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INTRODUCTION

The islands of the Eastern Carib
bean form an arc over a distance of
approximately 750 miles from the
Virgin Islands to Trinidad. See Figure
1. The inhabited ones number only
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about thirty. Their total land area is
about 4,470 square miles. The popu
lation is estimated at about 2,050,000
(1960), giving an overall density of
approximately 460 per square mile,
but ranging from 124 per square mile
in the British Virgin Islands to 1,398
per square mile in Barbados.

THE AGRICULTURAL
HISTORY

From the time of the early settlers,
over 300 years ago, the agricultural
activities have suffered astounding
variations in prosperity. The result is
a marked diversity of crops. Perhaps
the most popular crop from very
early on was sugar cane. It has been
produced in almost every island and
on all the accessible slope groups. At
present it is grown commercially only
in some islands and is restricted to

flat or moderately sloping lands.
Other crops still grown, which have
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also fluctuated in their importance
and total acreage, include cocoa, cof
fee, bananas, nutmeg, citrus, among
the tree crops, and a variety of "short
term" crops. Many of the latter,
particularly cotton, peanut, arrowroot
and other root crops, are highly con
ducive to soil erosion and they have
left their scars.

TOPOGRAPHY

The striking topography of these
islands results from a very interesting
geologic history which is described
by such authors as Beard (1) or
Martin-Kaye (9).

The younger volcanic islands in
the chain from Grenada to Saba are
extremely mountainous and rugged.
Their general physiographic feature
is a central mountain range from
which a series of high ridges and nar
row valleys radiate. These formations
are generally steep sided to the coast
and only small amounts of flat valley
land open to the sea. The land rises
sharply from the coast up to eleva
tions of 4,700 feet (e.g. in Dominica)
over distances of about 10 to 15 miles.

High proportions of the agricul
tural lands are steep. Table 1 shows
the distribution of four selected slope
groups of cultivated land in Grenada
and St. Vincent. Only about five per
cent of this can be safely cultivated
without special precautions against
erosion. At least 20 per cent needs
special conservation measures and
almost 75 per cent should be kept
under permanent cover. The remain
ing uncultivated lands are either too
steep or inaccessible for use at the

present time and are mainly under
forest or scrub.

Similar conditions prevail in the
other volcanic islands. Runoffs are

estimated to be normally very high,
but when cleared of vegetation and
not provided with retarding measures
the run-off from the steeper slopes
after high intensity showers is over
75 per cent (4). In many regions the
slopes are prone to slippage, especially
when their stability is disturbed by
accelerated gullying. Prolonged satura
tion of deep weathered material and
lubrication of slip planes, also upset
the stability of the slopes. Many
catastrophic landslides are on record
(8). Much of the flood damage in
Grenada from the 1955 hurricane was
due to temporary blocking of water
courses by landslides which soon
washed out and sent large volume
and high velocity flows surging down
the steep narrow valleys.
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Figure 2. Land slippage in a September 1949 storm
stripped this hillside of its contoured sweet potato

crop.

In Barbados approximately 80 per
cent of the area is on a coral forma
tion. The predominant slopes in this

TABLE I. DISTRIBUTION OF SLOPE GROUPS OF CULTIVATED LAND

IN GRENADA AND ST. VINCENT

Slopes

Degrees Percentage

Grenada
Total Land

area 76,000 acres

Area
acres

Percentage
of total

0 - 5 0 - 8.7 3,675 5.0

5 - 20 8.7 - 36.4 17,700 24.1

20 - 30 36.4 - 57.7 35,000 47.6

30+ 57.7+ 17,100 23.3

Total 73,475 100.0

St. Vincent
Total Land

area 58,000 acres

Area
acres

Percentage
of total

3,000 5.1

12,000 20.7

14,000 24.2

29,000 50.0

58,000 100.0
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region are not excessive for safe agri
cultural use, although some moderate
conservation measures are necessary
in many areas. The remaining 20 per
cent forms the Scotland District on
the oceanic and Scotland formations.
The steep slopes which predominate
present serious sheet, gully and mass
erosion problems. In addition, ground
waters seeping through the coral gap
along the boundary of the Scotland
District saturate the less freely drained
oceanic formations below and cause

instability of the slopes. This leads to
massive earth flows, slumps and slides.
The high runoff from this region
adds to the problem (9).

