreme weather events caused by
these high velocity winds [3], which is not unexpected because the
region lies in the hurricane belt. Hurricane activities vary greatly

throughout the region in frequency and intensity, with the islands
north of 10°N latitude being at a much higher risk and experienc-
ing more storms than those to the south [4,5]. Impact assessments
between 1990 and 2008 indicated that within the economic sec-
tor, 23.82% of the damage and 21.6% of the losses were in the
agriculture and forestry subsector [1]. However, over the longer
period of 1972 to 2010, 53% of the damage estimated within the
production sector occurred in agriculture and forestry and, in
comparison to the social and infrastructural sectors, production
incurred 83.2% of the losses, mostly within agriculture and for-
estry [3]. The impact of hurricanes and storms on crop production
and on the supply of crops for domestic consumption is not clear
from the reports of most of the assessments because the data
were not disaggregated. Available information usually relates to
export crops. For example, in 2004 crop losses in Grenada due
to Hurricane Ivan were 100%, 90% and 40 % for banana (Musa
spp.), nutmeg (Myristica fragrans) and cocoa (Theobroma cacao),
respectively, while in St Lucia, 67% of the banana crop was lost to
Hurricane Dean in 2007 (FAO 2015) [6]. Lack of clear information
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on the impacts of high velocity winds on individual crops, nega-
tively affects the planning and modelling of strategies for climate
change adaptation for those crops in the Caribbean.

Although it is not widely documented, indigenous and in-
troduced tree crop species, for example, avocado (Persea amer-
icana), guava (Psidium guajava), ackee (Blighia sapida), mango
(Mangifera indica), breadfruit (Artocarpus altilis) and tamarind
(Tamarindus indica), have been traditionally important to food
and nutrition security in the Caribbean at different seasons of the
year [7-9]. Additionally, crops such as coconut (Cocos nucifera),
mango, breadfruit, avocado and golden apples (Spondias dulcis)
have proven to be of direct economic value on the local and export
markets through their significant contributions to the agricultural
diversification programmes implemented in some countries [10-
12]. Being perennials, tree crops are of particular interest for the
indirect economic benefits they provide through ecosystem ser-
vices that reduce degradation in soil and water quality, as well as
other environmental changes that result in declining productivity
of shorter-term crops. However, while substantial literature on
the impact of hurricanes on Caribbean forests is available, studies
on the effect of wind stress on fruit tree crops in the region are
very limited.

Assessment of the impacts of Hurricane Gilbert, which di-
rectly hit Jamaica in 1988 with average wind speed of 200km/h,
showed that 91% of 1859 trees at the University of the West In-
dies, Mona Campus, was damaged or destroyed [13]. Fruit trees,

Materials and Methods

among which ackee and mango appeared to be the most numer-
ous, suffered light to severe damage, including toppling [13]. Sim-
ilar assessments of 2995 and 2451 trees at that location in 2004
and 2007, respectively, showed that 55% and 33 % of the trees
were lightly to severely damaged or completely lost after Hurri-
canes Ivan and Dean, which had average wind speeds of 64km/h
and 80km/h, respectively [14]. Crane, Campbell & Balerdi [15]
reported that fruit tree species in Florida, suffered various levels
of damage from Hurricane Andrew. The highest incidence of tree
loss occurred in mango, longan (Dimocarpus longan) and lychee
(Litchi chinensis), the highest level of toppling (77%) occurred in
atemoya (Annona x atemoya) and the highest level of stumping
(44%) occurred in mamey sapote (Pouteria sapota) [15]. Similar
information on the level of damage and loss caused by hurricanes
to fruit tree species in the Caribbean is not available or limited.

Hurricane Tomas was the 19" named storm and 12% hurri-
cane of the 2010 Atlantic hurricane season, which affected several
islands of the Caribbean from October 29 to early November with
maximum winds of 157.4km/h (97.8mph), and maximum rainfall
of 66cm (26.3”) over a 23 hour period [16]. The hurricane passed
south of St Lucia and north of St Vincent on October 30, resulting
in loss of lives and significant damage to homes and crops, includ-
ing fruit tree crops [17,18]. A study was conducted to provide in-
formation on the nature of tree damage caused by Hurricane To-
mas and some factors associated with vulnerability to hurricane
damage among fruit tree crops in the Eastern Caribbean, with
special reference to breadfruit and breadnut.

Caribbean Basin

® Districts surveyed

Figure 1: Maps of St. Lucia and St. Vincent with districts involved in the survey.

