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CHAPl'ER l INTRODUCTION 

Objective of Thea~~ 

Barbadoe has the distinction of a one ero~ economy, that erop 

being sugar c~ne. This situation has existed for over 500 years, and 

during the latter part of thia period, particularly ainee 1924, the cane 

breeding section of the Department of Agriculture has carried on extensive 

work in developing high yielding varieties of sugar cane especially suited 

to the island. The nature of inveatig~tion has, however, being virtually 

confined to this one direction, and study of the other important growth 

factors euch ae edaphic and especia!ly climatic control has lageed far 

behind. Fortunately in 1959 a microcli~atic station was set up at Water-

ford under the auspices of the Geoeraphy Depart~ent of MeGill University, 

and in the last 2 years a eonsider~ble knowledge of various elimatic 

parameters has been a~as8ed, and an insieht into the moisture balance 

regime achieved. It is felt that the time ie opportune to combine the 

specifie knowledge gained ut ~aterford with the general knowledge of rain-

fall for the whole isbnd, to obtain a regional picture of moieture-bal-

ancej and in turn to ascertain the influence of the regional moisture 

regime on sugar agriculture. Such an attempt ia the objective of th1s 

thesis. 

General Introduction 

BarbadoB ie the most eusterly of the Leeward Islands of the West 

Indies (Fig. 1). At latitude l3°N it rests weIl with1n the tropice and 

1a loc8.ted about Il sirllilar distance north of the equator as for Madras, 

Bangkok and Manilla. At longtitude 59°W it lies on a north-south line 
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through Cape Breton Island and Buenos Aires. 

21 miles long by 14 miles wide, the island has a total area of 

166 square miles, or 106,240 acres. It ie distinct1y pear-shaped, the 

stem of the pear facing northward (Fig. 1) 'l'he long axis of the ieland 

points 180 west of north. 

To obtain the bast glimpse of Barbados l physical aspects in one 

journey it ia best to start at South Point, the southernmoat extremity 

of the is1and, a.nd follow a northward course to North Point (Fig. 1). 

From the narrow sandy beach, an as cent over a ,0 ft. cliff-face leads 

the traveller to a level c09.stal plain. Altitude increases only very 

gradually toward the north until st a height of ,00 ft. the east-weat 

trending Christ Church Rid~e is surmounted. Immed iate1yto the north, 

and paralleling the ridge, stretches the fertile St. George Valley. Geo-

logically this ia the youngeat part of the is1and, which, following the 

Pleistocene epoch, was inundated by the sea, probably dividing preaent-

day Barbados into two islanda. Although the traverse has already led 

through land given mainly ta eugar agriculture, the importance of cane 

ia even more evident in the, valley, where only the amall pieces of pre ... 

parfltion land in saur grass, yams. potatoes. and corn relieve the dark-

green of the sugar landscape. 

North of the St. George Valley the land ascends rapidly and relief 

increaS9S. '1'0 the south-west, Bridgetown the commercial heart and only 

city of Burbados radiates out fram Oarlisle Bay. As the traverse con-

tinues the landscape 8eems to display a fairly constant pattern, with 

fields of Cane surrounding the large plantation buildings; a scattering 

of compact paasant villages surrounded by amall garden plots; and inter-

aecting ravines, often deeply cut inta the coral limestone by small period-
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ica1 streame. Mahogany trees line the roadsides whi1e the entrance lanee 

to plantation homes are bordered by stately royal palme. Sugar refineriee 

with their overhanging cranee are a familiar eight, being spaced at fairly 

regular intervala throughout Barbadoe. 

Mount Hillaby ut 1115 ft. ia the highest eummit in the ieland, 

It marks approximate1y the half-way point in the journey, and atfords an 

unexce1led view of most of Barbadoa. The 1uahneea of the vegetation is 

in atriking contraet to the semi-arid southarn coast, and ie a reminder 

that the available moisture has been increasing steadily along the tra-

verse due to the influence of increasing altitude on the north-easter1y 

trades. 

From atop Mt. Hi11aby the scene to the west ia dominated by a 

series of limestone terraces descending in atep-like fashion to the drier 

Oaribbean coast. Rapidly-growing casuarina trees line the Cane fields 

and serve as wind breaks. To the north it seeme even drier, but still 

Cane fields everywhere emphasize Barbados' one crop economy. In the 

direction of the Atlantic the strongly diseected and often bare rock of 

the Scotland district juta forth. Conditions are obviously semi-arid, 

but in some places coconut palm, banana, manioc and breadfruit crops find 

a place alongside sugar cana on the paasant farms. 

The lest haIt of the journey passes through the neck of the pear. 

Tarner's Hall Woods is a fore st preserve covering 40 acres of steep hill-

side. Growing here are many of the broad-leaved trees which must have 

onCe covered much of Barbados. Toward the north the altitude decre~ses 

steadily and bringe an equally steady increase in aridity. The journey 

terminates at the north coast cliff-face, where the ocean constantly 

pounds the bare coral rock~ undernourished goats search out the widely-
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spaced tutte of xerophytie graSSj and the unoppoaed wind whistlea through 

c1umpa of caeti. 

History 

The economy of Barbados ia and always has been largely based on 

agriculture. Tobacco and cotton were the dominant producta ot the island 

atter it waa tirat settled in 1627. Sugar cane Was introduced in 1640, 

probably from Brazil, and by 1652 sugar manufacturing had been brought 

to perfection. With the introduction of slaves aIl the agricultural land 

came under control of large plantations. A slave economy became firmly 

entrenched and lasted unti1 emancipation in 1834. Bourbon cane was the 

standby for a long period, and not until 1895 did it succumb to drought 

and the math borer. During this latter period competition became very 

keen and an agricultural criais was at hand. This criais was augmented 

by a devastating hurricane in 1898. Basic changea had to be made in the 

farming of sugar cane. Absentee landowners were persuaded to aell out, 

and a number of factories, en ch controlling groupe of estates, were aet 

up. In addition, several estates were cut into lots and sold, sa that 

by 191', 1',000 peasants owned plots of 5 acres and under. 

At the turn of the century a Department of Agriculture was esta-

blished, and it has done an excellent job in creating new and more suit-

able cane breeds. Its present reeearch includes sail studies, cultivation 

experiments etc., and there ia cooperation with other groups who are con-

cerned with sugar production. 

Topography, Geology, and Drainage 

Heighte in Barbados range trom eea-leval to 1115 ft. (Fig. 2). 

Ascent from the west coaat takea place through a series of well-defined 

limeatone terracea, while to the north, aaat, and south, step-like rises 
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are less obvious and the heavily diseected terrain merely becomes more 

hilly. Water erosion along fault lines has sometimes created ravines 

which run oblique1y ta the slope. Along the St. John, St. Joaeph and St. 

Andrew coasts, the high1y diatorted folds of the Scotland formation rise 

sharply from the aea and in places create a definite cliff. Isolated 

topographic features inc1ude sand dunes along the south-eaat coast and 

the east-west trending Christ Church Ridge and St. George Valley. 

Senn (2~) who has carried on detailed investigation of geology 

and hydrology in Barbados states that all the bedrock, exc1uaive of the 

Scot1anè formation, consiata of Coral-rock which reachea a probable maxi-

mum thickness of 300 ft. The rock was laid down during the Pleistocene 

epoch, the depoait consiating of one contemporaneous reet. Theae coral-

1ine 1imestones are mainly massive and unbedded a1though in places well-

bedded atrata characterized by an abundance of Formanifera are found. 

The Christ Church Ridge and St. George Valley correspond geologically to 

an anticline and syncline respective1y, but the main structure of the i8-

land i8 control1ed by the large central dame of Coral-rock which dips 

seaward in aIl directions. Erosion has 8tripped off part of this dame 

to bare the older Scotland formation (Fig. )). This district covers one-

seventh of Barbados' total ereaand consists of older clay, marl, and 

sandy formations which have bean hi~hly folded and overthruat. Other 

smaller structural featuree surround the dome. 