Figure 3. Steep terrain planted to food crops by
peasants. Notice bananas in bottom left corner with
a few coconuts and other trees. Soil conservation
barriers and countour drains have been neglected.

In Trinidad and Tobago more than
50 per cent of the lands are too steep
for unlimited cultivation. These are

located mainly in the eastern half of
Tobago, the Northern and Central
Ranges and the dissected peneplain
in the southern two-thirds of Trini
dad. The sedimentary formations in
the latter present slippage and slump
ing problems (7).

SOIL

The limited knowledge of soils of
the region (5, 8, 11, 12) indicates a
wide variety in types. In the volcanic
islands they range from the very re
cent unweathered materials to the

older, highly leached low fertility
types. Heavy clays, loams and silt
loams predominate although there
are some fine sands. Crumb structure

development occurs under forest or
grass covers but this is quickly de
stroyed when cultivated and exposed
to rains. The crusting which is so
evident on exposed soils assists run
off. In many areas these soils are
shallow and the subsoil supports only
very poor vegetation. Varying degrees
of erosion are exhibited, the recent
volcanic deposits being by far the
most susceptible (6). The more ma
ture soils with high clay content are
better able to resist the action of

moving water. A marked feature of
many of the volcanic soils is the
abundance of boulders. In the severe

ly eroded areas they are left exposed.

In Trinidad, the compact structure
less sands and clays are conducive to
high run-off even when not directly
exposed to raindrop impact. The
granular humic or calcareous clays
appear under dry conditions to be
reasonably absorptive but they have a
high percentage of montmorillonite
and readily swell to impede water
movement under wet season condi

tions. With the exception of the coral
formations in Barbados, moisture
movement in the subsoils is generally
impeded.

CLIMATE

These islands are relatively small
and the climate is significantly in
fluenced by the sea. The mean tem
perature is about 78°F with small
extremes e.g. Trinidad record maxi
mum 94°F, minimum 62°F.

There are two distinct seasons in
a year, comprising the dry period in
the first four or five months, and the
wet during the remaining months. A
short ill-defined dry spell lasting two
of three weeks, occurs between
August and October and it is more
pronounced as one moves southwards.
The hurricane zone includes these

islands between the months of July
and November.

RAINFALL

Table II shows mean monthly fig
ures for typical low and high rainfall
stations separated by short distances
of five to ten miles. Except for a very
few islands, notably the Virgins (13),
most of the rainfall occurs during the
wet months, lasting from late May to
December. Torrential showers are

common. Figure 4 shows more than
one-third of the total rainfall in a 11

year period at St. Augustine, Trini
dad, had intensities greater than 0.75
inches per hour while more than half
had intensities greater than 0.40 inches
per hour.

In Barbadoes and Antigua, rela
tively dry areas, the rain gauge densi
ties are high, 0.8 per square mile ap
proximately. In the volcanic islands
with higher rainfalls, little attention
has been given to adequate distribu-