St. Lucia

St. Vincent !
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From November 11 to 16, 2010 a survey was conducted in St.
Lucia and St. Vincent following the passage of Hurricane Tomas.
Several districts across both islands were surveyed (Figure 1).
Questionnaires were administered face to face to 48 respondents
who were selected based on willingness to participate in the sur-
vey and in locations which were accessible by roads at the time
of the survey. The respondents were classified as farmers who
owned or managed fruit trees on their farms or at home, as well
as home gardeners who owned or managed fruit trees in their
home gardens. All respondents were required to have at least one
breadfruit or breadnut tree growing on the property they owned
or managed.

Respondents were asked to identify the species of fruit trees
growing on their property, to describe the types of damage caused
by Hurricane Tomas as well as, management of the trees prior to
the hurricane and to indicate the purpose for which they grew
breadfruit and breadnut. Direct observations were also made
on trees owned or managed by respondents. These observations
included the level of damage to the foliage, main branches and
trunk, and tree anchorage. The topography and level of exposure

for each site were also recorded.

Descriptive and inferential statistical data analyses were car-
ried out using IBM SPSS Version 21 [19]. Descriptive statistical
methods included frequencies, percentages, and means. Inferen-
tial methods included Chi-square test of association and analysis
of variance (ANOVA).

Results
Demographics

Among the 48 respondents who participated in the survey,
those in St. Vincent accounted for 81.25% while those in St. Lucia
accounted for 18.75% (Table 1). Most respondents (58.3%) were
males, and 41.7% was females. Respondents between the ages
of 46-60 years comprised 41.7% followed by respondents over
the age of 60 (31.3%), while those between 18 and 35 years old
comprised only 8.3%. No respondent from St. Lucia was in the age
range of 18-35. Twenty- nine respondents (60%) were farmers
while 19 (40%) were home gardeners.

Table 1: Demographics of respondents in St. Lucia and St. Vincent (n = 48).

Countries
Respondfents Total (%)
St. Lucia St. Vincent
Male 5 23 28 (58)*
Sex
Female 4 16 20 (42)
18-35 0 4 4 (8)
36-45 4 5 9(18.8)
Age Range
46-60 3 17 20 (41.7)
>60 2 13 15 (37.5)
Farmers 7 22 29 (60.4)
Status of Producers
Home gardeners 2 17 19 (39.5)
Country Total (%) 9 (18.75) 39 (81.25) 48 (100)

*Values in parentheses give the percentage of total respondents for each category.

Site characteristics

Site characteristics were recorded in terms of slope and level
of exposure. Over all sites in the survey, 42.6% was moderately
sloped, 40.4% was flat and 17% was steeply sloped. There was no
significant association (x? = 4.957, df = 2, p = 0.084) in the distri-
bution of slopes between the two countries. However, St. Vincent
tended to be more sloping with 50% of sites being moderately
sloped, 36.8% was flat and 13.2% was considered steeply sloped.
For St. Lucia, 55.6% of the sites was flat, 33.3% was steeply sloped
and 11.1% was moderately sloped.

In terms of site exposure, 80.9% of all sites in the survey was
classified as exposed and 19.1% as sheltered. There was no signif-
icant association (x? = 2.636, df = 2, p = 0.104) in the distribution
of site exposure between the two countries. All sites in St. Lucia
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were classified as exposed while 76.3% of sites in St. Vincent was
considered as exposed.

Tree species

Data were collected in 2070 damaged trees from the 48 sites
across the islands of St. Lucia and St. Vincent. Eight fruit tree
species: breadfruit, breadnut, cocoa, avocado, mango, citrus, nut-
meg and coconut were reported by respondents. Cocoa was the
most abundant species in the survey with 1760 trees followed by
breadfruit with 222.

Types of damage

Six types of damage were observed in the survey and at least
four types of damage affected all tree crops. There was significant
(p=<0.05) difference among the fruit tree species in terms of the
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types of damage they sustained. Defoliation, fruit loss and slight
branch breakage was the most common type of damage for all
species except cocoa and nutmeg (Figure 2). Moderate branch
breakage and severe branch breakage were the next most fre-
quent types of damage among most species, and severe branch
breakage was highest in cocoa. Partial uprooting was observed
among all species and ranged from 6.7% in mango to 20% in

nutmeg. Breadfruit and breadnut experienced 12.6% and 10.5%,
partial uprooting, respectively. Nutmeg (30.6%) and breadfruit
(17.6%) appeared to be the two most vulnerable species to com-
plete uprooting. No mango tree was affected by complete uproot-
ing suggesting that it was the least vulnerable to this type of dam-
age, followed by breadnut (5.3%), avocado (7.1 %) and coconut
(9.1%).

100.0
90.0 -

60.0 -
50.0 4

Damage %

W Severe branch breakage
Partial uprooting

Figure 2: Types of damage sustained by fruit tree crops.