Drainage ia largely controlled by rock permeability and the a10pe 

of the land. Except in the Scot land area, the etreams rarely procaed far 

on the surface bafore dropping out of sight. Rain water ia readily ab-

sorbed in the areae with no soil covering. where it can directly infil-

trate into the fine pores of the Coral-rock and into open fissures, cre-
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vioes and sink-holea. When there is a soil coyer which must be first 

saturated, a heavy rain will run off, and the water, choked with masses 

of the clay Boil, may plug the sink-holes, creating a circular pond. 

This latter situation is alleviated by the use of Hsuck wells", which 

auck to an open tissure in the rock and dispose of aIl the superfluous 

water. After percolating to an impervioua layer, the water follow8 the 

downward slape to the sea, but cannot escape freely, owing to the higher 

specifie gr~vity of aea-water. The water ia dammed up and risea in the 

Coral-rock to sea level, creating a reservoir, which ie particularly 

i~portant in the St. George Valley. The older formations of the Seot-

land region are practically i~permeable and mest of the ra in is lost by 

surface runof!, ae ia evidenced by the number of permanent rivers in thie 

ares. Only on the talus slopes and alluvial valleye is there significant 

percolation and ground water storage. 

Ground Water Resourc~s 

Rain water that percolates through the Coral-rock is e.rrested by 

the underlying impervious layer, and stored in the basal part of the 

porous limestone. Such storage water ie deeignated as sheet-water by 

Senn, but it should not be thought that it forms to an aven depth over 

the impervioua layer--rather, because of the opening of solution channela, 

it ia concentrated into small veinlets which become wider '11ith progressing 

solution and finally join together to forro larger subterranean water 

etreams. 

Benn etates that "the sheet-water reeervoirs contain tremendou8 

reserves of water •.•....... . but their whole content la not available for 

use and only an amount of water can be drawn from thorn which ia annually 

flowing into thero". He goes on to deecribe the reservea in the various 
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catomnent areae (Fig. 3), and to estimate irrigation possibilities. This 

esti"ll,,,te assumes that no more water can be withdrawn from the oatcmnent 

basins than annually flows in. In the following discussion, the estimates 

of irrigation p08sibilities corne~ from Senn who gives the number of ir-

rigable acres in each catchtnent basin and the author has merely expressed 

the number of acres as a percentage of total cane acreage. 

In over 8 square miles of the north-east area of St. Lucy, the 

coral rock is not everywhere underlain by an impervious formation. but 

there is still enough potential to irrigatè regularly approximately 17% 

of the cr op land. Because heavy breakera continuously hit the coaetal 

cliff and have opened up la.rge caverne, ses. water easily penetrates in-

land and oauses the ground water to become brackish. It ia necessary, 

therefore, to open irrigation wells near the inland side of the catchŒent 

area. 

The western catchment basin includes all of St. Peter and St. 

James parishes; western St. Thomas, and south-western St. Lucy, and com-

prises an area of approximately 54 square miles. High salinity ia very 

localized and does not constitute a major problem. A maximum of 30% of 

the crop area could be irrigated in a IInormal rainfall ll year. 

The south-western catcblDent zone includes most of st. Michaels 

Parieh, eaatern St. Thomas, western St. George, and small p~rts of St. 

John and Ohrist Ohurch. In a total area of 52 square miles the only 

salinity is along the coast and sven here it ie low, for in contraet to 

St. Lucy, this catchrnent area ia on the leeward aide of the island. Al-

though there la already a large domestic conaumption from this heavily-

populated area, it ehould be possible to irrigate 25% of the cropland. 

The aouthern catchrnent area lies to the south of the Ohrist 

9 
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Church Ridge and comprises almost 22 square miles. High salinity presents 

a problem along the ocean-facing south coast. Only 5-10% of the cropland 

could be regularly irrigated. 

The St. John-St. Phillip region comprises almost 40 square miles 

and includea eastern st. George and a smaii northern strip of Christ 

Church. It includes much of the St. George syncline. l'he heavy surf 

along the St. Phillip coast has created conditions of relatively high 

salinity in the coastal reaches, but further inland the water is perfectly 

froah. Benn eatimates that only about 18% of the crepland could be ir-

rigated, but speculates that water with higher salinity wight be succesa-

fully used. 

A SIDail catchment basin of 6.5 square miles centres on Codrington 

College. The sheet-water ie very localized in narrow subterranean streams, 

and ground water ia generally scares. There are no considerable reserves 

of unused water for irrigation, which is unfortunate, aince this ia one 

of the driest areas of Barbados. 

Senn doss not attempt to estimate the water reservee in the Scot-

land area but claima they are relatively insignificant. The steep slopes, 

lack of forest-vegetation, c;nd consequent heavy ereaion, leaves nothing 

which can arreat the runoff water and facilitate absorption. 

It would seern reasonable to conclude that with some exceptions, 

the ground-water reaources of Barbados are sufficient ta allow s icant 

irrigational development. As will be discussed later, however, the areas 

moat in need of an extra water supply are Crequently those vith the laaet 

potential. 

SoUs 

There ia at present a dearth of knowledge regarding Barbr::ldos l 
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80ila. A soil aurvey of the island and research into soil-moisture rela-

tionships will do rouch to rectify this situation within the next three 

years. The following will be a general account of what is known of Bar-

bados' solls. A more detailed discussion of soil-rooisture relationships 

will be presented during the consideration of moisture balance. 

The only picture of overall soil distribution is given by a map 

produced by Hardy (Fig. 4). As can be seen tram this map, the red, black, 

and undifferentiated Scothnd soils cover the major portion of Barbados. 

The red soils are asaociated with the high rainfall upland areas while 

the black soils are confined to low rainfall lowland zones. In the Bar-

bados Agricultural Journal (13), it ia stated that w&ter moves ,Dore quic-

kly in the red than the black soils--this probably referring to downward 

percolation. In a breakdown of soils which closely corresponds to Hardyts 

classification, the soils have assigned clay contents which range from 55 

ta 75%, with the exception of the sandy trough of the St. Peter lowland 

where clay content falls as low as 14%. Soil saturation capacities vary 

tram very low in the red eande to quite high in the black 80ils. 

Price (17) states that the soi le form a heavyroantle, which aver-

ages 2 ft. in thicknees and has rarely developed to ~ depth greater than 

,ft. They are foraJed from limeetone which is from 9, to 99';0 pure. Vol-

canic ush trom Soufriere on St. Vincent which erupted at the turn of the 

century was pOBsibly carried eastward in the upper air currents to play 

an important part in the present-day soil characteristice. 'rhe red soils 

of the upland, Price notes, have more organic matter and clay, lees lime, 

silica-alumina, and a lower base saturation capacity than the black so$le 

of the lowland. The heavy claye of the Scotland district are crackedwhen 

dry and in flux when wet. 

l, 



Earth flowa resulting from thia inetability form 8.mpitheatrea fit the 

hefids of va11eya. 

Climate 

Barbados liea within the nhumid tropics u as delilllited by both 

Garnier and Kuchler (4). 'l'he word "humid ll should not be misconetrued. 

In the Csee of Barbados it me!ilna "not arid Il rather than "continuouely 

wet ll
• The following discussion ia baeed on data from the microclimatic 

station at Waterford (5). 

It ia the rainfall that ie the most variable climatic parameter. 

and also the most economically aignificant one. Rainfall shows a sig-

nificant areal differentiation within the ieland, as well as considerable 

annual variatione. In a single year one station may record 35 in. more 

rainfall than another. Yesr to yser variations at any one station may 

range as high ae 48 in. The precipitation extremee are considerable. 

As much as 33 in. of rain may fall in one month while there may be no 

rain for another month. It ia common for over 2 in. to fall within a 

24 hour period, and in Ju1y 1901, 20 in. fell in the parish of St. Lucy 

(Skeete (24». A rough division into 2 moisture seasons can be made. 

Approx1mately 75% of the rain falla during the 7 month wet Beason which 

extende from June to December, leaving only 25% for the 5 month dry period 

from January to r"lay. September and October are u6ually the wetteat 

monthe while ivlarch ie invariably the drieat. 

