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STUDIES IN WEST INDIAN SOILS

(XI) — THE AGRICULTURAL SOILS OF
MONTSERRAT

BY

F. Haroy axo G. Robricuss,
(I'mperial College of Tropical Agriculture, Trinidad, B.wWl.)

WITH

W. R. E. Naxtox (Agricultural Assistant, Montserrat)

INTRODUCTORY

THIS report forms a continuation of an carlior

paper by the senior author (1) that com-
prised Part IT of the series of Studies in West
Indian Soils, issucd January, 1922, in Vol. XIX
of the West Indian Bulletin, an official publica-
tion of the now defunct Imperial Department of
Agriculture. The present report describes a
fuller field reconnaissance carried out within a
period of 11 working days during March and
April. 1940. It presents the results of the
subsequent laboratory examination at the Col-
lege of some 576 soil profile samples then
collected, '

The report is divided into two parts ; Part I
deals with the climate, agriculture, geology, soil
formation and soils of Montserrat and is mainly
descriptive and factual. Much of the geological
mformation g taken from the report of the 1936
Royal Society Expedition to Montserrat, written
by A. G. MacGregor, Geologist.  That report
contains the fullest and most up-to-date aceount
yet presented of the rocks of a typical West
Indian volecanic island and discusses the develop-
mental sequence of its component voleanoes.
For this reason the report affords a unique basis
for a detailed study of soil formation from
volcanic rocks under a humid tropical climate.
The relative - simplicity of the Montserrat
vulcanology clarifies the inter-relationships of
the main soil-types that oceur widespread in the
Caribbean voleanic arc comprising the Lesser
Antilles islands, namely, Grenada, Grenadines,
St. Vincent, St. Lucia, Martinique, Dominica,
Western Guadeloupe, Montserrat, Redonda,
Nevis, St. Kitts, St. Eustatius and Saba.

Part Il consists of a discussion of the

ccology of the cotton crop and the lime crop in

ontserrat which has claimed the attention of
a number of investigators; including agricultural
officers and specialist myeologists and entomolo-
gists. The apparent close bearing of climate
' e growth and - reproduction “of

and’ soils on-

cotton and limes presents problems of funda-
mental importance in tropical agriculture that
are well worthy of continued study, since they
are not yel fully solved,

PART 1

AGRICULTURE, GEOLOGY
AND SOILS

General :  Montserrat is a small island
forming ‘part of the Leeward Islands Colony,
latitude 17° N. It lies 27 miles south-west of
Antigua, 30 miles south-east of Nevis and 35
miles north-west of Guadeloupe. Tts area is
about 32 square miles, its length 10V, miles,
and its width 6 miles. Its outline is roughly
pear-shaped. + The land comprises three main
hill masses, namely, Silver Hill in the north
(1,285 ft.), Central Hills (2450 ft.) and
Soufriere Hills (3,008 ft.) in the south, together
with three smaller hills, Garibaldi Hill (840 ft.)
and St. George’s Hill (1,200 ft.) lyving between
and to the west of the two last-named masses,
and South Soufriere Hill (2,505 ft.), rising out
of the southern slopes of the Soufriere Hills.
These uplands represent the remnants of six
extinet voleanoes of differing geological age (2),
(24). Their relative positions and contours are
indicated in the accompanying topographical
and soil maps. The volcanoes are separated
from each other by well-marked valleys or de-
pressions and their sides are radially scored by
deep gorges, locally termed “ ghauts ™ or * guts ",
which carry water only in the wet season. The
ghauts are steep-sided in the southern uplands
but shallow with gently-sloping sides in the
Silver Hill district.

(1) CLIMATE

Rainfall :  The distribution of the rainfall
in Montserrat in especial relation to soil humid-
ity is indicated in the accompanying rainfall
map. Apart from the regions of highest cleva-
tion, the magnitude of the total annual rainfali

CLIMATE,
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is not very great, being on the average about 55
inches. The leeward slopes receive more rain
than the windward which is opposite to the case
of the more mountainous West Indian islands
such as Dominica whose windward slopes are
the wettest. The rainfall over the agricultural
lands ranges from 70 to 40 inches. The rainiest
months are September, October and November,
but the incidence of rainfall is extremely vari-
able, the dry season (December to June)
usually being ill-defined.

The actual distribution of the rainfall is of
the greatest importance in Montserrat, in-so-far
as it largely influences the growth and matura-
tion of the cotton crop. In Table I is set out
the number of dry months, medium-dry months

and wet months for 28 stations where rainfall
records have been kept for periods varying
between 4 and 836 years but mostly above 10
years. The definition of a dry month is thal
due to Mohr () who found that, in Java, for
mean monthly rainfalls less than 2.4 inches, all
the rain that falls evaporates without penetral
ing into the soil. He also found that, for mean
monthly rainfalls greater than 4.0 inches (wet
months) a large proportion of the rain penc-
trates into the ground without evaporating
(provided the soil surface is infiltrable) and
percolates deeply. Mean monthly rainfalls lying
between 2.4 and 4.0 inches (intermediate
months) may either evaporate or penctrate,
depending on the previous condition of the soil.

TABLE I: Rainfall Regimes in Montserrat
(Based on Mohr's classification of rainfall)

o GROUP I_ GROUP I1 GROUP III
CONTINUOUSLY Mo_x_sr WEAK DrY SEASON Markep Dry Season
Mean annual rainfall Mean annual rainfall Mean annual rainfall

ol 70-5_5ins_ Bl % i 60-50 ins. 50-40 ins.

s _I._._ee»j.rirdfentrai ST Leeward; Windward Windward; North: South
Dry Med. Wet Dry Med. Wet Dry Med, Wet

Rileys (7Y 0 - 1 =-11 | Harris (58) 1 - 1 -10 | Brades 50) 2 - 4 - 6
Woodlands (61) 0 - 2 -10 | Ile’s .Bay (54) 1 - 3 - B | Whites 50) 2 - 4 - 6
Amersham 6) 0 - 2 -10 | Paradise (60) 1 - 4 - 7 | Trants 48) 2 - 5 - 5
Parsons 68) 0 - 3 - 9 | Kinsale (50) 1 - 4 - 7 | Farm 43) 2 - 6 - 4
Gages 67) 0 - 3 - 9 | Blakes B0) 1 - § - @ (Elberton 48 3 - 3 - B
Olveston G. @71 0 - 3 - 9 O'Garas 43) 3 - 4 - 5
Olveston 1) 0 - 3 - 9 Sweeney's Well (43) 3 - 5 - 4
Waterworks 61) 0 - 4 - 8 Bethel 4) 3 - 5 - 4
Richmond 61) 0 - 4 - 8 Tar River 42) 3 - 5 - 4
Grove 61 0 - 4 - 8 Roches ). .3 - 7 - 2
Farrells 57 0 - 4 - 8
Cugoe head 56) 0 - 65 - 17
Dagenham 55 0 - 5 - 7

MEANS (63) 0 - § - 9 MEANS (55) 1 - 4 - 7 MEANS 45 3 - 5 - 4 |

Reference to Table T and to the map indi-
cates that the rainfall over most of the relatively
wet Jeeward and central parts of Montserrat
lies between 70 and 55 ins. Here no month is
dry and the climate may thus be deseribed as
continuously moist. A large proportion of the
rain water penetrates into the soil and down-
ward water movement prevails the whole year
round. At the other extreme, the rainfall over
the drier windward, northern and southern parts
of Montserrat varies between 50 and 40 ins. and
2 or 3 months or more are diy. The climate
here thus shows a marked dry season during
which evaporation exceeds penetration and the
movement of water is upward so that the soil
frequently suffers desiccation. Some parts of
the island are intermediate, showing a weak dry
season with only one month really dry.

In general, the more elevated stations
receive most rain. Rainfalls over 70 inches a
vear probably occur in the Central Hills, the
Soufriere Hills and South Soufriere Hill at alti-

tudes above 800 feet. The average increase of
rainfall with altitude in Montserrat is about 4.5
inches for every 100 feet rise in height.

Temperature :  Records at the Grove Ex-
periment Station near Plymouth show that the
mean maximum temperature is about 86.5° F..
and the mean minimum, 73.5° F.. though these
limits may be exceeded at other places,

Humidity : 'The mean relative humidity at
the Grove Station is about 71 per cent at
9.00 a.m. and 65 per cent at 3.00 pam.; it doubt-
less reaches 100 per cent during“the night at
most ‘places throughout the year, especially in
elevated regions, and may fall beldw 50 per cent
in the afternoon during the driest days.

Prevailing” Winds * ' Montserrat is wind-
swept for the greater part of the year. ' During
the early months, ‘the’ ndrth-cast trade winds
blow ‘with great persistence’ and  often with
violence and exert great'dryihg effects over land
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unprotected by wind-breaks. The average wind
velocity at the Grove Station is about 8.9 miles
per hour. Montserrat lies in the hurricane
zone.

Sunshine : The duration of the daily sun-
shine on the average is about 8 hours at the
Grove Station and varies little for the different
months of the year. Thus for the first nine
months of 1943 the recorded values were - 8Ty
8.4, 8.2, 9.2, 5.5 7.7, 8.4 7.8 and i -
mean 7.8 hours of sunshine per day. Other
places show a greater or lesser mean value for
daily sunshine depending mainly on their near-
ness to the hills which cut off the sun's rays for
varying periods of time in the early morning or
late afternoon,

Exposure :  The general meteorological
conditions in the different parts of Montserrat,
as detailed in the foregoing paragraphs, suggest
the following territorial sub-divisions with re-
gard to general exposure. *

(1) Extreme north: Cool, dry, exposed to
Atlantic winds; no forest protection.

(i) Windward coast : Cool, moderately dry,
reduced sunshine, windy.

(iii) North leeward coast and north-west slopes
of Central Hills and Soufriere Hills : Hot,
wet, humid ; limited air movement, gener-
ally still.

(iv) Central leeward coast :  Hot, moderately
wet ; sheltered from wind ; continual sun-
shine,

(v) Central divide and north-east high slopes
of Soufriere Hill above the 1,200 ft. con-
tour : Cool, wet, misty, cloudy, humid ;
reduced sunshine.

(vi) Extreme south: Hot, moderately dry,
clouds mostly blown out to sea ; exposed
to south-east winds, continual sunshine :
sunny afternoons.

(2) AGRICULTURE

Natural vegetation : The higher slopes of
Centre Hills, Soufriere Hills and South Soufriere
Hill are covered with forest above the 1,000 or
1,500 ft. contours. The vegetation has been
damaged by hurricanes, particularly by the hur-
ricane of 1928, so Lhat its original features have
been greatly modified. For the most part, the
high land is now covered by a plant: association
consisting mostly of palm trees and shrubby
undergrowths.  This is  well developed, for
example, on Chance’s Mountain in the Sm{frlcrc
Hills, although in the higher parts of the Centre

Hills remnants of evergreen rain-forest still exist.
The lower mountain slopes, at present under
extensive cultivation, contain few traces of the
original vegetation, but patches of secondary dry
woodland, thorn--bush and serub oceur on
Garibaldi Hill and St. George’s Hill and on
South Soufriere Hill, and above Trants on the
windward side.

Chief crops: The chief crops of Montser-
rat in order of importance, are. cotton, limes,
tomatoes (together with certain vegetables
grown for exporl) and sugar-cane (4). The
total area of cultivated land is about 7.000 acres,
or nearly one-third of the island’s surface. There
are about 40 privately-owned estates. The rest
of the land comprises peasants’ properties. In
recent years, several estates have been cut up
into small holdings, rented to peasants or worked
on a share basis.  Cotton nowadays occupies
about 4,600 acres of land, limes about 100 acres,
tomatoes and vegetables, 300 acres, sugar-cane,
R00 acres and ground provisions (mainly con-
sumed loeally), 2,000 acres,

Cotton: The type of cotton grown in
Montserrat is Sea Island which is cultivated
both by estate owners and by peasants. In 1988,
1,050 acres of cotton were cultivated by the
estates and 3,403 acres by peasants. Seed
supply is controlled by the Department of
Agriculture. There is a cotton-breeding station
in Montserrat where a special strain of cotton
(MSI) has been evolved, having a 1%4-inch sta-
ple and a high (over 30 per cent) ginning
out-turn.  Yields of lint varied during 1934 to
1938 from 101 to 283 pounds per acre ; they have
averaged 185 lbs. ac. between 1939 and 1948+
The mean yield of the Leeward Islands Colony
for the 4-year period 1934-1938 was 153 Ib. per
acre.  Seasonal fluctuation in yield is great be-
cause of the variable climate. Besides all of the
lint, some cotton seed, seed oil and seed cake are
exported.

Limes : The lime industry of Montserrat
was formerly of much greater importance than
it is at the present day. The decline in recent
years is partly owing to a decreasing demand
for lime products and partly to natural causes,
including hurricane damage and the ravages of
pests and diseases. There are at present only
about 100 acres of estates limes with an addi-
tional unknown area in small holdings. Climatic
conditions in Montserrat are believed to be
marginal for limes and soil conditions seem to
have gradually deteriorated so as adversely to
affect the water relations of the crop and thus
to render the trees more susceptible to insect
and fungus attack. These and other factors are

® 8. A. Schouten, Agricultural Assistant, private communication, March, 1940.

1 These are average figures; it should be noted that yields of 400 1b. of lint per acre are common and even yields
of 600 Ib, per acre have been attained.
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more fully considered in the second part of this
Report.

Limes have been chiefly grown on the
estates of the Montserrat Company which. are
mostly situated in the leeward part of the
island near the capital, Plymouth. The history
and behaviour of the lime trees growing in dif-
ferent soil-types have heen variable, particularly
with regard to the problem of the * dying-out
of limes which is the general name given to the
failure of the crop and the effects of pests and
diseases that have accompanied its decline.

Tomatoes and vegetables: The ecultiva-
tion of tomatoes and vegetables was carried on
in Montserrat for several years prior to the last
war. The industry was mainly in the hands of
peasants and the exports were all made to
Canada. A packing depot with cold storage
was provided by Government and packing was
also undertaken in privately-owned buildings.
Tomato plants grow well in most parts of the
island, but the industry is chiefly confined to
the windward and northern slopes of the
Soufriere Hills, which have proved to be the
most successful tomato-growing district. The
crop is liable to suffer when the rainfall is too
high or too low and is thus a very uncertain crop
in Montserrat.

(3) GEOLOGY

The latest account of the geology of Mont-
serrat is that published in 1938 (2)by A. G.
MacGregor, who, along with C. F. Powell.
Phyiscist, comprised the personnel of the expe-
dition sent out to Montserrat by the Royal
Society of London early in 1936 to investigate
the earthquakes and soufriere activity that had
caused much alarm in 1934 and 1935. The
following notes are taken mainly from Mac-
Gregor's publication.

Geological History: Montserral is one of
the islands of the Caribbean Volecanic Are built
up on a submarine ridge that was initiated
during Cretaceous times. This ridge runs north
to south along the eastern margin of the Carib-
bean Basin. Earth movements in Post-Miocene
times (say 10 million years ago) caused much
folding and faulting. Six main volcanic centres
have been identified by MacGregor within the
island. Each centre was active at a different
period since the middle of the Miocene era. The
first voleano to erupt was Silver Hill, the next to
erupt much later during the Pleistocene era was
Centre Hills, followed in order by Garibaldi
Hill. South Soufriere Hill, St. George's Hill, and
lastlv. Soufriere Hills,  All except Silver Hill
vru[;lw! last between 500 and 25 t'housaml years
ago; none has been active within the span of
human history.

Very little of the present-day dry land
seems to have been submerged beneath the

ocean sinee late Miocene times,  The oceurrence
of embayed valleys (for example, Old Road
Bay) and of sea cliffs all around the coast sug-
gests, however, that peripheral submergence,
accompanied by marine erosion, took place in
recent geological times. This may be accounted
for by the return of water to the ocean by the
melting of the great continental ice-sheets in
Post Glacial times, twenty thousand years ago.
The eruption of the Soufriere Hills volecano was
probably contemporaneous with, or later than,
this final submergence.

Al Roches Bluff in the south-east of the
island, oceurs a fossiliferous limestone of un-
doubted early Pleistocene age associated with
voleanic ejecta,  The outcrop has been eleva-
vated by local faulting above sea level.  The
limestone was therefore probably formed at
about the same time as the Centre Hills voleano
was - erupting, half-a-million years ago. Its
oceurrence cannot therefore be regarded as
proving any significant wide-spread submer-
gence likely to have involved the main masses
of the Montserrat volcanoes. There are no
raised beaches nor other evidences of large scale
emergence in the island, hence it may be con-
cluded that, with the exception of Silver Hill,
the voleanic ejecta which comprise the five main
voleanic cones are all subaerial and have never
been subjected to the profound action of salt-
water through their never having been
submerged below sea-level. This fact has con-
siderable bearing on the nature and composition
of the parent materials from which the soils of
Montserrat have been formed.

Structure of the voleanoes :

(i) Silver Hill consists mainly of solid igneous
rock, probably representing the remnants
of a large intrusive mass or the deep-seated
nucleus of a very old voleano. Practically
all the ejecta that have been erupted by
this voleano have since been removed by
denudation. /

(i) Centre Hills comprise a large maturely-
dissected voleano consisting of a central
core of igneous rock surrounded by irregu-
larly bedded massive agglomerates, for the
most part consolidated, forming the lower
grounds and ending in precipitous cliffs
along the leeward and windward coasts,
The component rocks vary in size from
boulders, 6 to 20 feet across, to fine sand
forming a matrix, sometimes abundant
sometimes absent.

(iti) Garibaldi Hill : 'This is a separate small
volcano of about the same age as the last.
It is composed partly of well-consolidated
agglomerate, partly of semi-consolidated]
sand, usually pale-coloured and pumi-
ceous. A horizontal bed - of coarse
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agglomerate forming  Bransby Point and
the ridge to the east of it shows many of
the boulders to be encrusted with pure
white caleareous tufaceous material, prob-
ably solfataric in origin.*  Several hot
springs abound in this area and a hot
water pond occurs on the beach below.

(iv) South Scufriere Hill : This consists of
interbedded lavas and fragmental rocks
comprising loose, slaggy, black cinders.
The most westerly of the lava-flows forms
the coastal cliff behind O'Garas.

(v) St. George’s Hill :  This is a purely ex-
plosive small volcano quite separate from
Centre Hills. It consists chiefly of fine
ash and dust with layers of stones and
boulders dipping steeply away from the
centre,

(vi) Soufriere Hills comprise the largest though
voungest volcano of all.  This voleano
dominates the southern part of the island
and contains all the present-day active
soufrieres. Its ashy materials envelop
South Soufriere Hill, The lower slopes of
Soufriere Hills up to the 800-1,000 fect
contour are inclined at an angle of about
10" but at higher altitudes the inclination
increases rather suddenly to 20° or 30°.
This is accounted for by the fact that the
voleanie plug, consisting of consolidated
rock or solidified lava, has resisted
weathering, whereas the loose material
ejected by explosive voleanic action has
gravitated downwards, aided by the
action of running water, so as to form
detrital taluses, fans or glacis.  Narrow
steep-sided ghauts cut deeply into the
central core as well as into the loose
ejecta. Most of the best cultivations are
situated on the lower parts of the western
glacis of the Soufriere Hills above Ply-
mouth, and on the eastern glacis near
Bethel.

(4) LITHOLOGY

The main kinds of rock of which the erup-
tive fragmental voleanic rocks and lavas of
Montserrat are composed are bandaite (or labra-
dorite-dacite, that is quartz-bearing andesite
rich in labradorite felspar) and olivine basalt
(a finely-crystalline equivalent of andesite, rich
in olivine). The range of rock types is said to
represent nearly the full series of igneous rocks
known to occur in the Caribbean Voleanic Arc
(2.

Bandaite is a blue-grey, grey-green or whitish-
grey, hard, finely-crystalline, sub-basic igneous
rock resembling andesite, having a total silica
content between 56 and 64 percent, Its
characteristic minerals are labradorite (soda-

lime felspar) . dark green-hornblende dnd zome
brown augite. Magnetite is fairly abundant
but olivine is rarely present. Quartz frequent-
ly occurs as porphyritic erystals, and tridy-
mite is often plentiful. Apatite is present as
delicate needles in the groundmass.

Olivine-basalt is a black, dense, finely-crystal-
line rock, consisting of labradorite, ferromag-
nesian minerals and magnetite.

Fine volcanic ash, sand and dust, having
particle size less than about 0.5 m.m., ocecur
plentifully in the fragmental deposits erupted
from each of the volcanic cones except South
Soufriere Hill.  They are composed mainly of
single-grain crystals of felspar, hornblende, aug-
ite, and other minerals, or of particles or shreds
of voleanic glass. The coarser ash is usually
markedly porous (pumiceous) and whitish-grey
in colour, though sometimes dark-coloured. The
coarse, porous, cindery ash of the South Sou-
friere Hill voleano is different in that it is nearly
black in colour and more basic in composition.
The finer materials last erupted from the Sou-
friere Hills volcano are distinetly stratified ; they
were probably deposited from * black clouds ™
(nuées ardentes) consisting of dense mixtures of
dust and steam, similar to those that charac-
terised the recent (1902-03) eruptions of Mt.
Pelée in Martinique and Mt. Soufriere in St.
Vincent, “ Black cloud ” deposits are apparently
not represented among the fragmental materials
erupted from the other older Montserrat volea-
noes (Centre Hills, Garibaldi Hill and St.
George's Hill), which are generally more bould-
ery, less stratified, and arranged in tumultuous
fashion, or piled up as irregular cones around
their craters.

According to the mineralogical composition
of the volcanic rocks of Montserrat, we should
expect a general shortage in them, and in their
derived soils, of potash and it is noteworthy that
the rock-types represented in Montserrat con-
tain even less potash than those represented in
other islands of the Lesser Antilles, that is, they
are below the normal for the Caribbean region.

(5) SOIL FORMATION

It hias been shown in a previous section that
very little of the present-day land-mass com-
prising Montserrat has been submerged beneath
the sea since the end of the Miocene era, about
10 million years ago. Thus the oldest land has
been exposed to subaerial weathering and denu-
dation for a very great length of time. The
old Miocene basement is still exposed in the
northern Silver Hill district. The longest time
of exposure in the central district is probably
less than half-a-million years, and in the south-
ern district, less than twenty thousand years.

:_'l‘his lime-encrusted boulder-bed is not mentioned in MacGregor's report.
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To what extent the newer volcanic deposits
formerly covered over parts of the older ejecta,
having since been removed by denudation, can-
not accurately be determined, but it is evident,
geologically speaking, that the weathering of the
last-formed deposits has gone on for only a
relatively short period of time.

Soil forming factors : Soil formation from
any given kind of parent rock depends upon the
operation of the factors, climate, vegetation,
topography and time. In order to trace the
transformations that have occurred during soil
formation, it is therefore necessary to assess the
effect of each of these factors separately. We
have already seen that, in Montserrat. the
parent rock is mainly a fragmental type, having
great porosity and depth, so that the chief elima-
tic agent of soil formation. namely rain-water,
could readily gain access to a great mass of
mineral material presenting a large surface area
to its weathering action. The other clima-
tic weathering agent namely, temperature,
has been throughout relatively intense, so that
the chemical processes of mineral decomposition,
namely, hydrolysis, hydration and oxidation.
have proceeded very rapidly.

The nature and identity of the minerals
comprising the parent rocks of Montserrat * are
nearly the same for the whole island, but their
susceptibility to decomposition varies greatly,
not only between one mineral entity and ano-
ther, but between the different states of the
particles.t  Thus, in some cases, the mineral
grains comprise whole erystals or parts of erys-
tals, whereas in other cases, they are made up
of glassy material that has cooled too rapidly to
crystallise.  Such fused glassy particles resist
decomposition much more effectively than crys-
talline matter ; their rate of weathering may
therefore be very slow. Similarly coarse-grained
crystalline masses of hard rock (boulders and
stones) having rough surfaces, are more suscep-
tible to weathering than fine-grained semi-vitr-
cous or glassy rocks (bombs, lapilli, sand)
having smooth exteriors. Porous, vesicular,
pumiceous or cindery rocks occupy an inter-
mediate position between these extremes,
presenting a large surface area to weathering,
but offering considerable resistance to chemical
alteration,

Rock weathering and soil parent materials :
The progress and results of weathering of loose
fragmental voleanic rocks under the particular
climatie conditions that prevail in Montserrat
thus vary greatly depending on particle size and

assortment of particles having different dimen-
sions. At one extremity lie coarse agglomerates
(boulder beds, cinder heaps, stony screes), at
the other, volcanic ash, sand and dust (mud-
flows, glacis, talus-fans) and partly-cemented
tuffs.

(i) During weathering, the first group
alters superficially, the individual
rounded fragments decomposing slow-
ly to the core forming shells of differ-
entially-weathered material, or the
stones may decompose along radial
cracks that become lined with the pro-
ducts of decay. These products
chiefly consist of kaolinie clay, stained
reddish-brown by hydrated ferric
oxide, Steely-blue films of manganese
oxide may also be produced over the
decomposing rock surfaces or along
the cracks. The less altered material
may have a creamy-yellow colour.
For convenience, the clayey residuum
that gradually develops will be termed
Brown Earth. It gives rise to a soil-
type sufficiently distinetive to be
classified and mapped separately. This
soil-type is characterised by an alka-
line or only slightly acid reaction and
a high degree of saturation by calcium
which dominates the exchange-base
system and confers desirable physical
features on the clay, such as a crumby.
friable structure. The soil would con-
sequently be described as caleimorphic,
according to modern American nomen-
clature,

(i) Mention has already been made of
the unique occurrence on the Bransby
Ridge of an extensive bed of lime-
encrusted boulders forming a special
sort of agglomerate that has given
rise to a peculiar kind of Brown Earth
whose colour is dark sepia-brown to
black. Here too, calcium dominates
the system and the resulting soil-type
conforms closely to Rendzina or
*“ humus-carbonate ”  soil, such as
develops over soft limestones and
marls.

(i) The fine grained fragmental rocks de-
compose differently. The individual
mineral particles give rise to various
products depending on their miner-
alogical identity. Thus augite, horn-
blende and hypersthene give iron oxide

* These were first identified in the derived soils as far back as 1905 by Dr, Francis Watts (W.I. B. 1805, VI, p. 282)
as mainly comprising plagioclase felspars (labradorite and anorthite) , brown hornblende, green augite 'h};pers-
thene and some quartz; in addition, orthoclase (potash felspar) was recorded in some windward soilis. Mag-
netite is also common. This assemblage agrees with the mineralogical composition of the prevailing rock-

types discussed by MacGregor.

1 The order of diminishing susceptibility to decomposition of these minerals is ‘— augite, hypersthene, horn
anorthite, labradorite, orthoclase, quartz and magnetite (the most resistant). yp blende,
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residues, together with chlorite, ser-
pentine and carbonates of calcium and
magnesium, having brown, ochre-
yellow or olive-green colours, whereas
the felspars give kaolinic residues
which are white in colour. Magnetite
remains relatively unchanged, produc-
ing a “ pepper-and-salt ” appearance
in the mass. The clayey residuum in
this case may be termed Yellow Earth
in contradistinction to Brown Earth
into which it merges. Yellow Earth
is similar to Brown Earth in its main
chemical features ; it also is dominated
by calcium and would accordingly be
described as calcimorphie.

(iv)  During the weathering of loose masses
of both coarse and fine-grained frag-
mental voleanic rocks, certain products
are liberated and move downwards in
solution or colloidal suspension, pene-
trating to various depths into the
substrata, depending on rainfall in-
tensity and distribution. Among the
soluble or colloidal products are cal-
cium and magnesium bicarbonates,
hydrous iron oxides, hydrous silica and
secondary clay minerals containing a
high proportion of silica. These may
be variously deposited so as to cement
together the component particles of
the parent rock, giving rise to a more-
or-less impervious layer that impedes
downward drainage. At first the ce-
mentation is only light, the substratum
still being friable though harsh and
gritty. In the Lesser Antilles, this
material is commonly known as
Terras. Its development in the soil
profile gradually deflects soil formation
from that characterised by free-
draining, highly-oxidising conditions
to a modified process taking place
under excessive wetness, with sluggish
drainage or  water-logging, and
markedly reducing conditions. The

-resulting kind of soil is consequently
described as hydromorphic according
to modern American nomenclature.

(v) A late stage in this process where the
substratum is almost completely sealed
up and cemented into a hard, coherent,
compact mass may be recognised ; it
is especially prominent in the Centre
Hills district of Montserrat, The hard
substratum here is known as Shoal
since it is frequently exposed through
the removal by surface erosion of the
overlying soil material, leaving a hard

pavement-like mass resembling a bed-

of concrete,

The four developmental stages affecting
fragmental volcanic ejecta as described above

are clearly recognisable in Montserrat, namely,
Brown Earth (with Rendzina), Yellow Earth,
Terras and Shoal. In addition, the weathering
of certain non-fragmental, hard, compact rocks
must briefly be considered although such rocks
are not abundant within the agricultural regions
of Montserrat. They chiefly comprise the
Miocene basement igncous rocks exposed in the
Silver Hill district, the consolidated erystalline
rocks comprising the core of the Centre Hills
voleano and the small lava flows from the South
Soufriere crater. The Silver Hill rocks have
weathered into a hard, pavement-like material
closely resembling Shoal. The Centre Hills
igneous rocks have weathered under the wet
climate that prevails at high altitudes into Red
Earth, but the South Soufriere lava-flows have
not weathered greatly where exposed in the
southern sea-cliffs.

The chief soil-types derived from ecach of
these weathered parent materials may conven-
iently be referred to under the same names. It
must be understood that these lithological soil-
type names are provisional and tentative and
are intended to be merely descriptive.

(6) THE CHIEF SOIL-TYPES
OF MONTSERRAT

Classification : In accordance with the
principles formulated in the last section, the
chief soil-types developed in Montserrat may
provisionally be named and classified thus
() :—

(a) Fresh, Unaltered, Loose
Parent Fragmental Vol-
canic Materials
(1) Lithosol
(2) Alluvial (River: Es-

tuarine) and Colluv-
ial Soils

(b) Partly - Weathered, Loose
Parent Materials
(3) Brown Earth — from

coarse materials

(4) Rendzina— from

lime-encrusted mate-

: rials

(56) Yellow Earth — from

fine-grained materials

(e) Well Weathered, Cement-
ed Parent Materials
(6) Terras Soit-—partly

cemented below :

(7) Shoal Soil — well-

cemented below

(d) Well Weathered Residual
Parent Materials
(8) Red Earth — from

voleanic core igneous
- rocks

Azonal

Calcimorphic
Intrazonal

Hydromorphic
- Intrazonal

Zonal
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Distribution : The distribution of these
soil-types within the area under consideration
is shown in the accompanying reconnaisance
soil map, in which the sites of the pits that were
dug for soil profile examination and sampling
are indicated by numbers in circles. In addition
to those shown on the map, seven other Lithosol
profiles were sampled at Richmond * and two
forest soil profiles, one ‘near the .summit of
Centre Hills (Red Earth) and one at Chances
Mountain in  the Soufriere Hills (Brown
Earth).

It will be noted in the map that the Lithosol
forms a coastal strip along the south-western
part of the island, and that it occurs over the
fringes of the volcanic deposits of St. George's,
Soufriere .and South Soufriere Hills, where the
rainfall is relatively small (below 50 inches).
and weathering consequently slight.

Yellow Earth forms a strip roughly parallel
to the Lithosol strip though having higher
elevation, lying approximately between the 250
anid 600-foot contours on the leeward slopes of
Soufriere Hills, and between the 600-foot ¢on-
tour and the summit of St, George’s Hill. Herc
the rainfall is higher (50 to 60 inches a vear).