Fruit tree crops
m Defoliation/fruit loss/slight branch breakage ™ Moderate branch breakage

B Trunk breakage
Complete uprooting

Purpose for breadfruit and breadnut production

All respondents had breadfruit or breadnut growing on their
property and 59% of respondents reported that trees were in
bearing at the time of the hurricane. The bearing of fruit at the time
of the hurricane was recorded in both countries. Approximately
75% of respondents grew breadfruit or breadnut for both home
consumption and sale, while 20.8% produced these crops only
for home consumption. Few farmers and home gardeners (4.2%)
grew breadfruit or breadnut for sale only. There was no signifi-
cant association (x? = 1.25, df = 2, p = 0.536) between purpose of
breadfruit or breadnut production and countries. There was also
no significant association (x* = 5.168, df = 2, p = 0.075) between
purpose of production and status of producers since most of the
respondents across both categories were involved in breadfruit
and breadnut production for home use and sale. The majority of
farmers (86%) produced breadfruit or breadnut for home use and
sale while 10% was involved in production for home use and gifts
only. Among home gardeners, 58% produced breadfruit or bread-
nut for home use and sale while 37% produced these crops for
home use and gifts only.

Breadfruit and breadnut production systems and tree man-
agement

No pure stand production system was reported for breadfruit
or breadnut in this survey. Backyard production, which was re-
corded for 31% of the respondents, was the dominant produc-
tion system followed by border crop (28%) and mixed cropping
with other tree crops (15%).There was a significant association
between status of producers and type of cropping systems (x? =
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12.911, df = 4, p = 0.012). Backyard production of breadfruit and
breadnut was more prevalent among home gardeners than among
farmers. Single tree production was reported only among home-
owners while border crop was reported only among farmers.
Mixed production systems, whether with short term crops or oth-
er tree crops, were more prevalent among farmers. There was no
significant association between purpose of breadfruit or breadnut
production and production systems (x* = 6.103, df = 8, p = 0.636).
Fruit bearing at the time of the hurricane was reported for all pro-
duction systems and there was no significant association between
bearing and production systems (x*> = 0.959, df = 4, p = 0.916).

Only 11.9% of respondents did any form of pruning within the
last year before the hurricane. Furthermore, there was no signif-
icant association between pruning practices and countries (}* =
0.959,df=1, p =0.673), production systems (x?> = 4.032,df=4,p =
0.402), status of producer (x* = 0.890, df = 1) and types of damage
to tree (x* = 5.876, df = 6, p = 0.437).

Discussion

The present study showed that several fruit tree crops were
grown on farms and home gardens in St. Lucia and St. Vincent.
Fruit tree crop production, whether on farms or home gardens,
have been a long-standing tradition of the Caribbean. Farmers
and home gardeners depend on these crops to provide food and
income. With the emphasis given to breadfruit and breadnut in
this study, it was clear that these crops were important in both
islands based on the combined number of respondents who either
produced them for home use and gift or for home use and sale.
These results were similar to findings of Gloster & Roberts-Nkru-
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mah [20] who reported that among home gardeners in St. Vincent,
breadfruit was well appreciated and consumed in all households
in the study. Another study in Trinidad also showed that most
farmers produced breadfruit and breadnut for home consump-
tion [9]. The fact that breadfruit and breadnut were also sold by
respondents, suggests that these crops make a valuable contribu-
tion to family incomes. Since a majority of respondents report-
ed that trees were in bearing at the time of the hurricane, fruit
losses were likely to be significant. These losses may have major
economic impact on farmers and home gardeners who depend on
the sale of the fruit for income. This was also likely to be true for
other crops mentioned in the study. The results of this study, along
with previous studies, show that breadfruit, breadnut and other
fruit tree crops have the potential to contribute more to food and
nutrition security and livelihoods among the wider populations of
these islands.

The production of fruit trees is considered a capital invest-
ment because of the considerable time and resources that must
be invested before any returns can be realized. When damage is
done, it may take years for famers and the wider industry to re-
cover because of the long growing cycles of these perennial spe-
cies. Therefore, the issue of vulnerability to hurricane and other
natural disasters in the fruit tree crop subsector is unique com-
pared to other agricultural crops that have shorter growing cycles.
Furthermore, with expected increases in hurricane activity in Ca-
ribbean due to climate change, special attention must be given to
developing adaptation and recovery strategies to help reduce the
impact of hurricanes and other natural disasters. These strategies
must be done within the context of the potential damage and loss-
es.