In contrast to the rainfall re~ime the temperBture ie very con-

stant from day to day, month to month, and year to year. 'rhe mean daily 

temperature vaise only '.90F between February and June, which are the 

cooleet and warmest months respectively. 'femperature extremes are also 
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amall. The temperature rarely falls below 62
0 

or climbe above 89°, and 

the grase minimum temperature seldom descends below 55°. Datal on 80il 

temperature from depths of 2, 4 and 8 inchee reveà1 a mean annual temper-

ature of 84, 82, and 81 degrees respectively. As would be expected, the 

loweet temperaturee of 75, 7), 75°, are reached in February, and the 

highest, et 95, 92, 86°, in May and June. The annual range of 9, 9, 6°, 

indicates that there ia a considerable dampening effect on temperature 

change at deptha lower than 4 inches, but that above thie level, changes 

in air tem~erature exert more influence on the 80il. 

The north-eaat trade winds which blow throughout the year are an 

important feature of Barbados' climate. Wind direction dominantly remains 

within an ~rc from ESE through E to ENE. In January the winds come from 

ENE 45% of the time and from E another )5%. By May the wind comes from 

EN! on1y 14% of the t ime having shHted to the ESE (56%), but by August 

it ie again dominantly from ENE (45%) and blows from the ESE only )0% of 

the time. October marks the height of the hurricane aeaeon, and now al-

though the wind blowa predominantly from the E and ESE (69fo) it frequen-

tly swings to N and S directions and aven to the NW and SW, due to the 

hurricane diaturbances. Wind speeda show a single-cycle regime. From 

a lov mean monthly speed of 7.8 mph in October, mean apeeds increase 

very steadily to a high of 13.5 mph in June, after which they fail off 

evenly. The greatest change ia between July and August when a drop of 

2.5 mph takee plece. The mean annue,l wind speed la 11.0 mph. Short 

range extremea may vary from a dead calm to up to 150 mph in a hurricane. 

AB with speed, the most wind miles run are in June, the least in Septem-

ber-October. An examination of the relations between wind and rainfall 

1. Soil temperature data are baeed on one year of observation only. 



leada to the obaerv~tion that the windieat weather oeeura during the 

drier montha. 

Tbe number of bright sunshine hours variea both with d~y-length 

and with ehanging cloud eover, the latter having a more important influ-

ence. The monthe of shortest day-length correspond to the dry season, 

but due to the low incidence of cloudy skies they have a grester number 

of bright aunshine hours than the wet season monthe of longer day-length. 

The difference in mean monthly eunshine between February and September-

October ia 40 hours. 

In aummary it ehould be noted that there ia greater wind and aun-

ahine potential for evaporation during the dry season and that this ia 

aceompanied by only a slight drop in meen temperature. When water is 

most scarce evaporation potential ie higheat. 

Agriculture 

In Barbadoa, "agriculture" and Raugar-cane culture" are almoet 

synonymous terms. Approximately 90% of aIl the arable land is in cane 

or in cane preparation land l 
Of aIl the sugar under cultivation, 75% 

ia on plantationa of over 10 acrea in aize, the remainder being grown 

on small passant plots • 
• 

Although it varies from plantation to plantation, suger cane ie 

generally planted in late October and early November ne~r the end of the 

rainy season. The cane grows throuy,hout the followlng year and 1s reaped 

during the early monthe of the subsequent year, giving a growing period 

of approximately 17 months. It la therefore planted in the wet senson, 

growe throughout one complete dry and wet season, and la harvested during 

1. Cane preparation land is the reat land in the estate1s rotation 
scheme and la uaually planted in yams, potatoea or corn. By law 
it muet be at leaet 12% of the arable land. 
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the second dry aeason. The ratoon cro/matures in 12 monthe and is 

harvested during the sa~e period as the plant cane. Barbados then has 

on1y one planting and one harvesting time each year. 

As with rainrall, there are aignificant areal and annual vari-

ations in sugar cane yields (Foster(6)). Differences as great as 15 

tons/acre have occurred betweenplantations in low and high rainfall 

~reas in the same year. while extreme differenoes between years at any 

one plantation may reach aa high as 28 tons/acre. Oonsidering that yie1ds 

rarely ri se ab ove 50 tons/acre these differences become most important. 

Saint (21) notes that in the la st 100 years the annual sugar 

produotion has inoreased 280% from 45,000 to 162,000 tons. Most of this 

change has occurred since 1924, and has been due mainly to the deve10pment 

of cane varieties more suited ta the particular soil and climatic oon-

ditione, and the increaaed use of fertilizers, 6specially potash which 

allowe more extenaife r13tooning. Since 19;6 the practice of harveating 

ratoon crope has decreased plant cane acreage by 65%. It ia from the 

ratoon crop that a farmer makes much of hie rnoney, for it not on1y gives 

a return in a shorter period of ti~e, but also bypasses west of the plan-

ting costa. Up to 5 ratoens are DOW grQwn on many plantations. 

Irrigation ia used on only ; plantations. The author round that 

the water was applied in a very haphazard fashion. One grower applied 

2 inches/month during the dry seasen, while anotber irrigated when he 

thought the crap needed it. Irrigation pra,cticea are too recent to es-

timate their influence on crop yields. 

1. A ratoon crop ia the subsequent year~ growth which springs from the 
original plant root. It later develope its own root system. 
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OHAPTER II RAINFALL. TElviPERATURE. SOIL MOIS'fURE .AND MOISTURE BALAI.'lJCE 

Rainfall 

Rainfall data for Barbadoa are remarkably comprehensive. From 

records housed ut the Department of Agricu lture the author was 8.ble to 

obtain figures for over 60 stations, each covering a period of at least 

,0 years. A check of all the rain gauges made it necessary to ignore sorne 

of the data, due to faulty location or poor equipment, and in the end the 

reeults of 58 stations were used. Theae give an adequate coverage for 

the island (Fig. 5), except for the parishes of st. Andrew and St. Lucy 

where figures for only , and 2 stations respectively were available. 

For these latter two parishes it was neceseary in mapping to extrapolate 

values, using a technique which will be mentioned luter. 

Mean Annual Rainfall 

A comparison of Figures 2 and ll(inset in back coyer), shows the 

close correlation between height and mean annual rainfall. 'l'he lowest 

rainfall aresa (44-51 in.), are round excluslvely in zones of less than 

,00 ft. in altitude, whilst the highest zone of rainfall (80-86 in.), ia 

located st heights greater than 800 ft. Similarly, middling rain amounts 

correspond to intermediate altitudinal zonation. It will be noted that 

along parts of the west coast, precipitation values are higher than would 

be expected at such low altitudes. A linear correlation of rainfall with 

altitude for leeward and windward exposurss shows that the rainfall in-

creases 2.4 in./100 ft. rise in altitude on the leeward elopes and only 

1.4 in./IOO ft. on the windward aide of the island, a difference of ovar 

70%. These higher values to the lee of the island œay be the result of 

two influences. The tiret la probably the tact that most of the oro-
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graphie rain from the condensation of moiature-laden air of the tradea 

which has been forced upward doea not reach the ground until it is 

west of the height of land. A second influence ia cauaed by intensive 

heating of the earthle surface during the rainy aeason. Becauee of the 

relative abundance of moieture for evaporation and transpiration the lower 

layere of the atmosphere are quickly charged with water vapour. The lower 

wind apeeds of the rainy seaeon do not remove the surface air ae readily 

as in the dry months. Heat energy from the earthle eurfaee-radiation ac-

cumulates in the lower air levele and creates conditions of inetability, 

where light werm air underlies cooler, potentially denser air. Such in-

etability triggera a turbulent exchange of the warm, moisture-laden air 

upwards, where it cools and condenees to form cumulus cloude. Theae ars 

carried westward by the trades and at the same time gain altitude until 

cooled eufficiently for the water to precipitate. Skeete (24) who hae 

observed daily weather in Barbados for a considerable time refere to the 

rain which ia initiated by Burface hasting as follows: 

1I0onvectional rain is depandant on low wind velocity, a consider-
able amount of sunshine to heat the surface air, and at least a 
moderately high humidity •••••••••• the time of formation of con-
vectional rain within the year ia mainly confined to the monthe 
of August to November owing to the fact that the combination of 
high humidity and low wind velooity la more frequent during thes6 
montha •••••••• 1\ 

Most rain from this source falls into the ocean off the leeward coast 

and can be seen in the late afternoons of most days during the rainy 

season, but a suffieient amount reachas the western coast to account for 

the anomalolJsly higher rainfall. 