Brown Earth forms another concentric
strip running along the contours of the Soufriere
Hills at a higher elevation than the last' (ie.,
above 600 feet) where the rainfall is still greater
(above 60 inches a year)., The main feature of
the Brown Earth belt is the bouldery nature of
the parent fragmental rocks (since a tendency
exists for the coarser particles to be ejected
nearer to the voleanie crater) and also for the
finer corhponent particles to be gradually washed
out and carried downhill. The ejecta compris-
ing St. George's Hill are notable for their fine-
ness of grain which has doubtless mainly
decided the development there of Yellow Earth
rather than Brown Earth

Terras Soil and Shoal Soil, displaying im-
peded drainage features in the profile, although
sometimes difficult to differentiate in the field
since they merge imperceptibly one into the
other, have developed solely from the older frag-
mental materials comprising Garibaldi Hill and
Centre Hills. This implies that they are older
types of soil than either the Lithosols, the Yel-
Jow Earth or the Brown Earth, and have taken
longer to evolve ; they are more mature though
their development into Zonal Soils has been de-
flected because of ‘the effects of the special sub-
soil conditions which impeded’ drainage has
induced through the cementation and gradual
sealing-up of the substratum. These two
hydromorphic soil-types have evidently devel-
oped under annual rainfalls below 60 inches. In
the soil map, Shoal soil is shown oceurring above

* by Mr. R. E. D. Baker, Mycologist, I.C.T.A.

{ by Dr. J. 8. Beard, Assistant Conservafor of Forests, Trinidad.

e———————————— e e il

the  400-foot contour on  Centre Hills. Its
presence there was conjectured ; no exploration
of this part of the island was made in the limited
time at our disposal. Similarly, Shoal is shown
over the Silver Hill district. This also was con-
jectured from verbal reports ; no soil investiga-
tions were made in this area either.

(7) DESCRIPTION OF THE SOIL-TYPES
(A) Azonal Soils

(1) Lithosol : Soils of this class are
derived from fresh unweathered, loose. un-
cemented or only partially-cemented voleanic
ejecta consisting of all sizes and kinds of rock
fragments, pumice, glass and separate mineral
grains. The soil profile displays a black humic
sand about 6 ins. deep, merging ‘into unaltered
fragmental materials. Slight eluviation may
have produced an incipient clay-pan ; the parent
material usually shows stratification and old
buried humic soils may be discerned at various
depths.  Numerous phases of Lithosol may be
distinguished according to particle size, angle of
slope, kind of deposit and humus status.

Productivity depends mainly on the degree
of organic incorporation, which in turn depends
on age. The soil is liable to dry out in droughts,
Erodibility is low except under torrential rains.
Stones help to proteet the surface from loss of
water and from erosion.

(2)  Alluvial and Colluvial Soils © These
are derived from loose seédiments occurring in
river valleys, estuaries, narrow coastal plains
and the bases of hills. Phases include (a)
bouldery, stony, sandy and silty soils, (b)
“ living ™ alluvium (receiving replenishment by
hill-wash), and (¢) * dead” alluvium. under-
going pedological differentiation.  Alluvial soils
occupy only a limited area in Monserrat. Their
greatest development occurs at Trants Estate

on the windward coast and at Old Road on the
leeward.

(B) INTRAZONAL SOILS

Calcimorphic Soils :  These soils owe their
f}.':lllll"t'ﬁ largely to the effects of calcium-ion
liberated by the hydrolysis of lime-hearing
minerals. The element forms ecaleium bicar-
bonate which induces alkalinity around the soil
particles, thus fixing iron oxide, as well

precipitating humus, S

. Among the calcimorphic chardcters are (a)
bright ochre-yellow to red-brown colouration
attributed to limonite, (b) intense dark ('olnurn:
tion of the humic layer, (¢) sharp division be-
tween the humic soil and the parent material
immediately below it, (d)’ high 'C/N ratio
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(above 12.0) and (e) alkaline to slightly acidie
reaction, accompanied by a high degree of
saturation by exchangeable calcium.

(3) Brown-Earth Soil: This soil-type
develops over loose coarse agglomerates and
gravels, consisting mainly of fragments of rock
rather than separate mineral grains. Superficial
weathering has produced within a shallow sur-
face zone coatings of clay and a gritty-clay
matrix having a * ginger-bread " colour. This
gives rise to a dark chocolate to black, slightly
acid, humie soil with a granular or nut structure,
cloddy below, The clay-loam subsoil is distinet-
ly paler and contains rock fragments showing
varying degrees of decomposition and staining
by manganese oxide. Its reaction is nearly
neutral and its exchangeable caleium status is
high. Phases of the type show differing depth
of soil, angle of slope and boulderiness.

Brown Earth has developed best in Mont-
serrat at elevations above 1,000 feet on misty
slopes with rainfall around 70 inches. It is very
productive of provision crops, tomatoes, sugar-
cane and cotton. The less bouldery phases are
prone to erosion on the slopes,

Relationships : Brown Earth Soil resem-
bles the original Brown Forest Soil (Braunerde)
of Ramann. Incipient podsolisation has taken
place in some cases, as shown by reaction gradi-
ents in the profile. The less-mature phases
merge into Lithosol, the more mature into Red
Earth Soil.  Subsoil cementation leads to the
development of hydromorphic types.  Yellow-
Earth soil may be a sub-type of Brown-Earth.

(4) Rendzina: This soil-type develops
over soft limestones and marls under a wide
range of climates. The Montserrat (Bransby
Ridge) Rendzina has a black humic layer, 18
inches thick, overlying coffee-brown clay becom-
ing paler below. It is alkaline or slightly acid
in reaction and contains medium-high amounts
of organic matter.

(5) VYellow Earth Soil: This soil-type
develops over voleanic ash or sand in which the
ferromagnesian mineral grains have broken down
to ochreous limonite and the lime felspar
erystals have changed into pseudomorphs of a
clay-mineral resembling beidellite, judging by
its physical properties and the relatively high
base exchange capacity of the soil. Magnetite
has remained unaltered so that the soil parent
material displays a “ pepper-and-salt " appear-
ance. The humic layer is dark brown to black
with depth up to 86 inches. It is alkaline or
neutral in reaction and possesses a crumb to
small clod structure. It sharply overlies the

parent material which is uniform to great depth,
though usually showing sepia spotting or stain-
ing with manganese peroxide between 3 and 8
feet depth and white speckling and spotting with
powdery calcium carbonate at depths between

7 and 50 feet. Yellow Earth is not typically

developed in Montserrat, being here difficult to
distinguish from Terras.  (The best examples of
Yellow Earth occur in St. Vinecent) .

Relationships :  The type-features resem-
ble those of Rendzina derived from marl and
the development of these two calcimorphic soils
from deep porous calciferous parent materials
is somewhat analogous. The more mature
phases of Yellow Earth show incipient cementa-
tion and thus merge into Terras. The bouldery
phases resemble Brown Earth.

Hydromorphic Soils :  Hydromorphic soils
owe their features to drainage impedence which
may appear in loose fragmental volcanic rocks
either by the consolidation and induration of
the original voleanic materials or by cementa-
tion within Yellow Earth and less commonly,
Brown Earth, parent materials. Cementation
generally occurs by deposition (illuviation) in
the subosil (B-horizon) of silica or a highly
siliceous clay mineral formed by the breakdown
of felspars. Occasionally the cement may in-
clude rusty-brown ferric oxide. The deposit of
siliceous cement resembles a clay-pan.  The
loosely-coherent material is colloquially ecalled
“terras ", a corruption of “trass”, a kind of
puzzulana, and is used locally as a binder for
road metal.  When cementation is firmer, the
product is called * shoal ™ in Montserrat ; it sets
very hard and resembles concrete.

Induration and cementation of fragmental
volcanic materials may take place during
different geomorphic eyeles. The processes
particularly affect voleanic ash and the finer
agglomerates that have been submerged
beneath the sea subsequent to their sub-
aerial deposition. (Altered materials of this
kind should perhaps be differentiated from
true voleanie tuff which is a stratified sedi-
mentary rock consisting of voleanic ash or
dust deposited directly in the sea or in lakes
and consolidated by pressure). Prior to
their elevation above sea-level, indurated
fragmental voleanic materials usunally have
become greatly decomposed so that their
original mineralogical composition is pro-
foundly modified.

Two kinds of terras and shoal may thus be
distinguished ; the first may be described as
* pedological ', the second as “ geological ¥, In
pedological Terras or Shoal Soil, the impervious
cemented layer comprises a true B-horizon of
accumulation.  In geological Terras or Shoal
Soil, the impervious indurated layer may be
regarded as the parent soil material (C-horizon)
or as the parent rock (D-horizon). In either
case, drainage impedence causes the development
of a characteristic clay type of soil which is
plastic and slippery when wet and hard and
horny or waxy when dry. Its colour is either
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creamy-brown (* milk-chocolate ™) or brownish-
green (khaki). Its structure is coarsely cloddy
and it tends to crack deeply and to break into
prismatic columns on drying. The chief clay
mineral present appears to be beidellite but this
conclusion needs to be verified by further
investigation,

(6) Terras Soil : The profile of this soil-
Lype consists of a uniform stony and sandy
humic clay (containing about 25 per cent of
clay), variably acid in reaction, sharply over-
lying loosely cemented, grey terras sometimes
rusty-stained in its upper part. The thickness
of the terras may vary from a few inches to
several feet.

(7)  Shoal Soil: The soil-profile of both
“ geological ™ and “ pedological ” shoal consists
of a heavy humic clay (containing about 70 per
cent of clay), often acid in reaction. merging
into a more-or-less red or brown-mottled clay
having a thin waxy black organic layer or smear
at its base, overlying nearly-impervious shoal.
Pisoliths rich in manganese peroxide may oceur
within the humic soil and smears of the same
substance may line the cracks of the shoal.

(i) Shoal soil that has developed by
further cementation and induration
within the Terras soil profile may be
designated “Primary Shoal Soil.”

(ii) Numerous cases have been observed.
however, where the original soil (A-
horizon) has been removed by
erosion so as fully to expose the shoal.
This has then formed a thin soil
(akin to a sandstone lithosol). This
may be designated ** Secondary Shoa:
SUJ'.! ".

(i) Finally, a few cases have been noted
where extraneous soil, transported
from land at a higher level, has been
superimposed on an eroded shoal
forming a composite profile which
may be designated “ Tertiary Shoal

Soil 7.

Relationships : The graded series of hydro-
morphic soils deseribed above .n!mw the effects of
increasing maturity. They might be expected
finally to end in the formation of Ground-Water
Podsol or even Ground-Water Laterite soils.
Cases of such extreme development have not,
however, so far been discovered in .\]Olll.ﬁ(:rﬂll
nor in any other island of thl_' Lesser Antilles,
ptobably because of the I'l'l:ltl\'u youth 1nf the
region. In the Netherlands East Indies, E. C. J.
Mohr has described advanced stages of hyl!_m-
morphism in fragmental volcanice soils in which
water-logging has produced well-marked red-
mottled “glei”, and (Irat[lage-lmpe(lence has
given rise to fresh-water springs.

(8)  Red Earth : The profile of this usual-
ly very deep, mature, fully-developed, Zonal soil-
type shows no differentiation into layers. The
dark-brown humic soil grades imperceptibly into
the uniform, bright brick-red, crumbly parent
material which has a highly acid reaction. having
been deprived of soluble bases by leaching. In
Montserrat, this soil-type occurs only on the
summit of Centre Hills.

(8) LABORATORY DATA FOR
SOIL PROFILE SAMPLES

The soil samples were subjected to the
routine methods of partial physical and chemical
analysis customarily applied in the College
Chemistry Department. The methods used are
described at the end of this report,  The full
laboratory data for all the profile soil samples
examined are set out in the Appendix. Data for
surface six inches 10-spot composite samples,
collected at the times when the profiles were
sampled, are brought together in Tables IT, 111
and IV. The mean results for each soil-type are
summarised in Table V which also shows the
approximate area of each soil-type at present
under cultivation.

Drscussion of the laboratory data for surface
ax-inch layers: The values for any one soil
constant vary considerably for each soil-type ;
they indicate general tendencies which serve to
differentiate one kind of soil from the other,

(a) The degree of clayiness, measured by
silt-and-clay content and by index of
texture, is least in the Lithosol and
Alluvial soils. The Brown Earth and
Yellow Earth soils, however, are a
little more clayey, being somewhat
decomposed. By contrast, the Rend-
zina and the Terras and Shoal hydro-
morphic soils contain appreciably more
clay-and-silt, although, on their index
of texture values, they would still Ye
classed as sands or loamy-sands.
None of the Montserrat soils would be
regarded as really clayey,

(b) The degree of acidity is never very
high in any of the surface soils, the
average for the whole range being
pH 6.5, which would be regarded as
only slightly acid. The Shoal Soils
are the most acid, as would bhe ex-
pected from their relative malturity,
though none has g reaction value
below pH 6.0,

(¢) Organic matter and nitrogen contents
show considerable variation among the
soil-types.  They are regularly the
highest in the Rendzina and Shoal
Soils but diminish in the Terras,
Brown Earth and Yellow Earth soil-
types, being relatively low in the
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Lithosol and Alluvial types which
contain only about 1.7 per cent of
organic matter, 0.09 per cent total
nitrogen, with mean C/N ratio 10.7.

more clayey types contain on the
average 2.9 per cent of organic matter,
0.17 per cent total nitrogen, with
C/N ratio about 10.0.

The Brown and Yellow Earth soils
contain about 2.2 per cent organic
matter, 0.12 per cent of nitrogen and
C/N ratio 10.3. By contrast, the

(d) Electrical conductivity, determined on
_soil and water mixtures as a measure
of total soluble nutrients, did not

TABLE II: Azonal Soil-Types
(Laboratory data for surface G-inch layers)

| &
React- | Aveil, Avail.
Grav- Crse. Silt Index | Org. Total C/N
el sand and of lon | matt. nitro- Ratio phgsgha.be p?énéh
Clay Text. | gen 275 4
(%) (%) (%) (I.T.) | (pH) | (%) (%) p.p.m. p.p.m.
(I) LITHOSOL (Fresh Voleanic Ash and Cinders)
Richmond Estate : Leewarq
(1} Richmond 1 | 18 47 26 3 | 8.7 | 1.43 .08 11.1 | (353) 221
(2) " > L b 36 34 7 | 8.5 | 2.28 .12 1.1 57 143
(4) & 4 | 20 59 18 0 | 6.2 | 1.26 07 10.0 | 300 179
(5) " S (s 58 19 2 | 6.4 1 1:23 07 10.3 | 180 113
(10) o 10 <13 39 33 11 Y | 2.86 .15 10.7 | 154 207
(1) - 13 48 80 2 0 | | 0.87 .03 TH= - 180 6
(1) i 14 | 37 59 19 2,4 &8 |18 .07 1k:1 1= 73
(iif) e 15 | 34 48 26 6 s 6.5 | 2.21 12 10.9 | 80 221
(iv) = 16 | 38 56 24 5 6.5 I RT .10 10.5 | 180 136
(v) - o e U 44 33 6 | 8.8 | 2:28 13 138"} 73 123
(vi) ” 18 ‘ 41 67 17 3 | 6.4 | 2.02 11 10.8 | 92 118
(vii) = 19 33 46 29 6 | 6.4 | 2.78 14 12.1 | 50 89
MEANS | 27 54 23 4 | 8.8 | 1.85 10 10.7 | 141 141
| | |
Dagenham Estate; Leeward || | [
| |
(49) Degenham 11313 36 30 7 | 6.6 | 1.8B 09 10.5 | 388 244
(500 o 2 | 14 37 31 7 | 6.5 | 2.14 A1 11.1 [ 780 292
(51) . 3 | 16 53 21 2 | 6.4 | 1.88 .08 10.2 490 231
(52) 5 4 | 14 46 28 4 | 6.8 | 1.45 .08 i) 5313 172
MEANS | 14 43 28 5 08 2 B 09 10.7 | 493 255
] | o
O'Gara’s Estate : Sjouth | |
| | |
(25) O'Gara’s 1 | 20 60 15 0 | 6.8 | 0.97 .06 10,0 | 325 207
(26) N 2 | 24 39 34 10 B 1.91 .10 10.8 | (2880) 557
an & 3 |3 48 25 13 |69 |48 (20 (9.7 | 284 561
(28) > 4 | 44 57 16 5 | S 1.87 .12 % | 12 358
MEANS | 32 21 23 ; |l - Ul 9 B .09 10.1 | 274 421
| il |
Windward | | |
(37) Whites 20110 W NS A T A1 12.6 | 44 227
(2) ALLUVIAL and COLLUVIAL SOILS (Mostly Flood Materials, resembling last)
Richmond and Ile's Bay Estates: Leeward
(12) Bath (17 -850 16 "8 | 68 |[‘1@ .06 9.9 | 195 153
(19) Ile’s Bay r 0 T 41 36 9 | 6.3 I 3.52 14 10.5 | 84 127
(20) # .l R 33 33 12 R B o " L ; 10.7 | ‘120 183
MEANS | 10 44 28 MR E T .10 10.4 | 133 154
| | |
Trants Estate: Windward [J F
|
(20) Trants 1 / 9 4 26 3 | 6.6 | 1.43 .08 10.8 | 202 351
C30) oy - 2 6 49 325 § 0 [-78 g .09 11.6 | (2920) 389
(31) - i e, =gl 4 |69 | 1m .09 11.6 | 364 289
(32) = 4 ‘ 4 37 32 4 | 6.9 | 1.568 .08 119 | 170 248
(33) 1, 5 e RN (O el e .06 9.9 | 78 268
MEANS }: 8 42 28 3 | 6.9 1.49 .08 11.2 225 309
|
WEIGHTED MEANS 20 4 25 5 | 6.6 1.75 .09 10.8 219 226
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reveal any significant differences be-
tween the soil-types. The recorded
values on the whole are fairly high in
magnitude because of the high base
status of the majority of the soils,

phosphate since these soils actually
show marked phosphate-shortage in
pot-test with indicator plants such as

tomato.

Available phosphate content of

(e) 4 f:f'”]"blh-' _a“"’”f”.”hf‘f" “”!'t“‘“_l ‘_’rlt:"‘ t"i"’ the other soil-types (Brown Earth,
!}__"'_(: l : ;“rlr ': C:““:::;;“ SERD t ¢ Rendzina, Terras and Shoal) tends to
. very ugh (over 100 p.p.m.) in'the be relatively low (average, 45 p.p.m.),
Lithosol, Alluvial-Colluvial and the MR 5k in cvesy -onse ne ile
Yellow Earth soil-types, although, as ‘} -ﬁl '-gt i S
has previously been stressed. the high SR,
Truog values for the first two of these
soil-types do not necessarily imply (f) Awailable potash is also variable and
adequate supplies of readily-soluble generally rather low. Variability is
TABLE III: Intrazonal Soil-Types
(Laboratory data for surface 6-inch layers)
Avail. Avail. 1
Grav- Crse. Silt Index React- | Org. Total C/N phosphate potash
el sand and of ion matt. nitro- Ratio PO KO
Clay Text. | (pH) gen 28 2
(%) (%) (%) (IT) (%) (%) p.p.m. p.p.m.
CALCIMORPHIC (Calcium dominant)
(3) BROWN EARTH
Windward
(34) Hermitage 1 27 34 34 9 | 6.1 2.43 .14 10.3 46 102
(35) - 2 18 28 39 9 | 6.1 .47 12 11.4 128 166
(36) Whites 1 17 35 32 6 6.5 1.86 .09 11.8 (192) 159
(38) Bethel 1 14 25 37 T | 6.8 1.85 A1 10.2 31 148
(40) A 3 21 26 38 6 | 6.5 1.28 07 10.1 45 198
(41) ‘Tuits 3 11 21 45 17 6.5 3.80 .19 11.3 31 204
(42) Tar River 1 20 41 42 14 6.5 2.55 o 8.6 m (276)
(43) = 2 33 42 39 16 | 6.4 3.21 .18 10.6 T2 (415)
(44 Rileys 1 9 17 56 19 6.2 o Al 9.0 9 101
(45) _, 2 9 14 57 19 6.1 2.31 .13 9.9 14 196
(46) 3 3 9 10 62 33 5.9 3.48 a1 9.6 5 190
(4Ty Farrells 1 8 28 41 10 | 6.2 1.79 .10 10.5 | 12 106
| | |
Leeward | |
| :;
(54) Parsons 1 9 21 47 12 | 6.5 1.98 10 1.8 -} 108 169
(55) Amersham 1 37 20 50 15 | 8.7 1.56 .10 8.7 | 22 66
(56) g g8 9% a1 -8 6.9 1.79 10 108 | (376 (406)
~ MEANS 16 26 44 13 6.4 2.28 M T W it
(4) RENDZINA
Bransby Ridge : Leeward
(11) Richmond 11 12 18 58 29 6.5 3.40 .21 9.4 | 23 139
(18) Elberton ¥ 8 15 s _61 ; ?9_ ¢ 'i'_2_ ; 3109 SaT 0.2 | 89 243
(5) YELLOW EARTH
Richmond Estate : Leeward
(3) Richmond 3 11 41 30 9 | 6.3 3.39 .18 11.1 57 162
(8 . 6 9 34 33 10 | 6.5 2.29 A2 111 | 165 152
e 7119 83 7 ¢ |es |2@ A2 15 | @323 147
(8) |18 - W N as 1.90 10 . 106 | 50 95
9) « 9 [ 18 54 22 5 6.6 | 2.38 13 102 | 135 108
(48) Gages 20 46 28 7 6.6 1.79 i k| 9.6 | 170 (226)
(53, Webbs 100 28 41 9 6.5 1.79 10 10.8 70 (379)
]
Windward |
|
(39) Bethel 21 30, M Y 64 | 1.?8___ -0 8.9 | (340 (676>
MEANS N e 6.5 2.17 A3 105 | 18 i3
! |
WEIGHTED MEANS | 15 30 41 12 6.5 2.32 13 103 | 6 152
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greatest among the Lithosol and rich in potash. It tends to be lowest
Alluvial-Colluvial soils, excepting the in the Yellow Earth and the Shoal
’Garas soils which are apparently soils.

TABLE IV : Intrazonal Soil-Types (Continued)
(Laboratory data for surface 6-inch layers)

Avail, Avall.
Grav- Crse. Silt Index | React- | Org. Total C/N | phosphate potash
el sand and of ion matt. nitro-  Ratio PO KO
Clay Text. | (pH) gen R ’
(%) (%) (%) (1.T. (%) (%) p.p.m. p.p.m.
|
HYDROMORPHIC (Water dominant; Impeded drainage) |
| | | |
(6) TERRAS | | | {
| | | |
(14) Elberton 1 8 21 51 16 88 |.2.08 N iy 10.0 | 91 279
(15) o - S B! 25 50 27 | 6.7 | 2.48 16 8.2 | 23 120
(16) 3 - VR N 19 50 14 | 6.9 | 1.79 12 9.0 | 38 138
(1n = 4 ] 11 19 54 15 5o S IR ¢ .13 b 113 (401)
MEANS T PR i S B ESR TT .14 O )y e
(7) SHOAL
(21) Ile's Bay R AR S L S .21 10.6 | (169 (482)
(22) Olveston s e e 17 61 22 AL G A .22 10.2 | 21 94
(23) i 2 i/ 19 45 20 6.3 | 4.22 24 10.0 | 27 99
(24) A 3 | 13 15 58 34 6.4 | 3.43 .19 10.3 | 31 158
(57) Sweeneys : Yl 5 - 30 45 13 6.8 | 2.02 L1 10.5 | 35 205
(58) =5 2 | 18 29 44 10 6.6 2.07 A1 10.7 | 55 207
(59) Woodlands ! VIS s & 3 18 b5 16 6.1 | 2.38 .14 10.2 | 18 114
(60) - 2.1 38 19 54 19 6.4 | 3.84 .20 11.0 | 44 (366)
(61) Cork Hill g, 38 45 19 - SR B B .10 9.5 | 17 80
—
MEANS | 16 24 50 19 | 6.4 | 3.02 AT 10.3 | 31 137
| |
WEIGHTED MEANS 15 23 50 19 6.5 | 3.81 .16 10.0 | 43 150
TABLE V: Summary of Laboratory Data for Chief Soil-Types
{Surface 6-inch layers)
Total | Grav- Crse, Silt LT. |Normal| OM. Total O/N Avail. Avail.
area el sand and react- nitro- Ratio | phosphate potash
culti- Clay ion gen
vable (pH)
(thou- PO KO
sand 25 2
acres) (%) (%) (%) (%) (%) (p.p.m.)
eI | | | s
FREE DRAINING ]' |
|
1. Lithosol 2.1 | 26 45 25 5 ||' 6.5 | 21378 .10 10.6 230 210
| |
2. Alluvial- { | |
Colluvial 03 | .8 43 28 5 6.7 | 1.65 .09 10.9 | 190 250
! 5 i
3. Brown Earth 4.4 | 16 26 44 13 6.4 | 2.28 A8 102 | 48 150
| | |
4. Yellow Earth 1.7 | 15 41 30 7 1°6.9 |37 12 Wil 110 130
Weighted means | 18 40 32 8 1765 | 1.80 A1 10.5 | 150 190
| - T iy
IMPEDED DRAINING : ! |
’ . | !
5. Rendzina ~ 10 17T 80 29 | 69 | 3.2 .19 9.8 | 50 190
| I ' |
6. Terras 0.7 l 9 21 51 18 | 6.7 | 2.33 .14 9.4 ! T0 180
| |
7. Shoal 1056 | 18 24 50 19 i 6.4 | 3.02 A7 10.3 | 30 140
Weighted means | 14 22 51 20 | 6.5 | 2.88 165 100 | 45 155
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(9) CHEMICAL AND MINERALOGICAL
TRANSFORMATIONS INVOLVED IN
SOIL FORMATION FROM
FRAGMENTAL VOLCANIC
MATERIALS

(a) Terras: The only transformations
we have so far studied in detail in Montserrat
are those between the parent rock and a Terras
type of soil exposed in a road-side quarry at the

base of Cork Hill, near Olveston, site No. 61 on
the soil map. The laboratory data for this pro-
file are given in the Appendix.

The soil profile has the following features : —

(1) A-horizon (0-24 ins.) : Black humic
soil, 7 per cent stones, 25 per cent clay.
The sand fraction consists chiefly of
lime felspar, hornblende, magnetite,

TABLE VI: Terras Soil Profile (Cork Hill)
Results of bulk chemical analysis

Percentage Composition Ratios
oA i g Molecular
;i 2 ez \ CaO MgO K:D Nazo Hzo 8’02 M?oa
Depth s s
(ins.) Quartz Comb. Total Magnetite Other “2 3 g
(A) WHOLE MATERIAL
(A) Soil i
(1) 0-6 | 54.3 150182 1.2 1.6 | 5.1- %42 - — 6.4 | 48 0.53
4 18-24 | 55.1 19.5 1.0 8.1 ! 49 24 06 2.3 6.4 | 480 0.54
(B) Cemented layer (Terras) |
(5) 24-27 | 56.6 | 17.0 0.4 7.2 | 6.8 81 1.1 80 1.0 |'S.64 2.98
(6) 69-72 64.0 | 16.7 0.2 5.0 43 19 15 3.0 2.4 | 6.40 1.22
(C) Parent ash ! !
1y ‘116 | 5_5.0 19.0 0.2 8.7 84 3.8 — == 1.0 | 490 3.40
(B) CLAY FRACTION
(AY Soil |
(1) 0-6 | 4.8 44.6 : 23.1 11.0 | — 0.9 — — 145 | 3.
(4) 18-24 | 4.3 4.1 21.7 11.6 | — 0.7 i = G ) 3.2«2 ggg
(B) Cemented layer (Terras) |
(5) 24-27 47.2 24.3 8.6 ] 0.6 1.8 —_ — 13.3 3.30 0.32
(6) 69-72 | 64.0 18.3 4.7 | 1.6 1.6 - — 9.0 ! 594 0.36
(C) Parent ash | |
N 116-_ o) 7 89._1_ = 14.8 3.3 ! 2.2 1.8 — — 48 | 1.92 o0.54
Results recalculated fto constant alumina content
WHOLE MATERIAL
(C) Parent ash ] |
(7 116- 55.0 19.0 0.2 8.7 | 8.4 3.8 - — — | 4.90 ind
(B) Cemented layer (Terras) ’
6)  69-72 2.8 | 19.0 0.2 8.7 = &8 2 119
(5)  24-27 63.4 19.0 0.4 81 | 76 35 12 g:: :1!."1‘ e -
(A) Soll | |
(4) 18-24 53.7 | 19.0 0.9 7.9 | 4.8 23 0.5 !
a) 0- 6 53.7 | 19.0 1.2 I R el s §‘§ e
e e e o R e —
HLosses and Gains between parent rock (stony ash), cemented layer (Terras) and humie soil.
(B) Cemented layer (Terras) .
(6) 69-72 17.8 0.0 =3.0 | =3.5 =1.7 — —
(5) 24-27 | 9.4 | 08 24 | 27 04 085 00 M8 ~
(A) Soil ; i | I
(4) 18-24 9.7 ! 0.5 -0.2 2.8 -1.2 -0.7 -
o 0.0 | 0.3 0.3 68 A 3} ]] .
e e e S i 20 3 RS - |
Ea;:;llnilte — Azzos.zsioa_znzo | 2.00 0.50
alloysite —
A1203.28102.4H=O 2.00 0.25
Beidellite :— Al 0 3si0 .31 o |
. A= e | 3.00 0.33
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TABLE VIA: Terras Soil Profile (Cork Hill)
s Results of Exchangeable Base determinations

(Values are milligram equivalents per 100 grams)

Hissink's method (NaCl extract) Rice Williams' method (Acetic acid extract)
cao MgO |  Sum Ca0 MgO -
Topsoil ( 0-6 ins.) 11.2 7.6 18.7 9.0 7.0 16.0
Subsoil (18-24 ins.) 8.7 6.4 15.1 7.4 5.8 13.2
Terras (27-72 ins.) 8.3 5.3 13.6 3.3 2.4 5.7
Parent ash (72-116ins.) 1.1 0.4 1.5 3.3 0.9 4.2

NOTE :

Extraction with salt solution demonstrates clearly the high base exchange

capacity of the terras, as well as of the soil overlying it.

quartz, glass and ferric oxide pisoliths.
The reaction is pH 6.8 ; no coloura-
tion was given with Comber’s thio-
cyanate reagent ; the soil is therefore

presumably highly saturated with
bases.
(2) B-horizon (24-72 ins.): Terras:

This consists of cemented, stony vol-
canic ash, coherent above, less co-
herent below, with clay content 5 per
cent. The content of stones is 70 per
cent ; their average diameter is 1 inch
and they are mostly pumiceous with
internal pore-space 25 per cent. The
matrix consists of fresh mineral sand.
The reaction is pH 6.9 near the top
and pH 7.3 below.

(8) C-D horizon (72-116 ins.) : This is
the parent ash, consisting of loose,
incoherent, white to purple-grey,
round pumiceous stones, l],.";g inch in
diameter, having a gritty-sandy
matrix. There is no elay present but
the matrix contains 20 per cent of fine
sand and silt. The reaction is pH 7.1.

Results of chemical analysis :  Bulk chemi-
cal analyses were carried out on the 2 mm.
material and on the 2 mu clay fraction by the
fusion method. Unfortunately, quartz could not
be determined in all samples because of the
failure of tri-acid mixture to decompose all the
silicates present. The results obtained are set

out in Table VI.