Physical damage to tree species associated with hurricanes
has been reported but there have been few comparisons among
different fruit tree crop species in the Caribbean. The result of this
study showed that fruit tree crop species were susceptible to sev-
eral types of damage caused by hurricanes, including defoliation,
branch breakage, trunk breakage and uprooting. Defoliation and
fruit loss were the most common types of damage, followed by
branch breakage. This was similar to results reported for forest
tree species in the Caribbean [21] and fruit tree species in Flori-
da [22]. However, fruit tree species also differed in their suscep-
tibility to hurricane damage. In the present study, breadfruit and
nutmeg experienced more severe damage compared to breadnut,
mango and orange. Jamaica montane forest species were also af-
fected differently by Hurricane Gilbert in 1988 which allowed for
the identification of four-damage categories, namely, resistant
with low damage and low response; susceptible with high damage
and low response; resilient with high damage and high response
and usurpers with low damage and high responsiveness [23].

Architectural features of trees such as crown to stem ratio,
tree height, canopy density, branch distribution and root sys-
tem, influence tree susceptibility to damage. Bellingham, Tanner
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& Healey [23] suggested that the greater crown to stem ratio of
Pittosporum undulatum compared to other species may have con-
tributed to the high level of uprooting observed in the montane
forest of Jamaica after Hurricane Gilbert. Crane etal. [22] reported
that species with greater rooting depth and orchard management
practices that encourage greater rooting depth helped trees to
withstand hurricane force winds better. Breadnut is usually prop-
agated from seeds; therefore, mature trees have a taproot sys-
tem, compared with breadfruit trees that are propagated through
vegetative means resulting in mature trees having large buttress
roots but no taproots. Other studies also indicated that tree spe-
cies with a taproot system are less prone to uprooting in a hurri-
cane than those that lacked taproots. Tahiti lime (Citrus x latifolia)
trees which were propagated by grafting on seedling rootstocks
showed greater ability to survive hurricanes compared to those
which were propagated by air-layering [15]. Based on the relative
difference observed in the level of uprooting between breadnut
and breadfruit in this study, grafted breadfruit using breadnut
rootstock, which is currently being evaluated, may reduce the lev-
el of uprooting of breadfruit trees which may improve the ability
of breadfruit trees to survive hurricanes [24,25] .

Tree height also plays a major role in tree susceptibility to
damage by hurricanes. Crane et al. [22] reported that orchards in
which tree height was maintained at 3.7 to 6.7m had more upright
trees after a hurricane compared to orchards in which tree height
control was not practised. The result of the current study showed
that only 11.9% of respondents had done any form of pruning
up to one year before Hurricane Tomas. Furthermore, the lack
of association between status of producers and pruning indicat-
ed that pruning was not a common practice for any group. This
is not unusual, as breadfruit and breadnut and some of the other
crops reported in this study are not traditionally pruned in the Ca-
ribbean. Additionally, our results showed that the most common
type of production system used to produce the crops in the survey
was backyard planting. This production system is often associat-
ed with minimum management of tree crops. Tree height control,
including pruning, was reported as the most beneficial pre-hur-
ricane cultural practice to reduce tree damage and toppling [22].
Neglect of tree height management among producers in this study
may be associated with lack of knowledge of the benefits of prun-
ing and proper pruning practices.

The characteristics of the production area or site may also
contribute to the susceptibility of tree crops to hurricane damage.
Site characteristics in the current study focussed on topography
and level of exposure. Most of the sites studied in the survey were
moderately or steeply sloped and exposed. These factors likely
contributed to the high level of damage reported in this study.
However, previous studies indicated that while slopes contribute
to susceptibility to damage, the direction of the slope is probably
more important. A comparison of the direction of slope was not
done in this study but the data were collected in windward loca-
tions that were most affected by Hurricane Tomas. Other studies
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have shown that forests on slope facing windward, experienced
more damage than forests on leeward slopes [26,27]. These re-
sults showed that site selection is important for the establishment
of fruit tree species in the Caribbean to help minimize damage
caused by hurricanes. Where it is not feasible to avoid exposed
sites for orchard establishment, it is recommended that wind-
breaks be used to help minimize the effects of hurricane damage
[22].

Conclusion

Fruit tree crops are important for livelihood and food and nu-
trition security in St. Lucia and St. Vincent, and the Grenadines.
Because of their long growing cycles, the time for recovery from
natural disasters can be considerable compared to other crops
with shorter growing cycles. Therefore, adaptation and recovery
strategies must meet the specific requirements for these crops
and even individual species. The various species sustained differ-
ent types and degree of damage. Besides species characteristics,
other factors such as tree height, root system, cultural practices
and site characteristics appears to influence susceptibility to dam-
age. Some of these factors can be mitigated by proper planning in
terms of site selection, choice of planting materials, and the use
of cultural practices such as pruning for tree height management.
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