Rctinfall Variability 

The œean annual rainfall gives only a limited picture of precipi-

tation characteristics in Barbadoe, as any augar cane grower will quickly 
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acknowledge. Deviations of annual r~inf~ll of up to 70% from the illean 

annual value have occurred during the present century. Upper and Iower 

quartile values of rainfall for each station are given in Figure 6(a&b). 

As would be expected, the re~ions where the lower quartile values deviate 

most from the mean generally correspond to low rainfb.ll zones, with the 

important exception of the south-western coastal area. Again it is felt 

that orographie rain will cause the greatest fluctuations in precipitation 

and that to the west, potential deviations have been alleviated by 

the r31nfall caused by surf~ce haating. Similarly, though less obviously, 

deviations of the upper quartile values from the :nean are greateat in 

areas of high rainfall, and of lssser extent along the west coaat where 

orographie rain ia of lese influence. 

With the great fluctuations in yearly rainfa1l the writer eue-

pected that mean annual rainfa11 might not denota average conditions and 

that median values might be more representative. This was not the cass, 

however, and although the greatest differenee batween mean and median 

for representative stations was 5%, a total of the deviations found them 

to be equa1ly s~aced above and be10w the mean value. Sinee the mean rain-

fall ie more readily calculated, it has been used in the formulation of 

moisture balance. 

Tempera tur~ 

Temperature data are available for, stations in Barbadoe, at 

altitudes of 180, 430 and 1070 ft. The data at 190 ft. oan be averaged 

for 50 ye9.rs, but only 8 year recorde are available at the other two 

stations. :/vloreover, the temperatures at the latter two stations were 

taken during the last quarter of the 19th century. The author feels, 

neverthelsee, that they are reliab1e. The annual curve of rnean rnonth1y 

temperatures at these two stations corresponde closely to the 50 ysar 
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average velues e.t 180 ft.; the stations were set Up under a scientifically-

vereed governor; and an average of temper~ture values for 8 years should 

be representative due ta the very limited tempersture fluctuations in 

the tropics. With such an altitudinal range, temperature values for inter-

medillte altitudes ean be derived by interpolation. Actu~l and interpol~­

ted teœperature values are shown in Figure 7{a). 

The mean annual lapse rate is 5.0oF/IOOO ft., but monthly varia-

tions range from a high of 6.1 in March ta a September low of 4.2. Actual 

lapae rates for each month are shawn as percent of the dry adiabatic laps6 

rate in Figure 7(b). It ia significant that the lapee rate during the 

5 dry monthe (January to ~~y) is lOF/IOOO ft. greater than during the 7 

wet months (June to December). This ia probably the result of the greater 

evailability of moisture and consequent higher actuai evapotranspiration 

during the rainy eeaeon. Becauae of the higher evapotranspiration much 

of the solar energy ia ueed in the vaporiz~tion processes, and escapes 

from the lower leve1s of the atmosphere in the form of latent heat. Con-

veraely, with the lower actual evapotranspiration of the dry aeaeon, 

more sensible heat ia reradiated from the soil and pla.nts, and ia free 

to heat the lower levels of air convectively. 

Soil Moieture Retention 

As mentioned previously, Barbsdoe' 60ils are mainly claye of un-

known moisture-holding capacity. Sinee soil-moisture relationshipe are 

import~nt in any discussion of moisture balance, it has been neceasary 

to correlate aIl existing information with the author1a texturaI sampling 

in the field. By ueing Thornthwaite's texture-moisture retention values 

()2), for a medium-rooted crop (suger cane), it wea possible to assign 

inchea of soil moisture et field capacity to each sail type. These values 



range trom 4 in. for the sterile clays of the Scotland district, through 

5 in. for the sands of the St. Peter lowland and 6 in. for the heavy red 

claye of higher altitudes, to li. high for the black clay-loams of lowland 

areaa of 8 in. Theae values are suitable as a relative indicator al-

though their absolute values are open to question. It ie noteworthy that 

Banting (2), working in tropical Africa, aseigned field capacities of 4 

and 6 inches for a medium rooted crop in light and heavy soils respec-

tively. 

Moisture Balance 

For developing the moisture balance in Barbados, ~ slightly modi-

:f'hd version o!Thornthwaite's system (29), has been employed. Not only 

does thie method give a more illuminating picture of moisture relation-

ships than does mean annual rain!all, but it haB the distinct practioal 

advantage over other methods for estimating molsture balance in t~t ita 

use demands a knowledge of only 3 climatic parametere; r&infall, tempera-

ture, and soil moieture. 

In Thornthwaite fS system, 3. combination of potentü.l evapotrana-

piration which ie derived monthly from mean temperature data, and Il cor-· 

rection for the number of bright aunshine hours at a given latitude, gives 

a quantity known ae actual potential evapatranspiration. Thia ia the 

amount of water which will be evaporated and tr.nspired from crops, pro-

viding that water ia available in the sail reservait. For Barbadoa, all 

the stations depending on their altitudes were 8ssigned one of the five 

temperature regimea shawn in Figure 7(a}. Sunshine hour correction wae 

o 
for 13 N. latitude. Thornthwaitefe method next considere monthly rain-

fall. When the precipitation equale or exceeds potential evapotrans-

piration for the month, the actusl eVJpotranspiration and potential 
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evapotranepiration are equal. If r~infall exeeeda potential eVâpotrans-

piration, the excess will be stored in the 80il up ta field capacity 

which varies with the sail type ~s mentioned above. However, any excess 

moisture after field c!l?t'icity has been reached ia loat as runof!. When 

precipitation ia leae than potentiàl ev?potr~napiration, the plant muet 

draw on the soil moisture reeerve to satiafy its water needs until this 

sourCe ia d$pleted to its hygroscopie water level. The rate of soil 

moi sture withdrawal in dry pariode has been determined experimentally by 

Thornthwaite and Mather (31). If 80il moisture has aIL been utilized 

and rainfall is still below potential evapotrana?iration (PE), the actual 

evapotranapiration (AE) will be equal only to thia r~infall, and a lDoia-

ture deficit developa. 

It is necessary at this point to note the limitations of Thorn-

thwaite's :Dethod. Firstly, the measurement of PE ia of nec6esity based 

on empirical evidence, sinee a practical theoretical expression of eva-

porative potenti~l has yet ta be developed. Secondly, the method uses 

tempersture as a reliable indicator of the available energy for evapo-

transpiration. That thia may not be tralid will be discussed below. In 

addition, there ia a lag of temperature behind radiation which resulte 

from the thermal storage in the soil and which according to Pelton et al. 

(16) creates an error in monthly FE estimateà. Finally, Thornthwaitefa 

estimgte is applicable anly to relatively large are&s where the soil haB 

a complete vegetation cover 80 that influences from horizontal advective 

heat tranefer are minimized. 

In applying thia syateŒ to Barbados, a significant problem was 

encountered. Tharnthwaitets FE which WUl empirically developed for mid-

dIe latitude climates did not agree with the measured FE given by the 
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evapotranspirometer tanks at Waterford, Barbadoa (5). 'fhe estimated 

values generally fell below measured values during the dry season, and 

were somewhat greater during the wet months (Fig. 8(a». Over the whole 

year, Thornthwaite1e values underestimated the measured evapotranspira-

tion. Ohang (j) found an even greater anomaly in f~waii, where the 

Thornthwaite estimate was only 54% of the open pan evaporation, the dif-

feranes being especially large in summer. Ohang found in turn that open 

pan svaporation compared reasonably with the actual watsr conaumption of 

eugar cans. In order to diseover the reaaona for thia anomaly, the writer 

eonaulted the various climatie parameters which are meaaursd at Waterford, 

auch ae wind speed, aetual hours of sunahine, total incoming solar radia-

tion etc. Whereae potentiaLsunahine hours and screen temperatures were 

generally lesa during the winter monthe (dry season), the solar radiation 

aetually was greater in the dry months than during the wet eeason (Fig. 