TABLE II. MEAN MONTHLY RAINFALL (INCHES) AT TYPICAL HIGH AND
LOW RAINFALL STATIONS IN FIVE ISLANDS

Islands

Station
January
February-
March
April
May

5 Months

Total

June
July
August
September
October
November
December

Antigua

ligh Low
lain Rain
4.56 0.87
2.91 0.33
3.14 0.46
3.15 0.39
5.83 0.59

19.59 2.64

6.68 2.06
5.96 1.44
7.61 2.17
8.71 2.41
9.64 2.49

10.54 3.07
7.22 1.75

Barbados

High
Rain

4.34

3.35
2.87
3.36
3.11

17.05

Law
Rain
1.75
1.24
1.06
1.14
1.19

6.38

6.36 3.26
7.78 4.10
9.30 4.55
9.87 4.98

10.00 4.73
10.01 4.62

6.30 2.64

Dominica

High Low
Rain Rain

24.37 2.66
13.38 1.16
15.77 1.35
16.94 1.44
17.03 1.30

87.69 7.91

25.11 4.61
30.50 6.69
32.12 6.93
27.09 5.22
29.92 4.70

32.36 5.10
26.44 2.75

St. Lucia

High Low

Rain Rain
9.70 2.16

5.42 0.65

7.11 0.96

7.86 1.26

10.37 1.95

40.46 6.98

13.95 3.99

16.04 4.46
15.36 4.16
16.84 4.23

19.06 5.08

25.58 7.14
11.80 2.30

Trini dad

High Low

Rain Rain

6.61 2.29

4.34 1.50
3.54 1.26
4.60 1.83
9.92 3.13

29.01 10.01

15.84 8.32
12.79 7.79
13.32 6.39
10.40 4.49
11.49 4.16
13.10 5.98
12.43 5.81

7 Months

Total 56.36 15.37 59.70 28.88 203.54 36.00 118.63 31.36 89.37 42.94

Mean

Annual 75.95 18.01 76.73 35.26 291.23 43.91 159.09 38.34 118.38 52.95
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TABLE III. NUMBER OF FARMS AND AREA OF LAND IN FARMS BY SIZE.
FIVE TYPICAL LOCATIONS

(Figures in Brackets are Percentages of the totals)

Dominica St. Vincent St. Lucia Grenada Barbados

No. of
Farms

Area
(acres)

No. of
Farms

Area
(acres)

No. of
Farms

Area
(acres)

No. of
Farms

Area
(acres)

No. of
Farms

Area
(acres)

Less than
1 acre

3,083
(35%)

1,200
(2%)

4,102
(41%)

1,300
(3%)

5,192
(41%)

1,400
(2%)

5,492
(39%)

1,900
(3%)

26,415
(84%)

8,800
(9%)

1- 4.9

3,781
(43%)

8,000
(11%)

4,636
(46%)

9,000
(20%)

4,887
(39%)

10,500
(13%)

6,773
(48%)

14,000
(20%)

4,208
(13%)

7,400
(7%)

5- 9.9

1,163
(13%)

7,000
(10%)

863

(9%)
5,300

(12%)
1,401
(11%)

9,300
(12%)

1,095
(8%)

7,100
(10%)

270

(1%)
1,700
(2%)

10-49.9
585

(7%)
9,800

(13%)
366

(4%)
6,200

(13%)
960

(8%)
17,100
(21'/, )

520
(4%)

9,500
(14%)

162+
(1%)

2,900
(3%)

50-99.9
95

(1%)
6,300
(9%)

20+ 1,300
(3%)

57+ 3,700
(5%)

60 + 4,000
(6%)

22+ 1,700
(2%)

100
85

(1%)
40,000
(55%)

44+ 22,600
(49%)

69+
(1%)

38,200
(47%)

99+
(1%)

32,700
(47%)

219+
(1%)

74,800
(77%)

Total all
Sizes

8,792
(100%)

72,400
(100%).

10,031
(100%)

45,600
(100%)

12,566
(100%)

80,300
(100%)

14,039
(100%).