Discussion : None of the samples con-
tained free alumina as gibbsite (alizarin test).
All the sand fractions contained abundant
quartz grains (microscopic examination). Mag-
netite (separated by means of an electromagnet)
oceurred only in small amount.

The main transformations (assuming no

migration of alumina) were; (i) a marked en-
richment of the cemented layer (B-horizon ;
Terras) by silica, some of which appears to

have moved upwards from below, (ii) a slight
accumulation of ferric oxide near the top of the
cemented layer, (iii) only slight removal of
bases, (iv) a large fixation of water in the soil,
presumably as water of hydration of a newly-
formed clay mineral,

The chief result of this investigation there-
fore is the proof that the restriction of down-
ward leaching through the formation of a
cemented layer greatly reduces the loss of bases
(particularly lime) and causes the development
in the soil of a highly hydrated secondary clay
mineral.  Judging by the ratios for the clay
fractions set out in the last two columns of Table
VI, this secondary mineral is probably beidellite,
a conclusion which needs to he fully confirmed
before final acceptance. The marked shrinkage
of the topsoil on drying and the relatively high
base exchange capacity of the topsoil when
compared with that of the terras and of the
parent ash, as indicated by the results obtained
by measuring the exchangeable lime and mag-
nesia in acetic acid extracts given in Table VIA
help to substantiate the claim.

(b) Shoal: Confirmation of the results
set out above was obtained by bulk chemical
analysis of the clay fraction obtained from
samples of soil and shoal collected from profile
No. 21, Ile’s Bay 3. The results are set out in
Table VII.

Discussion : The analyses recalculated to
constant alumina show, (1) that the clay frac-
tion of the shoal contains 6.5 per eent more
silica than the soil, which may be accounted for
by downward leaching, (ii) that it contains the
same amount of ferric oxide, (iii) that it con-
tains 1.1 per cent more lime and 0.5 per cent
more magnesia than the soil, and (iv) that its
degree of hydration is high in both materials. As
in the example of Terras, impeded drainage in
the shoal profile has apparently prevented the
loss of the lime and magnesia by leaching and
has maintained alkaline conditions within the
shoal layer.
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TABLE VII: Shoal Profile (Ile's Bay)
Resulls of bulk chemical analysis
Ratios
(molecular)
ras i e L —_— R T e A - T si0 AIQO
Depth Total | Total  Total Ca0 MgO Kzo Naao Hzo Al—z_ '(_;
= : (ins.) 5102 Ale3 Fezo:s - 203 __H2
CLAY FRACTION
(1) Soil (12-20) 49.1 22.3 10.0 0.5 1.7 —_— —_ 13.3 3.75 0.29
' | |
(2) Shoal (20-23) 52.6 21.4 9.9 1.8 1.8 — — 11.1 4.17 0.34
(3) Shoal (33-36) 54.2 I 21.2 9.4 1.4 2.4 —_— —_ 10.9 I 4.34 0.34

(1) Soil 46.9 21.3 9.6

(2) (3) Shoal (average) 53.4 21.3 9.6
Difference |

(gain by shoal) 6.5 | — 0.0

~ Reaction: 1) pH 7.3, (2) pH 7.2, (3) pH 7.2

Difference in composition between shoal and soil, assuming constant-alumina content.

— — 12.8 | 3.75 0.29
—_ e 11.0 4.25 0.34
SSLBIER _W.__' EE5S E

e — ~1.8 |

(10)

PEDOLOGICAL RELATIONSHIPS

The regular occurrence of Terras and Shoal

soil-types
serrat wh
(rainfall 1
a well-ma
months h
their gen

within the coastal regions of Mont-
ere the climate is comparatively dry
ess than 60 inches a year) and shows
rked dry season (one or more “ dry ™

aving rainfall less than 2.4 ins.), and

eral absence in higher and wetter

regions, suggest that these two soil-types owe

their disti
therefore
Intrazona

netive features to Climate, and should

be classified as Zonal rather than
I. The following arguments are op-

posed to this view :—

(1)

(?)

Terras and Shoal do not invariably
occur in regions of medium-low rain-
fall ; in St. Vincent, for example, they
occur in a narrow coastal strip having
mean annual rainfall 84 ins,, although
admittedly this is an exceptional case,
In St. Lucia, they occur in the 70 to
50 ins. rain belt.

Typical representatives of Terras and
Shoal soils are developed in Montser-
rat and some other voleanic islands
over fine-grained parent materials
which characteristically occur within
coastal or peripheral areas because
such materials are naturally deposited
furthest away from the voleanic
craters, being carried partly by winds
and frequently by *“black clouds™

(3)

(4)

(nuées ardentes). In this sense. they
may therefore be regarded as litho-
logical soil-types.

In some cases Terras or Shoal consists
of much-decomposed ash or agglomer-
ate that has been submerged beneath
the sea for long periods of time. Thus.
where the old Miocene basement has
become exposed because of uplift and
denudation, the parent material is
illl’l":}l{l)«' cemented and indurated. The
derived soil-type (which has provis-
lonally been designated * Geological
h‘hflal Soil ”) closely resembles Shoal
Soil that has evolved from Terr
further cementation in the
(* Pedological Shoal Soil ™) and has
been mapped as such. Its distribution
18 necessarily coastal since the e-
nudation which has exposed the
Miocene basement has been most
profound along insular margins.

as by
.‘~l|||~anii

l’{-dolngiva! accumulations of calcium
carbonate in practically all cases where
t‘h(‘,\‘ have been identified in Terras or
Shoal occur at relatively great depth
(for example, below 87 inches in a pit
at Elberton ; Site No, (13), Appendix
tables) . In Zonal Pedocals which arc
true climatic soils (for example, Black
Earth or Chernozem), calearcous ac-
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. cumulations oceur at, shallow depth
within the soil profile nroper.

(5) The formation of a clay mineral
resembling beidellite, whose presence
in Terras and Shoal soil has been
indicated, implies drainage impedence
and conforms with the concomittant
increase in alkalinity which has been
found to occur within the terras or
shoal layer. : '

(6) Under high rainfall, voleanic ejecta
appear normally to give rise in the
voleanic islands to Red Earth Soil (for
example, Grenada, Dominica, St.
Lucia). This is undoubtedly a free-
draining true Zonal (* lateritic ) soil-
type, in which cementation in the B-
horizon has been prevented by the
constant downward movement of
water under a continuously wet or
continuously moist climate, and by
very deep water-penetration, so that
conditions favouring the accumulation
of cementing substances and lime are
here absent.

Conelusions :  The writers favour the view
that Terras and Shoal should provisionally be
placed in the Hydromorphic Intrazonal suborder,
but reserve final opinion until the two kinds of
Terras and Shoal, namely, * geological™ and
* pedological * shoal, have been clearly distin-
guished in the field, their occurrences accurately
mapped, and their mineralogical composition
more fully investigated.

i) (1), SOIL, ERQSION /' !

The main processes of soil erosion are
identical with those of geological erosion but
their rate of effective operation has heen greatly
enhanced through the agency of man. The
main manifestation of man's interference with
the processes of Nature has been the removal
or destruction of protecting vegetation by felling,
chopping and burning. In consequence, the
vastly inereased exposure of the surface of the
land to the agents of weathering and trans-
portation, chiefly comprising sun, wind and
water, results in a series of continuous small
abrasions rather than an interrupted sequence
of widely-spaced catastrophies such as character-
ises geological denudation. Soil erosion may
thus be regarded simply as accelerated geological
erosion,

In order to differentiate between the various
sorts of erosion going on in Montserrat, the
classification 'of land movements suggested:by
C. F. Stewart Sharpé{(6) may conveniently he
followed. This scheme distinguishes between
flowage and slippage and slow and rapid move-
ments. It also stresses the importance of water
content &nd of differences in composition and

structure of the affected materials in deciding
the various kinds of land movements.

Clagsification :  The fol.llowing classes of
land movement among those listed by Sharpe
are recognisable in Montserrat :

(A)* Frowinég MoveMENTS :—  Laxp-Frow
. ANT, LAND-CrEEP

(i) Soil-creep, (i)
Talus-creep, (iii) Rock-
Yo i Go s pCreep.

' (1) / Sww —

(II) Rapm:— (iv) . Earth-flow, (v)
Mud-flow, (vi) Débris
avalanche,

(B) Sumine MovemenTs :— LANDSLIDE OR
LaxpsLie

(vil) Slump, (vii) Débris slide, (ix)
Débris fall, (x) Rock-slide, (xi) Rock-
fall.

The kind and degree of soil erosion that
occurs under a given climate vary with soil-type.
For .the purposes of this review, it will be
sufficient to subdivide the soils of Montserrat
into two main groups in accordance with their
degree of drainage. namely : —

(I) Free-draining soils : (1) Lithosol, (2)
Alluvial-Colluvial, (3) Brown-Earth,
(4) Yellow Earth.

(1) I}H[JL’(!I"II!"-‘;!;!.'(!!'NJ'N_{,' soils :  (5) Rendzina,
critoin «£6); Terras, (7) Shoal.

+/The first group comprises about 48 per cent
of the total cultivable area of the island (Table
V). and the second group makes up the remain-
ing 57 per cent, that is assuming that most of
the Centre Hills area is oecupied by Shoal soil
which is doubtful. The following notes mainly
concern the free-draining soils developed over
fragmental voleanic materials since these com-
prise most of the land under continuous and
widespread cultivation, whereas Terras and
Shoal soils are mostly given over to the cultiva-
tion of short-term pegsants’ provision crops.

(A) LAND. MOVEMENTS AFFECTING
FREE-DRAINING SOILS

Ghaut formation : . The rate at which flow-
ages proceeds depends on. water-content an:l
angle of slope. 1In the extreme case of streams
and totrents where the amount of water and the
angle of slope are sufficiently high to enable the
water -to carry sand, stones and even large
boulders bodily in suspension, the land surface
over the free-draining voleanie deposits has been
scored out into a series of “ ghauts” or “ guts ”
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whose occurrence in Montserrat forms a con-
spicuous feature of the landscape. The deepen-
ing, widening and backwara cutting of the
ghauts is doubtless still going on. The early-
formed ghauts situated on the oldest volcanoes
(for example, Centre Hills) are now the broadest
and least ravine-like, whilst those occurring on
the youngest cones (for example, Soufriere Hills)
are the deepest and narrowest. Undercutting
followed by collapse of the vertical walls are
still in evidence in the newer ghauts. Terraced
agricultural plots have been established by
peasants on the high slopes of some of them.

Débris  avalanche, mudflow, earthflow :
Where water content is not great enough to
separate the particles and bring them into
suspension but is still sufficient in amount to
lubricate the mass of incoherent material, and
where the angle of slope is high, débris aval-
anche, mudflow and earthflow oceur. An aval-
anche usually starts as a landslide on the slopes
of a steep hill and ends as a mudflow or earth-
flow where the slope flattens out. Mudflows
usually follow a stream course and generally
recur in the same channel but frequently they
break away and form new courses, or they may
carry off a broad swathe of surface soil as in the
case of earthflows.

The formation of “ wash-outs™ (which is
the common name for mudflows and earthflows)
during heavy rainstorms is by far the most
general and striking feature of soil erosion over
the greater part of the agricultural lands of
Montserrat comprising free-draining soil-types.
Under normal circumstances when the rain
showers are of moderate intensity, these highly-
porous soils are fully capable of absorbing and
draining away large amounts of rain water.
Even the most steeply-sloping land usually
suffers no damage, so long as the rainfall is
gentle.  Cultivation is often practised on hill-
sides whose high angle of slope (approximating
40 degrees in extreme cases) would completely
exclude them from agricultural utilisation if the
soil comprised less-pervious material. Such steep
cultivations are a common sight in Montserrat,
and the general custom of laying out the land
in contour banks for cotton planting is generally
sufficient to protect the soil from surface erosion
under moderate rainfalls. Where free-draining
soils occupy wide unbroken stretches of flat land
or easy slopes, erosion is almost imperceptible
under light rain showers, but where the flats or
slopes are adjacent to steep hills, the danger of
erosion by débris avalanche, mudflow and earth-
flow is ever prevalent, especially when the rain-
fall exceeds a certain critical intensity. In this
event, the sudden accumulation of storm water
on the hillslopes above, and its rapid passage
over the flatter lands, initiate numerous channels
which are sometimes narrow and deep and at
other times shallow and wide.

Examples: An extreme example of
débris avalanche, accompanied by mudflow
and earthflow, occurred on the leeward
slopes of St. George’s Hill on 9th November,
1896. On that day, over 27 inches of rain
were measured at Elberton not far away.
The rapid accumulation of water on the
hillside by the porous soil material caused
a large mass of loose volcanic ash to start
moving down the slope. The mass gathered
speed and flowed for half-a-mile westward,
eventually filling a hollow occupied by a
pond. On a more recent occasion, in May,
1941, a large mudflow seriously damaged
some of the plots of a manurial experiment
at Richmond, cutting channels in the land
surface and carrying away a large amount
of topsoil.

Occurrences of buried soils at various
depths within the area of Lithosol occupy-
ing the lower south-westerly slopes and
adjacent flat lands of St. George's Hill are
recorded in the tables of laboratory data in
the Appendix [for example, profile Nos.
(1), (3), &), (5), (9 and (10)].
They may be accounted for by mudflows or
earthflows that have occurred in recent or
historic times.

Soil-creep, talus-creep, rock-creep : Apart
from the rapid flowing movements described in
the last section, slower movements, known as
soil-creep, or if they affect rock fragments rather
than true soil, talus-creep and rock-creep, doubt-
less occur more-or-less continuously in the areas
of loose freely-drained soil in Montserrat. They
are so slow as to be imperceptible : they really
comprise a succession of minute movements.
They may gradually displace trees, walls, roads
and fence-posts or even small houses, The
chief cause of soil-creep is the rhythmic ex-
pansion and contraction of the upper foot or two
of soil through alternate wetting and drying.
Saturation by water may convert soil-creep into
earthflow or débris avalanche. A good example
is shown in Figure 1, though here earthflow mav
have mainly operated. :

i Land{h'de: This differs from earthflow or
sml-crﬂrlg in that slip-planes develop, separating
the moving material from its bed. Sufficient
water is needed for lubricating the slip-surface,
and the slope of the land must be high. The
various subdivisions of landslides differ chiefly
in the nature of the material involved and on
the rate of movement. Landslides are frequent-
ly initiated by earth tremors; they were
particularly common during the 1933-1937
carthquakes in Montserrat.

The most conspicuous kinds of landslide
movements occurring in Montserrat are débris-
slide, débris-fall, rock-slide and rock-fall. These
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mainly affect the partly-coherent voleanic
materials of undercut ghaut-walls or loose ejecta
comprising steeply-sloping hilis, especiallv those
occurring in the Soufriere Hills area. The dis-
placed débris or rock slides or falls forward
rapidly without backward rotation and forms
hummocky morainic deposits on the gully floors
or at the bases of cliffs and hills, leaving con-
spicuous scars on the valley slopes or hillsides.
Usually the slides and falls have only small mag-
nitude. The moving material of landslips is
relatively dry; when it is water-saturated
(which is a common cause of instability in vol-
canic ejecta) it produces débris avalanche,

“ Hoe-rosion ” :  An insidious kind of man-
made erosion, all too common in Montserrat on
the looser, less coherent kinds of soil, is the
downhill drag of surface soil caused by the
common practice of hoeing continually down
the slope. Many peasants’ plots, especially
those resulting from the fragmentation of
former private estates, are rectangular in shape
and are laid out in regular pattern on variably
sloping ground. The peasant cultivates his
holding solely with the hoe. He works from
the upper boundary-edge and lays the land in
a series of successive parallel banks (not neces-
sarily strictly along the contours) until he
reaches the lowest boundary-edge. The process
is repeated each time the land is tilled. This
kind of man-induced erosion may perhaps be
termed for convenience “ hoe-rosion”. In due
course a small escarpment is produced along the
upper boundary. Sometimes this escarpment is
breached during rainy weather by heavy run-
off from the adjacent holding above. Occasion-
ally a line of trees, bushes or some other kind of
vegetation is planted to prevent this happening,
or a rough wall of boulders is built with the
object of forming a retaining barrier to prevent
the soil from moving onto the next adjacent
plot lower down the slope. In most cases, the
barrier is inefficient cr useless for the purpose
intended.

A typical example of a small erosion
escarpment is shown in Figure 2, reproduced
from a photograph taken in the Parsons-
Amersham land settlement area on Brown
Earth soil. Soil samples were collected
here in an attempt to determine the differ-
ence in nutrient status between the soil at
the top of the holding and that at the
bottom.

The results of their laboratory examin-
ation are tabulated in the Appendix, (Site
No. 62). They show no regular differences
between the upper and lower soils, which
implies that, at the time of sampling, the
hoeing had affected only the original surface
humic soil and had not yet disturbed or
displaced any of the soil below about the
6-inch depth.

(B) LAND MOVEMENTS AFFECTING
IMPEDED-DRAINING SOILS

The effect on soil erosion of a layer of
cementing substance or of impervious bed-rock,
such as imparts drainage-impedence to Terras
and Shoal soils, may be very marked. In Terras
(and in some phases of Yellow Earth showing
incipient cementation) the soil is generally very
permeable, at least down as far as the cemented
layer, so that the same kinds of erosion that
affect free-draining soils (débris-avalanche, mud-
flow, earthflow, soil-creep) may also affect these
other soil-types. The nearness of the impeding
layer to the land surface, however, causes the
pervious upper soil to fill up more rapidly than
if the cemented layer were absent ; hence soil
movement may take place under less intense
rainfalls than would affect loose, deep un-
cemented fresh ash or agglomerate. Only
limited areas of Terras or incipient Terras occur
in Montserrat and these are apparently mostly
confined to the Elberton area on the slopes of
Garibaldi Hill,

Land movements affecting Shoal soils, hav-
ing a characteristic layer of hard impervious
cemented material overlain by clay, would be
expected to be mainly the sliding or slipping
kinds (landslides). The clay absorbs rain
water mostly through the abundant ecracks
which develop in the dry season. When the
clay covering is saturated with water, it becomes
detached and tends to slip away from the sur-
face of the shoal below. The slide may develop
into a débris avalanche where the slope is steep,
otherwise it produces small independent slumps,
forming parallel terracettes, sometimes called
“cat-steps ” which run in parallel series along
the contours of the hill at vertical intervals of
a few feet.

(C) SOIL-CONSERVATION AND
ANTI-EROSION MEASURES

The best treatment of flat land occupied by
free-draining, loose, incoherent soils liable to
débris avalanche, mudflow and earthflow, is the
construction of storm-drains having suitable
outlets so that torrential run-off from neighbour-
ing hillslopes is carried away safely. In addi-
tion to these, protective catchment trenches
should also be constructed along the contours of
the lower slopes of the hills. The excavated
soil should be piled up on the up-slope side of
the trench and a line of suitable herbage,
possessing a vigorous and abundant root system,
should be planted on the bank to prevent run-
off water breaching it, and to cause excess of
water from behind the bank to overflow quietly
into the trench and so to a storm-drain.

Systems of contour catchment barriers
have been tested since 1938 by the Agricultural
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Department of Montserrat over an experimental
area comprising about 3 acres of land occupying
the side of a small spur of St. George’s Hill at
about 250 feet altitude (Site No. 63, Appendix
tables). The soil-type is Yellow Earth devel-
oped over uniform fine-grained volcanic ash of
which this hill is composed. Three kinds of
barriers were erected, namely, (a) stone walls,
(b) Vetivert Grass with contour drains, and
(¢) contour banks. Various crops were planted
on the 16-feet wide terraces that have gradually
formed behind, the barriers. The crops inchided
cotton, maize and sugar-cane. e

A good test of the efficacy of the Marriers
for controlling soil erosion was afforded by their
exposure to a heavy rainstorm on Srd May,
1941, when about three inches of rain fell be-
tween 9.00 p.m. and 10.30 p.m., over this part
of the island. Inspection afterwards* showed
that the stone-wall barriers (See Figure 3) had
completely checked soil movement. The dry
Lrash covering the sugar-cane plots had material-
Iy helped to protect the soil from rain damage.
On the other hand, the ¢lump-grass barriers
presented numerous gaps because of the partial
growth-failure of the plants, and these weré
badly scoured by thé heavy run-off. Several
channels up to 28 feet long, 1 foot wide and 6
inches deep, were cut in the cotton plot, involv-
ing one or two terraces but no more. Even
larger channels, up to 34 feet long, 1 foot wide
and 9 inches deep, involving as many as five
terraces, were cut in the sugar-¢ane plot which
here contained no protective trash. In the
maize. plot, surface soil was moved bodily into
the drains alongside the grass barriers which it
completely filled. The’ contour bank barriers
proved to be the least protective of the three
kinds. Much * soil movement - occurred  and
channels up to 300 feet long, 15 inches wide and
10 inches deep were cut in the cotton plots and
the maize plots. ~The'surface of the sugar-cane
plot was well covered by a’thick mulch of cane-
trash, which prevented loss of soil. 1

A large catchment contour drain had béen
constructed above the experimental area higher
up the slopg. It served its purpose very well
and.prevented water from rynning onto the ex-
perimental area. It was quite undamaged by
the flood water.. The surface of a cotton field
on a similar slope situated to the south of the
experimental area was badly damaged during
the same storm.  Several deep channels were
cut from the top.of the cultivated land to lh‘v
bottom of the slope and a large amount of soil
was removed. '

In order to find out whether repeated mass
movement of soil through erosion aided by
hoeing had impoverished the soil on the upper

. Rn;mrt- by T. H. Kelsick, Assistant for Cotton Work, Agricultural Department, Mont.'-se_n-'at_,

parts of the hillslope at this same site, and had
thereby created a gradient of fertility from top
to bottom, ‘special’ soil samples ‘were collected
and chemically analysed. ' The results are given
in the Appendix tables, (Site No. 63). The
values for organic matter show a distinetly,
though only slightly, higher content for the soil
at the bottom of the slope (2.81 per cent) as
compared with that at the top (2.13 per cent),
a difference of about 8 per cent in favour of the
transported material,

The conclusions drawn from this experi-
ment are, (1) that on slopes of less than 22
degrees (40 per cent), the formation of terraces
by the construction of stone-walls or suitable
plant barrviers permits the safe cultivation of
annual erops such as cotton, and (2) that con-
tour cultivation alone does not afford sufficient
protection against soil erosion, It must be
remembered, however, that whilst these findings
may apply to the loose incoherent free-draining
soils that ‘6ccupy so much of the gently-sloping
cultivated'Jands of Montserrat, they may not
necessarily ‘Apply to land having very high
angles of slope nor to other soil-types whose
erosiont problems still remain to be investigated.
That thé advoeated methods have proved to be
satisfactory in practice is indicated by the fact
that, up to the end of 1944, nearly 1,000 acres
of agricultural land had been treated by the
suggested methods, half being estates land and
half peasants. '

(D) SOIL RENOVATION

The treatment of eroded soils has appar-
ently not received detailed consideration in
Montserrat. The only kind of plant rotation
practised by peasants is a natural ley of weeds
and grass following cotton. Otherwise, land not
being utilised for crop-growing is “rested” by
allowing it to revert to bush for varying lengths
of time. This custom simulates the well-known
practice of shifting cultivation. Haphazard
and uncontrolled “rotations” such as these.
although sometimes quite effective in replenish-
ing the humic top layer and imparting a
semblance of surface soil strueture; are likely to
be uneconomical,wasteful of time and not suffi-
ciently intensive to meet present-day require-
ments. On the larger privately-owned estates.
leguminous cover-crops (green dressings) are
occasionally grown in rotation® with cotton,
generally once every 3 or 5 years. Apart from
green dressings, . the only other soil-renovating
materials, soil amendments or manures regular-
ly used in Montserrat are cotton-seed meal and
pen-manure where livestock is kept. Chemical
fertilizers have not yet come into general use.

. In Part 11 of this article, certain ecological
aspects of the growth of cotton and times will
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be considered, in particuiar, their nutrient rela-
tions. The results of manurial experiments to
be considered later, coupled with the findings of
soil analysis presented and discussed in a previ-
ous section, have indicated a shortage of
available phosphate in most of the soil-types of
Montserrat (notably Lithosol, Brown Earth
and Shoal), as well as a border-line level of
available potash. The most significant short-
age, especially in eroded areas, however, is
nitrogen contained in soil organic matter. Loss
of the entire surface humic layer exposes the
soil parent material which is naturally quite
devoid of nitrogen. The substratum may also
be temporarily deficient in available phosphate
and potash, especially if it consists of fresh
mineral material that has not yet begun to
weather, as in the case of Lithosol, Alluvial and
Colluvial materials.

Attempts fo removate such deeply-eroded
mineral soils by planting cover-crops (green
dressings) on them, or even by * retiring ” them
to grass or bush, may be quite unsuccessful for
the obvious reason that the new surfaces
exposed by profile truncation are so very defi-
cient in available nutrients, including nitrogen,
that the renovating crops will not grow proper-
ly, especially at first, and may produce only
small amounts of herbage for incorporation into
the land. This failure may easily be prevented
or overcome by the combined use of nitrogen-
ous manures, either organic or inorganie, in
conjunction with quick-acting phosphatic
manures, augmented where necessary by
potassic manures. Immediately a sufficient
amount of nitrogen-rich organic matter has been
synthesised and added to the mineral surface of
the exposed parent material, an upgrade cycle
of changes is initiated and a new soil rapidly
develops to replace the old. This eycle of
changes is especially rapid where the soil parent
material contains an abundance of nutrient-rich
minerals, such as felspars and ferromagnesian
minerals, which are easily broken down under a
hot humid climate thus yielding a continuous
and ample supply of plant nutrients. This most
desirable condition fortunately obtains in most
of the agricultural districts of Montserrat where
immature soil-types occur, so that the rapid
renovation of eroded soils should prove particu-
larly easy and inexpensive, provided the under-
lying principles are properly applied. Once a
layer of fertile humic soil has been formed over
the eroded surface, further wupbuild of the
organic profile and its enrichment by nitrogen
will proceed rapidly under a system of short
rotations involving leguminous cover-crops that
fix nitrogen from the air. It may still be neces-
sary and imperative in the early stages to
manure heavily with phosphate, otherwise the
renovating erops might not produce a sufficient
bulk of dry matter needed for the successful
accomplishment of the scheme. In cases where

soil acidity has developed, lime may also be

required to assure the satisfactory growth of

leguminous cover-crops whose dependence on
both lime and phosphate is well-known to agri-
culturists.

In sharp contrast to the highly desirable
state of affairs outlined above, are the conditions
presented by eroded soils whose exposed parent
materials are almost entirely devoid of fresh
mutable nutrient-rich minerals but consist sole-
ly of inert minerals or end-products of rock-
weathering such as quartz, kaolinite, ferric
oxide and alumina, comprising Red Earth. In
such cases the greatest difficulty may be experi-
enced in obtaining satisfactory growth of cover-
crops ; indeed very poor and quite inadequate
vields may be obtained unless heavy dressings
of organic and artificial manures are used con-
tinuously for some time. * Permanence of
fertility ” (as has been pointed out by Vageler
(7) ) depends on the soil’'s content of nutrient
minerals yet unweathered.

PART II

'THE ECOLOGY OF COTTON
AND OF LIMES

The choice of planting date and the proba-
ble causes of physiological disturbances affecting
the cotton plant in Montserrat introduce
certain ecological considerations involving the
soil nutrient factor. Similarly, the dying-out of
lime trees over most of the area where the crop
has been grown for many years appears also to
result from unbalanced plant nutrition and may
be considered from the same ecological view-
point.

(A) COTTON: CHOICE OF
PLANTING DATE

Introduction :  The choice of planting date
for cotton is intimately linked with meteorologi-
cal conditions of the air and the moisture supply
of the soil and with the soil's nutrient status.
In Montserrat, dry season cotton planting is at
present in vogue. Sowing usually begins in
February but is mostly carried out in March,
April and May. Prior to 1916, cotton planting
was performed in August and September as in
most of the other cotton-growing islands of the
West Indies. The choice of planting date has
been the subject of much controversy. The
main reason given in support of early planting
is that the crop does not suffer as much from
pests and diseases as when planted late. The
subject has been considered by the senior author
(F. H.) in two recent articles (8) from which
the following information has been partly
taken.

Climate :  Water relations: The ideal
climate for cotton-growing is one in which the
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Monthly rainfall sequence. Growing season beginning in March

Group Jan. Feb. Mar. Apr. May June  :wy aug i Oct. Nov. Dec, G;g:s:h Re%-gguc.
2 (Rainfall in lnc_hes: i )
I _;s 32 37 36 44 47 | 54 62 67| 12 17 58 16.4 183
g 38 26 27 34 41 40 | 45 55 60 | 64 70 46 142 160
111 30 21 24 22 31 31 | 35 49 50 | 52 63 39 10.8 13.4
il T  Erting . | Ripentng

Rainfall regimes

Group 1: Continuously moist :
Group II: Weak dry season:
Group IIT : Marked dry season :

rainfall increases to a relatively high value dur-
ing the first four months of vegetative develop-
ment *, rapidly diminishing during th’v next
three motnhs when the plants are flowering and
the bolls are setting, finally l‘l'il(']lil‘.!g :-inml‘l pro-
portions when the cotton is ht‘ing_pt(‘kwl. five to
seven months or more after planting. Too much
rain during the reproductive period induces
shedding of flowers and young fruits. Onee the
crop is properly established, however, it can
withstand a considerable amount of rain though
high humidity at this stage favours the develop-
ment and multiplication of pests and diseases.
The following data show how near the ideal is
approached in Montserrat, assuming March
sowing, by the average monthly rainfall dlstl::—
bution for the three regional regimes of soil-
humidity, differentiated in Table 1.

The graphs of monthly rainfalls drawn
from these data run nearly parallel and at ap-
proximately constant distances apart of 0.7 and
0.8 inch respectively, thus demonstrating that
the chief differences between the three regional
rainfall regimes are merely _t]lfff‘]‘('m:'f.‘s in
monthly quantity rather than irregularity of
monthly distribution. Assuming that planting
begins in March for all three rainfall groups,
then, by reference to the tabulated data, it
appears that maturation of the cotton erop
must take place during increasingly wet weather
and that picking must be undertaken during the
wettest part of the year. These circumstances
would appear to be far from satisfactory.
Assuming instead that planting begins in
August, then the vegetalive phase will bl‘: over
by the end of November (the month of highest
rainfall) : the reproductive phase will _thqu' coin-
cide with months of l"llp!t".\.' t]lmm_lshmg
rainfall and picking will be carried out in the
two driest months of the year, namely M.arch
and April.  This would seem to be an ideal
arrangement for maximum production of cotton.
Evidently, however, some other factor must be

Rainfall, 70-55 ins.
Rainfall, 60-50 ins.
Rainfall, 50-40 ins.

involved which out-weighs the climatic factor
and favours early planting. It is believed that
this may be a nutritional factor depending on
soil conditions. The possibility will be consid-
ered in a later section.