8(b». Moreover, a linear regression of measured PE on tempe rature showed 

a coefficient of correlation nearly eqIJal to zero. l'hie lad the author 

to the conclusion that mean monthly temperature st Waterford ie not a 

valid indicator of available energy for evapotranspiration. Such a con-

eluaion agrees with other investigations. Pelton et al. (6) etate that 

air temperature itself is not a measure of the energy available for evapo-

transpiration except when the sensible heat flux ia smail. In Barbados, 

the sensible heat flux ~)t the earth's surface ia not small, particularly 

during the dry season. Total incoming solar radiation on the other hand 

gave a coefficient of correlation with measured PE of 0.90 over a 14 

month period. The formula for the linear regresaion which ia shown in 

Figure 9(a)1 ia: 
PE : 0.53 - 4.14 

where PE is the measured PB at Waterford 
and 1 ie incoming solar radiation 

1. Due to epace limitations, none of the coordinate axes of the regres-
sion curvee in thia theeis have their origine et zero. 
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L1NEAR REGRESSION OF MEASURED 
PE WITH SOLAR qADIATION 
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Shaw (26), as a result of daily evidence gathered over a 5 month period 

in Iowa found that a linear regression between net radiation and solar 

radiation gave correlations of 0.98 and 0.97 for clear ~nd cloudy days 

respectively. Since this study shows net radiation and aolar radiation 

to be virtuelly proportional, it seeme sate to assume thut soler radi~­

tion is a good indicator of avai1able energy over wet soila. Graham ':lnd 

King (7), in a atudy also based on daily readings, found a correlation 

of 0.99 between net radiation and the PE of a corn crop at Guelph, Onta-

rio. The author concluded trom this evidence that solar radiation, since 

it is virtually proportional ta net radiation, ie a valid indicator of 

PEe Palton et al. (16) note that the potential evapotranspiration, which 

by definition excludee large heat transfers, will be nearly in phase with 

the soler radiation, not only on a monthly basie, but also on an hourly 

basia. 

With the establishment of soler radiation as the best indicator 

of PE at Waterford, the problem was to apply it in arder to establieh PE 

on a regionsl basie. Now temperature recorda give the only available 

evidence in Barbadoe of decreaeing energy potential with increasing ~lti­

tude. In order to calculate the PE on a regionsl basis it was necessary 

to compare the Thornthwaite calculated PE to the PE given by the solar 

radiation--measured PE regression curva. This allowed monthly correction 

factors which would bring the two into correspondence ta be developed 

for 'Naterford, and then to be applied throughout the la land. Figure 9(b) 

gives the Thornthwaite calculated PE, the monthly correction factors, and 

the final actual PE, for 5 different altitudinal levels in Barbudos. This 

method should give an accurate and reliable calculation of the PE on a 

ragional basis. 
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Moisture balance graphe for 6 representative stations in Barbadoa 

are given in Figure 10. These computations were carried out for all 58 

statione in the ieland, and maps showing ::;,11 phases of lDoisture balance 

for the island (potential evapotranspiration, actual evapotranspiration, 

moisture deficit, and moiature surplus) are given in Figure ll(inset in 

back coyer). In the construction of these maps the writer correlated the 

potential evapotranapiration, moisture deficiency and moiature surplus 

wi th altitude for both the leeward <:lnd windward expoaures by mesns of 

line~r regression eq~ations. This allowed a more accurate plotting in 

areae where no datum was available. It should be noted that lDoieture 

deficit equale potential evapotranspiration less actual evapotranepiration, 

and that moisture surplus equale the excese rainfall after 80il moiature 

capacity has bean reached. lt la therefore possible to have a deficiency 

and surplus at different timea during the yesr, at any one station. 

As would be expected from the change in aveilable energy with 

altitude, the mgp of potentiel evapotranspiration (Fig. (11»), corresponde 

closely with the topographie configuration of the islund. Areas with high 

potential evapotranspiration (66-70 in.) lie exclusively where heights 

are under 200 ft. Regions of low water nesd (46-50 in.) generally are 

higher than 800 ft. Intermediate potential evapotranspiration eimilarly 

oceura in zones between 200 and 800 ft. 

The actuel evapotranspiration, which interrelates potential evapo-

transpiration with rainfall and soil moiature capacity, shows a different 

pattern. Except for north-western St. Lucy and the St. Ja~es-St. Peter 

casstel arees, the actual ev~potran8piration is lowest where potentiel 

eV"ipotranspiration ia higheat. Theae aress are the ones of greatest moi-

ature deficiency and in a narrow zone along the southern coast this defi-

cit exceeda 20 inches/ysar. Along the western coastal araas, however, a 



combination of higher rainfall and soils of greater moisture-holding 

capacity has given thie regian the highest actual evapotranepiration for 

the whole island, and the available moisture more nearly approachea the 

water requiremente of the vegetation. As can be seen from the map, there 

is little or no rnoisture deficiency over a significant am ou nt of the 

higher parta of the island. 

Applic~tion of Thornthwaite'e 1948 climatic classification (29), 

shows a variation from humid megathermal areae with little water defici-

ency (B~A'r); to moiet subhumid, megathermal zones with no water surplus 
/ 

It is interesting to epecu1ate on \'ihat the present day moisture 

balance would allow in the way of natural vegetation in Barbudos. A 

crude attempt ut this has been made in Figure 13. This map ie based on 

a study by Roeayro (20), in Oeylan, which relates natural vegetation ta 

Thornthwaite's classee. It can be seen that if general conditions in 

Barbados parallel those of Ceylon, and if the present day maisture bal-

ance has been similar in the past, that much of Barbados shou1d have been 

cavered by a forest. Such a forest wou1d have ranged from wet to dry 

tropical evergreen, with a thorny open, scrub-woodlund in the drier areas. 

That thia was probably the situation ia aupported by reference to a heavy 

tropical torest at the ti~e of initial European settlement, which were 

discovered by Watte1 whi1e pursuing archival reeearch in London and Paris. 

1. Private correspondance. 
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CHAPTER lU SUGAR CANE AGRIOULTURE 

Since one of the aims of this paper ia to show the relationehipe 

between moisture balance and augar cane yields, it ie neceseary to oon-

aider the physiology of the augar cane plant in relation to moieture; ita 

ecological manifestations with regard to climate; the actuel crop yields; 

and the nonclimatic increases in yield caused by new cane varietiee and 

and the inoreased uae of fertilizer. 

The Morphology and Physiology of the Sugar Cane Plant 

The sugar cane plant closely resembles corn in external morpho-

logy. It varies from 1.2 to 1.8 M. in height and has a stem thickness 

from 2 to 5 cm. The aerial part of the plant contains from 10 to 40 

internodes. Both length and thickness reflect growth conditions, par-

ticularly the moisture environment. 

The stem tissue consists of thin-walled parenchyma celle, and 

unlike other grasses, except corn and sorghum, there ie an intercellular 

substance (juice). It ia this juice which ie most important in the pro-

duction of auger. Pith development in the etem ie very rare, and there 

ie no aecondary thickening eo that aIl increase in girth muet be accom-

pliehed by etretching of the primary parenchyma cella. 

The Isar includee a basal sheath which encircles the stem in 

tubular f\l.shion and the actual blade which varies in lenfth from l to 2 

M. and from 2 to 6 cm. in width. The leaf mûrgin ia finely serrated. 

Both conduction and rigidity are achieved by meana of a large med iu l vein. 

Increaes in age leaves the bottolD leaves functionleae, and they die away 

and are discarded. AlI root development ia secondary. 
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The storing of sucraee in the stem praceeds from the base toward 

the top with increasing maturity. Full maturity is determined by a maxi-

mum sucrose content. 