69,300
(100%)

31,296
(100%)

97,300
(100%)

TABLE IV. LAND USE PATTERN ON FARMS 0-4.9, 5-99.9, AND 100+ ACRES

PER CENT OF LAND IN EACH USE

^\Size Group Permanent Meadows Forest and Other Lands

\^ Acres 1 Cropland & Pastures Woodland

^N. 0-4.9 5-99.9 100 4 0-4.9 5-99.9 100+ 0-4.9 5-99.9 100+ 0-4.9 5-99.9 100+

Dominica 89 59 46 3 7 5 5 25 39 3 9 11

St. Vincent 84 73 64 4 11 10 6 8 17 5 8 10

Grenada 90 76 65 5 7 9 2 11 21 3 5 6

St. Lucia 82 62 45 8 12 11 5 18 33 5 8 11

Barbados 79 56 66 8 26 21 1 4 2 12 11 12

tion of rain gauges. The existing sta
tions are mainly on the peripheries
and give a distorted picture of total
precipitation. An extreme example is
the only gauge in the British Virgin
Islands located at Road Town, a rela
tively dry coastal part of one island.

An equally important aspect, how
ever, is that almost all these stations
record only total rainfall. There is a
real need for more representative in
formation on rainfall intensities. At
present estimates of run-off, at best
can only be very rough. With the ex
ception of a few restricted instances
mainly in Trinidad, there has been
no study of run-off under different
catchment and precipitation condi-
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tions (4). Stream gauges are practical
ly non existant.

Crop production in most of the
islands is adversely affected by inade
quate soil moisture during the low

pattern. This is illustrated in Figure
5 which shows the sugar production
and rainfall of Antigua for the 20 year
period 1942 to 1961.

The islands which receive higher

Figure 5. Sugar production and average rainfall, Antigua.

rainfall months. Short term crops can- total rainfalls are also adversely af-
not be grown during these months fected. The effect of the drought is
without irrigation. In the drier reflected by the bananas in about
islands productivity of the land is eight to ten weeks after its onset,
directly dependent on the rainfall Similarly the results of the rains on
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productions of fruit show up several
months later.

SOCIO-ECONOMIC FACTORS

Less than 25 per cent of the land
area in most of the islands is farmed

by more than 80 per cent of the
farmers on holdings of less than 4.9
acres (see Table III). These small
farms are mainly on slopes of 57.7 per
cent and over. The level of educa

tional attainment is extremely low
among these farmers. In addition to
the inadequate knowledge of sound
land use and crop production prac
tices, there are problems of insecurity
of tenure, little or no capital, and or
ganizational difficulties.

A large proportion of small hold
ings is rented on a year to year basis
or share - cropped. No provision is
made by the land owner to ensure
safe land treatment and there is no
incentive for the user to establish
improvements or measures of long-
term benefit. Even such basic prac
tices as fertilizer applications and in
corporating or retaining plant residues
and other organic matter in the soil
are rarely followed. A high percentage
of the land is cropped (Table IV). An
nuals which require tillage for good
growth and must be dug out of the
soil, predominate. The prevailing
field practices involve clean weeding.
Fortunately some of these crops if
planted sufficiently close, will cover
the land relatively quickly after the
beginning of the rainy season. But in
the interim high intensity showers
lead to much run-off with ensuing soil
losses and flood damage. Only a very
small percentage of the steep lands
used by peasants is kept under perma
nent cover.

The recent banana industry in the
volcanic islands is magnifying the
problem (2). In the attempt to pre
vent the drop in production following
the low rainfall months, there is a
tendency for banana growers, partic
ularly the small producers, to move
to the higher, though less accessible,
elevations where the rainfall is greater.
The steeper slopes make field prac
tices more difficult and expensive. As
a consequence, cheaper cultivation
methods are practised and erosion
rampages.

Lack of recognition of need for pro
tecting the land against erosion and
excessive run-off rates is found to a
lesser extent among the larger land
owners. This is not as glaringly reflec
ted mainly because the hazards on
estate lands are considerably less than
on the smaller holdings.