Cotton yields and rainfall: The general
dependence of yield of cotton on the amount
and distribution of the rainfall in Montserrat
has been repeatedly stressed in the Annual
Reports of the Department of Agriculture,
Thus in the combined Report for 1936-'37-'38
evidence was adduced in support of the conten-
tion that “the distribution of rainfall at critical
periods in the development of the crop is the
primary factor influencing yield Particularly
high yields were obtained in 1934 and 1935, The
seed was sown in dry weather during March,
April and May in those years.  Satisfactory,
though not excessively large, rainfall was
growing months and the rainfall of the flowering
experienced during each of the following four
and fruiting period was relatively low, followed
by a dry reaping spell. By contrast, the vields
in 1936, 1937 and 1938 were very low. The
seed was sown early in 1936 over a lengthy
period  (February to June). In that year,
March and April were particularly dry months
and much * supplying ” (resowing) was ncces-
sary. The rains broke suddenly in late May
and June was an unusually wet month, as well
as the subsequent months when the crop was
flowering and fruiting. Consequently, boll-
shedding and boll disease were very prevalent in
1936.  Similar weather to this prevailed also in
1938. In this year too the rains broke suddenly
and the first growing month was exceptionally
wet.  On the other hand, in 1937, the season
started well but June and Jul
months and vegetative growth and flowering
were therefore much retarded so that only n
poor crop was set. The monthly rainfall dain
for the years in question are given below ; they
should be compared with the mean data for the
three rainfall zones given in the previous table.

Yy were very div

* The late W. Robson, formerly Curator of the Botanic Station in Montserrat, considered the ideal rainfall
ze]:;fle:c: for the first four months of growth after planting to be, 2, 4, § and 8 inches respectively. _
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Monthly rainfall sequences. Good years and bad years.
Jan. Feb. Mar. Apr. May June July Aug. Sep. Oect. Nov. Dec Growth Repro-
. (Rainfall in inches) phase duction
GOOD YEARS
1934 49 1.9 41 09 33 a9 556 84 41 25 108 13 122 18.0
1835 1.7 21 31 28 38 54 50 44 55 81 17 48 15.1 149
1 Vegetative i _F“lowerlng: T R
growth fruiting Ripening
BAD YEARS
1936 43 - R 56 70 94 86 118 59 53 125 22,0
1938 3.1 2739 1818 71 44 127 867 43 38 88 &5 242
T Vegetative Flowering : Ripening LT T
growth fruiting
1937 101 52 1.7 38 31 332 28 64 64 77 59 43 103 15.6
V-é;etat!vc Flowering ; Ripening i
growth [ruiting

Date-of-planting experiments : The effect
of planting date on the development and yiell.i
of the cotton crop was experimentally investi-
gated in Montserrat by one of us (W.R.E.N.)
in 1942 and 1943. Earlier unpublished work
(by S. A. Schouten in 1938) had shuwn‘ .“ a
rapid and regular falling-off in total frultlr]g
material 7 as the sowing date was set later in
the year. The 1942-43 investigations likewise
demonstrated a large diminution in yield of
cotton lint between crops planted in March,
April and May respectively.  The records for
the 1943 experiment, which will alone be con-
sidered here, indicated that (1) March-sown
plants received adequate rain; they flowered
freely in late July but ripening was prolongcﬂ.
Pests and diseases were sparse, however, and did

no appreciable damage. A very heavy crop
(1,650 Ib. ac.) was reaped. On the other hand,
(2) Apiil-sown plants developed their fruits in
the rainy weather of August and September and
boll-shedding, accompanied by pests and dis-
eases later were very prevalent. The crop yield
was 900 Ib. ac. Similarly, (3) May-sown plants
were also badly affected by the wet August and
September weather: much boll-shedding oe-
curred and pests and diseases were rampant in
the reaping season near the end of the vear,
The yield in consequence was very low, only
200 Ib. acre. The experiment was carried out
on Richmond Estate which is situated in the
continuously moist zome on Lithosol. The
actual monthly rainfalls for the period were : —

Monthly rainfall sequences. Date of planting experiment.

1943 Jan. Feb, Mar. Apr. May June July Aug. E‘.ep. Oct. Nov. Dee. Ghrowth Repro-
s phase duction
(Rainfall in inches)
54 24 46 3.0 68 36 56 9.6 89 6.6 42 5.5
(1) Vegetative Flowering ;
‘ growth fruiting Ripening 180 24.1
( Vegetative Flowering ;

e j growth | fruiting Ripening 189 25.1
3) Vegetative Flowering ; Ripen- 25.6 19.7

growth fruiting ing
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The failure of erop (3), planted in May, i3
easily accounted for by the continued wet
weather throughout the flowering and fruiting
season, but it is difficult, on the same grounds,
to explain the marked superiority of the March-
planted crop (1) over that planted in April (2).
The dry spell in June may have been partly
responsible for that superiority in that it
favoured flowering and boll-setting in the March
planted crop whereas it retarded bud formation
in the crop planted in April, resulting in a short
reaping scason. The_results obtained in the
1942 experiment were very similar; they also
demonstrated the great advantage of planting
cotton early in the year in Montserrat, although
the main cause of the larger yields is obscure.

Nutrient relations : It has been suggested
that the superiority of the March-sown crop
might be attributed to a high level of available
nitrogen at sowing time.  This possibility has
been considered by the senior writer in the
recent articles previously referred to (8).
Based on the information afforded by the results
of the chemical analysis of the large number of
representative soil samples collected in Mont-
serrat and in other cotton-growing islands, the
seneral conclusion has been reached that ihe
cotton soils of the British West Indies tend to
La deficient in total nitrogen because of their
deterioration under cultivation, whereby their
original organic matter content has gradually
diminished. The main reason for this deteriora-
tion is believed to be soil erosion, although
biological degeneration, favoured by inadequate
amounts of plant residues returned to the soil,
may also have operated.

" The relevant laboratory data for Montserrat
soils are contained in Tables 1L, TII and TV and
in Table V (summary) in which the mean or-
ganic matter and total nitrogen contents and
carbon-nitrogen ratios for free-draining soil-
types, as compared with those for impeded-
draining soil-types, are given as 1.80 percent,
0.11 pereent cnd C/N 105, as against 2.88
percent, 0.165 percent and € N 10.0 respective-
lv. The difference in organic matter contents 1s
statistically highly significant and is doubtless
the result of the operation of environmental
conditions which decide the rate of organic
breakdown in the two contrasted kinds of soil.

Evidence of the gradual loss of soil organic
matter in Montserrat is afforded by a compari-
son of the values recorded by Watts and
Tempany in 1905 (9) who applied exactly the
same analytical methods as ours for the deter-

mination of total carbon and total nitrogen, to
a series of 12 soils which could be closely

The data show a diminution in organic matter
of 34 percent and of total nitrogen of 30 per-
cent: the concomittant lowering of carbon-
nitrogen ratio implying a diminished supply of
fresh organic residues.

The chief form of nitrogen which the cotton
plant is capable of absorbing and utilizing is
probably nitrate. The capacity of a soil to
produce abundant nitrate depends on several
factors of which the following are the chief : —
(1) a high total nitrogen content, (2) a suita-
ble micro-organic flora, (8) sufficient soil
oxygen (air), (4) sufficient soil water, (5) a
reaction not far removed from neutrality with a
supply of base to neutralise liberated acids an
(6) a carbon-nitrogen ratio below a certain
critical value. This last condition depends on
the fact that, when the proportion of carbon to
nitrogen in soil organic matter exceeds a certain
value, given as 12.0 for British soils (70), the
surplus is eliminated as carbon-dioxide and the
nitrogen remains as complex microbial protein.
Under West Indian conditions, the eritical valu
of the carbon-nitrogen ratio for cotton soils
seems to be less than this and probably lics
around 10.5. (8). Determinations of nitrate
[lrmhicmg capacity (or nitrifying efficiency) in
some typical West Indies cotton soils has shown
that about 34 percent of the total nitrogen
present is converted into nitrate when the soils
are incubated for 28 days at 30°C.

Nitrifying efficiency values for cotton soils of
other counirics are :— Queensland,3.4 percent
(8) ;Sudan, 2 to 13 percent; India, 1 to 6 per-
cent}  South Africa, 5 percent; USA,
California, 5 to 10 percent; Utah, 3 percent ;
Texas, 5 to 10 percent. Washington, 1 to 5§

|Jeru.;e:1t (11). The mean value is about 5 per-
cent.

It follows therefore that, under field condi-
tions in Montserrat, typical free-draining cotton
soils, containing 0.11 percent of total nitrogen.
should, in theory, be capable of producing up to
a maximum of about 40 parts per million of
nitrate-nitrogen, provided the supply of air and
moisture in the soil is satisfactory and the
reaction is not too acid, and ;l..-enumir;;: the pres-
ence of a suitable nitrifying miero-organic flora.
Stmilarly, typical impeded-draining soils, con-
tammg 0.165 percent of nitrogen, should
theoretically be capable of producing a maximuin
of about 60 p.p.m. NO +N. Whether or not
these 111{|xi1|1.-| can be realised in the field depends-
on environmental circumstances and on th

matched by samples taken by us. The mean deficit or excess of total nitrogen content from
results are set out below :— the average value for the soil type
e ———— s S ’ ¥
Total org. Total nitrog
; matter % ; oL s C/N ratio
No. of — ~ pi g i
_____ TR A o e ) SRS SR e LR 1940 | 1903 1940
Free-draining solls 8 238 156 | 128 o83 5 - 107
Impeded-draining solls 1 232 160 | .128 102 | 105 as |
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In Queensland, Australia, it has been found
(8)' that soils whose maximum nitrate-producing
capacity is above 60 p.p.m. NO,-N, growing
cotton in a climatically-normal year, generally
produce plants that “ bolt ”, that is, they devel-
op dark-green sappy growths which are very
susceptible to insect attack and set few bolls.
Such high nitrate-producing soils characterise
“old lands ” that have been growing cotton for
a considerable number of years. ‘On the other

hand, soils having low nitrate-producing ecapn--

city, that is less than 50 p.p.m. NO,-N produce
normal plants in favourable years.

characterise **new —lands " that have

Such soils-
heen

recently brought into cotton cultivation from

forest or grass.

“New land " solls in Queensland generally shoﬁr '

no nitrate content when field spot-samples are
chemically analysed ; their C/N ratios lie around
11.2; the best of them comprise certain phases of
Allucial goil. On the other hand “old land” soils

give values between 30 and 50Ip.p.m. NOS-N:-'-

their C/N ratios are generally:less than 85 ;
typical examples are Red Earth. Soils one year
in cotton give values around 14 p.p.m. NO3~N:
they have intermediate C/N ratios; typical
cases are Black Earth,

Comparison with the Queensland soils indi-
cates that the cotton soils of Montserrat
definitely belong to the “ old land ™ category,
and that the impeded-draining soils would be
expected to be much more hable to produce
plants that “bolt  than the freesdraining soils
when both are brought to optimum moisturg
content. This conclusion is indeed supported
by actual experience, for physiological disturb-
ances, known locally as * logger-head ” and
“ chibble leaf”, frequently affect the cotton
plant in Montserrat, and particularly cotton
grown on Shoal soil having marked drainage
impedence, It is interesting to note that these
physiological affections are unknown in cotton
grown on Shoal soil in Nevis ; the planting
ceason in Nevis begins in August to October,
however, so that growth takes place under a
diminishing rainfall and not, as in Montserrat,
during increasingly wet weather.

The various growth phenomena exhibited
by the cotton plant in Montserrat may readily
be explained in terms of nitrate fluctualions as
determined by ‘variations in soil moisture conf-
tent resulting from changes in' the weather
affecting soils showing different degrees of
drainage impedence and containing different
amounts of total nitrogen. During a normal
dry period within the zone of marked dry season,
free-draining sandy soils dry out rapidly and
nitrate may accumulate in the surface layer iy
amount depending mainly on total nitrogen
content. On the other hand, sandy(ails

oceurring within the continuously moist zone
may accumulate little or no nitrate because of
the constant leaching.

With impeded-draining

K]

cumulation,

clayey soils the result may be different ; nitrate
may accumulate in these soils in considerable
quantity. Sinee the free-draining sandy soils of
Montserrat generally contain a low content of
total nitrogen, however, nitrate accumulation
may never reach an appreciable amount, bul
considerable accumulation may occur in the
impeded-draining clayey soils which, as we have
seen, generally contain a much greater amonn’

of total nitrogen.

The nitrate content of the soil al the time
of planting cotton largely determines the subse-
quent behaviour of the erop. _ If planting is
early, full benefit will be gained from nitrate ac-
and provided other nutrients,
especially phosphate and potash, are adequate
and available in balanced proportions with
nitrate, vigorous growth and normal behaviour
may be expected. H excessive quantities of
nitrate have accumulated; however, and phos-
phate ‘and potash are inadequate for balanced
uptake, then bolting may occur or other physio-
logical disturbances may arise. If planting is
late, nitrate accumulation may have been dissi-
pated by the wet season rains, especially in free-
draining soils, so that nitrate may be deficient
and operate as a limiting factor to growth.

Mason and Phillis have demonstrated
by pot-culture experiments in the green-
house (12) that, for a low level of nitrogen
supply in the soil, greater growth is ob-
tained in the cotton plant under moist
=shady conditions than under dry sunny
conditions, They also found that more
nitrogen (and more phosphate) are needed
to give maximum yield under dry sunny
conditions than under moist shady condi-
tions, and that the reverse holds for potash
which therefore serves “as an insurance
against sunléss summers ” Thus, under
moist conditions, a relatively small amount
of available nitrogen may produce the same
yield response as a much greater amount
under dry conditions. It was established
that the yield of cotton is largely decided
by the quantity of nutrient taken up during
the first three months of growth: when
fruiting begins, nutrient uptake is severely
l'hl?(‘]i(‘d. :

&2

It is seen, then, that the growth, behaviour,
and ultimate yield of the cotton crop is mainly
decided’ by “the interplay between soil, climate
and the date of planting. The first and the last
of these factors can. to some extent be con-
trolled ; they may exhibit inter:relationships
which could be examined experimentally by
means of long-continued and carefully-planned
manurial trials with the cotton erop. How far
the results of experiments carried out in recent
years in Montserrat support this thesis, will
next be considered.
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TABLE VIII: Relationship between Results of Manurial Experiments and Chemical Analytical Data for Plots
on Different Soil-1ypes.

(Data for composite soil samples jrom no-manure plots, top 6-ins. layer)

fndag Prob- Avail. Avail.
Con- Boll f ot op -mow | BRe., RO C B Results of manurial
trol type | Text. | Ratio N |NnOo-N) (PO) (KO experiments
plots (1.T.) 3 25 2
% ppm p.p.m. p.pm.
|~ | | |
| | | | 1940 Experiment }
| | | |
Wh. | Brown | | | 8/A 12% increase; Super 9%
F'Barth | 7 | 128 10 ] % 36 227 | Potash none.
] | |
| || | 1941 Experiments
R. 1. |Litho-] 0 | 12.0 .076 | 28 213 191 | S/A 20% increase;
- BN o B e | 11.3 069 | 23 225 190 Super 11%
e B o BB U R T s i ™l S 290 211 | S/Pot nil,
T (i T & Bt i 75 e
E 1. |'Shoal’}] @ 7] WO 417 | T4 876 1268 Only slight response to any manure
P os B B R e T STl i 175 888
| | | !
35 : 115 . ] 10.¢ 223 | 76 26 343 | Super appreciable increase:
i _i-___|_ S U S S T W A o | 8/A, 8/Pot nil.
| | | | | R
][ I | 1942 Experiments |
!
R. | Litho- | R TR 076 | 26 132 140 | S/A 30% and 49% increase;
B. | sol 0 - "4 072 |_24_ __1_5‘? X 467 | Super and S/Pot nil.
| | | | e e £
0G. e T L}Z.a A2 |__43_ 127 600 | No increase from any manure
| Allu- | [ I | 57
O.R. | wvial | 0 | 11.4 .085 |__ 9 227 144 | Damaged; no results
| | | |
Tr. Jiiry e || 147 014 1| 25 80 501 | NaNO, 60% increase; Super
|
] ‘ | | | slight; M/Pot nil.
| | | | |
BF. | » | 0 | 120 .059 | 20 320 109 | Damaged; no results
P '- J | | !
A. Brown| 6 | 117 .m | 38 8 107 | Damaged: no results
| Earth | | | | 5
Tu. Bty | | 12.8 124 | 42 38 111 | M/Pot 17% increase; S/A 10%:
i | | L R | Super 5%,
| | | | i
TR. | » | & | 1.4 .07 ! 36 8 200 | S/A 40% increase; Super 2% :
| | | Sy o 0 soe oy
| | | A
P. [ e o e | S S Y R B 113 179 | S/A 12% increase; Super 69%
Y S PR L e S N e s e
et | | | : e T T e e et
E. | Shoal | ] 133 123 E_“E2 123 413 | Damaged: no results
| | | i e A
OB, ] e o SR L AN MG W 2 90 | Super 40%; S/A 11% increase;
| | | | L | M/Pot slight
| | r e — "
| ww. s b0 1 A .161 65 53 222 | Spoilt

NOTE : (1) Values in black denote deficiencies
(2) Provisional limits of adequacy for cotton accepted for these experiments :

Total nitrogen,
Nitrate,
Phosphate,
Potash,

0.120 percent
40 p.p.m. (Incubation test)
40 pp.m, (Truog test)
140 p.p.m. (Exchangeable potash).
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Interpretation of Results of Manurial
Experiments on Cotton

The relevant experiments were carried out
in 1940, 1941 and 1942 on the main soil-types
occurring in different parts of the island.

Experiments of 1940

These were laid down on Brown Earth soil
at Whites Estate. Chemical analysis showed
the soil to be somewhat deficient in total nitro-
gen (0.11 per cent) and in available phosphate,
though abundantly supplied with available
potash (Table VIII). The monthly rainfalls
during 1940 were below the average, except for
February which was unusually wet; 4.7 ins. of
rain fell in that month. The area was planted
up in late March. On the whole the plants
grew well and gave excellent crops. Pests and
diseases scarcely affected them. The largest
increase in yield was given by ammonium sul-
phate (2 ewt. per acre). The average yield
increment was 12 per cent greater than that
given by treatments containing no nitrogen.
Superphosphate (2 cwt. ac.) gave a yield incre-
ment of 9 per cent above that given by no-
phosphate, owing entirely to the larger number
of bolls that matured. Potassium sulphate
(114 cwt. ac.) gave no yield increment.

The response to nitrogenous and phosphatic
manures accords with deficiencies in these nu-
trients in the soil. The heavy rains that fell
just before the plots were planted may have
been partly responsible for the increases due to
nitrogen, since any nitrate that might have ac-
cumulated would have been leached out of the
soil before the seed was sown. It is possible
that greater response to phosphate may have
been obtained had the dressing of superphos-
phate been larger.

Experiments of 1941

These were laid down on Lithosol at Rich-
mond Estate and on Shoal Soil at Elberton, 114
miles distant. Heavy rains fell in May. The
crop was planted in March and suffered consid-
erable damage by rain. Later in the year, a
heavy attack of Cotton Leaf Worm occurred but
it affected all the plots equally. The monthly
rainfalls were : —

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oet.
32 10 87 3.2 07 49 66 4.7 a4 4.2 inches

Total for growing months, 21.5 ins. (which is
exceptionally high), and for fruiting months,
14.4 ins. The two sites will be considered
separately.

(i) Richmond : The Lithosol soil here
(Belle Field) was very deficient in total nitrogen
(0.07 per cent N) but contained ample avail-
able phosphate and potash according to the

results of chemical tests (Table VIII). The
largest increase in yield was given by ammonium
sulphate (2% ewt. ac.) nearly 29 per cent above
the yield of the no-nitrogen treatments. Super-
phosphate (2% cwt. ac.) gave an increment of
about 11 per cent over no-phosphate, but
potassium sulphate (1'% ewt. ac.) gave no
increment in yield.

The response to nitrogenous manure accords
with the results of chemical soil analsysis.
Positive response to phosphatic manure is to be
expected in view of the fact that, even though
fresh volcanic ash soils give abnormally high
values for available phosphate with the Truog
test, this result is not substantiated by pot-tests,
The incidence of wet weather soon after planting
probably removed accumulations of soil nitrate
before the nitrogenous manure had begun to
nitrify.

(i) Elberton : This experiment comprised
two pairs of blocks laid down on a field whose
soil, according to chemical tests, contained ade-
quate amounts of available nitrogen, phosphate
and potash, and a third pair laid down on a field
whose soil was evidently very deficient in avail-
able phosphate though not lacking nitrogen nor
potash (Table VIII). Very little response was
obtained to any manure in the first case but a
large response to superphosphate manure was
obtained in the second case, Through an error,
one of the blocks had to be resown a month
later than the others. The cotton plants in this
block afterwards developed typical physiological
abnormalities which reduced the yield by about
90 per cent. This implies that, if the sequence
of weather which occurred over this area had
been advanced one month, practically the whole
of the crop would have been lost. This indicates
how delicate is the balance between the vegeta-
tive and the reproductive phases of the growth
of the cotton plant on impeded-draining soil.
The association of high nitrate production and
high moisture content of the soil was doubtless
the cause of the severe physiological upset in
this experiment. '

Experiments of 1942

These were laid down on Lithosol at Rich-
mond, Bethel and O’Garas Estates in the lee-
wnrnl.. windward and southern coastal belts re-
spectively, on  Alluvial Soil at Old Road,
Richmond and Trants in the leeward and wind-
ward areas, on Brown Earth Soil at Amersham
and Parsons in the leeward belt, and at Tuits
and Tar River in the windward belt. and on
Shoal Seil at Elberton, Old Road and Water-
works in the leeward belt.. Chemical analysis
(Table VIII) showed that all the soils excepl
Shoal were deficient in total nitrogen (mean,
0.085 per cent N), that the Brown Earth and
the Shoal soils tended to be deficient in available
phosphate, and that potash deficiency oceurred
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in some examples of each of the four soil-types,
the results for potash being variable.

The plots were sown in March and April.
The subsequent weather was unfavourable to
normal growth, partiéularly -in-the leeward belt.
The rainfall in Mareh-and thé first part of April
had been low and seed gernliation in conse-
_quence had been poor.. Many of the plots had
to be resown. Heavy coglinuous rains fell in
July causing excessive yegetative growth, and
boll-shedding, especially in the late-planted
blocks on the Brown Earth and Shoal soils at
Amersham and Elberton. Pests and diseases
completed the damage in these blocks, Similar-
lv, heavy rains and pests destroyed the crops
on  Alluvial soil” at Old Road, Black Boll
disease ravaged the crops on Brown Earth and
Shoal soils at Tar River and Water-works. The
only blocks that yielded normal undamaged
crops were those at O'Garas (Lithosol), Rich-
mond (Alluvial) and Old Road (Shoal) in the
southern and leeward coastal belts, and at
Bethel (Lithosol), Trants (Alluvial) and Tuits
(Brown Earth) in the windward belt. The
results obtained for the different soil-types
occurring at these various sites are considered
separately below.

(i) Lithosol: Response to nitrogenous
manure was very marked at Richmond (30 per
cent inerease in yield) and at Bethel (49 per
cent increase) where the soils were deficient in
nitrogen (0,07 per cent. N) but there was no
response at O'Garas where the soil contained
adequate nitrogen (0.13 per cent N). The
nitrogen-treated plants grew taller and produced
more bolls than those which reeeived no nitro-
genous manure No :I|}Il|‘l'l'i:1h|r response was
obtained to phosphatic manures at any of the
sites : all three soils showed abundant available
phosphate contents.  No response was given
either to potassic manures, The Richmond soil
showed a border-line content of available
potash : the other two showed a large excess by
:Ill' 1'1'.\'Il]i<'.'lnl Lest.

(i1) Allyvial Soil : The only site on this
soil-type where the crop was not -puih-d by
pests and diseases was Trants.  The response
given here to nitrogenous manure was very
striking.  The soil was definitely deficient in
total nitrogen (0.074 per cent N). Sodium
nitrate (3% ewt. per acre) gave a large ncre-
ment in yield approximating to 60 per cent over
that given by plots receiving no nitrogenous
manure. Whereas the cotton plants on the no-
nitrogen plots were only two feet tall at matur-
ity, those of the nitrogen plots were 4 to 414 feet
tall. The response to phosphatic manure was
not so marked nor definite, though the soil was
deficient in available phosphate. Incompatibil-
ity between sodium nitrate and superphosphate
may partly have accounted for this result. An

appreciable increase in yield was indeed obtained
but only when the nitrogenous manure was not
applied along with the phosphatic manure.
Response to potassic manure was nil ; the soil at
Trants contained a superabundance of available
potash,

(iii) Brown Earth Soil: The crops al
Amersham were so badly damaged by insect
pests that the results were completely vitiated.
Al Tuits where the soil contained a border-line
content of total nitrogen but was slightly
déficient in available phosphate and potash, the
response to nitrogenous manure was appreciable;
an increase in yield of 10 per cent was here
registered. The nitrogen-treated plants were a
darker green colour than those of the no-
nitrogen plots.  Their bolls were better filled
but shedding was greater, otherwise the final
vields would have been much higher. Response
to phosphatic manure was slight though deficient
(D per cent ill(’l'i‘:l_-il') and response to I:ll'.:l‘\-i"
manure was largest of all (17 per cent).

At Tar River where the soil was deficient in
total nitrogen (0.11 per cent N) but apparently
contained adequate amounts of available phos-
phate and potash, the response to nitrogenous
manure was also very marked, amounting to a
40 per cent increase in yield. A superiority of
the phosphate treatment over no-phosphate was
also shown, provided no nitrogen was applied
in addition. Potassic manure gave no response.
It was observed that the plants growing in the
nitrogen-treated plots lost more bolls ‘through
disease than those growing in the other plots.
mainly because they developed later in the
season and their maturation during the wetter
weather was prolonged.

At Parsons, responses to both nitrogenous
manure and particularly to phosphatic manure
were obtained. The soil here was deficient in
nitrogen (0.09 per cent N) though apparently
not deficient in available phosphate. The in
crease . yield from nitrogenous manure was
about 12 per cent and from phosphatic manurc
nearly 70 per cent, This last result is difficult
to explain. The Parson’s soil is not deeply
weathered, however, and seems to occupy a
boundary position with' Lithosol so that the
result of the Truog phosphate test might be
;I}HIIII‘IHHI. .\:(1 response was }_['i\'l‘]'l o ]llr|:|-~il'
manure ; the soil was not deficient in potash by
the chemical test. :

Note: The Brown Earth soils of Mont
serrat embrace a wide range of sub-types or
phases, exhibiting important  differences in
depth, slope, truncation by erosion and stoni
ness, as well as in degree of maturity. Ther
thus merge imperceptibly into Yellow Earth ani
Lithosol. These variations are reflected in their
productivity for cotfon, their nutrient status.
and their responsiveness to different manures.
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There seems to be no doubt that many of the
Brown Earth Soils will respond profitably to
nitrogenous manures when planted early in the
vear (March planting). both because they tend
to he deficient in total nitrogen, and because
they occur mainly in the continuously moist
zone of rainfall which prevents nitrate from ac-
cumulating to any marked extent in the top-
soil.

(iv) Shoal Soil : The crops at Elberton
were so badly damaged by heavy rains and
insect pests that no reliabNw results were ob-
tained from the manurial trial

At Old Road (near Olveston), where the
soil was apparently deficient in available phos-
phate and potash but contained an adequate
supply of total nitrogen (0.17 per cent N), col-
ton plants growing in plots receiving nitrogenous
manure were at first definitely superior in
general appearance to all the others. The
heavy July rains, however, caused considerable
flower and boll shedding on the nitrogen-treated
plots, as well as a mild form of * chibble-leaf ™.
Bolls set before the rains became persistent were
invariably held by the plants growing on
nitrogen-treated plots but, on the plots receiving
no nitrogenous manure, the plants had set all
their bolls before the heavy rains set in. The
slight superiority of the nitrogen-treated plants
established early in the season was not lost in
spite of the unusually rainy weather, and a
yield increase of about 11 per cent n favour of
nitrogenous manuring was established. The
effect of phosphatic manuring was well marked
in this experiment, superphosphate producing a
40 per cent increase in yield over the controls.
Very little yield increment was shown by th’(-
potassic manure treatment even _thlmtgh the soil
was apparently somewhat deficient 1 this
nutrient.

It is evident from these results that the
incautious use of nitrogenous manures on Shoal
soils growing cotton in Montserrat has doubtful
economic value. Although the soils contain
fairly large total amounts of nitrogen, yet (hvy
sometimes show appreciable response to nitro-
genous manure. When the rainfall is excessive,
however, serious physiological disturbances may
develop which indicates that the treatment of
these soils with nitrogenous manures 18 a
*“gamble on the weather”.

General Conclusion: Nitrogen Relations
of Cotton

The results for 1940 show that, with a some-
what free-draining soil (Brown Earth) conlain-
ing a fair but not quite adequate amount of
nitrogen, a slight but appreciable (12 per cent)
response to nitrogenous manure was obtained in
a season when marked leaching of the soil had
apparently preceded the time of planting.

Similarly, the results for 1941 show that, with a
freer-draining soil (Lithosol) having a marked
deficiency of nitrogen, a medium but not very
large (29 per cent) response to nitrogenous
manure was obtained in a season when soil
leaching before planting had probably not been
particularly great, but when leaching had been
heavy 4 to 6 weeks after planting.  With an
impeded-draining soil (Shoal) containing an
adequate amount of nitrogen, no response to
manurial pitrogen was obtained under the same
conditions of rainfall, These results are fully
in accord with prediction based on a considera-
tion of the interactions between rainfall, degree
of drainage and nitrogen status of the soil.

The results for 1942 similarly show that,
with free-draining soils (Lithosol, Alluvial Soil)
having marked deficiency of nitrogen, large
(about 50 per cenl) responses to nitrogenous
manure were obtained in a season when leaching
before planting was negligible, so that a con-
siderable store of nitrate had probably accumu-
lated in the soil, thus augmenting the supply
added as manure. With another free-draining
soil (Brown Earth) containing a greater though
still inadequate amount of nitrogen a fairly
large response (around 20 per cent) to nitrogen-
ous manure was obtained. This again agrees
with prediction. With an impeded-draining soil
(Shoal) containing more than adequate nitro-
gen, not only was there little response to
manurial nitrogen, but definite symptoms of
physiological disturbance developed under the
same rainfall conditions. This may imply that
the extra supply of nitrate, which presumably
had accumulated in the soil, raised the content
of available nitrogen to a high level and thus
produced unbalanced nutrition. These results
again agree with expectation.

Recommendations

The findings discussed above suggest that
the whole question of the best planting date for
cotton in Montserrat should be experimentally
investigated from the aspect of ecological inter-
actions between soil moisture and total nitrogen
content in  relation. to nitrogen-producing
capacity (nitrifying efficiency) and the effects
of adding nitrogenous manures to the soil. In
this investigation the effects on nutrient balance
of phosphate and potash and of other nutrient
entities, both naturally present in the soil as well
as added in manures, should also be studied.

(B) LIMES: THE “ DYING-OUT™
PROBLEM

Introduction :  Ever since its inception in
1852, the lime industry of Montserrat has been
beset with great difficulty, mainly owing to the
unsatisfactory growth of the lime tree under the
environmental conditions that obtain in the
plantations. Delerioration was apparently very
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rapid after the disastrous hurricane of 1899, and
the Annual Reports of the Botanic Station from
1906 onwards make frequent reference to the
unsatisfactory condition of the lime fields. The
decline has mainly taken the form of a gradual
cessation of growth, accompanied by a dying-
back of twigs and branches and a yellowing or
mottling of the foliage. An almost invariable
symptom of the dying-out is the rapid spread
of scale insects infesting the leaves and bark, of
beetle grubs damaging the roots, and of fungi
attacking the tips of the stems and roots.