Ecological Manifestations With Regard to Climate 

Muller (14) outlines the climatic ecology of cane as found in 

etudies in the Dutch East Indies. He claime that the optimum tempera-

turee for Cane lie between 77 and 99°F. l'he mature sugar plant will 

evapotranspire 0.88 imperia1 gallons of water/day, and daily evapotrans-

piration from an acre of c~ne reaches 21,120 gallons. The desirable rain-

fall ranges from 70 te 98 inchee/annum. Oane will thrive in the rainiest 

spots on e:lrth (ef. The Khasi Hille along the southern edge of the Brahma .... 

putra Valley where the annual rainfall reaches as high as 474 in.), and 

the xerophytic lest structure allows the withstanding of moderate water 

deficiencies. Severe drought, however, CBueee a drying up of the leaf 

about its longitudinal axie. Sugar cane thrivea best in bright sunlight, 

and constant cloudineas combined with high relative air humidity, leavea 

the plant soft and susceptible to insect peste and fungus infection. 

The planting season is chosen so BS to proteat the young plante 

againet d8mage by heav] rgin, while ~t the same time allowing them ta ob-

tain full banefit of the main heavy raine at the end of 6 months of deve-

lopment and to mature during the dry season. Sugar cane la propagated 

exclusively by a veget~tive proceS8 us pieces of stem. 

From the discussion of Barbados' agriculture in the introduction, 

it c~n be seen that the cropping regime closely conforms to the genersl 

desirable pG~tern outlined by Muller. Mclntoah (12), in diecu8sing the 

growth characteristic8 of suger cane in Barbados, pointa to the impor-

tance of climatic impetus. He states that the time and extent of tiller-

. l. 1 l d b th t d d' t . b t' f . f 11 ~ng 1S arge y governe y e amoun an lB rl-u lon 0 raln a • The 

1. Tillera are the sterne which grow from the vegetative propagate. 



dry aeason exerts a 1iwiting affect on tillering during the ear1y atages 

of growth, but sinee oane 1ength-increments are negligible, lvlclntosh sur-

mises that what growth energy lS provided by rnolsture lS devoted ta the 

production of tillera. Whether the number of tillera influences subse-

quent crop yields seems to be a moot point in agricultur~l research. 

Growth incremente (ie. increase in length and girth), are general1y high 

from July to October, and in spite of h~gh rainfaI1 are negligible atter 

this period. Mclntosh states that rainf91I ia of greatest importance 

during the early rainy Baason (May, June and July) insofar as subsequent 

crop tonnages are concerned. He continues that the grand period of 

growth may be hastened or retarded according to the rainfall amount and 

distribution. 

Oane Yields in Barbudos 

Sugar yield in Barbados le expressed in tons of Cane harveeted/ 

acre (tons/acre), for the whole islandj for low. intermediate and high 

rainfall araas; for each pariehj and for in~ividual p1ant,üions. Yields 

are also broken into plant cane yields, ratoon yields, and the yields 

for each variety. The actua1 tonnafe of sugar produced froC!l the harveat, 

which ie the economically i~portant quantity, le only given for the whole 

ialand. Fortunately, however, the actual tonnaRe of sugar ie quite c1o-

sely a direct function of the tons of cane harveeted. Figure 14 gives 

the linear regression betv/een tons/acre I:.nd eugar produced. which shows 

a correlation coefficient of 0.94. 'rhe relationahip ia given by the equa-

tion: 

Y:::6x-40 

where Y ia tons suger x 10; 
and X la tona cene/acre 
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LINEAR REGRESSION OF TONS OF SUGAR 

PRODUCED WITH TONS CANE HARVESTED/ACRE 

y:: 6 X - 40 

r :: 0.94 

40 Figure 14 



Sinee sugar produced is to a large extent a direct function of the eane 

harvested. it allows the use of cane harvested/acre for which there ia 

adequate data. aa a ~easure of suecess for both the harveated cane and 

the refined augar. 

The yield of augar on a world-wide scale varies between 20 and 

80 tons/acre. It can be seen that Barbados with yields ranging between 

20 and 50 tons/acre ls not a high yielding area. In addition to the 

various average yielde, the author was able to augment hie knowledge 

by obtaining data (1955-61) fro~ 6 representative plantations for which 

rainfall figures were aiso available, and the moisture balance could, 

therefore, be calculated. These plantations fall in different moisture 

zones and their areal distribution is shown in Figure 15. 

Nonclimatic Influences on Yield 

Climate ia not alone in influencing crop yields, and the use of 

fertilizer and new varieties must both be considered, beiore a thorough 

appreciation of the effecta of the changing moisture balance on cane 

yield can be achieved. 

It ia not known when fertilizer was tirat uaed, but it Oan be 

surmiaed that animal manures were applied quite early. It ia known that 

artificial fertilizer was in general use prior to the last war; that the 

supply was drastically eut during the war years; and that after 1945 ap-

plication of 1 ton of potash for every 12 acrea wae general. Ferti1izer 

application was atepped up to l ton/8 acres around 1957. Saint (21) 

writes that mulching with cane trash or sour grass beiora the dry season 

increases plant Cane yields by 4 to 6 tons/acre, and tl~t potash not only 

gives greater yielde but allows more extensive ratooning. Mulching and 

ratooning have both been general practices sinee 1945 and since yie1d-

e1imatic relationshipa for the individual plantations are only conaidered 
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trom 1955 to 1961, it i6 possible to accept these factors as constant for 

this period. Since 1957, however, the increased use of ferti1izer roay 

have influenced cane yield, and a1though this is a variable which cannot 

be expressed quantitatively, its possible effect on yield should be s?pre-

ciated. 

The influence of changing cane varieties on yield presents a more 

difficu1t problero. Saint states thet between 1935 and 1939 variety B2935 

was grown on over 40% of the crop land and that this raised sugsr produc-

tion 15% in low rainfall !ireas and 9% in interulediate rainfall zones. 

It should be appreciated that different varieties are dominant in diffe-

rant areas according to their potentiu1 under certain moisture conditions. 

From 1945 to 1956 the use of B37161 WBs dominant in aIl rainfall aress, 

covering Irom 55 to 80% of total acreage. After this period it was stea-

dily superseded by four other major varieties unti1 in 1960 lt wes grown 

on only 5% of cane land (Foster (6). Of the replacement varieties, 

B41211 wes roost important in low rainfall aress; B41211 and B4744 in 

intermediate r~infall regions; and B4744 and B45155 in high rainfsll zonee. 

It ia difficult to aasees accurately the quantitative role played by new 

varietiee in changing the cane yielda, but it must be aupposed that the 

new varieties which g~in dominance do increaee sugar production. 

Intangibles which have affected production to a greater or lesser 

extent, are three-fold. They include the development of a better soil 

ti1th due to deep cultivation by modern machinery;cano fires which dif-

ferential1y affect yielde from year to year and from plantation to plan-

tation; and the competence of management. 



CHAPTER IV RAINFALL AND MOISTURE BALANOE RELATIONSHIPS TO SUGJi.R YIELD 

Rainfell and Cane Yield 

It wae realized early that rainfell aomehow influenced cane yielde, 

and various attempte have been made to express thie influence mathemati-

eelly. 

Rawson (18), who was mueh coneerned with rainfall influence on 

augar yielda wrote in 1874: 

UIt is believed that any marked excess of rain durinf the firet 
eix monthe of the year is injurioua both to the crop which ia to 
be rea,ped and that which ie te follow. The C1;.ne ple.nt during 
the early stages of its growth ie very hardy and requires but 
little moisture; •.••••..• With light ehowers during the firet 6 
months the young canes make no marked progresa, but the roots are 
increasing in length berore the end of August and during September 
and October the raina usually come to their aid at the critical 
time. They then grow with extreme rapidity, are extremely tender 
and succulent, and a short spell of dry weather at t~~t time usu-
ally does severe miachief. If, however, the firat 6 monthe of 
the year are wet, and the young canes are excited to an abnormal 
rupidity of growth. they are liable to be seriously affected by 
any interva1 of dry weather in the middle of the year. j),1oreover, 
rainy weather in the reaping seueon retarda the manufacture (of 
sugar) and causes a great losa trom the rotting of the canes at 
their roots. 1I 

In what today seemB il erude enalyais but which at the time W8S a aigni-

ficant pioneer attempt, Rawson (19) propoaed to predict the crop yie1d 

(in hogsheads) by multiplying eaeh inch of rainfa11 during the preceding 

calendar year by 800. 

ln 1929. Leake (11), published the fo11owing regreasion formula. 

for predicting auger yielda in Barbados. 