EXISTING SOIL AND WATER
CONSERVATION PRACTICES

The problems of soil and water
conservation are evident in all the

islands but, only a few conservation
measures are practiced. St. Vincent has
shown a clear lead. This is perhaps
because of its light soils and produc
tions of cotton, arrowroot, and other
root crops, which leave the soil ex
posed at certain stages in their
growth. The more popular conserva
tion practices include contour grass
barriers, strip cropping and contour
drains. The latter may be either gra
ded or level. The level ones are

generally located on the lighter, more
permeable formations and provided
with deep silt traps. The rehabilita
tion of badly eroded areas is success
fully achieved in as little as ten years
by establishing deep rooting, high
leaf litter producing leguminous trees
and shrubs. Efforts of this nature have
been attempted only sporadically in
the other volcanic islands.

The Scotland District of Barbados

was long recognized as a problem area
but it is only in the last decade that
concerted corrective effort was begun
(9). Initially it consisted of rapid re

moval of surface water to lessen the

seepage which reduces shear strength
and lubricates slip planes at depth.
However, soil loss by gullying in
creased due to high channel velocities
of collected run-off. Pitch fibre drain

age pipes are now being installed to
conduct seepage water away from slide
hazard areas near the coral escarp
ment and along the base of gullies.
Slopes are being flattened by massive
earth moving to fill in gullies and
establish terraces. This is combined
with land forming practices for crop
production. The areas with severe
sheet erosion are being rehabilitated
and excessive stocking rates on the
grazing lands are prevented. Gabion
weirs and silt traps are being used to
reduce toe cutting and sloughing in
steep valleys.

Considerable success has been
achieved in the Scotland District with
new crops being established on some
terraced hillsides on raw parent ma
terial the year after it is exposed. Un
fortunately, the bulldozers have
turned up and spread patches of
parent material with high oil or salt
content which will not support vege
tation without years of weatherings or
expensive land reclamation methods.
Frequent light irrigations have shown
promise in establishing vegetation on
bare areas. Improved terrace outlet
facilities and means of stabilizing
slopes against creep are needed.
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On the coral limestone region of
Barbados Stevenson (1950) conserva
tively estimates the area needing con
servation measures at 50 per cent but
only about 5 per cent has been given
either partial or adequate attention.
This was mainly in the form of con
tour drains, contour banking and
keeping the shallow soils on the steep
slopes under permanent grass cover.
An extremely useful practice long
established is conduction of much of

the run-off into vertical drains
("Suck-Wells") to be absorbed by the
highly porous coral formation. These
''suck-wells" feed acquifers which sup
ply the water for sanitary, industrial
and irrigation use. More "suck wells"
could be usefully developed to reduce
the surface run-off to the sea.

In Trinidad and Tobago only limi
ted attention has been given to the
problems. Some of the sugar cane
grown on the slopes of the dissected
peneplain in the south is planted in
graded contour furrows. Some studies
are now being made on the soil and
water loss problems on the Northern
Range. In Tobago independent at
tempts by peasants have been en
couraged through cash subsidies for
established physical conservation mea
sures.

In none of the islands except Barba
dos has any attempt been made to
establish sound land use and conserva
tion measures based on land capability
classification and farm planning.
However, the necessity for this ap
proach is a matter of concern in a
number of areas.

The land classification for the re
gion (11) has followed the pattern
set in North America with modifica
tion in the light of the high propor
tion of steep lands on which popula
tions must exist. Slopes of up to about
36 per cent are put in classes which
can be cultivated with limitations,
while slopes of up to about 58 per
cent can be put in crops which do
not require tillage. The agronomic
practices in the latter group, however,
may unwisely include those which
expose the soil surface to raindrop
impact, e.g. clean weeding bananas
and nutmeg, burning for land clearing
etc.