Many different theories have been advanced
to account for the dying-out condition ranging
from the view that it is a direct result of infesta-
tion by scale insects or of the damage caused
by pathogenic organisms or beetle larvae, to the
opinion (apparently first expressed in 1915 by
W. Nowell, Mycologist to the Imperial Depart-
ment of Agriculture) that it is the result of
physiological maladjustment of the tree to its
environment, in particular, to unsatisfactory
water relations. Consequently, when the services
of a plant physiologist (T. G. Mason) and a soil
chemist (F. Hardy) were available on the Staff
of the Imperial Department of Agriculture in
1920, it became possible to investigate the
problem from an ecological standpoint. The
results of a preliminary study of the subject
made during a brief visit by these two officers
to Montserrat in April, 1921, are set out in two
papers (13) which substantiate the view that
the dying-out problem is essentially an ecological
one. Mason demonstrated by reference to a
distinct alternation of compact and diffuse rings
of woody tissue which he found to ocecur in the
twigs of dying trees, that marked periodicity of
dry and wet spells must have been incident in
the environment, and that this set up a
* waler-strain ”, resulting in peripheral desicca-
tion during dry weather. Mason'’s conclusion
was scupported by the field and laboratory
evidence adduced by Hardy who investigated
the soil supporting contrasted groups of dying
trees and healthy trees. It was noticed in those
areas where lime trees were growing satisfac-
torily and showed no dying-out symptoms that
conditions precluded the development of extreme
variations in atmospheric humidity and soil
moistness, because of shelter from wind or suit-
able physical features of the soil associated with
free drainage.

Since 1921, the investigation of the dying-
out of lime trees in Montserrat has mainly
comprised mycological studies by R. E. D.
Baker (74) and detailed entomological studies
by R. G. Fennah (15). The conclusions
reached by these investigators have fully sup-
ported the earlier ecological findings, namely,
that insect pests and fungus parasites, involved
in the dying out of limes, are facultative or
secondary rather than causative or primary.

Thus, to quote from a recent comprehensive
publication on the subject (by R. G. Fennah
(15) ), * From a consideration of the (meteoro-
logical) data, it appears that the distribution of
living (lime) cultivations is limited, or is
becoming so, to areas where the relation of
water-supply to water-loss is least subject to
violent fluctuation, or where the aridity of the
atmosphere does not occur concomitantly with
aridity of soil and with wind ....... Survival is
possible only in the absence of three of the fol-
lowing four factors:— (1) low dry season
humidity ; (2) low available soil moisture in
the dry season; (3) an unaerated or usually
water-logged soil ; (4) Wither-tip Disease to a
severe degree in the wet season . (p. 48).

With regard to the significance of the inci-
dence of scale insects which received so much
attention in the early reports on lime dying-out
in Montserrat, R. G. Fennah concluded from
the results of nutrient injection experiments
(ibid. p. 37) that freedom from scale insects
depends on “ the physiological state of the sap
of a vigorous tree being an unsuitable pabulum ™.
He considers that (ibid. p. 64) the most satis-
factory way to control scale attack is * to alter
the composition of the insects’ food...... 510
be achieved by agricultural means aimed princi-
pally at stabilising the relation between water
uptake and loss by the tree, and by preventing
periodical desiccation. The provision of shelter
from wind and irrigation in time of drought are
suggested, while measures to promote root
aeration need to be considered in areas where
physiological drought is likely to occur through
the presence of too much water in the soil for
prolonged periods .

Nutrient Relations of the Lime Tree

It is important to note that Fennah found
that seale attack could be reduced by injecting
certain mineral nutrients into affected young
lime trees, but that his preliminary manurial
experiments, involving the application of cul-
tural solutions to sand or soil contained in pots
in which young orange trees were growing, or to
plots of soil growing orange trees, gave no
definite positive results in the control of scale,
though the experiments were admittedly only of
a preliminary nature. The notion that an un-
satisfactory nutrient status of the soil may be
responsible, at least in part, for the dying-out of
lime trees, and may thus be a predisposing cause
of susceptibility to attack by seale insects and
root fungi, had previously been suggested by
other investigators,

(1) Nitrogen : Certain Californian citrus au-
thorities have expressed the view that an
unsatisfactory nitrogen supply in the soil
is an important factor causing dying-out
or decline in Citrus, especially when asso-
ciated with an irregular water-supply, but
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the danger of over-manuring with the
object of rectifying this deficiency is
stressed. It is noteworthy that the most
striking nutritional feature of the lime-
growing soils of Montserrat has been
found by chemical analysis to be @ marked
deficiency of total nitrogen (as in the case
of cotton soils), owing to a low content of
organic matter which has resulted mainly
from long-continued soil erosion and un-
replenished wastage of plant residues by
oxidation.

(ii) Phosphate : Although phosphate appears
not to be generally so important a nutri-
ent in the growth of Citrus as nitrogen
and potash, and to be required only in
relatively low amount, yet phosphate-
deficiency is known to restrict root activ-
ity and to encourage the excessive uptake
of nitrogen. Available phosphate has
been found to be greatest in the Lithosol,
Alluvial and Yellow-Earth soil-types and
least in the Brown-Earth, Rendzina,
Terras and Shoal soil-types in w}nch
phosphate may be regarded as definitely
deficient.

(iii) Potash: Potash is an important nutrient
deciding “ quality " in fruit trees; the
amount of available potash present in the
Montserrat soils seems generally to be
adequate, although it is relatively low in
the Yellow Earth and Shoal soil-types.
No evidences of potash-shortage (for
example, as revealed by a prevalence of
leaf-scorch) have been noted, however, in
the lime fields of Montserrat.

Manurial Experiments on Limes

No large-scale manurial experiments along
modern lines have been systematically carried
out in recent years with the lime crop in Mont-
serrat, although from the earliest times (that is,
since 1884), simple plot trials of nitrogenous,
phosphatic and potassic manures, gypsum and
common salt, and of cattle and sheep manure,
have spasmodically been made. The reports of
various lime-plantation managers between 1876
and 1909 give conflicting evidence of the value
of different kinds of manures, both artificial and
organic, for lime-growing. Results were mostly
judged by eye and actual yields were seldom
measured. No regular policy of manuring has
emerged from these efforts and, beyond the use
of leguminous cover crops and the occasional
application of cotton-seed meal, no attempt has
been made to restore lost fertility nor to build
up soils that have been badly eroded.

The Special Role of Calcium

Particular significance has been attached to
calcium as nutrient in the growth and develop-
ment of Citrus in general. The leaf-ash of

normal healthy Citrus usually contains an excep-
tionally large amount of lime (over 50 per cent
calcium oxide (Ca0) in the ash), so that Citrus
trees have been deseribed as * voracious lime
feeders . Thus Haas, a Californian authority,
states that * a deficiency of soluble calcium may
exert a tremendous effect upon the absorption
process and therefore upon the health of
Citrus .  In some of Haas' experiments with
young orange trees grown in calcium-deficient
sand cultures, . premature leaf-shedding was
frequently observed, accompanied by severe
die-back of twigs. The effects were also asso-
ciated with excessive uptake of potassium. The
ash of the rind and juice of normal Citrus fruits
is also rich in calcium, which is believed partly
to account for their high dietetic value. . Yield
and quality of Citrus fruits are claimed to have
been markedly improved by liming the soil and
even by spraying the foliage of the trees with
lime-water, which also is stated to have reduced
scale infection.

Relationships Between Dying—out of Limes
and Chemical Composition of Lime-Leaves
and Scils Growing Limes

The relationship between the lime content
of lime-leaves and the incidence of the dying-out
condition has been specially investigated by us.
Three fields were selected as showing typical
stages of dying-out, as follows :

(i) John Dowdy Field, Elberton (Site (14),
Appendix Tables) Terras  soil-type :
Dying-out severe and well advanced.

(i) Horse Stable Field, Richmond (Site (2),
Appendix Tables) Lithosol soil-type :
Dying-out not so far advanced.

(iii) Middle Piece, Elberton (Site (18), Ap-
pendix Tables) Rendzina soil-type :
Healthy lime trees ; no dying out evident.

Samples of lime-leaves were collected from
several trees growing in each of these three
fields. Care was taken not to pick senile or
senescent discoloured leaves but only leaves
that had just reached maturity. Eventually,
these leaf materials, after drying and powdering,
were sent to an expert in London for special
spectrographic analysis. At the same time,
sifted samples representative of the soils in
which the lime trees were growing were also
submitted for spectrographic analysis. Another
set of similar leaf samples was collected for bulk
chemical analysis at the College by standard
quantitative analytical methods.

During the soil survey (described in Part 1
of this Report), soil profile samples were col-
lected from pits dug in each of the three fields
and special composite soil samples were pro-
cured Lo the 6-inches depth from a large number
of the spots around the sites of the profile pits.
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TABLE IX : Results of Soil Analysis
(Composite 6-ins. surface samples)
'i |  index | Avail, Avail. |
Dying-out of React- |- oM Total C/N PO KO
condition Texture lon N Ratio 25 R
of lime trees a$T) (pH) (%) (%) (p.p.m.) |
\ |
§ (i) Severe 16 6.6 2.88 0.17 10.0 94 279 |
' (ii) Not severe 7 6.5 ‘ 2.26 0.12 11.1 57 143
]

i (iii) Healthy 29 7.2 ] 3.09 0.17 10.2 89 243
'_, LR SR e T 1 = NS il e eiion " iy |
TABLE X : Results of Leaf-Analysis

PERCENT OF ASH NUTRIENT RATIOS
Dying-out Total Total Total Total Total Total
condition an Nitro- Phos- Pot- Lime Magnes-| N N cao
of lime trees iy gen phate ash ia Xo 5o X0
N on_ K..O CaO MgO 2 2 5 2
(i) Severe 16.0 14.4 4.1 11.2 44.0 5.8 1.29 3.5 3.9
(i) Not severe 15.5 14 .4 2.6 9.5 42.8 6.3 1.51 5.4 4.5
(iiiy Healthy | 18.1 12.1 1.9 4.1 48.5 6.0 | 2.57 6.4 10.4
| |
COMPARE : — §Standard Californian Citrus ; healthy grapefruit leaves.
5| R RS L  SNe 7.2 48.4 — | 1.90 6.4 6.7
TABLE XI: Results of Spectrcgraphic Analycis: Leaf Materials and Soils
s L LEAF ASH | SOIL
] : | i 2 | Sy i -
! Element . T (iiy (i) | i) (i) dii
i Severe Not severe Healthy | Severe Not severe Healthy
Boron 100 100 100 10 10 10
Lead 10 10 1 10 10 1
Tin 2 1 0 1 10 1
Zine 10 10 10 1 1 0
Antimony 2 1 0 0 1 0
Caobalt, Nickel 0 0 0 1 1 1
Copper 1 1 1 2 2 2
Barfum 20 20 20 | 20 10 10
Strontium 20 20 20 10 10 5
Manganese ' 10 10 10 20 20 20 l
Chromium 1 1 1 2 9 2 I

The results obtained by the analysis of soil
and leaf samples are presented in Tables IX, X,
and XI., (and in the Appendix Tables, Sites
(14), (2) and (18) respectively).

Discussion : (a) Soil data: 'The soil of
v;n_‘h of the three selected fields belongs to a
quite different soil-type; that of the severely
affected field and that of the healthy field are
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somewhat clayey ; they overlie bouldery and
stony agglomerate at 24 inches depth. In the
first case, however, the bouldery layer is
cemented and indurated into terras which
markedly impedes downward drainage. In the
second case, the boulders are thickly encrusted
with pure white calcium carbonate (possibly of
solfataric origin) which does not impede the
drainage.

The abundance of lime in the third profile
(associated with healthy lime-trees) has evi-
dently greatly affected the composition and
properties of the soil. Thus, the surface layer is
nearly black in colour, crumbly and friable in
structure, alkaline in reaction and contains quite
a high amount of available phosphate. It also
contains large traces of free calcium carbonate.
By contrast, the clayey surface soil of the field
whose lime trees show severe dying-out is sepia-
brown in colour, very hard, coherent and in-
tractable, slightly acid on top to slightly alkaline
below, and its content of available phosphate is
low. This soil contains no free calcium carbon-
ate anywhere in the profile. A marked difference
in lime status between the two clay soils is also
shown by values for readily-available exchange-
able calcium and for degree of saturation by lime
which were found by experiment to be 5,700
p.p-m. CaO and 86.2 per cent saturation for the
“healthy ™ soil, but only 2,900 p.p.m. CaO and
72.3 per cent saturation for the “ severely-

affected ” soil (Table XII).

TABLE XII: Results of Tests for Soil Lime Status

IExchangeable calcium| Degree of
Dying-out content (Ca0) | saturation
condition (mg. eqiv.| by calcium
f lime trees s ’
L (p.p.m.) percent)| (percent)
| |
(i) Severe | 2900 10.2 || 72.3
(i) Not severe 1700* 5.9 I 68.6
(iii) Healthy 5700 20.3 | 86.2

* Bample (ii) is a sandy soil; the others are clayey.

Other features of the two contrasted clayey
soils are not very different; for example the
organic matter and nitrogen contents and the
potash status are about the same, though the
* healthy ™ soil is considerably more clayey than
the “ severely-affected ” soil.

(b) Leaf data: The difference in soil
lime status is also clearly reflected in the chemi-
cal composition of the leaf-ash of lime-trees
grown in the two contrasted clayey soils
(Table X). The lime content (CaO) of ash is
48.5 per cent in the “ healthy " leaves and 44.0
;er cent in the *“severe dying-out™ leaves,

otash contents show reciprocal relationship
with lime contents (as is usual), the “ healthy ”
leaves having a much less potash content of ash
(4.7 per cent) than the “dying out” leaves

(11.2 per cent). These and other differences in
chemical composition have markedly affected
the nutrient ratios of the leaf materials, which,
on the whole indicate, when compared with
published analyses, that the composition of the
“dying-out ” leaves is abnormal, while that of
the * healthy " leaves approximates very closely
to the composition of leaves of highly productive
Californian grapefruit trees taken.as standard of
reference in our studies of citrus in Trinidad
(16).

(¢) The intermediate samples: The
chemical composition and chief features of the
soil and lime-leaves collected in the third field
where dying-out is not so severe though the
trees were moribund, are intermediate between
those of the materials procured from the other
two fields. The soil of this field is acid, devoid
of free ealeium carbonate, deficient in available
or exchangeable calcium, and has a low degree
of saturation by calcium (Table XII).

The soil of the intermediate field is very
stony and sandy throughout the full depth of
the profile and exhibits very free drainage. Tt
is a typical Lithosol. Its component sand
particles consist mainly of fresh single mineral
grains  (lime-felspar, augite and magnetite
chiefly).  In these respects, it differs markedly
from the more clayey soils of the other two
fields whose profiles are better developed and
whose parent materials are geologically older
and more profoundly weathered.

Calcium-deficiency Symptoms in Citrus

The following information is taken from a

recent book on deficiency diseases of crops
(17).

Calcium-deficiency has never been reported
from the field, and it appears rather doubtful
that it will develop on the soils commonly used
for Citrus. On very acid sands in Florida.
available calcium may be so low as to result in
an unusually large intake of potassium, but
positive results from applications of calcium
compounds to the soil have not been obtained,
except in-so-far as they were associated with
the correction of acidity and with base satura-
tion of the colloidal complex in the soil. On
such soils, lime has given a response by produc-
ing more favourable soil-fertility conditions, but
the use of other calcium sources which did not
materially affect the reaction of the soil failed to
produce any result that would indicate a condi-
tion of calcium-deficiency as far as the trees
were concerned.  This was true even though
the level of calcium in the soil was so low as
theoretically to affect soil fertility adversely.
The alkaline soils of California are well supplied
with calcium and irrigation waters in that State
also provide this element.  Symptoms of
calcium-deficiency have also been reported from
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sand cultures by Reed and Haas in California,
and further information has been developed by
Chapman in work now in progress.

Symptoms

Some of the early culture work is difficult
to evaluate, since the so-called  vein chlorosis ”,
in which the veins fade to a much lighter colour
than the surrounding tissue, is reported as a
symptom, whereas it may be due to rotting of
the roots and a consequent reduction of mineral
intake. This symptom is the common result of
girdling, damaged root systems, or other condi-
tions which disrupt the transfer of nutrients.
Omitting this as a definite diagnositic symptom,
it was found that leaves on calcium-deficient
trees in sand culture developed a fading of the
chlorophyll along the margins and between the
main veins. Small necrotic (dead) spots de-
veloped in the faded areas, and in the case of
lemon leaves, these developed into larger burned
areas. There was a premature shedding of
these leaves, followed by the development of
additional leaves which also fell prematurely.
The twigs died back from the tip and weak
shoots developed from the lateral buds, but
these soon died. Reed and Haas reported some
rotting of roots, but Chapman did not find this
in his cultures. No effects on fruit have been
reported, as the trees presumably did not live
long enough to produce fruit. These symptoms
are probably far more acute than any that might
be developed in the field, since, under field con-
ditions. caleium would always be presented in
fair amounts. :

(d) Spectographic data : The results
submitted by the expert spectrographers are
summarised in Table XI for leaf-ash and sifted
<oil taken from each of the three fields. Data
for the major elements are omitted, as well as
those for minor rare elements that were sought
for but not found, namely, arsenic, beryllium,
bismuth. eadmium, lanthanum, molybdenum,
thallium and tungsten. The recorded values
are not absolutely quantitatively accurate, al-
though they are strictly comparable. The value
100 indicates a heavy trace, probably over 0.1
per cent, while the value 10 indicates a trace
only, probably over 0.01 per cent, and the value
1 denotes slight but definite indication of the
presence of the element sought for.

The chief conclusions to be drawn from the
spectropraphic data are : — (i) Dying out of
lime trees is nol associated with deficiency of
any particular minor element or elements.
Boron and manganese, to which much import-
ance is now-a-days attached in studies of the
significance of “trace” elements, are equally
abundant in all three sets of samples. (i1) The

« Nore : A second spectrographic examination by an authority in the United States of America failed- to
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values for heavy metallic elements, especially
lead. in the leaf-ash show a positive relationship
with the dying-out condition, suggesting that
their presence in the soil may be toxic to lime-
trees. *  In the case of zine, however (an ele-
ment regarded as especially important in the
nutrition of Citrus), little or no difference is
recorded for the leaf-ash samples, but the values
for the soils show slight differences, the soil
supporting ** healthy ™ trees failing to give posi-
tive evidence of the presence of zine.

(iii) Alkaline earth metals (barium and
strontium) appear to be unusually abundant in
the leaf-ash and in the soil, but no significant
differences which might be associated with
dying-out are apparent.

On the whole, the spectroscopic evidence
fails to support the contention that the dying-
out of limes in Montserrat is caused by defici-
ency of any essential minor element (such as
boron, zine, manganese, copper or cobalt), nor
does it afford strong enough evidence that the
condition is caused by toxic effects of heavy
metals, such as lead, tin or antimony.

Conclusions

The only consistent and striking difference
between the soil supporting healthy lime-trees
and the soil supporting unhealthy trees
showing symptoms of dying-out is its relatively
higher caletum status. This may be attributed
to it origin and formation from rock materials
impregnated and encrusted with ealeium carbon-
ate. The chief effects of the abundance of free
lime have been two-fold ; firstly, it has imparted
a high content of easily-available soil calcium
(an important and essential plant nutrient,
especially in the nutrition of Citrus species) and
secondly, it has greatly improved the structure
of the clay so that soil-water and soil-air rela-
tions (drainage and regularity of water-supply :
aeration and adequacy of oxygen-supply to the
roots) are probably superior to those of the
clay-soil lacking lime, associated with trees
showing the dying-out conditions.

The calcium status of the inferior clay-soil
associated with dyving-out and that of the soil
supporting dying or moribund trees, would not
in either case, however, be regarded as danger-
ously low. None of the soils is highly acid and
none exhibits a really low exchangeable lime
content. The diffierence is merely one of degree.
Nevertheless, the higher calcium status of the
so0il supporting healthy trees is clearly reflected
in the higher lime content of their leaves ani
their better nutrient ratios, implying a greater
capacily of the soil for supplying nutrient cal-

substantiate the first indication of a difference in heavy metal content of the leaf-ash samples,
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cium and a better general nutritional balance.

It is evident from the discussion of the labora-
tory data that the indications of calcium-
deficiency which they reveal may be illusory and
that the dying-out symptoms are solely the
manifestations of unsatisfactory or unbalanced
mineral nutrition, such as might result from
maladjustment between the lime tree and its soil
environment,

While there is no doubt that the general
level of fertility of the soils of Montserrat is
somewhat too low for the nutritional needs of
the lime tree, other ecological soil factors such
as water-supply, air-supply, soil-temperature and
root-room, may not be present in adequate
amount, or their fluctuations may be large
enough to cause physiological upset within the
tree. The conclusions have been confirmed by
Fennah after a full consideration of the available
information ; they are expressed in his recent
publication (75) by the statement that living
lime cultivations are confined to “areas where
the relation between water-loss is least subject
to violent fluctuation or where aridity of the
atmosphere does not occur concomitantly with
aridity of the soil, and with wind ” (p. 48).

Root Relations of the Lime Tree

Perhaps the most significant suggestion
that has so far been offered to account for the
dying-out of limes growing in an unsatisfactory
environment is that offered by Fennah as a
result of field studies of affected trees, who states
in the summary of his report (ibid, p. 64) that
dying out is “ caused by desiccation of the con-
ducting tissues following the death of fibrous
feeding-roots ”.  He asserts that " no organism
has been found which can be considered respon-
sible for the death of the small rootlets ™ ; hence
their death must be due to unavoidable environ-
mental circumstances. The probability that
“ oot disease ” which is so closely associated
with the dying-out of limes in Montserrat is
primarily caused by injury and decay of the
absorbing root-system opens up an entirely new
field of investigation, for such a condition alone
could satisfactorily explain the maladjustment
which apparently exists between the lime-trees
and the soil which leads to unbalanced nutrient
relations as is clearly indicated by the results of
leaf analysis.

No detailed studies of the root-system of
the lime tree as developed in different soil-types
or in any one soil-type presenting variable
environmental conditions have yet been made in
the West Indies. If and when any such stmlie{s
are attempted, the significance of the organic
matter status of the soil (organic profile) _in
relation to root distribution should receive
primary consideration.

The effect of soil organic matter on root
growth may be both physical and chemical.

Fennah considers that the death of rootlets can-
not justifiably be assigned to any cause other
than temporary lack of water, but he neverthe-
less agrees that this hypothesis presents certain
difficulties. It is well known that a high organic
status of the soil and the occurrence of undis-
turbed surface litter and soil crumb, such as
normally develop under natural forest conditions
in the wet tropics, vastly improve the water and
air relations of a soil and favour the attainment
of a wide and diffuse root distribution. The
use of vegetable mulches and dressings of bulky
organic manures for improving the healthiness
and productivity of tropical tree crops is rapidly
gaining favour, The benefits derived therefrom
are generally attributed to the greatly improved
root systems that appear to develop when the
organic matter content of the soil has been
raised, or when the normal organic profile has
been reinstated. In this connection the possible
importance of the occurrence of mycorrhizae in
Citrus soils should not be overlooked.

From the chemical aspect, it is nowadays
considered probable that certain root-stimulating
substances are manufactured in small amounts
by decaying soil organic matter or organic
mulches and manures added to the soil to im-
prove it, and that their presence might aid in
root development. Finally, the possibility that
fibrous rootlets themselves, once they are suit-
ably established, possess a special function in
producing growth-promoting hormones affecting
the general health and vigour of the plant must
not be overlooked (18). Dr. F. W, Went in
California has found that such hormone-
producing rootlets (of tomato) develop profuse-
ly in well-aerated organic surface soil, litter or
mulch.  Abundant soil aeration, favourable to
root development, is thus (to quote Went) * not
required solely for water and nutrient uptake
(which requirement is relatively small) but
for increasing the growth rate of the stems and
preventing chlorosis ™.

Recommendations

In future studies of the dying-out of lime
trees, it would be desirable to pay attention to
root relations, root development and root-room
in Citrus plantations, especially in-so-far as they
are affected by soil structure, by the organic
status of the soil, and by organic materials, crop
residues and organic manures applied in suffi-
cient quantity to modify the properties of the
soil and to bring the land back to its original
primeval “forest ¥ condition. When the root
system of the tree has developed properly and
is functioning normally, the possible value of
different artificial manures and amendments may
then be tested by means of field experiments, It
would seem to be futile to attempt to investigate
the response of the lime crop to artificial manures
unless or until its roots have become thoroughly
adjusted to the conditions in the soil and to the
prevailing climate.
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SUMMARY
PART 1

(1) The first part of the Report deals with
the soils of Montserrat considered as natural
objects developed by the weathering of the
characteristic rocks of the island under the
influence of climate, vegetation, topography and
time. Each of these soil-forming factors is con-
sidered in turn.

(2) The rocks of Montserrat chiefly com-
prise fragmental voleanic ejecta composed of
quartz andesite. Lava flows (of basalt) are
rare. Six different volcanoes have been identi-
fied and their relative ages estimated. The
oldest (Silver Hill) was active in the Middle
Miocene era and the newest (Soufriere Hills) in
the Recent geological period, say 25 thousand
years ago. At that time the island was partly
submerged and its area greatly reduced by the
return of water to the ocean when the great
continental ice sheets of the Glacial age melted.

(3) The climate of Montserrat varies from
continuously moist with no marked dry season
and mean annual rainfall lying between 70 and
55 inches in the leeward and central regions, to
one with a more-or-less well-marked dry season
having mean annual rainfall lying between 60
and 40 inches in the windward, north and south
regions. Temperatures range from 73" to 87" F ;
humidity seldom falls below 65 per cent. The
‘land is in the hurricane zome.  Six dffierent
site categories with regard to insolation and
exposure are recognisable.

(4) The natural vegetation of Montserrat
has been greatly modified by man’s activities
and by wind damage. Few traces of the
original forests remain, particularly in the
agricultural areas lying below the 1,000 or 1,500
feet contours. The chief crops are cotton, limes,
tomatoes, vegetables and sugar-cane. About
one-third of the island’s surface is cultivated.
Former private estates are being divided into
peasant holdings.

(5) The topography of Montserrat varies
from mature and smooth in the north where the
remnants of the oldest volcano occur, to young,
steep and rugged in the south where the young-
est volcanoes are situated. The lower slopes of
the newest volcanoes have been dissected longi-
tudinally into deep ™ ghauts ” or “ guts "

(6) The time during which soil formation
may have proceeded has been longest in the
north and shortest in the south. Denudation
has prohibited soil development and soil accu-
mulation over most areas, so that the present-
day soils are mainly shallow.

provisional-

(7y Eight soil-types have
roughly

lv  been identified, described and

SOILS OF MONTSERRAT

mapped ; their differentiation is based on the
nature of the parent soil materials and on the
degree of drainage impedence which partly de-
pends on the extent to which they have been
sealed up by cementation in the illuviated
B-horizon. The soil-types have provisionally
been named :— (1) Lithosol and (2) Alluvial
and Colluvial Soils, developed over fresh, loose
materials ; (8) Brown Earth, (4) Rendzina and
(5) VYellow Earth, developed over partly
weathered materials ; (6) Terras and (7) Shoal,
developed over well-weathered cemented ma-
terials and (8) Red Earth, developed over pro-
foundly weathered residual materials. The Zonal
type for the area (No. (8), Red Earth) occurs
only at the summit of Centre Hills. Soil-types
Nos. (6) and (7) are Hydromorphic Intrazonal
soils showing variably impeded drainage ; Nos,
(8). (4) and (5) are Calcimorphic Intrazonal
tyvpes in which lime is prevalent ; Nos. (1) and
(2) are Lithosol Azonal types. '

(8) Laboratory data are given for 576 soil
samples taken from 65 soil profiles representing
these soil-types. The laboratory methods em-
ployed in their analysis are outlined at the end
of the Report. The results indicate that none
of the soil-types is really clayey though the
impeded-draining soils contain most silt and
clay. None is markedly acid. Organic matter
:l[lll nitrogen contents tend to be low though
highest in the impeded-draining soils. Avail-
able phosphate and potash are variable and also
tend to be low, especially in Shoal soil.

(9) The chemical and mineralogical trans-
formations involved in the formation of Terras
and Shoal are briefly traced from the results of
laboratory examination of representative profile
samples. The pedological relationships of these
two soil-types are discussed.

: (10) Soil erosion in Montserrat is re-
viewed and the maim kinds of erosion are
differentiated and classified. The chief are
débris ;3\':1!;1:1(110. mudflow, and carthflow. These
are serious, however, only when the rainfall is
continuous and large. Typical oceurrences are
described. Landslide movements were particu-
larly prevalent during the earthquake period,
1933-37. Mention is made of the wastage of
soil caused by continual hoeing downhill (*hoe-
rosion 7). '

(11)  Methods suitable for controlling soil
erosion in Montserrat are briefly discussed, and
the results of an anti-erosion experiment are
examined.

(12) The question of soil renovation on
eroded lands is considered and the value of
dppropriate artificial manures in rebuilding the
soil by means of cover-crops is stressed.
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PART 11

(18) The second part of the Report deals
with some ecological aspects of the cotton and
lime crops in Montserrat, particularly in rela-
tion to choice of planting date and the occur-
rence of physiological disturbances in the former,
and the problem of dying-out in the latter.

(A) COTTON

(14) The dependence of cotton vields on
the amount and monthly distribution of rainfall
is indicated by actual examples. Late-planted
cotton usually suffers from boll-shedding ; this
is generally attributed to the effect of excessive
wetness during the second half of the year.
Early planted cotton, by contrast, develops
under gradually increasing rainfall and therefore
sets and retains a much larger number of bolls.
These may be badly affected, however, by pests
and diseases during the reaping season.

(15) It is thought that ate-planted
cotton may lack an adequate supply of soil
nitrate, and that growth failure may therefore
primarily be caused by an insufficient amount
of organic nitrogen in the soil at the time of
planting, coupled with excessive leaching which
may have removed nitrate accumulated during
the previous dry season. These circumstances
affect the free-draining soil-types more than the
impeded-draining soil-types which contain in-
trinsically greater amounts of nitrogenous
organic matter and are less liable to excessive
leaching.

(16) Late-planted mttonlf_rcquentl.\: de-
velops physiological abnormalities (** chibble-
leaf 7 ; “loggerhead ) in wet weather on cer-
tain impeded-draining soils particularly rich
in nitrogen, presumably because of excessive
production of nitrate cxuggemt}-:_l by nutrient
imbalance brought about by deficiency of phos-
phate and sometimes potash.

(17) By contrast, carly-planted cotton
may benefit from nitrate accumulated during
the dry season and not yet leached out by the

rains.

(18) 'This nutrient hy]mth.c:sis is st_lpportlorl
by the results of manurial experiments, in which
nitrogenous manures, applied to soils found by
chemical analysis to be deficient in nitrogen,
have regularly given large increments in yields
of cotton under favourable rainfalls. Phosphatic
manure has also proved beneficial when applied

to phosphate-deficient soils,

(B) LIMES

(19) The history of the dying-out of lime
cultivations ' in Montserrat 1s traced and the
different theories advanced to account for it are

reviewed. Latest opinions favour unsatisfactory
water relations as the most likely cause; scale
inseets, root grubs and stem and root fungi are
regarded as secondary parasites. The chief
cause is believed in some way to concern the
nutrition of the tree. The nutrient relations of
Citrus, described in literature, are accordingly
briefly discussed.

(20) In order to examine the relationships
between the chemical composition of soil and
leaf-ash and the dying-out condition of lime
trees, samples representative of severely-affected,
moribund and healthy trees were collected and
analysed chemically and spectroscopically. The
results indicate a lower lime status of the soil
and leaves of dying-out trees and a general
nutrient imbalance which may be accounted for
bv unsuitable soil conditions, in particular, an
unsatisfactory organic status, and not by gross
deficiency of any major or minor nutrient
element.