Yield = 0.026 f + 0.055 .Q + 0.540 Q" 4.12 

where P ie rainfall in the wet sesaon prior to planting 

D ia rainfall in the dry Besson following planting 

G iB reintall in the wet sesson during the period of grand 

growth. 
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Leake's c~lc'J19tions for the years 1911 to 1926 inclusive show that it 

was possible, using his equation, to esti:nate in the December prior to 

harvest the probable yield with an even chance ot being within ) tons! 

acre of the actu81. However the author found that the application of 

Leake's method to individual stations for random years between 1955 and 

1961, gave an average error of 32% and maximum and minimum errors of 55% 

and 15% respective1y. 

Halais (8), in 1954 developed an empirica1 method for predicting 

cane yield/unit area and thesugar manufactured as a percent of the cane 

for Mauritius. His meihod involved simple and multiple linear regros-

sions between certain critical rainfall distribution data. He postulated 

that because sugar production W8.S quite successful in Mauritius, the nor-

mal monthly rainfall distribution for the island must necessarily fit the 

monthly water requirements of sugar cane. The plant cane in Mauritius 

reaches maturity in 12 months and a division is made into an 8 month vege-

tative period from November to June inclusive and a 4 month maturation 

period trom July to October inclusive. During the vegetative period any 

monthly rainfall which fell short of the normal WBS considered deficient 

by Halais and detrimental to growth, but he maintained that rainfall in 

excess would do no damage in freely-draining soils. Convereely, excess 

moieture would be detrimental during maturation, as it would be held in 

the 80il and used by the plant for further growth, which would delay matu-

rity. Drought waB meaBured numerical by the sum of monthly rainfall 

deficite between November and June. The drought (D) affects final cane 

tonnage. Excess moisture (E) is measured numerically by the S'lm of mon-

thly rainfall excesses between July and October. Over 78 years of records 

Halais found no correlation between November to June deficits and July 

to October excesses in Mauritius. Halais' linear regression equation 



for cane tonnage/crop year iSI 

Yield: Normal TCA + ~l (15-Q) 

where TCA ie tons cane/arpentl • 
kl i8 a regression coefficient which varies for different 

areBS of the island. 
Q ie the moiature deficiency during the vegetative period. 

The equetion to give sugar manufactured as a percent of cane is: 

Sugar manuf'actured :::.Normal SMC - !..2(15-Q) + .!,(2.5-§) 

where SMC ie suger manuf'actured as percent of cane • 

.!2 and .!, are regreàsion coefficients which vary throughout 
the island. 

! ie the exaess moieture during the maturation period. 

Halais method allowe the determination of more than 80% of the annual 

fluctuations in sugar production for years .t'ree trom cyclonic dieturban-

ces in Y~uritius. 

Both Leake's and Halaie' methoda have virtues and shortcominga. 

They both uae a relatively simple quantitative expression bBsed on rain-

fall which ia the most available and comprehensive climatic parameter for 

most parts of the \"lorld. Halaia' method hae the advantagea that it dif-

ferentiatea areally and aleo allowa a calculation of the augar produced 

8a weIl as the cane reaped. The or diaadvantagee are that both methoda 

are merely empirical expressions and do not explain why the yield ia in-

fluenced in a cert~in wayj moreover they express only the raintall factor 

in the moieture balance cycle. Halaie l basic aesumption ia that becaUS6 

augar ie aucc6ssful in Mauritius then the normal rainfall regime muet 

. suit the water requirements of suger cane. It ia agreed that there ia 

normally enough rain to ineure growth, but it doss not follow that the 

wuter requirements for sugar are satisfied or that maximum yields are 

achieved under "normal" conditions. 

1. l Arpent x 1. 043 ::. 1 Acre 
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The writer feels thut 8 more explanatory and scientifically sound 

approach ie to coneider erop yields in relation ta moiature balance. 

This treats the function of the plant, the temperature, the total radia-

tion, and the sail, fia well as the rainfall, in the growth cycle. It 

should allow a determination of what moiature balance will echieve a 

maximum yield or constitute a drought, and also give information on what 

irrigation will be necessary at any given time and place in order to in-

sure maximum yields, inform~tion which ie generally lacking in Barbados 

at present. It will be necessary in such a consideration, to differ-

entiate between plant cane growth and ratoon growth, since each covers 

a different time period in ite lite cycle, 

Moisture Balance and Cane Yielde 

The only reliable yield data which separa tes plant cane and 

ratoon yields for the individual plantations la available for a 7 year 

period (1955-61 inclusive). This period fortunately ahows a marked vari-

et y both in moisture balance and Cane yield, and is coneidered ideel for 

a detailed exploration into the relationships between moisture balance 

and cane yield. 

A detailed moisture balance covering the 7 yeer period has been 

ca1culated by the author for each of the 6 representative plantations 

shawn in Figure 15. These are: Graeme Hall which lies in the driest 

part of Barbados; Lion Caatle which recorda the higheet rainfall in the 

island; the combined plantation of Bulkely and Jordana in an inter~ed­

iate moisture area; River in the most easterly part of the island; and 

Nicholas Abbey and Hope towBrd the north. 

A number of tentative hypotheaes were poetulûted and teeted ~nd 
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of theae only two reaulted in a aignificant correlation. Theae hypo-

theses are outlinad be1ow, and each consista of two parta, the firat con-

cerning plant cane yialds and the second ratoon yialda. 

~thesis I(a) - Plant c~na yield increases linesr1y as actual 

evapotranspiration (AE) approaches potentiul evupotrans~iration (PE) over 

the 17 month growing period trom November to March. 

The linear regression curve (Fig. 16(a)) becomesl 

y : 0.56 X - 4.81 

where Y ie plant cane yield 
and X ia AE/PE x 100 

and gives a correlation coefficient r 0.73 for the 6 stations. Hence 

the ratio of AE/PE accounta for 60% of the change in plant cane yieid. 

l(b) - Ratoon yieldincreasea Iinearly as AE approaches 

PE over the 12 month growing period trom April to Y~rch. 

The linear regression gives the curve: 

y = 0.59 X r 0.24 

where Y ls ratoon yield 
and X is AE/PE x laC 

und an r value of 0.75 (Fig.- 16(b}). Only 5'% of ratoon yield changes 

are accountable ta chan~ing AE/PE. 

Hypothesis II(u) - Plant cane yielde increase linearly ae the moi-

sture deficit decresses during the period of grdnd growth from June to 

October inclusive. 

This linear relationship is expreaeed by the curve 

y = 4,.0 - 1.,4 X 

where 1 ia plant cane yield 
and X ia ruoisture deficit 

which ia shown in Figure 17(~). The correlation coefficient is -0.70 
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(ie. ae IDoiature deficit increaeee, the yield decreaeea). Changing IDoi-

sture deficit during the period of grand growth explains only 49% of 

changing plant Cane yield. 

It wae noted by the writer that Lion Castle rarely experiences 

a IDoisture deficit during the period of grand growth and yet the yields 

are not as high as would be expected. A correlation of 0.85 was achieved 

by oIDitting the Lion Castle data, giving an explained variance of 72%. 

II(b) - Ratoon yield increasee linearly as the moisture 

deficit decreaees during the period of grand growth from June to October. 

The correlation coefficient of 0.52 for the curve 

y : 32.0 - 0.82 X 

where Y ia ratoon yield 
and X ie moisture deficit 

ia very low and not really of mueh significance (Fig. l7(b». This case 

differs froID that of the plant cune yields, as the omission of the Lion 

Caatle data doee not increase the relationehip (r:: 0.48). 

It ie difficult to draw definite conclusions froID the foregoing 

etatistical analysis, but certain facta aeeID evident. 