SUMMARY OF NEEDS

The urgent need is for economical
measures for preventing excessive soil
and water loss under the conditions of
high and intense rainfalls, very steep
slopes and erosion susceptible soils.
Extra efforts in extension education
will be needed to bring improved
measures into practice
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Prerequisites for developing better
conservation practices are the collec
tion and analysis of reliable data for
the determination of quantitative re
lationships between the high rainfall
intensities, the slopes, soil types, vege
tation cover types, run-off rates, ero
sive capacities and permissable flow
velocities. At the same time, there is a
need to develop agronomic practices
which will minimize soil exposure and
raindrop impact. The lands which are
already severely eroded must be re-
claimed, wherever possible, by
methods which avoid putting poten
tial agricultural lands in non-produc
tive uses for too long a period.

During the years required for the
acquisition and analysis of hydrologic
data and for the evolution of better
conservation practices there is a need
to proceed bravely with judgment in
applying known erosion reducing
principles.

With the raising of standards of liv
ing and density of population in these
islands increasing demands will be
made on the water supplies for agri
culture, industry and sanitary uses.
Extra efforts will be necessary to pre
vent loss of fresh water to the sea, or
there will be little water available for
irrigation. In some islands there are
suitable sites for surface reservoirs

but in the steeper regions the ratios
of storage volume to cost and size of
impounding structures are undesire-
ably low. On - stream storages are
short-lived due to sediment inflow. On
recent volcanic formations of high
permeability as well as on the coral
formations the need is for economic
methods of sealing surface and ground
water reservoirs and diverting surface
run-off into storage.
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BORDER DYKE SYSTEMS

continued from page 33

The parameters of the intake rate
equation, f = Ktn, were evaluated
from the expressions using experimen
tal data collected from several existing
border dyke systems. The validity of
these determinations were tested by
comparing observed rate of advance
curves with calculated rate of advance

curves derived by substitution of the
equations of intake into an equation
of advance proposed by Christiansen,
Bishop and Fok. In all cases, the agree
ment between calculated and observed
curves was very good.

In addition, close agreement was
obtained between the average depths

of water applied as calculated using
the soil intake rate determinations
and rate of advance and recession

curves as compared with depths ob
tained by soil moisture measurements.

REFERENCES

1. Ahmed, Manzoor. Evaluation of
Border Dyke Systems. Unpublish
ed M.Sc. Thesis. Univ. of Saskat
chewan Library, Saskatoon. 1963.

2. Bodman, G. B. and Colman, E. A.
Moisture and Energy Conditions
During Downward Entry of
Water into Soils. Proc. Soil Sci.
Soc. Am. 8:116-122. 1963.

3. Christiansen, f. E., Bishop, A. A.
and Fok, Yu-Si. The Intake Rate
as Related to the Advance of

Water in Surface Irrigation.
Paper presented at the 1959
winter meeting of the Am. Soc.
Agr. Engrs. Chicago, Illinois.

1. Criddle, W. D., Davis, S., Fair, C.
H. and Shockley, D. G. Methods
for Evaluating Irrigation Systems.
U.S. Dept. of Agri. Agriculture
Handbook No. 82, 1956.

5. Hall, W. A. Estimating Irriga
tion Border Flow. Agri. Eng. 37:
263-265. 1956.

6. Hansen, V. E. Mathematical Re
lationships Expressing the Hy
draulics of Surface Irrigation.
Proc. of the ARS-SCS Workshop
on Hydraulics of Surface Irriga
tion, Denver, Colorado. Februarv
9-10. 1960.

7. Israelson, O. W. Irrigation Prin
ciples and Practices. Second Ed.
John Wiley and Sons, New York,
N.Y. 1950.

8. Lewis, M. R. and Milne, W. E.
Analysis of Border Irrigation.
Agri. Eng. 19:267-272. 1938.

9. Meyers, L. E. Flow Regimes in
Surface Irrigation. Agri. Eng. 40:
676-677. 1959.

ACKNOWLEDGEMENTS

The authors wish to acknowledge
financial support of the Saskatchewan
Department of Agriculture and the
cooperation of the Prairie Farm Re
habilitation Administration.

CANADIAN AGRICULTURAL ENGINEERING, JAN. 1965