(21) The finding (due to Fennah) that
dying-out of limes is associated with *“ the
desiceation of conducting tissues following the
death of fibrous feeding roots” suggests that
malnutrition results from an inefficient root-
system and that the primary cause of dying-out
should be sought in those soil conditions and
factors that control root development, including
root-stimulating hormones.
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LABORATORY METHODS OF SOIL

ANALYSIS

The following determinations were made on

the air-dried soil samples after pulverising and
passing through a sieve having round holes
2 mm. in diameter.

(1) Gravel, Coarse Sand, Silt and Clay :

Gravel ; particle diameter above 2.0 mm. :
expressed as weight percentage of air-dry
.\'f“'.

Coarse sand ; particle diameter 2.0 — 0.2
mm. ; wet sieving through 0.2 mm. sieve.

Silt and Clay ; particle diameter below
0.02 mm. ; settling in water through 11.8
cm. depth in 4 min. 48 sec., at 27° C.

THE AGRICULTURAL SOILS OF \IO_\'I:‘EERRAI

(2) Index of Texture (I.T.)

Derived from values determined for sticky
point moisture content (P) and coarse
and fine sand content (S) by the formula,
I.LT. = P — S/5. The index assesses
the degree of clayiness or sandiness as a
single value. The following arbitrary
scheme is employed : —

InpEx oF TEXTURE TeXTURE

60 — 55 Heavy clay
55 — 40 Clay

40 — 30 Silt

30 — 20 Loam

20 — 10 Sand

10— 0 Light Sand

(Reference : F. Hardy, Journ. Agric. Sci.,
1928, XVIII, pp. 252-256) .

(3) Reaction (pH)

Quinhydrone electrode method, checked
by glass electrode method applied to sus-
pensions of one part soil to 4 parts water.

pH VaLue Reaction

8.0 — 7.5 Highly alkaline
7.5 — 7.0 Alkaline

7.0 Neutral

7.0 — 6.5 Slightly acid
6.5 — 6.0 Acid

6.0 — 5.5 Markedly acid

55 — 5.0 Highly acid

(4) Organic matter (0.M.)

Watts' wet combustion method ; 0.5 to
2.0 g. soil oxidised by 3 g. chromic acid
and 10 ce. conc. sulphuric acid ; carbon-
dioxide measured over mercury in nitro-
meter.  Result (earbon content) multi-
plied by 1.724 to bring to approximate
O.M. content and then by correcting-
factor 1.83, experimentally determined.

(Reference : F. Hardy ; Journ. Agrie. Sei.,
1929, XIX, pp. 727-733).

(Sands and Loams)

OM. Per CenT
(corrected values)

ORrGANIC STATUS

8.0 — 6.5 Very high
6.5 — 5.5 High

55 — 4.5 Fairly high
4.5 — 3.5 Medium-high
3.6 —2.5 Medium

2.5 —1.5 Medium-low
1.5 — 0.5 Low

0.5 — 0.0 Very low
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(5) Total Nitrogen (N)
Kjeldahl's standard method
(Sands and Loams)

N Per Cenrt NITROGEN STATUS

0.45 — 0.35 Very high
0.35 — 0.30 High

0.30 — 0.25 Fairly high
0.25 — 0.20 Medium-high
0.20 — 0.15 Medium
0.156 — 0.10 Medium-low
0.10 — 0.05 Low

0.05 — 0.00 Very low

(6) Carbon-Nitrogen Ratio (C/N)

Calculated from carbon (corrected) and
nitrogen contents. The magnitude of this
ratio provides a rough index of the degrec
of decomposition and humification of soil
organic matter, low values being asso-
ciated with high degree of breakdown.
Available Nutrients

(7)

Estimated by measuring the electrical
conductivity of a water suspension of the
soil. 50 cc. distilled water, 10 g, air-dry
soil, in contact for 21 hours, by the
Kohlrausch - Wheatstone Bridge method.
Easily-soluble salts (nitrates and bicar-
bonates chiefly) are extracted.  Values
are mhos x 10-6, When above 200, they
may denote presence of abnormal salts
(saline. alkaline, calcarcous, gypseous
soils) .

(10)

W. R. G. Atkins, Jowrn.
Agric. Sci., 1924, XIV, pp.
198-203) .

(Reference :

Avail. nutr. (mhos x 10-6)

over 200 Very high
200 — 150 High

150 — 125 Fairly high
125 — 100 Medium-high
100 — 75 Medium

75 — 50 Medium-low
50 — 20 Low

0 — 0 Very low

(8) Rate of Solution (potential nutrients)
(11)

Estimated by measuring clectrical con-
ductivity as above, but after 7 days’
standing and subtracting value for Avail-
able Nutrients. Slowly soluble salts (such
as gypsum) and soluble products of
mineral hydrolysis and oxidation are
extracted. Values are mhos x 10-6.

(Reference :— as last)

Rate or Sorvtion (mhos x 10-6)

Very high
High

over 856
85 — 65

65 — 50 Fairly high
50 — 40 Medium-high
40 — 35 Medium

35 — 30 Medium-low
30 — 20 Low

M — 0 Very low

(9) Available Phosphate (Avail. P,0,)

Truog's coeruleo-molybdate colorimetric
method applied to extracts obtained by
shaking for 80 minutes 2 g. soil with 400
cc. of a 0.01 per cent solution of sulphuric
acid buffered at pH 8 with ammonium
sulphate. Results are expressed as parts
P,0, per million of air-dry soil.
(Reference : E.Truog. Journ. Amer. Soc.

Agron., 1930, XXII. pp.

874-882) .

AVAILABLE

P,0, p.p.m. ProspaaTE STATUS

120 — 95 Very high

95 — 75 High

75 — 60 Fairly high
60 — 45 Medium-high
45 — 30 Medium

80 — 15 Medium-low
15— 5 Low

5— 0 Very low

Available Potash (Avail. 1{20_)

Cobalti-nitrite volumetric method applied
to extracts obtained by leaching 25 g. soil
with 1 litre of 8 per cent acetic acid. Re-
sults are expressed as parts K,O per mil-
lion of air-dry soil.

(Reference - G. Milne. Journ. Agric.
Sei., 1929, XIX, pp. 541-
552).
K,O p.p.m.
350 — 250 Very high
250 — 200 High
200 — 175 Fairly high
175 — 150 Medium-high
150 — 125 Medium
1285 — 5 Medium-low
75— 25 Low
B — 0 Very low
Base Status (Not recorded in Appendix
tables)
This may roughly be assessed by means

of Comber’s reagent (4 per cenl po-
tassium or ammonium thiocydnate in 95
per eent aleohol). 5 ce. reagent, 3 g. soil.
Depth of red colour inversely proportion-
ate to base status and therefore to pH

value.

(Reference : N. M. Comber. Journ.
Agrie. Seci., 1920, X, pp.
420-424) .
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MARk Comser CoLOUR Base Status ¥ pH VaLue
0 Colourless Very high Above 7.0
2 Nearly colourless High 70 — 65
4 Pink Medium 65 — 6.0
6 Light red Medium-low 60 — 5.0
Red Low 50 — 40
10 Dark red Very low 4.0 — below
(12) Calcium Carbonate (CaCO,) of solution and (7) available phosphate,
are displayed in that order in columns of
Collins’ calcimeter method. This was colours on cards, one for each profile. All
only applied to samples having highly these factors for all the layers of the soil
alkaline reactions and giving appreciable profile are represented thereon. The
- effervescence with diluted hydrochlorie charts are drawn to scale. They include
acid. columns of representative soil, finely
ground and mixed with cellulose varnish
Profile Cards and painted onto the cards. A set of
cards for the Montserrat soils has been
Values for (1) base status (Comber), presented to the Agricultural Department
(2) reaction, (3) lu§turo, (4) calcium of Montserrat and another has been filed
carbonate, (5) organic matter, (6) rate in the College Soils Laboratory.
PROVISIONAL LIMITS OF ADEQUACY
Three chief nutrients for the main crops grown in Montserrat
(Surface 6-inch layer of soil)
Total Nitrate Avail. phosphate Avail. potash Avail. lime
nitrogan (NO3-N) * (P205) (K20) (Ca0)
EI'E L4 = L nslve o oy __p‘ﬂ_ ___I{_)_Iz_i-‘l'l 3 p.p.m. p.p.m.
Cotton 0.120 40 40 140 —
Limes 0.075 25 50 200 2250
Tomatoes, etc. 0.180 60 60 150 o

Sugar-cane 0.135 45 25 120 3500

* Assuming nitrifying efficiency factor 3.4 per cent.

LTecember, 1946




THE AGRICULTURAL SOILS OF MONTSERRAT 41

APPEND)‘K
SOILS OF MONTSERRAT, B.W.I (1940)
Laboratory Data
(I) RICHMOND ESTATE

1) Ricamonp 1. BeLLE FIELD

Cotton field ; “best field in Richmond " for past 20 years. Green dressing every 3 or 5 years; cotton-seed
meal, but not in 1940. Slight slope on W.S.W. of St. George's Hill. Windbelts of Bread-and-Cheese. Dry
powdery soil. 2-part composite profile; (1) 0—49 Ins; (2) 49-down ; changes also in ash composition at 22,
29 and 40 ins. Brownish B-horizon, 15—29 ins, indicating slight profile differentiation ; grey gravelly sand
below with variable composition. LITHOSOL soil-type. Very high available phosphate, high available potash,
but very low total nitrogen. Land strewn with angular boulders up to 6 ins. diameter,

| 5 1 T
’ I J | ; I [ i Rate |

| | | | | | | |
| Dpth | Grav- | Crse | Silt | IT. | Reac-| OM.| N. | C/N |Avail.| of |Avail
| | e |Sand|and | I tion | | | Ratio | Nutr, |Soln. | P O
| | | Clay | ] | | {28
] | ] | ! | | | (mhos x 10—86)
|Gns) | (%) | (%) | (%) | .[ ipml (%) | (%) I‘ | Tp-p‘m-)
| | | | | | ! | i
MSR.
1. Composite 6 18 466 258 3 6.7 143 0.08 111 131 30 353
(First Part)
2. Grey, loose 3 17 o e B S - 122 0.0 111 92 55 522
3. ccmfpact 10 18 800 2B 3 8 103 007 8.9 817 51 336
4, Transition 15 217 45.0 310 6 72 058 0.04 82 68 37 144
5. Brown 22 12 42.0 3%50 9 71 0.36 0.03 6.9 57 34 124
6. Bright brown 29 34 62.7 223000 71 0.19 0.01 79 46 29 111
7. Grey-brown 40 21 745 155 0 i 0.14 0.02 43 44 24 127
8. Fine gravel 49 38 91.7 23 0 71 — — — 27 19 115
(Second Part)
9. Black 54 19 422 399 1 6.9 176  0.06 179 48 35 47
10. Ditto. 60 8 415 405 8 11 163  0.05 17.9 44 45 45
11. Speckled T2 19 B2 3839 6 -3 068 003 121 45 25 43
Avail, potash; MSR. 1 221 p.pm., KzO
3 274 " "
5 81 " 3
7 60 " "
9 92 " "
11 116 ” »”

(2) Ricamoxnp 2. Horst StaBLE FIELD

Cotton field for last b years ; previously limes. No green dressings; cotton-seed meal. Soil “not so good as
last” : “not top of first class”, but * very good”. “Does best in dry vears”., Abundant wind-breaks, Bread-
and-Cheese. Harsh gravelly soil ; LITHOSOL soil-type. Slight brown B-horizon, 18 or 24 ins. to 34 ins., paler
brown to buff-grey below. Simple profile but change in ash composition evident at 18 ins, with gradual
decrease in clayiness with depth. Coarse, harsh, gravelly sand with occasional boulders up to 2 feet diameter.
Medium to low available phosphate and potash and medium-low total nitrogen. Typical “ die-back" lime

field ; moribund trees.

MSR.

12. Composite g 98 342 7 65 22 012 111 93 42 57

5 11 4256 408 10 171 28 014 119 154 114 4
ﬁj g?::kmy 12 19 400 436 11 64 176 008 126 81 24 1
15. Dark grey 18 32 475 390 10 65 087 005 95 8 18 11
16. Black chocolate 24 33 549 319 0 65 049 003 88 80 16 21
17. Red brown 3¢ 40 625 215 0 66 026 002 81 57 17 33
18. Paler 48 33 600 265 0 67 02 002 76 0 16 32
19. Ditto 60 620 25 0 71— s hs 6 13 a1

Avail. potash; MSR., 12. 143 p.p.m, K’O
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APPENDIX—Continued,
| | ] | |
| ! i | | | | | | Rate |
| Dpth | Grav- | Crse | Silt | LT. |Reac-| OM.| N. | C/N | Avail.| of |Avail
| | el |Sand | and tion | f | Ratio | Nutr, |Soln.| P O
| Clay | | | 3 | 2 65
| \ | | | tmhos x 10—6)
[(ins) | (%) | (%) | (%) | (pH) | (%) | (%) | | | llp.p.m,:
il S e L AR R & G n = 22 NS R R o3 TONOEEE
(3) Ricumonp 3. INDpIGO WoORKS FIELD

Cotton field though soil not really suitable for eotton;

Site 50 yds. from forest edge, 700 ft. altitude, 5. W

slope of St. George's Hill. Very uniform; chocolate-black, humic fine sand; dries grey. Changes at 24 ins.

and at 48 ins. former soil surfaces; 3-part composite. No stones anywhere
land surface. YELLOW EARTH soil type. IMedium
total nitrogen. Fairly uniform organic matter content throughout.

in profile, though abundant on

to low available phosphate and potash; medium-low

MSR.
30. Composite 11 40.6 304 e
 (First Part) - =
31. Black chocolate 5 7 46.0 410 13 6.6 3.86 0.21 10.8 205 109 61
32. Do. soft 9 2 430 425 9 6.4 200 0.13 9.6 93 49 28
33. Ditto. 12 20 44.9 40.1 6 6.4 119 0.07 9.5 69 28 20
34. Ditto. 18 15 455 40.5 6 6.6 0.93 0.05 98 66 17 36
35. Compact 24 13 420 43.6 T 6.6 093 0.05 10.6 68 24 40
(Second Part)
36. Darker 36 4 435 445 8 6.7 1.35 0.05 15.0 53 16 52
37. Ditto. 48 2 425 44.0 7 6.7 132 0.06 16.4 41 17 30
(Third Part)
38. Black chocolate 60 1 435 405 6 6.7 143 0.05 16.6 33 3 30
39. Ditto. 72 6 415 43.5 6 6.8 1.09 0.04 15.8 36 12 38
Avail. potash; MSR. 30. 162 p.p.m,, K20
(4) Ricamonp 4. Necro HOUSE FIELD

Cotton field; formerly limes. Buried by mud-flow in 1936. Green dressings

recently ploughed in. Very stony

land: flat; Transported mu

dflow material forms surface 16 ins,

den change

to stony sand ; stones up to 2 ins. diameter ;

Humic sand below, 16 to 28 ins. ; then sud-

LITHOSOL soil-type ;

High available phosphate, medium available potash, very low total nitrogen;

slightly cemented. Perhaps 3-part composite profile
alternations of scarcely-altered coarse sand, gravel and stones with recent mudfiow

low organic matter throughout.

MSR.

20. Composite 20 590.2 176 0 6.2 1.26 0.07 10.0 817 37 300

~ “Mudflow” A T SR T .

21. Loose 5§ M- T3 128 0 69 073004 105 11 44 811

22. Speckled 9 117 91.5 25 0 7.5 0.10 0.01 5.3 55 31 181

23. Speckled 16 19 92.5 25 0 13 0.06 0.01 6.8 36 19 178
Original Soil

24. Humic 22 3 1725 163 0 72 044 002 103 46 25 81

£5. Brown-grey 28 26 1.2 14.6 0 7.0 0.31 0.02 10.6 41 23 120
(Third Part)

26. Stony 3 51 85.0 8.5 0 7.3 0.08 0.01 52

27. Green-grey 45 26 815 L ROES TR | — — — gg fg g{

28. Speckled 54 24 874 6.1 0 T4 - - — 25 12 105

29. “Pepper-and-salt” 60 35 89.4 5.1 0 69 — — — 31 12 264

Avall, potash; MSR. 20; 179 ppm, KO
2
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APPENDIX—Continued.
i | | | | | | |
_l 41 f oSt |Rate |
| Dpth | Grav- | Crse | Silt | LT. [Reac-| OM,| N. | C/N |Avail.| of |Avail
| | el |Sand| and | | tion | | | Ratio | Nutr. ]smn.l PO
[ I | Clay | ! ' r T
l , | | | [ [(mhos x 10—6)
!(lns.)(l %) | %) (%) | | (pH) | (%) 1 (%) |I |
| | i | I

e

(5) Ricamonp 5. Prum Tree FIELD

Lime field; 1 year out of nursery; weedy field (Commelina); foot of St. George's Hill; flat land. Site 50 yds.
E. of main road. 3-part composite profile; 0-21; 21-48; 48-72. LITHOSOL soil-type. Fairly uniform; dark
brownish-grey colour throughout, almost black. Uniformly stony and coarse-sandy; very slightly acid. Very
low total nitrogen content; high to very high available phosphate, medium fo medium-low available potash.

MSR.

40. Composite 19 579 186 2 6.4 122 0.07 10.3 56 34 180
(First Part)

41, Yellow-black 6 18 734 151 0 6.6 1.21 0.07 10.7 126 34 170

42. Yellowish 12 20 735 135 0O 6.7 0.58 0.04 9.2 67 19 88

43. 21 17 88.0 65 0 6.8 0.22 0.02 79 43 16 o1
(Second part)

44, Nearly black 24 19 41.0 360 6 170 0.64 0.03 109 52 16 94

45. Black 31 20 57.5 210 3 6.9 0.97 0.04 134 52 23 69

46. Brownish 36 19 56.5 250 2 6.8 0.61 0.03 10.7 44 22 81

47, Dark-brown 48 42 79.2 £ 0 S| 6.9 0.29 0.01 139 33 17 104
(Third part)

48, Black 54 17 53.0 3056 3 6.9 1.11 0.04 15.0 45 21 93

49. Black 60 27 64.5 245 2 6.8 131 0.05 16.2 37 20 94

50, Pale brown T2 15 T4.0 150 O T 0.28 0.02 85 27 18 92

Avail. potash; MSR. 40; 113 p.p.m., KEO

(6) RicaMoND 6. Sanpsox FIELD

Lime-field; young budded limes. Site further N. than last; roadside; flat land. Formerly cotton; lard in
banks. Soil slightly cemented. YELLOW EARTH soil-type. Probably entire; not composite. Black to 22 ins,,
gravelly, red-brown, nearly black, sand to 60 ins.; clay band, 48 to 50 ins.; incipiently cemented below 60
ins. Fairly marked differentiation; soil seems well-developed or “mature”. May belong to Garibaldi Hill
mass, or border between this and St. George's Hill mass. Acid; medium-low nitrogen content medium avail-
able phosphate; medium-high available potash.

MSR.
51, Composite 6 9 344 326 10 6.5 229 0.12 11.1 117 44 165
52. Choe. sepia b 18 30.5 545 16 59 2.86 0.14 11.7 117 30 91
53. Ditto. 10 11 340 470 11 6.0 197 0.09 124 65 24 47
54. Choc. black 16 13 345 500 12 6.3 217 0.09 14.0 49 27 40
55. Ditto. 22 12 355 50.1 14 6.5 2.07 0.09 138 53 32 21
56. Red-brown 32 49.5 395 10 6.7 0.76 0.04 99 60 25 15
57. Ditto. 44 15 405 445 10 6.7 0.44 0.03 0.2 60 24 18
58. Ditto. 8 29 480 378- ¢ 69 V38 003 79 82 21 19
59. Paler brown 50 16 440 885 T 6.9 — — — n 30 21
60. Paler brown 60 11 440 430 9 7.0 — - — 78 34 36
61. Cemented 72 41 555 340 8 6.7 — —_ — 85 19 29
62. Harder 80 55.0 9y 6.7 — e — — -— 80

Avail, potash; MSR. 51; 152 p.p.m., Kzo'




 THE AGRICULTURAL SOILS OF MONTSERRAT

APPENDIX —Continued.

(7

| | I B I [ i ! |Rate |

| Dpth | Grav- | Crse | Silt | LT. |Reac-| OM.| N. C/N |Avail.| of |Avail

| el |Sand|and | | tion | | | Ratio | Nutr. |Soln.| P O
f ; | Clay ! ! ! | ! i a3
| | | | | e | |(mhos x 10—8)

ns) | (%) | (%) | (%) (pH) |I (%) !l (%) | I

| |

(p.p.m.»
|

RicamoNDp 7. GarpEN PIECE

Cotton field: gentle slope from Lynch's Hill, foothill of St. George's Hill. Site 100 yds. E. of main road;
near Cork Hill rise. YELLOW EARTH soil-type, though nowhere clayey. Black to 18 ins., loose, brownish-
grey gravelly-sand becoming finer below. Black band at 62 to 72 ins. May be a 3-part composite profile
but not definite. Distinctly vellowish-brown between 42 and 48 ins. depth; loose throughout. Colour yellowish
rather than reddish-brown. Medium to medium-low nitrogen content: ertremely high available phosphate;
medium available potash. High phosphate extends full depth of profile. Markedly alkaline. Alkalinity
associated with occurrence of free calcium carbonate; source unknown, Peculiar, abnormal profile; may be
3-part composite. 0-16; 16-48; 48-72.

Note : Shoal outerop seen in field W. of site, nearer main road. Site on border between Garibaldi and St.
Gieorge’s Hills, but soil-type probably same as that of St. George's Hill,

MSR.
63. Composite 19 52.1 266 6 6.6 247 0.12 115 113 47 323
64. Black 5 33 59.0 280 8 7.1 272 0.13 12.1 152 126 590
65. Black 10 44 58.5 3056 17 6.8 234 0.10 13.3 01 43 744
66. Black 16 47 58.5 306 6 15 207 0.01 12.0 145 136 1488
67. Brown 24 48 B89.4 48 0 T4 0.38 0,02 88 59 51 287
68. Paler 33 48 92.0 34 0 74 0.14 0.01 59 40 35 178
69. Paler 42 30 76.4 104 0 7.8 — 0.00 - 68 59 309
70. Yellow-brown 48 22 417 250 0 76 — 0.01 — T2 43 48)
71. Darker 55 20 67.0 183 0 76 — 0.03 — 60 59 402
72. Yellow-brown 62 47 86.2 49 0 75 -— 0.01 - 73 Vil 273
73. Black-brown below 72 12 465 334 6 76 1.22 0.04 16.5 81 91 134
Avail. potash; MSR. 63; 147 p.p.m,, Kzo
MSR. 66; 0.6 percent 03003
(8) Ricuamonp 8. TamariNp GHAUT FIELD

Recently cotton, now grass. Site N. of last, % mile, 60 yds. E. of main road. Hollo -slopi

foot of Lynch’s Hill. Closely resembles No. (6); YELLSW EARTH soll-type. Progal?l.ly E:!Iigt}zrg?d[{lllgitgdgf
house. Water-table at 43 ins., swampy hollow; partly impeded drainage. Stiff soil mostly gra\:elly and
somewhat harsh. No clay-pan. Dark chocolate to 23 ins. Not really typical. Yellow Earth 'though clayey
Medium-low nitrogen; medium available phosphate; medium-low available potash. W

MSR.

74, Composite 6 18 397 03 7 6.5 1.90 0.10 10.6 65 34 50
75. Choe. friable 6 21 420 396 17 6.3 221 0.11 113 54 25 40
76. Ditto. 13 10 321 509 11 6.5 1.61 0.09 10.2 49 24 23
77. Ditto. 18 42 69.4 a3 0 6.6 0.711 0.04 9.6 43 23 28
78. Clay-sand 23 37 55.8 302 3 6.5 0.87 0.05 105 50 17 29
79. Sepia 36 18 38.7 807 17 71 0.90 0.06 9.9 44 24 25
80. Red-brown 43 16 51.7 31 6 6.5 0.12 0.05 9.1 58 32 4
81. Below w. table 48 16 49.7 331 6 6.7 0.78 0.04 103 0 24 70
82, Clay-sand 60 10 316 56.1 16 6.5 0.76 0.05 8.0 62 15 19
83. Streaky grey T2 14 356 36.1 15 6.6 0.39 0.04 62 -

Avail. potash; MSR. 74; 956 ppm, KO
2
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(9) Ricamonp 9. Frry's Borrom FIELD .. ..

Cotton field; limes up to 1939; now cotton. Site W.N.W. of No. (6); W. of main road, 150 yds. Foot of
Garibaldi Hill. Resembles No. (7), but not alkaline nor calcareous, YELLOW EARTH soil-type. May be 2-
part composite profile; 0-33; 33-72 ins. Dry, grey-black, dusty soil; coarse loose sand to 31 ins., then paler
browner band, 2 ins., then sudden change to fine black peaty band, 15 ins., which may be buried old soil.
Red-brown-ginger, loose, coarse sand below.

MSR.

84, Composite 18 b3.7 928 U 6.6 2.38 013 10.2 126 51 135
(First Part)

85. Black 6 17 50.6 222 6 6.0 2.10 0.11 109 111 49 106

86. Black, stony 12 21 51.1 21.1 5 6.3 1.28 0.08 9.6 y 36 6

87. Gravelly 18 12 355 213 10 6.6 141 0.06 12.8 64 31 121

88, Black sand 23 23 53.1 239 4 6.7 142 0.06 129 49 31 58

89. Black grit 31 36 706 152 0 7.0 0.72 0.03 15.4 50 24 m

90. Brown sand 33 31 825 99 0 6.9 0.56 0.02 172 57 19 101
(Second Part)

91. 2nq Black layer 42 3 368 327 9 6.1 2901 0.08 211 65 34 52

92. Similar 48 5 50.3 259 b5 6.9 1.28 0.05 16.1 44 28 44

93, Pale-brown 60 16~ 633 186 0 6.8 0.45 — — 40 19_ —

94, Similar; paler 72 29 65.2 180 0O 7.0 0.12 — - 47 21 54

Avail. potash; MSR. 84; 108 p.p.m., KEO

(10) Ricamonp 10. CisTERN BoTTOM FIELD

Lime field ; diseased, planted 1028-29. Yields, 42, 45, 57, 81 barrels per acre in 1932-33 and three successive
Flzt field; sand ghaut borders it on N. side. W. of main road, 250 yds. Black soil to 24 ins.; sandy gravel;
coffee-brown slightly clayey sand below 29 to base. Cemented gravel layer, 20 to 43 ins.; harq round stones
with black peaty layer above it. Probably LITHOSOL soil-type. Medium to medium-low nitrogen; high avail-
able phosphate; fairly-high available potash.

Note : Sections in ravine at boundary of next field but one show old buried land surface (black sandy-clay)
having undulating surface. Cover consists of loose boulders, gravel and sand with fine cindery layer
at base. Possibly flood-wash, or stratified deposits, including incipient “peat”, laid down in basin or
broad hollow (‘bottom™.

MSR.
95. Composite - 12 388 330 11 6.7 2.86 0.15 10.7 144 61 154
96. Sepia-choc. 6 19 401 267 9 67 252 013 110 129 59 133
97. Nearly black 10 9 304 336 10 66 1.79 0.10 10.0 95 40 97
98. Black, stony 17 20 ann 3 S BERE | 59 1.86 0.08 12.7 85 34 62
99. Peaty 24 2 25.7 403 13 6.6 2.26 0.06 215 59 25 30
100. Transition 29 4 308 356 12 6.9 1.42 0.06 145 57 20 i
101. Cemented 43 49 56.1 123 0 6.6 0.60 0.03 10.5 47 17 42
102. Less cemented 54 23 568 222 0 68 s i 1 e SN e
103. Loose sand 66 6 17.0 42 0 6.6 —_— i etk 69 19 51

Avail. potash; MSR. 95; 207 p.p.m, K,O
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(11) RicEMonDp 11. TWENTY-SEVEN ACRE FIELD

(Bransby Ridge)

Cotton-field formerly limes. now banked for cotton. Side of gentle hill-slope facing S; overlooks Bath flat.
Previously 15 yrs. in bush. Black clay soil, grading through brown to 48 ins.; sudden change to white-
encrusted boulders of rotten andesite. Encrustation proved to be calcium carbonate. RENDZINA soil-type;
Bransby Clay. (See also No. (18). Source of lime possibly solfataric. Medium nitrogen content; medium-low
available phosphate and potash.

MSR.
104. Composite — 12 182 578 29 6.5 3.40 021 9.4 168 14 23
105. Black, plastic 6 8 182 525 20 6.8 424 0.20 123 257 208 60
106. Ditto. V. stiff 12 1 182 478 19 6.8 2.90 0.14 118 161 51 22
107. Ditto. moist 18 k| 135 583 25 6.8 1.66 0.10 92 155 59 16
108. Dark brown 24 6 13.7 672 26 71 0.74 0.04 119 146 54 13
109. Coffee-brown 30 8 17.5 605 22 6.8 0.56 0.05 72 142 56 —
110, Paler brown 36 3 19.4 570 28 6.9 0.50 0.04 T4 153 31 14
111. Stony; gritty 48 18 283 435 0 7.0 0.29 —_ —_ 330 44 —
112. Cale, cement — - 54.5 215 8.0 —- — — 675 115 =3

113. Cale. crusts —
179. Encrusted boulders —

: 0
62.0 100 0 82 — — -— — 3 S

Avail, potash; MSR. 104; (0-6 ins) 139 p.p.m, Kao

MSR. 1056 0.0 CaCO - percent
i 112 34.0 o
W & 26.5 =

(12) RicaMonp 12. Bara FIELD

Cotton field. Alluvial or flood-wash flat. May be continuation of mud-flow covering Negro House Field (No.
(4)): outwash in 1936 from St. George’s Hill. Foot of Bransby Ridge. Very stony land. ALLUVIAL or COL-
LUVIAL soil-type. Loose coarse sand, gravel and boulders; irregular vertical distribution., No cemented
layer; numerous pebble beds; big boulders below 48 ins. Brownish-grey colour. Low nitrogen content; very
high available phosphate; medium-high available potash. A

MSR.
114. Composite — 17 59.3 160 6 6.5 1.02 0.06 99 111 24 195
115. Loose sand 6 27 54.0 167 0 6.6 118 0.06 11.3 135 47 180
116. Ditto. Stony 12 28 65.4 138 0 6.9 0.80 0.05 96 112 46 144
117. Coarser 18 16 9.1 84 0 6.9 0.25 0.02 85 38 17 168
118. Ditto. gravel 26 11 81.4 63 0 71 0.16 0.01 86 35 17 131
119. Darker 36 24 675 15.0 0 T2 0.32 0.02 8.0 45 21 —
120. Less gravel 48 23 57.0 208 O 71 0.58 0.03 11.1 59 24 137
121. Boulders 60 25 735 193 0 6.9 0.18 0.01 11.8 63 22 —
122. Sand: boulders 72 50 84.7 68 0 71 0.12 0.01 89 — . 237

Avail, potash; MSR. 114; 153 ppm, KO
2
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(i) Ricemoxp 13, Baxer Fierp No. 14

Lime-field; diseased, planted 1928-29, seedling W.I. lime, Yields, 15, 26, 42, 64 barrels per acre in 1932-33
and three successive years. Slight slope to west, fairly well sheltered by new windbreaks; healthy vigorous
trees; slight Diplodia dieback in patches. One area of 80 trees, contained 56 dead or dying trees, killed by
root-disease (Diaprepes). Some of the trees, both in healthy and diseased areas, have been silted up to 9 ins.
or 1 foot, producing a second root-system above the old one. Both systems contain healthy and diseased
roots. Soil, deep light loamy-sand; surface layers down to three feet, composite. LITHOSOL soil-type. Very
low nitrogen, very high available phosphate, low available potash.