The moisture balance throughout the 17 lDonth growing period of 

the plant canes is aignificant in determining the final yield. The moi-

sture deficit during the period of grand growth ie of considerable impor-

tunce to the success of the ~lant cane yield except in the very moist 

areae (eg. Lion Castle). This latter anomaly probably occurs because 

during the period of grand growth which corresponds te the rainy seaeon, 

the heavy cloud cover in the very moist areas reeults in a lowered energy 

supply from the sun, thus inhibiting photoaynthetic activity and plant 

growth. The importance of total radiation in determining final yield has 

been aubstantiated by Smithl • 

1. Uncompleted PhD thesis. 
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Ratoon yield 6eeme to depend f~r lese on mOlsture factors than 

doea the plant C8ne yield. Again the overall moisture balance ie moet 

indicative of erop sueeess, but to ~ f~r ema11er degree. The rnoisture 

defieit during the period of grand growth p1ays litt le part in influen-

cing the final yie1d. 

From the confidence limits of the curves (Fig. 16 (a)&(b)), it 

can be eafely stated that if the actual evapotranspiraticn equale the 

potential, then plant cane and ratoon yields will rarely fall be10w 40 

and 30 tons/acre respectively. 

It i8 evident from the foregoing ana le that the moieture bal-

an ce doee not exert an absolute control on sugar yield in Barbados. As 

found above. however, if AE=PE, relatively high yielde can nearly always 

be 8eeured. Hence if irri; > '[ltion water ie applied BO that AE alwa.ys 

equale PE, the p11mt cane and r~Üoon yielda will rarely fall below 40 

and ;0 tona/acre res~ectively. Figure 18 ia baeed on the aSBumption that 

if ralnfall equale PE, then p~ will moet likely equ~l PE. For the years 

when the rainfall talla below this limount, irrigation will be neceaeary 

and in Figure 18 the D'.Jmber of water deficient years in every 10 lS ex-

preeeed. It ie necessary at thia tillle to consider Smith'e work entitled 

"The Irrifatien Needa Of Barbadoe"(27). Smith worked out potential evapo-

trsnspiration using Thornthwaite's method. Temperature d3ta W3.a taken 

o tram Bridgetown and a l F temperature decrease for every )20 feet of 

altitude was allowed. With rainfall data tram 45 stations, he teok the 

difference betv~een rainfall and potential evapotranspiration as denoting 

irrigation need and produced a series of rough mapa ahowing irrigation 

requirementa for each month of the yeer. Smith then calculated the nUlll-
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ber of yeare in 10 when irrigation would be needed in any given month. 

His results do not agree weIl with Figure 18. Smith finds thbt even in 

the highest rainfall areae (eg. Lion Oastle) that irrigation will be 

needed l year in 10 in November, and <3 years in 10 in March. I>1uch of the 

differenee is probably due ta his use of a fewer number of statione, and 

ta the different technique whieh was employed to calculate moieture bal~ 

anee. 

Figure 19 combines a knowledge of irrigation needs with Sennls 

calculations on available ground water resources. It is assumed by the 

writer that where two or le8s years in every ten has a rainfall deficit, 

irrigation will not be economically warthwhile. Hence about one-eixth 

of the total area of Barbados needs no irrigation. Other areae are ex-

cluded from profitable irrigation bee~use of insuffieient ground water 

reeources. These include the e03etal ureas where the ground water ia 

brackish; the Scot land district and Oodrington College catchment basin 

(Fig. ;), where ground water sources are insignificant; und the Bridge-

town area where domeatic consumption ie high and no cane ia grown in any 

case. It can be seen from Figure 19, that approximdtely one-hu.lf of the 

cane lands of Bsrbados could be protitably irrigated. 
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CHAP'fER V SUMr-1ARY AND CONCLUSIONS 

Summary 

Data from the recently established climatic station at Waterford, 

Barbadoa, combined with comprehensive recorda on regional rainfall, are 

aufficient ta allow a detailed investigation into the island'a moisture 

balance. In turn the moisture balance can be exploited to help explain 

climatic contraIs over suger cane growth. 

Sugar has been the Œainatay of Barbadoa' economy since 1650, 

and at present occupies moat of the ialund la arable land. It ie har-

veated in two forma; a plant cane cro? which growa throughout li 17 month 

period, end ratoon crope which mature in 12 months. Yields vary greatly 

bath areally and with time. 

The varioua influences on cane growth include the moisture rerime; 

the energy balance; topography, soila and drainage; and farm :nanagement. 

Thornthwaite 'a method of eatimating the moi sture bahnce from temperature, 

rainfall, and soil moieture data was employed for Barbados. It was found, 

however, that the calculstion of PE uaing temperature as a moasure of 

availableenergv did not ugree well with the meaeured PE at Waterford. 

PE àee~ed'in8tead to be a direct function of eol~r radiation, which agrees 

with other investigations. It was neceasury ta develop a correction ao 

that eatimated PE agreed more closely with meaeured PE at Waterford, and 

then to 3.pply it to the rest of the island. As an interesting: sidelight, 

it wes postulated that the present d9y moieture balance would favour a 

n~tural vegetation varying from wet tropical evergreen torsst in the 

wetteat f:!rel~8, to un open thorn scrub in the driest. 

The Csne ?lsnt ie a member of the grass family. and like other 
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members of the family develops only ?rimury tissue. Unlike mest ether 

grasses, however, it forme !ln intereèllular juiee known aB sucrose, which 

increases in ameunt with maturation, and iB refined to m~ke sugar. During 

growth, particularly the phase of grand growth, the cane plant transpires 

a large amount of water. Optimum rainfall lies between 70 and 98 inches, 

but the plant cun survive moderate Uloieture deficits, Cind grows in areas 

where rainfall le excessive. Bright sunshine is advantageous, and con-

stant cloudiness reduces the pl9.nte' resietance to disease. The amount 

of sugar extractable from the mature cane correlates highly with the 

weight of the vegetqtive growth before refining. This relationehip ie 

useful since data on the latter are much more comprehensive. 

Suger cane yield doea not vary abaolutely with chùnging !lIoisture 

balance. Although varioue formulae to predict cane yielde from reinfall 

have been developed, they use only one pRrameter in the moisture balance 

cycle, and are not basad on a knowledge of physiologieal process. A 

etatistical 8ssessment of the influence of ehanging ~oisture balance on 

cane yield shows that the plant cane yields are more responsive to moi-

sture balance factors, than are ratoon yields. The only two ::noieture in-

fluences whiehgive high correlations with yield are the AE/PE ratio 

thr,)ughout the growing period of both plant C!lne and ratoon crope, and 

the moisture deficit during the period of grand growth of plant canes. 

If AE=PE throughout their growing periode, plant cane and ratoon crope 

are virtually 8s8ured of relatively high yields. From a knowledge of 

cane moisture needs and ground water resources, the author calculated 

that irrigation would be economically profitable on approximately one-

haH the cane lands of Bs.rbados. 
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Conclusions 

Topographie configuration and prevailing wind direction are the 

dominant influences in Barbados ' rainfall distribution. Rainfall due to 

surface heating, which is particularly important during the r~iny season, 

influences this distribution along the western and south-western coastal 

areas. 

The 80il ~oisture retention at field capacity varies with the 

different soil types. With the present state of knowledee, however, the 

assignment of absolute v~lues for field capacity repreaents only an edu-

cated guess. 

Total incoming solar radiation gives a more reliable measure of 

the available energy for evapotranspiration than does air temperature. 

The latter, however, allows an estimate of changing energy potential 

with altitude. 

During the dry season more heat energy is radiated from the earthls 

surface than in the wet se~son when it escapea in the form of latent heat 

of vapourization. This leads to a higher lapae rate in the dry sesson. 

In Barbados, the correlation of rainfall, potential evapotrans-

piration, moisture deficit, and moisture surplus with altitude, for both 

windward and leeward expoaures, is an excellent mapping technique, for it 

allowa extrapolation where no data are available. 

On a regional scale, 60% of the variance in plant cane yield and 

53% of ratoon yield variance can be explained in terme of changing moia-

ture balance. 

Burring catastrophic influences, it is virtually certain that 

plant cane and ratoon yields will be high, if the actual evapotranspira-

tion always equale the potential throughout the growing period of each. 
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