RDB,
1. 3 2 e _ = 71 0.75 0.04 103 _ —_ 162
2, 6 25 94.2 18 — 1.3 0.60 0.02 15.3 43 16 137
3. 12 44 90.6 40 — 7.0 014 0,01 149 36 8 137
4, T 24 40 66.6 125 — 68 0.43 0.03 8.8 a7 19 e
5. 36 45 66.8 152 — 6.6 0.31 0.03 6.8 76 12 142
6. 48 31 1.9 g - 6.9 0.22 0.02 6.7 53 6 —
e 60 51 —_ —_— - 6.6 0.44 0.03 8.6 56 15 143
8. 2 55 = —_— - 6.9 0.68 0.03 13.1 —_ — 129

Avail. potash; RDB. 1, 2; 76 p.p.m,, Kzo

(ii) Ricumonp 14, Baker FieLp No. 14

Lime-field; healthy conditions as last, except outside of patch of 80-dead or dying trees. LITHOSOL soil-
type. Higher nitrogen and available phosphate; low available potash.

RDB.

9. 3 48 -_— S 6.4 1.33 0.07 113 - - 229
10. 6 26 58.5 1893 — 6.6 1.39 0.08 10.8 68 28 237
11, 12 43 55.5 236 — 6.6 1.23 0.07 10.8 Kii 29 139
12. 24 38 64.7 164 — 6.7 0.43 0.02 11.0 52 17 -
13. 36 25 383 300 — 6.6 1.28  0.04 15.8 58 6 53
14. 48 19 384 281 — 6.8 044 0.03 8.5 64 9 —
15. 60 18 420 318 — 7.0 0.20 0.02 5.8 51 20 54
16. 2 26 39.4 316 — 70 0.18 0.02 5.1 72 5 66

Avail. potash; RDB. 9, 10; 72 p.p.m,, Kzo

{iii) Ricamonp 15. Frry's GARDEN PIECE, No. 17a

Lime fleld: diseased, Worst affected fleld; trees now nearly all dead. Six aeres planted 1923-24, and 6 acres,
1928-29. Yields, 37, 35, 57, 46 barrels limes per acre in 1932-33 and three successive years. Hillside; fair
slope to north, Very exposed, except to south. Field nearest to old sugar-cane cultivations, abandoned,
after 1928 hurricane. Healthy trees in sheltered part, vigorous and well-grown. Field once very good. Soil,
stony, light sandy-loam, especially stony below 4 ft. depth. LITHOSOL soil-type. Medium-low nitrogen; high

available phosphate; fairly-high available potash.

RDB.
11. 3 34 472 284 — 64 230 013 107 186 6 98
18, B i85 500 A1 e 88T ARSI 1L W W 61
19. 12 46 435 208 — 66 177 011 98 95 47 32
20, 24 34 400 323 — 67 129 008 97 6 18 -
21. 36 45 391 340 — 69 117 008 88 58 8 15
22, 48 41 480 286 — 69 095 006 . 95 66 0 23

Avail, potash; RDB. 17, 18; 221 pp.m,, Kzo
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(v) Ricamoxp 16. DELviN Borrom FIELD No. 20

Lime field: diseased. Planted in 1929-30. 6 a2, budded and grafted trees on sour orange stock; 4 ac. seedling
limes. Yields, 13, 20, 31, 29 barrels per acre in 1932-33 and three successive years. Slight slope to west, fairly
exposed to wind; inadequate windbreak. Diplodia dieback present. Trees attacked by Diaprepes, 4 budded,
and some seedlings also; first noticed at end of 1935. Soil, lighter than Cistern Bottom Field. Very stony
below 3-foot depth. LITHOSOL soil-type. Medium-low nitrogen; very high available phosphate; medium
available potash.

RDB.
23. 3 35 56.0 258 — 6.5 239 0.13 11.1 88 28 80
24. 6 41 56.2 218 — 6.4 1.35 0.08 9.8 8 22 120
25. 12 16 56.2 ) B B 6.7 0.75 0.06 8.9 65 K 92
26. 24 54 64.3 0.7 = 7.0 0.92 0.05 10.8 61 13 -—
27. 36 5 67.0 1T 9= 6.8 0.59 0.03 10.0 — —_ 61

Avail. potash; RDB. 23, 24; 136 p.p.m., Kzo

(v) Ricamonp 17. CisTerN Borrom FIELD No. 21

Lime field! diseased, planted 1928-29. vields, 42, 45, 57, 81 barrels per acre in 1932-33 and three successive
years. Very slight slope to west. Well sheltered: adequate wind-breaks. Little or no Diplodia dieback nor
scale. Diaprepes damage in one patch of 15 trees in middie of field, and 12 more scattered about the field.
First noticed, Jan. 1936; some trees dead by March 1936. Best lime field an the estate. Soil, sandy-loam, few
large stones, overlying clay. LITHOSOL soil-type. Medium-low nitrogen; fairly high available phosphate;
medium available potash.

RDB.
28. 3 13 45.2 318 = 6.6 242 0.13 11.1 126 55 78
29. 6 20 425 - 6.7 2.07 0.10 125 90 35 69
30. 12 17 61.0 125 — 6.8 0.86 0.05 103 59 11 60
31. 18 14 82.0 100 — 6.8 0.33 0.02 8.2 53 8 60
32. 24 0 14.7 514 — 13 232 0.08 15.3 6 15 50
a3. 30 0 12.2 544 — 71 2.76 0.08 18.6 Tl 9 33
34. 42 35 334 82 — 6.9 0.61 0.04 88 84 0 40
35. 51 35 425 315 — 69 0.48 0.03 88 69 1 57

Avail. potash; RDB. 28, 29; 123 p.p.m., Kzo

(vi) Ricamonp 18. RILEY'S FIELD No. 7

Lime field; diseased, planted 1928-29. Yields 42, 45, 9. 13, 24, 47 barrels per acre in 1932-33 and three
successive years. Slight slope to south-west. Exposed site; suffered at first severely from Diplodia die-back;
pbut field improved as windbreaks grew. Diaprepes attack confined to two trees in middle of field, noticed
in March, 1936. Soil, high sandy-loam; stony pelow 3-feet. LITHOSOL soil-type. Medium-low nitrogen; high
available phosphate ; medium-low available potash.

RDB.
36. 3 31 75 153 — 64 214 o011 111 64 24 99
37, 6 4 640 181 — 64 191 010 107 60 29 84
38, 12 4 587 222 — 65 200 007 158 60 19 8T
39, 24 69 707 154 — 65 121 004 187 5 5 v
40. NN PR | e | s Sl SR | R R

Avail. potash; RDB 36, 37; 118 p.p.m., Kzo
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(vil) Ricamownp 19. Riey's Frerp No. 7

Lime field; slightly diseased. See last; same kind of soil, but has higher nitrogen content. Medium avail-
able phosphate ; medium-low available potash.

RDB,
41, 3 26 449 8074 = 6.4 2.81 0.14 12.0 6 26 54
42, 6 40 47.7 T4 — 64 276 013 122 103 28 45
43. 12 18 49.0 k= 6.6 193 0.09 119 76 23 43
44, 24 50 491 098 — 6.5 146  0.06 129 95 11 -
45. 36 30 53.1 643 — 7.0 0.49 0.03 9.1 57 9 35
46. 48 3  BBS  HNT T — 7.0 030 0.02 9.6 —_ -— 49

Avail. potash; RDB, 41, 42; 89 p.p.m., Kﬂo

(II) ELBERTON ESTATE

(13) Pt 1N ELBERTON ESTATE YARD .
Deep Well, 17 ft. Cracked clay to 2 ft., changing gradually to hard, pale yellow-brown coarse ash, partly
cemented (incipient Terras), then suddenly at 4 ft., into dusty creamy-grey, loose, stoneless, uniform ash to
5 ft., then another thin layer (6 ins.) of partly-cemented ash ; then 6 ins. layer of loose gritty ash, then 4 ins.
layer of creamy loose ash. Between 6 ft. 4 ins. (76 ins.) and -8 ft. 2 ins. (98 ins.) is a zone of iron-cemented,
yellow-orange sand, with 4 thin streaky bands of pale-grey, loose ash, containing a very conspicuous irregular
pure-white layer of putty-like calcareous clay or chalk (425 per cent cwosl. 87'% to 88 ins. Below 98 ins.,

material consists of stratified, uniform, pinkish-brown-grey, stony, loose ash, partly lime-encrusted, containing
red specks of iron-oxide-coated sand.

MSR.

123. Grey ash 60 28 745 135 0 4 018 001 18 82 27 17
124. Streaky ash 84 66 39.1 272 0 7.6 0.19 0,01 109 129 46 37
125. Cale. clay band 87-8 — 10.0 56.1 0 79 —_ —_ _— —d st S
126, L. crust. ash 10-11 ft. 50 28.8 362 26 8.1 0.19 0.02 6.4 200 1 18
127. Flaky clay 17 - - — — - i} - — — 66 35 148

Calcium carbonate tCaCOsl; MSR. 124; 0.04 %

5 125; 425 %

" 126; 45 %

" 127; 0.056 %

(14) Euserron 1. Jonn Dowpy FIELD
Lime and cotton field. Lime trees 4 yrs. old ; fairly good ; some “die-back”. Site on gentle slope in valley.
Sepia clay to 2 ft., changing suddenly to semi-coherent sand, cemented hard below 43 ins. Iron-cemented
bands, 50 to 54 ins. and 59 to 64 ins. Sharp change at 64 ins. to hard “pepper-and-salt ”, uniform, cemented
gritty-ash. No lime-encrustations anywhere, but reaction highly alkaline within incipient Terras below 2 ft.
TERRAS soil-type, though not cemented solid, Medium nitrogen content medium to medium-high available
phosphate ; medium to fairly-high available potash,

MSR. ; a :

128. Composite 6 8 206 514 16 6.6 288 017 10,0 102 33 94
(Clay Soil) !

129. Sepia ; plastic 3 12 3132 993 13 65 -3.52 017 121 148 37T 6D

130. Brown-black 6 4 272 433 14 6.9 234 0.13 10.1 102 12 43

131. Friable ; paler 102 4 284 431 13 X 1.70 0.11 9.1 8 36 24

132, Brown : nut 15 1 2T 502 20 12 099  0.08 T4 8 49 11

133. Stiffer 21 7 3 19.7 ' b53b 19, .72 063 : 005 8.7 86 52 _—

134, Transition 25 8 296 462 15 12 036 0,04 47 107 , 29 9
(Incipient Terras)

135, Yell. brn, sand 33 8 412 3il 6 y 0.21 0.03 47 93 25 —

136. Harsh sand 43 10 ' 604 © 283 8 °RN8 —~— =21 — —_— 96 28 24

137. Cemented 50 — 53.2 173 0 73 — — — 94 24 44

138, Pepper-and-salt 64-78 —_— 80.5 81 0 73 —_ —_ —_ 52 20 307

Avail. potash; MSR. 128; 279 ppm., K,0
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v x SSANE T 1R TN R | =000 : ;
(15) EvrperToN 2. SrLoB FIELD
Lime-field : trees 3 years old. Site on flat at base of steep clope, E. of last site (No. 14), facing 8. Wind-swept,
exposed. Sepia clay to 10% ins. then sudden change to hard cemented terras, hardest at greatest depth
Grey-white terras, 10% to 30 ins,, then prown and coarsely sandy ; few stones. No lime nor iron oxide con-
cretionary material seen anywhere in profile, TERRAS soil-type, Medium nitrogen content. low available
phosphate, low to medium-low available potash.
MSR.
168. Composite 6 11 250 149 27 6.1 248 0.16 9.2 86 28 23
(Clay Soil)
169. Sepia choc. 3 b 36.4 413 1 6.8 352 0.18 114 143 59 21
170. Similar 6 4 369 466 11 6.5 2.36 0.15 9.0 109 39 17
171. Rich brown 10% 4 356 82 12 65 222 0.15 85 98 b0 14
(Hard terras)
172. Cemented 18 — 45.5 240 0 6.8 0.14 0.02 47 B85 16 43
173. Similar ; grey 24 - 396 22.1 0 71 —_ —_ — 3 19 _
174, Similar ; grey 30 50.6 14 0 71 — — — 63 13 20
175. Brown ; hard 38 — 531 18.2 0 6.9 — —_ — 94 22 —_—
176. Loose ; brown 48 - 50.2 18.6 0 69 - - - 64 15 8
177. Cemented 60 — 575 193 0 6.7 - — — 81 34 —
178. “Oolite” 2 — 49.0 215 0 6.7 — — — 16 2 26
Avail. potash; MSR. 168; 120 p.pam., Kzt)
(16) EisertoN 3. OLD WORKS FIELD
Lime-fleld: cotton 1939. Lime-trees 3 years old; previous lime crop died in 1935. Site on hill-slope 500 yds.
E. of Manager's house. Open exposed site : flat at end of small ravine between mounds of Garibaldi Hill
Sepia clay to 19 ins. ; sudden change to partly-cemented terras of coarse, harsh yellow-brown sand to 40 ins..
then loose, dry, pale-grey uncemented, incoherent, soft ash. TERRAS soil-type, but terras occurs only as
band, 21 ins, thick., Medium-low nitrogen, low to medium-low available phosphate and potash.
MSR.
139. Composite 6 6 18.7 505 14 7.0 1.79 0.12 9.0 1 42 38
(Clay Soil) e
140. Brown 3 4 320 483 13 6.8 222 012 9.8 121 23 27
141. Rich brown 6 3 290 6533 15 71 157 011 83 90 22 13
142. Similar 9 2 26.5 88 19 6.6 125 0.10 75 79 36 10
143. Waxy 14 0 215 568 16 6.5 0.68 0.07 59 5 32 9
144. Transition 19 2 36.0 165 11 71 052 0.05 59 84 36 —
(Hard terras)
145, Cemented 23 - 47.0 400 7 6.9 0.30 0.03 — 65 11 9
146. Similar 30 — 585 246 3 7.0 0,22 0.02 — 60 28 15
147. Yellow-brown 0 — 612 M8 0 67 e - - 34 17 61
(Loose Ash)
148, Grey, uniform 7 - 412 B 0 T2 — — - 49 8 73

Avail. potash; MSR. 138, 138 pp.m., Kzo
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ELserTON 4. CaEsAR'S GRAVE FIELD

Young lime field ; budded, 3 years old, Cotton 1939. Site most westerly of the Elberton sites ; open flat, foot
of Garibaldi Hill, facing S. Chocolate clay to 25 ins,, partly-cemented, yellow-brown, coarse, uniform sand to
52 ins., loose, uncemented, dusty, dry grey ash below, as at last site (No. (16) ), which this profile closely
resembles. TERRAS soil-type, but terras occurs as a band, 27 ins. thick, Medium-low nitrogen ; high avail-
able phosphate and potash.

MSR. .
149, Composite 6 11 18.8 340 15 6.8 2.17 013 95 85 51 : 113
(Clay Soll)
150. Sepia 6 1 248 440 11 6.7 197 0.12 9.7 113 51 144
151. Sepia-black 11 2 22.6 452 11 3 142 0.09 81 83 50 59
152. Chocolate 15 0 16.6 604 20 7.1 0.84 0.07 6.6 88 35 16
153. Waxy 25 3 19.5 M6 17 73 0.58 0.06 5.5 92 43 8
(Hard terras)
154, Transition 29 1 26.3 427 13 7.5 0.34 0.04 5.3 117 b4 —
155. Cemented 40 — 275 330 9 1.1 0.28 0.03 5.9 84 47 16
156, Yellow brown 52 445 210 1 16 021 0.02 55 67 41 51
(Loose Ash)
157. Loose, grey 72 482 213 0 76 - - - 48 20 17
Avail, potash; MSR. 149; 401 p.pm,, Kzo
(18) ELBERTON 5. MippLE PIECE. (BraNsSBY RIDGE)

Lime-field ; trees remarkably healthy, little die-back. Field also grew cotton 2 years ago. Grassy ; sparse
herbaceous weeds, Same hillslope as No. (11) ; facing S., overlooking Bath flat and sea. Very exposed and
windy ; near Bransby Point. Sepia-chocolate clay to 20 ins., stony clayey-sand to 33 ins,, packed round stones
below, encrusted with white calcium carbonate. RENDZINA soil-type ; (See also No. (11) ). Source of lime
possibly solfataric. Less rich in organic matter than No. (11) : medium-low nitrogen content ; fairly-high
to high available phosphate ; medium-low available potash.

MSR.
158. Composite 6 8 150 _E} 29 7.2 3.09 017 102 182 164 89
169. Choe. sandy-clay 6 8 20.0 62.5 23 A | 248 0.14 9.9 203 150 160
160. Clay sand 12 9 18.0 643 22 78 1.72 0.10 9.7 174 137 82
161. Sepia clay 20 6 18.0 66.3 24 71 0.84 0.07 7.1 116 99 14
162. Transition 24 9 20.7 64.3 24 T4 0.70 0.06 71 1117 82 12
163. Stony layer 33 - 242 638 21 7.5 0.32 0.03 58 95 47 —
164. Stones 43 — 345 445 19 7.2 0.34 0.03 5.7 243 50 14
165. Coated stones 48 — 51.5 345 16 7.1 0.34 0.03 6.2 360 63 ——
166. Line — - -— - r— i — — — - — —
167. Boulder . — — 56.5 282 — 8.5 0.44 0.02 — 343 T2 -
Avail, potash; MSR. 158 ; 243 p.p.m, KEO
166 ; 14.6 % Cele, carbonate lCaCOJ),
167; 236% ” 5
(III) ILE'S BAY ESTATE
{19) Iie's Bay 1. PeEn PIECE, F1ELD 5

Cotton field ; previously limes to 1938, all died. Site on alluvio-colluvial flat of Balham R., elevated 10 ft.
above level of river, 150 yds. to N. Steep hills to S. of site. ALLUVIAL-COLLUVIAL soil-type. Chocolate
clayey sand to 18 ins., coarser sand and gravel to 36 ins,, well-rounded large boulders and water-borne gravel
to 60 ins. Soil slightly pebbly ; a few large boulders Low to medium-low nitrogen content, medium-low to
medium-high available phosphate medium avail: ble potash. Slightly acid ; well leached.

MSR.
180. Composite - 9 40.6 369 9 63 2,52 0.14 10.5 108 43 84
181. Choc. sand 6 6 48.0 32.0 4 6.6 151 0.09 9.5 60 23 21
182. Black 12 0 50.0 333 10 6.7 1.05 0.09 6.6 50 21 10
183. Brown 18 0 45.0 T3] 69 0.69 0.06 8.9 52 20 20
184, Coarse sand 24 3 53.0 32.5 5 70 0.45 0.04 6.7 39 20 59
185. Gravelly 30 11 825 118 0 7.1 0.19 0.02 7.1 25 15 98
186. Pebbly 36 51 86.7 10.1 0 69 0.12 - e 30 21 84
187. Matrix 60 35 86.7 21 0 6.8 — — — 39 16 111

Avail. potash; MSR. 180; 127 p.p.m., K20
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el i | e PR 2 L A fieip PR e A0 T (RSN
(20) Iwe's Bay 2, CrsterN Piece, FIerp 4
Young lime field; cotton 1939. Limes budded at stake. Site on Balham R. alluvial flat; very bouldery and
stony ; W. of last (No. (19) ), and near Old Road Bay, forming estuary of river. Boulders up to 4 ft., sub-
angular to round, strewn over bare surface. River 100 yds. to N. Area said to be liable to floods.
ALLUVIAL-COLLUVIAL soil-type. Brown sandy soil to 9 ins. (possibly recent flood sand), sharply overlying
darker, sepia coarse-sand and sparse stones to 21 ins., sharply overlying black sand, with bouldery layer below
34 ins. (cpr. last site (No. (19) ), where bouldery layer began at .36 ins.). Medium-low to low nitrogen content,
fairly high to high available phosphate ; fairly high available potash. Slightly acid reaction ; well leached.
MSR.
188. Composite — 3 234 326 12 85 222 012 104 97 42 120
(Fiurst Part)
189. Pale brown 6 1 58.0 27.0 0 6.9 1.37 0.08 9.7 8 38 123
160. Paler 9 6 67.5 17.5 0 6.8 051 0.04 78 54 25 73
(Second Part)
191. Sepia 15 15 48.0 338 5 6.8 0.96 0.06 88 65 23 31
192. Clay-sand 21 3 425 38.0 8 6.9 1.37 0.07 10.7 55 23 29
(Third Part)
193. Black sand 27 0 32.7 423 11 6.9 1.45 0.07 126 al 10 —
194. Sepia sand 34 2 46.2 343 8 6.9 0.76 0.04 114 41 28 62
185. Boulders 44 19 57.2 26.8 1 6.9 0.59 0.03 11.4 56 20
196, Boulders 66 39 76.2 16.4 0 71 0.28 0.03 6.4 54 21 94
iMatrix)
Avail. potash; MSR. 188; 183 p.p.m., K?Cl
(21) Ire's Bay 3. Bay Pice, FiEwp 1
Cotton field, formerly limes which died ;: severe hurricane damage in 1928, Site at base of steep hill, near
old works, 150 yds. to N., and bluff, 200 yds. to S., forming end of spur between Old Road flat and this concave
hill-face, West face of Garibaldi Hill. Slope shows erosion effects. At present bare, stony, bouldery, with
path half-way up along contour. Abundant Nut Grass. Chocolate clay to 20 ins., sharply overlying hard
cemented creamy-bufl shoal, composed of gravel. Unable to dig below 3 ft. SHOAL soll-type. Sharp
differentiation between clay and hard sandy shoal. Medium to medium-high nitrogen content; very-high
available phosphate and potash. Unusually high nutrient status; organic content only medium.
MSR.
197. Composite - 17 28.2 423 18 6.4 3.16 021 10.6 175 0 169
(Clay SoiD) g Ao %
198. Sepia-clay 3 18 38.0 476 13 63 352 0.18 11.4 170 17 201
169, Ditto. 6 17 41.0 4650 13 6.4 3.33 0.18 10.8 163 9 224
200. Paler ; streaky 9 Y 4 28.0 580 17 6.7 214 0.14 89 135 27 210
201. Brown 12 9 25.0 650 24 7.1 1.70 0.12 8.1 143 74 109
202. Snufl-brown 20 2 134 776 33 73 0.85 0.09 5.8 192 93 35
(Hard Shoal)
203. Cemented 22 — Mo 130 0 72 - - - 254 82 23
204. Deeper shoal 33-36 - 90.0 32 0 72 — - s 196 47 47

Avail, potash; MSR. 197: 482 ppm, K O
2
» 203 ; 0.06% caleium carbonate (CaCO31
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(IV) OLVESTON ESTATE

(22) Ouveston 1. Fiewp 8

Young lime field ; budded limes planted in holes 1939 ; previous limes died. Pigeon Pea inter-rows., Site
near main road in open, weedy fleld, gently-sloping gseaward. Brownish-black plastic gritty clay to 28 ins,
sharply overlying hard cemented shoal. SHOAL soil-type. Centre Hills, Thin, black, waxy, humic band
separates clay from shoal. Surface of shoal irregular ; black band discontinuous, accompanied by red-brown
iron-staining. Not brashy. Clay mottled af base; tawny splotches ; gritty ; small stones present. Medium to

medium-high nitrogen content ;

low available phosphate and potash.

MSR.
220.

221,

BEERER

Composite

(Clay Soil)
Brown-grey
Brown-black
Mottled
Yellow-brown
Rusty spotched
Similar

Black wax

|23)
L

— 5 169 614 22 6.1 3.88 0.22 10.2 9 48 21

3 — 272 422 18 6.0 4.55 0.23 114 124 220 24

T% — 304 428 15 6.2 3.08 0.18 9.9 89 122 11
13 1 28.2 430 18 6.1 L.17 0.09 7.5 120 6 12
18 1 29.0 42 17 6.5 0.55 0.06 6.6 124 29 6
25 8 31.2 418 18 6.5 0.36 0.04 5.6 114 41 1
28 — 39.7 387 16 .5 0.57 0.05 6.8 127 41 6
8% — 52.7 343 0 6.7 3.70 0.14 14.8 T4 35 8

Avail. potash ; MSR. 220: 94 p.p.m., KEO

OuLvesTOoN 2. ‘GLEBE FIELD

ime field: old trees; tall wind-breaks, grassy, Gliricidia shelter, Site near last (No. (22) ) but opposile
side of ghaut and further N. wind-swept though sheltered by trees. Black, gritty, waxy clay sharply over-

lying hard cemented shoal at 18 ins. depth. SHOAL soll-type ; Centre Hills, No definite brashy layer ; no
waxy humic band. Medium-high nitrogen content ; low'available phosphate and potash.
e T SN S R AR L RS g
213. Composite 6 1 19.5 455 20 6.3 422 0.24 10.0 93 19 27
(Clay Soil) '
214. Black ; stony 3 10 346 418 20 6.1 5.86 0.29 119 130 237 i
215. Similar ; hard 6 14 236 534 22 62 180 012 92 i 41 11
216. Tough ; dirty 9 10 206 542 22 6.3 1.23 0.08 8.6 83 36 6
217. Similar 15 - 26.0 3711 N 6.9 1.01 0.08 74 130 65 11
218, Waxy ; gritty 18 - 313 443 28 6.8 0.64 0.05 7.3 145 76 11
(Shoal)
219. Cemented — —_ 6.4 216 0 8.1 — — — 333 13 ]
Avail, potash; MSR. 213; 99 p.p.m, Kzo
(24) Opnvestron 3. Fierp No. 10

Lime field : cotton in 1938. Young limes, 1 year old : very grassy and scrubby open field ; wind-swept. BSite
14 mile from sea, 300 ft. altitude, on hog's back ridge from Centre Hills, betweéen two shallow ghauts :
rolling topography. Sepia, plastic, waxy clay, humus-streaked, overlying brash with hard cemented shoal at
94 ins. depth. No humic waxy band. Brash consists of rotten round boulders and stones. SHOAL soil-type.

Medium nitrogen content ; low to medium-low available phosphate, medium-low available po

tash.

MSR.
205.

Composite

206.
207.
208,
200.
210,
211

212,

(Clay Soil)

Grey, friable
Neutral grey
Similar ; waxy

Similar
Brashy “fudge”

(Shoal)
Cemented

6 13 152 382 34 6.4 343 0.19 10.3 98 50__ 3}

3 13 25.2 441 16 6.4 3.7 0.20 11.1 114 55 24
6 13 155 583 22 6.3 240 0.15 93 137 72 15
9 7 12.8 669 24 6.5 1.74 0.12 83 181 7% 12

12 5 12.0 726 26 6.6 1.05 0.10 6.4 302 65 9
18 5 125 753 28 6.1 119 0.08 8.6 419 61 9
24 2 275 55.8 ' 25 5.7 0.79 0.06 74 495 40 5
36 — 705 128 0 7.8 o - —_ 288 36 --

Avail. potash; MSR. 205; 158 p.p.m., KHO
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(V) O'GARA’S ESTATE

(25) O'Gara's 1. Bay FIeLp

Cotton field; cotton every year; manured with cotton-seed meal; yields up to 1,500 1b. seed cotton. Site
near short below main road; 140 yds. from sea; near graveyard; base of small hill, Very stony bouldery
land: boulders piled up. Coastal shelf. Dry area; low rainfall, exnosed. Black gravelly sand overlying grey
gravel, sand and rounded stones and boulders. LITHOSOL eoil-type. Irregular organic matter distributicn
denoting composite nature of profile; probably 4-parts; bottom bart overlies grey, fresh ash, sand and
round stones in lenticular masses. Very low nitrogen content; extremely high available phosphate, medium
available potash; results of manuring. Markedly alkaline throughout.

MSR.

228. Composite — 20 59.8 147 0 6.8 097 0.06 10.0 93 21 325
(First Part)

299. Black, dusty 6 21 61.2 174 0 7.0 0.96 0.05 10.6 69 34 334

230. Dark brown 13 39 63.2 181 0 73 057 0.04 76 66 33 539
(Second Part)

231, Black sand 19 10 51.2 -7 s | 2 0.87 0.04 12.6 69 42 387

232. Stony 22 37 4.7 128 0 T4 043 0.02 114 52 36 95
(Third Part)

233. Black sand 24 39 60.0 190 0O 1.5 0.756 0.03 12.9 69 44 80

234. Gravelly 36 22 68.5 156 0 1.5 0.45 0.03 10.2 T2 56 69
(Fourth Part)

235, Black 40 16 42.0 305 6 7.6 0.88 0.04 113 161 100 —

236. Grey ash 52 36 71.0 155 0 79 0.28 0.02 78 60 b4 69

Avail, potash; MSR. 228; 207 p.pm., Kzo

(26) O'Gara’s 2. RIVER FIELD

Cotton field. Manured yearly with cotton-seed meal. Yields said to be higher than those of last site; up
to 1,800 1b. seed cotton per acre. Site near sea margin, 30 yds. away, and 100 yds. E. of river emerging from
deep ghaut, 400 yds. W. of estate building. Probably not typical of field as a whole; composite accordingly
collected over a wider area. Bouldery stony land. Boulders piled up in field. Brownish-black clayey sand to
20 ins, compact boulders and rusty stones below, 1 to 3 ft. diam. Not stratified; profile sample. LITHOSOL
soil-type. Medium-high nitrogen content: extremely high available phosphate, very high available potash.
probably results of manuring. Alkaline throughout.

MSR
237, Composite -— 24 303 337 10 71 1.91 0.10 108 235 161 2880
238. Dark grey 6 23 49. 314 13 7.3 477 0.23 12.3 604 146 1832
230. Sepia black 12 21 45.5 308 13 12 2.34 0.14 2.5 482 9) 040
240. Stony 20 26 375 446 15 15 1.20 0.08 8.4 356 109 497
241. Ash 54 34 36.7 40,1 18 T2 0.59 0.05 66 1725 135 101

Avail. potash; MSR. 237-: 557 p.pm., KO
2




THE AGRICUL’I‘URLXL SOILS OF MONTSERRAT 55
APPENDIX—Continued.
‘ | | I | | | I | ] |
| | | | | [ | |Rate |
| Dpth | Grav- | Crse | Silt | LT. | Reac-| OM.| N. | C/N | Avail. | of |Avail
| | el |Sand | and |l % tion ilnatlu Nutr. |Soln. | ons
| | | |Clay | |(mhos X 10—)
| |

|
(%) | (%) ‘ | |
[ 1 | |

|
| |
| | | |

|Ifin5.l |l %) | (%) | (%) (pH) |
} i 105 |

(ppm.)
| | I _

27) 0O'Gara’s 3.

Cotton field; unplanted, resting. Limes up to 1925. Site on side of very steep
Altitude 100 ft. Open, exposed, windswept slope; angle of slope, 256°, Tall grass; Acacia serub, Cleome weed.
Black powdery sand and cinders to 16 ins., overlying purplish-grey, slightly calcareous ash (dust, sand,
cinders, stones). Limestone prevalent in vicinity; possibly Pleistocene limestone known to occur in this

HoLrings FIELD
spur E. of house, 400 yds.

area. LITHOSOL soil-type. Medium nitrogen content ; extremely high available phosphate ; very high
available potash. High alkalinity throughout.
MSR.
242, Composite 6 39 47.9 246 13 6.9 486 0.29 9.1 405 182 284
e e el e 2 2 S R T e
243. Cindery 3 44 48.7 351 8 8.0 3.26 0.18 10.6 178 184 512
“044. Fine sand 6 40 48.2 341 6 75 2.46 013. 1086 116 161 222
245. Loose ] 37 48.0 30 1 75 212 0.12 9.9 118 154 206
246. Stony 12 36 45.7 371 8 15 1.81 0.11 9.3 169 172 165
247. Stony 16 40 48.7 3268 8 ¢ ) 1.59 0.11 8.6 150 166 115
248, Grey ash 28 51 .5 153 O 8.4 0.30 —_ o 124 142 119
249, Limesfone s — - iy 1 86 o - = _ — —

Avail, potash; MSR. 242; 561 p.p.m., KBO
., 248; 023% Calcium Carbonate (cacoa)

P 249; 323 % " e "

(28) O'GarA’s 4. RuEY'S Cove FIELD

Peasants cotton land; formerly limes, abandoned 1920, land reverted to pasture, now cotton. Unmanured.
Grassy, Acacia bush, xerophytic plants; Cactus, Prickly Pear, Vinca.

Site near end of narrow spur composed of coarse, cemented, black, bedded conglomerate, below conspicious
shelf 100 vds, away, 50 ft. higher. Altitude, 80 ft., hillface. Near Well Boftom. Parent rock in soil profile,
lime-encrusted, bedded, gravelly conglomerate, dipping at fairly high angle sea-wards. Profile, 31 ins., deep;
sepla humic gritty sand and gravel to 15 ins, sharply overlying purplish-grey, loose, fine gravelly-sand to
31 ins. then lime-encrusted pedded conglomerate, thinly veined vertically with calc. carbonate. Medium to
medium-low nitrogen content; extremely high available phosphate; very high available potash. Highly

alkaline throughout.

MSR.
251. Sepia ash 3 38 53.9 1656 1T 71 224 013 10.2 152 65 216
252. Stony 6 50 61.0 145 3 13 151 0.10 8.8 105 59 208
253. Gravelly 9 43 67.2 93 0 75 0.92 0.07 8.0 83 59 161
254. Brown 15 39 66.5 110 0 15 0.65 0.05 T3 83 45 515
9255. Grey ash 25 39 62.7 121 .0 b v | 071 0.05 1.6 M 48 e
256. Pinkish 31 64 68.2 100 0 8.1 0.45 0.04 6.4 100 85 342
257. Crusts 311 — — _—— 8.1 —_ — — —_ — poke
258. Rock 34 - .- —_ - 8.4 s — — S —— 254
259. Gravel 2 57 — —_— - 8.3 — — -_— e — A
260. Limestone — - - —_ — 7.9 - — — i i S
Avall, potash; MSR. 2513} Top 6-ins., 356 ppm., K O

w o 2562; 2

. 257; 15.8% calcium carbonate t(:s.COB)

i 258; 102% -

. 259; 031% o

& 1260; -2r4 % i
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(VI) TRANTS ESTATE

(29) Trants 1, Arran DueL FIELD

Cotton-field ; Site near ghaut separating hog-back deposits of Farm and Bethel from alluvial deposits of
Trants. Left bank of ghaut washed away ; debris may form part of material of the soll at this site. Large
black boulders strewn over land, especially south of the site. Sepia coarse sand no stones, blacker below to
14 ins., changing suddenly to speckled pale brownish-grey gritty-sand and gravel to 50 ins. overlying bed of
large round pebbles or small boulders. Coarse loose ash bands at 36 and 43 ins,, not sampled. ALLUVIAL or
COLLUVIAL soil-type ; loose and uncemented. Deposits may be partly water-sorted (marine or torrential).
Low nitrogen content ; extremely high available phosphate ; very high available potash, perhaps results of
manuring, Nearly neutral reaction; low organic content.

MSR.

287. Composite - 0 436 255 3 66 143 ' o008 108 182 19 202
288. Sepia 7 5 645 208 6 88 111 008 NI A2 37 190
289, Black 14 11 ENE - <188 w0- 2L 5108 < 006 TR 65 42 78
200. Speckled 20 32 720 16 N L R T - S 52 35' 63

Avail. potash; MSR. 287; 351 p.p.m.; Kno

(30) TranTts 2. PiceoN House FIELD

Cotton field since 1906, but sugar-cane, 1918-20 ; tenancy, 1933-35, estate since 1936. Regarded as good colton
soil. Yields about 1,000 b, ac. Pen manured reguiarly since 1906, with occasional C.S. meal, say once in 4
yrs. and artificials. Soil dries out badly watar-table (in well) at 20 ft. Site near estate buildings ; 50 yds.
from Trants house. Flat land, forming low shelf running up to hill-cliffs on NNW. and W. May be partly
marine alluvium. Profile shows 3 layers : (i) dark grey-brown humic sand, 0-11 ins. (i1) black, fine, soft
eand, 11-27 ins.; (iii) speckled brownish-grey coarse sea-shore sand to 88 ins. Occasional stones only ; one
gravel layer near base ALLUVIAL soil-type. Composite ; different layers deposited at different times. Low
to medium-low nitrogen content; extremely high available phosphate ; very high available potash, possibly
results of manuring. Alkaline throughout.

MSR.

261. Composite — 6 48.7 245 3 73 1.72 0.09 116 171 123 2020
(First Part) ST AR

262. Brown L 6. BT 348 TN RMST 000 1A 1) 57 1856

263. Greyish 11 9 55.6 241 2 T4 1.74 0.09 11.7 6 28 1916
(Second Part)

264. Black 15 7 519 223 4 13 226 0.10 13.1 81 50 2880

265. Black 21 ; 56.5 216 3 73 2.03 0.09 13.7 67 54 3016

266. Paler 27 8 548 187 0 74 09 005 111 72 88—
(Third Part)

267. Grey-brown 34 13 65.8 16.7 0 1.4 0.39 0.03 9.0 67 32 1468

268. Speckled &40 -y 188 0T . 08 o 9.0 50 e

260, Coarse 52 26 755 103 0 71 -— - e 47 24 788

270. Gravelly 64 41 825 85 0 72 - e Sl 45 22 =3

271. Coarse grit % 30 927 33 0 12 s e “- 32 19 15

Avail. potash; MSR. 261; 389 p.p.m., Kzo
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{31) TraNTs 3. Orp Houst FIELD (EAST)

Cotton field ; History and reputation as next (No. (32) ). Good yields. Site south-west of last.. Profile shows
traces of composite nature ; buried humic soil, 6-12 ins. speckled brownish-grey, coarse sea-shore sand to 25
ins. overlying gravel and boulders, up to 1% ft. diam. ALLUVIAL soil-type. Layers show vague stratification
caused by deposition at different times ; ‘the layers dip at low angle to west. Low nitrogen content | extreme-
ly high available phosphate ; high available potash. Markedly alkaline throughout, but no trace of free
calcium carbonate,

MSR.
282. Composite - 5 46.0 306 4 6.9 1.72 0.09 11.6 113 38 364
283. Grey 6 9 59.2 26.6 4 7.2 151 0.07 122 3 55 356
284. Black 12 q 08.2 213 0 73 1.64 0.07 134 57 59 205
285. Grey-brown 18 8 70.2 14.8 0 74 0.40 0.03 9.3 46 37 130
286. Speckled 25 10 69.3 15.0 0 7.0 0.14 0.02 5.3 40 33 124

Avail. potash; MSR. 282; 280 p.p.m., KZO

(32) TranTs 4. Orp House FIELD (WEST)

Cotton field. Limes up to 1910 ; not diseased. Estate cultivation to 1033, tenancy since, One sugar-cane
crop 1920-22, Cotton yields high ; 1,000 b, seed cotton ac., 300 Ib. lint. Nut Grass abundant. Only occasion-
ally manured, pen manure. Site near hill-cliff on west side of Trants flat. Hill rises abruptly 120 yds. away
Sepia, soft, coarse, stoneless sand to 10 ins., black humic sand to 18 ins., sharp change to coarse, clayey, stony
cand to 24 ins., coarse, soft, speckled brown sand Lo 98 ins., overlying coarse, slightly cemented gravel and
boulders, vaguely stratified, perhaps colluvial, Soil slightly clayey, older material, more leached, more acid
than that at other Trants sites. ALLUVIAL soil-type ; slightly differentiated. Low to medium-low nitrogen
content ; fairly-high to very high available phosphate ; high available potash. Low organic content. Slightly

acid neutral reaction.

MSR.
277. Composite —_ 4 375 317 4 7.0 1.58 0.08 11.9 94 41 170
278. Sepia 10 1 50.0 30.0 3 6.9 131 0.07 11.3 56 33 64
279. Black band 16 7 50.0 294 4 6.8 0.99 0.05 10.6 42 25 24
280. Gritty 24 12 53.0 4.8 4 7.0 0.56 0.04 9.1 38 28 30
281. Speckled 28 24 61.0 235 0 6.9 0.41 0.03 7.0 35 22 49

Avail. potash; MSR. 277; 248 p.p.m, KEO

(33) Trants 6. Bay FIELD

Cotton field ; estate cultivation to 1932, tenancy since. Never in limes. One sugar-cane crop 1920-22. Cotton
yields, fair. Land dries out padly. Occasionally pen-manured, but not since 1830. Site, near sea-shore ; 150
yds. from sea ; dense belt of Horse Nicker, Sea-Grape, &c., between it and sea-beach. Uniform; crisp, nale-
brown sand throughout ; tends to compact. Not saline. No change to 6 feet ; stoneless. ALLUVIAL soil-type :
derived from sea-shore marine deposits. Very low nitrogen content; medium-high available phosphate,

high to very high available potash, Highly alkaline throughout.

MSR.

972. Composite TR i T LT B o . s B BB a0 B 30 76
. Coarse sand e a3 520 265 0 T4 086 004 Bl 56 B 48

";?;1 Ditto. " ; s .3 510 238 1 77 03 008 68 54 .45 ¥

215, Ditto. ¢ 5 510 22 .0 76 02 004 40 57 50 40

276, Ditto. ' ; a9 M ;WO RS s I il S

Avail. potash. MSR. 272; 268 p.p.m., Kao
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| | Rate

pey ' | v
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el |Sand| and | | tion | Ratio | Nutr. [Soln.| P O
Clay | ! 3 e
| | (mhos x 10—
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(VI) HERMITAGE ESTATE

(34) HermiTacE 1. RANGE FIELD

Site W.N.W. of buildings. Elevation, 1000 ft.: rainfall 70 ins. Middle part of glacis from Castles Pealk.
Well-watered, cool, misty slopes. Cotton land but sugar-cane for 100 years previous to 1928. Grows good
tomatoes : seed cotton yields, very high, up to 1550 1b, ac. Never manured as far as known. BROWN
EARTH soil-type. Sepia-chocolate humic sandy-loam with small stones to 15 ins., overlving ginger-brown
crumbly loam with abundant soft decomposed stones becoming bouldery below. Medium contents of organic
matter and nitrogen ; medium-low available phesphate and potash. Deep organic penetration.

MSR.
291. Composite — 27 338 338 9 6.1 243 0.14 10.3 6 33 46
202. Chocolate 5 40 428 25.5 6 6.1 2.78 013 12.8 9 31 34
203, Friable 9 26 39.2 2715 T 63 224 0.11 11.7 52 317 23
204. Brown 12 23 386 21.7 7 6.3 2,02 0.09 12.5 49 18 16
295. Transition 15 23 371 201 9 6.5 1.78 0.08 124 52 24 9
296. Red-brown 24 13 328 338 9 6.5 0,94 0.05 114 54 23 4
297. Iron-stained 36 16 348 315 4 6.7 0.83 0.04 11.8 60 26 3

Avail. potash; MSR. 201; 102 p.p.m., K"O

(35) HrRMITAGE 2. GARDEN FIELD

Site west of Whites chimney ; elevation 800 ft.: rainfall, 70 ins.; cool and misty. Cotton land, high yields ;
also grows vegetables, sugar-cane in past 20 years. BROWN EARTH soil-type. Dark-chocolate friable loam
with black band at 10-18 ins., changing below to dark-brown soft stony clay, orange-speckled when cut,
Stones abundant below 24 ins., mostly well-weathered. Medium-low organic matter and nitrogen ; high avail-
able phosphate ; medium-high available potash. Deep organic penetration.

MSR.

208. Composite : 18 285 389 9 61 247 012 114 145 20 128
299. Chocolate 6 14 488 235 46X 208 009 127 6 T
300. Gritty 10 86 483 WS B S RSSO 131 M ¥ 109
301. Black band ORI R R e T e TS TR T e | 48
302. Red-brown 9 — 847 390 9 67 08 005 108 50 9 13

Avail. potash; MSR. 298; 166 p.p.m., KO
2

(VIII) WHITES ESTATE
(36) Warres 1. Porrers FIELD

Site, cropping and reputation, similar to last. Cotton land for many years. sugar-cane before 1920 ; green
dressings regularly grown. Share-cropping for last 3 years, Elevation, 700 ft. ; rainfall 60 ins. Site d\io novtn
of Whites chimney. BROWN EARTH soil-type. Shallow profile ; chocolate-brown sandy-clay ; black hu‘ni;:
band below 9 ins. ; soft rotten boulders and stones to 15 to 36 ins.; very large, less weathered boulders below
36 ins.. with red-brown clay between. Low organic matter and nitrogen, deeply penetrating ; high available
phosphate ; medium-high available potash.

MSR.

303. Composite 2 : — 17 355 325 6 6.5 1.86 0.09 115 142 a1 192
304. Dark brown 5 22 438 296 5 7.0 1.81 0.08 12.5 101 61 186
305. Gritty 9 15 384 312 T 6.5 1.81 0.09 124 68 37 53
306. Black band 15 15 355 323 9 6.5 224 0.09 143 253 16 44

Avail. potash; MSR. 303; 159 p.p.m., KZD
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| | | |

(37) Wurres 2. Pasture FIELD

Site half a mile from sea-coast : lower part of great glacis from Castle Peak : elevation, 190 ft.; rainfall, 40
ins. Slope, 5°. Whites ghaut nearby to north, Cotton since 1837, pasture 10 yrs. previously ; cotton 10 years |
sugar-cane previously. No manures applied since 1£37. Cotton yields, 700-800 lb. ac. seed cotton, depending
on rainfall, LITHOSOL soil-type. Loose, dark grey sandy-ash, similar to Richmond soil. Few stones, hard,
unweathered. Medium organic matter and nitrogen to 36 ins.; medium-low available phosphate ; high
available potash.

MSR.

436, Composite g = adp’ ) GR HABE oAl TR TN o e
437. Grey ash e ey gss & B4 RN AL TME TSR T S
438, Compact 53 ita #16 -885. 6 -§o ims 008 - 131 &, -9 25
439, Looser 18 12 %02 47 10 72 26 olo 152 1B 53 34
440, Very loose 3 'is 890 415° .9 4 83 909 165 W6 A 32
441. Paler 3 13 385 400 8 71 136 006 180 384 15 18
442. Brown W 91 A3 me 6 STO 10T 00 144 W6 - W8 13

Avail. potash; MSR. 436; 227 p.pm., l{zo

(IX) BETHEL ESTATE
(38) BermeL 1. Necro HOUSE FIELD

Site on glacis trending N.N.E. from Castle's Peak to coast below Farm Estate. Elevation, 500 ft.; rainfall, 45
ins., variable. Cotton land ; few large boulders over land surface but stones up to 6 ins, diameter very
abundant. BROWN EARTH soil-type, with affinities with YELLOW EARTH. Dark sepia sandy-clay to 12
ins., changing to tawny-brown soft weathered stones with sandy-clay matrix to 48 ins.. then change to khaki-
brown sandy-ash. Medium-low organic matter and nitrogen rapidly diminishing below. Low available
phosphate ; medium-high available potash.

MSR.
307. Composite — 14 263 370 1 6.5 1.85 011 10.2 114 19 31
308. Sepia 6 17 370 36.0 1 66 212 0.11 111 135 19 28
309. Stony ash 12 21 35.0 36.0 6 69 0.99 0.07 8.1 66 28 8
310. Brown 18 — 39.0 322 7 6.8 0.52 0.04 7.0 51 19 0
311. Tawn ash 24 317 45.0 320 ] 6.6 0.34 0.03 6.3 6 15 1

Avail. potash; MSR. 307; 148 p.p.m.; qu

(39) Berael 2. St House FIELD

Site on same slope as last but at lower elevation ; 300 ft.; rainfall, 45 ins, 150 yds. N.E. of buildings, Land
representative of lower good Cotton grounds ; Cotton for last 30 years ; formerly sugar-cane pen manured
up to 1939, every third year. Stony land : stones uy to 9 ins, diameter. YELLOW EARTH soil-type, bordering
on to LITHOSOL. Pale-brown uniform clayey-sand with few small angular stones ; changing at 24 ‘ns. to
stiff, compact, clayey-grit, stained with iron and manganese oxides. No boulders to 6 ft. Low organic matter
and nitrogen, very high available phosphate and pctash.

MSR.
312. Composite —_ 15 348 314 6 G4 1.36 0.09 8.9 363 6 340
313. Pale brown 6 13 46.5 278 3 6.6 1.33 0.08 10.0 205 44 352
314. Compact 9 10 421 331 4 71 0.93 0.06 9.5 95 42 272
315. Darker 15 11 428 346 3 73 0.67 0.04 94 8 49 128
318. Transition 18 14 446 308 2 71 054 0.04 8.8 70 317 89
317, Stiff 24 11 39.0 38.4 4 7.1 0.44 0.03 8.8 63 33 60
318. Clayey 31 23 377 319 8 7.0 0.35 0.04 5.6 5 33 24

Avail. potash; MSR. 312; 676 p.pm., Kzo
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(40) BerneL 3. Lonc Rance FIELD

MSR.

Site 600 yds. N.W. of Bethel mill tower : 30 yds. from Farm Road, 250 yds. EN.E. of Church, % -mile from
sea. Elevation, 280 ft., rainfall 45 ins. Same slope as last two: 5° N.E. Cotton only ; representative of best
cotton land in this district ; Pen manured every 5 years; 10 tons ac. ; occasional green dressings. 500 1b. ac.
1939 (a dry year). Average years, 900 b. ac. Exposed and wind-swept. Stony soil. YELLOW EARTH sof!-
type, with BROWN EARTH affinities. Sepia clayey-sand to 10 ins., then mass of rotting stones, with inciplent
cementation, to 49 ins., then looser greenish-brown sandy-ash, crumbly and devoid of stones, becoming purplish
and more stony below 51 ins. Low organic matter and nifrogen ; medium-high available phosphate ; fairly
high available potash.

449, Composite 6 21 258 317 6 6.3 1.28 0.07 101 108 36 45
450. Sepia, friable 5 25 470 290 3 (E 0.85 0.05 9.5 124 6 I8
451. Compact 10 39 400 518 6 73 0.70 0.05 78 103 3 31
452. Rotting stones 15 — 46.0 36.8 9 69 0.55 0.05 69 204 14 10
— Cemented stones 49 — - — — — —-- - - - - -
453. Grey ash 51 — 67.0 200 0 7.0 —_— — —_ 97 20 110

Avail. potash; MSR, 449; 198 p.p.m., K20

(X) TUITS ESTATE

(41) 'Turrs 1. GaRDEN FIELD

Site on glacis to north of Castle’s Peak; slope, g°, elevation 700 ft.; rainfall 55 ins, One mile W.N.W. of
Whites: on N. side of Whites ghaut, 75 yds. distant, and 200 yds. W.N.W. of Hog Hole Village. Cotton since
1937; previously pasture. Yield, 900 1b. ac., seed cotton; best in dry vears. No manuring. Stock do not thrive.
BROWN EARTH soil-type. Gritty sandy-clay, sepia-black colour, with sparse small rotting stones to 16 ins.;
paler and more stony with stones up to 5 ins. diameter, mostly unweathered above, but increasingly
weathered and soft with iron-staining, below 24 ins. Medium-low organic matter and nitrogen; medium
available phosphate; fairly high available potash.

MSR. r =

443. Composite — 5 b § 21.2 451 17 6.5 3.80 0.19 113 199 53 37
344, Black 5 19 322 393 11 65 265 015 105 105 46 87
445. Gritty 10 17 25 405 11 66 172 o008 18 T 26 9
446. Sepla 6 21 207 421 11 69 104 006 103 66 21 6
447. Paler 24 11 200 428 10 70 057 004 8.1 64 1 5
448, Rotten stones 30 "~ 340 420 10 71 049 002 157 59 20 4

Avail. potash; MSR. 443; 204 pp.m,, Kno

(XI) TAR RIVER ESTATE

(42) Tar River 1

Site on sloning land, 20 percent grade, ENE. of Castle's Peak, 30 yds. 8. of Great Ghaut and 30 yds.
N.E. of main road. Elevation 0860 ft.; half-a-mile inland from coast. Rainfall, 45 ins. Cotton land; regarded
as fair: grows tomatoes well; 2,000 Ib. ac. Pen-manured, 10-15 tons ac. for last 3 years; no artificials nor
cotton seed meal applied. BROWN EARTH soil-type, Humic brown to 10 ins., rotten stony layer to 14 ins.,
rotten rock to 34 ins. with sticky clay matrix, stained brown with iron and manganese oxides; cemented
somewhat below, with component stones grey and not verv much weathered, and larger in size (above 4
ins.). Medium-low organic matter and nitrogen; fairly high available phosnhate; very high available potash.

MSR.

480, Composite - 20 41.0 418 14 6.6 2.55 0.17 8.6 129 49 71
“481. Pale brown 5 24 317 918 ©® 67 226 013 100 92 32 86
482 Stony 0 3 %60 385 10 66 18 012 89 8% 35 38
483 Compact 14 87 305 433 11 638 136 009 80 5 42 11
484, Rotten stones 20 -— 300 463'13 69 074 006 15 69 2 5
485. Rotten 32 -~ 9247 511 20 68 042 004 68 109 19 4
486. Rotten 34 - 137 658 33 67 075 004 115 80 24 3

Cemented below; not sampled
Avail. potash; MSR. 480; 276 p.p.m, Kzo
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(43) Tar RIvER 2

Site 400 vds. beyond end of main road. 600 yds. S.E. of Long Ground Village and Great Ghaut; 100 yds. S.E.
of Billy Ghaut. Elevation, 800 ft., rainfall 45 ins. Cropping and manuring as last. Tomatoes; yields as last;
somewhat low for this district possibly because of auverse weather., BROWN EARTH soll-type. Soil more
humic than last, and generally richer, but organic distribution irregular, with dark band at 8 to 16 ins.
Brown stony clay; coarsely-crumbly; compact. Stones mostly less than half inch but many up to 2% ins.,
and mainly only slightly decomposed; markedly stony layer, 15 to 28 ins., stones un to 5 ins. less stony
pelow but more rotten, with brown clayey matrix, somewhat cemented below 34 ins. large stones at base.
Medium organic matter and nitrogen; high available phosphate; very high available potash. »

MSR.
475. Composite —_ 33 425 39.0 16 6.4 3.21 0.18 10.6 156 40 72
476. Pale brown Bl 30 39.5 38.0 13 6.6 2.16 0.16 10.1 200 12 105
477, Stony 8 28 34.7 416 12 6.5 2,02 0.13 94 83 43 50
478. Humic 15 24 28.0 493 16 6.3 219 0.13 10.0 60 24 26
479. Very stony 28 46 295 480 17 6.5 1.97 0.12 94 70 19 15

Cemented below; not sampled
Avail. potash; MSR. 475; 415 p.p.m,, Kno

(XII) RILEYS ESTATE
(44) Rueys 1. Yarp DiamonD FIELD

Area typical of land between Paradise and Lees Estates; wet district, 75 ins. rainfall per year. Elevation,
1,200 ft. Site 50 yds. N.E. of Riley’s chimney. Slope 8°; base of Soufriere Hills near divide between them
ang Centre Hills; near main road; open spot; slight mound. Estate cultivation; sugar-cane, tomatoes, carrots
sweet potatoes; beans. Pen manured, 15 tons ac., every 3 Vears; cotton seed meal, 800 lb. ac,, no artificials.
BROWN EARTH soil-type with affinities to TERRAS. Irregular profile ; greenish to golden-brown, friable
sandy-clay with numerous stones ub to 2 ins. diameter, mostly rotten and crumbly, changing at 36 ins.
to less-decomposed material, chiefly golden-brown, dark speckled sand with sticky clay matrix, overlying
faintly stratified, partly cemented, ginger-coloured “terras”, devoid of stones, grever and ashy below, uni-
formly fine-grained and speckled. Low organic matter and nitrogen; very low avaliable phosphate; medium-
low available potash.

MSR.
401. Composite s 9 16.8 56.1 19 6.2 1717 0.11 9.0 48 17 9
402. Black 6 30 3L.17 431 13 6.4 1.79 0.11 9.7 60 8 15
403. Brown 9 16 20.0 579 20 6.5 1.60 0.11 8.8 63 12 8
404. Clayey 12 13 16.4 695 35 6.2 112 0.08 8.1 92 0 i
405. Crumbly 18 8 175 664 32 6.5 0.95 0.08 6.7 68 0 7
406. Mixed 24 16 17.3 66.4 34 6.6 0.73 0.04 98 68 9 T
407. Crumbly 36 8 16.2 672 30 6.3 0.62 0.04 88 55 10 T
408. Change 48 ey 24.1 634 25 6.6 029 0.03 6.8 43 13 6
409. Rotten rock 58 —_ 223 609 27 6.8 0.24 0.02 6.4 56 16 5
410. Finer 0 - 322 458 12 6.9 0.18 -_ — 51 23 13
411. Ashy 6 —_ 515 262 0 7.1 0.18 - - 39 22 75

Avail. potash; MSR. 401; 101 p.p.m. KZO

(45) RILEYS 2. CHURCH YARD FIELD

Site N.N.E. of last; 150 yds.; 30 yds. from main road. Beetroots. Similar soil. BROWN EARTH type with
affinities to TERRAS. Main crops for last 5 years, tomatoes, carrots, notatoes, beetroot, beans. Pen manured,
10 to 15 tons ac., and green dressings. No cotton seed meal; no artificials. Surface sample only collected.
Black sandy-clay to 6 ins., then ginger-brown stiff clay to 16 ins. stony, gritty with golden-brown clay matrix
below to 31 ins., with rotten stones; transition to 35ins., then ninkish-grey, partly cemented “Terras” below,
with some boulders, mostly fresh and hard. Medium-low organ.c matter and nitrogen; low availeble phos-
phate; fairly-high available potash.

MSR.
412, Composite — 9 13.9 513 19 6.1 231 0.13 8.9 56 217 14

Avail. potash; -MSR. 412; 196 p.p.m., I{RO ’
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(46) RILEYs 3. MOUNTAIN FIELD

Highland site; 1,350 ft. elevation; 80 ins. rainfall, Site % mile S. of Rileys’ chimney; 500 yds. from foot of

hill forming nart of Soufriere Hills Gentle s.op2; upper paru of north-trending glacis on which last site

oceurs. Pasture for last 15 months, formerly sweet potatoes, sugar-canc, ete., no records kept. Share-cropped
for last 20 years. No manuring. BROWN EARTH soil-type with affinities to TERRAS. Sandy soil, packed
hard at surface, but softer below. Golden-y .ilow-brow. colour. Very uniform; crumbly to powdery: few
stones to 15 ins., but gritty and stony below; stones up to 1% Ins; mostly rotten; slightly cemented below
27 ins. depth; forming yellow-grey to pink “terras”, hard and compact to 46 ins., loose to 64 ins, then
cemented again below to 76 ins. (bottom of pit). Medium-low to medium organic matter and nitrogen;
extremely low available phosphate; fairly-hizh available potash.

MSR.

413. Composite i) 0 Bam 89 s om 98 4 N 5
414. Gold-brown 4-9 9 202 60.1 52 51 295 0.20 8.7 42 15 4
415. Ginger 15 6 19.1 659 37 5.8 1.7 0.14 T4 42 6 4
416. Ccmpact 19 25 204 62.0 36 6.0 1.33 0.10 75 55 6 b
417. Rotten stony 27 17 203 607 37 59 1.27 0.09 82 260 3 4
418, Transition 40 — 53.8 20.3 0 63 n.82 0.03 145 44 10 4
419, Cemented 46 — 82.0 11.0 0 6.3 0.14 — — 34 T 5
420. Loose 54 — 862 2.0 0 6.3 0.22 -_— — 20 3 10
421. Cemented 76 — 8.0 B2 _ 0 65 — — — 37 6 19

Avail. potash; MSR. 413; 190 p.p.m., K20

(XIII) FARRELL'S ESTATE
(47) TFarreLL's, Sros FIELD

Site within a shallow col with slones on three sides; 1175 ft. elevation: 65 ins. rainfall. Pond 50 yds. to
S.W. Abnormal spot; represents onlv 10 ac. of land. BROWN EARTH soil-type. Socil may be mostly hill-
wash. Grey-chocolate-brown, horny, stiff clay to 66 ins. (bottom of pit), with three distinct gritty bands; no
stones. Upper partly only sampled. Low organic matter and nitrogen; extremely low available phosphate;
medium-low available potash.

MSR.

422. Composite - 8 28.0 415 10 6.1 179 0.10 10.5 87 16 12
"423. Clay sand 6 s 30 393 7 62 133 008 e e BERRE Yo
424, Compact 12 9 16.5 618 18 6.4 0.94 0.07 7.8 43 T 2
425. Pale brown 20 0 10.2 768 33 6.6 0.54 0.05 6.7 b4 9 3
426, Grit 26 0 202 578 22 6.7 0.29 0.02 7.0 57 5 3

Avail. potash; MSR. 422; 106 p.p.m., KO
2

o —————————————e e L S ——

(XIV) GAGES ESTATE
(18) Gaces. BsaMBLE FIELD

Site 50 vds. north of Gages house; 50 yds. west of river, 50 yds. SE. of main road and of steep hill on
opposite side of road, Slight slope. Elevation, 650 ft.: rainfall 60 ins. Yams, 1935; formerly sugar-cane. Pen
manured, 10 tons ac., every 2 years; no cotton seed meal. no green dressings no artificials. YELLOW EARTH
soil-type with affinities to ALLUVIAL-COLLUVIAL soil, and to TERRAS. May be mostly hillwash or allu-
vial-colluvial material. No boulders on land surface near pit. Composite profile, distinct horizontal stratifi-
cation. Bright yellow-brown variable bedded sand and gravel to 17 ins.; feebly cemented stone-and-grit
layer to 26 ins.; sharp change to dark chocolate-brown, friable, fine sandy humic soil to 40 ins, then
another stone-and-grit layer, feebly cemented to 49 ins., overlving loose sand and fine grit to bottom of pit
at 72 ins. Medium-low organic matter and nitrogen; Very high available phosphate; high available potash.

MSR,

427, Composite —_— 20 46.0 % B | 6.6 1.79 0.11 9.6 87 37 170
428. Brown 6 29 592 218 2 6.8 1.17 0.07 96 110 34 165
429. Paler 12 14 49.7 266 8 6.8 0.68 0.05 85 12 20 117
430. Yellowish 17 10 21.0 383 14 6.7 0.74 0.05 8.0 83 18 62
431, Stony 26 30 53.2 2718 3 6.9 0.53 0.04 8.8 49 21 47
432, Sandy 32 15 53.2 278 13 6.9 1.72 0.09 10.6 70 24 52
433, Humic 40 15 274 436 15 6.9 1.26 0.09 7.9 63 27 24
434, Gritty 49 — 55.5 241 65 6.9 0.47 0.04 73 61 19 30
435, Coarse sand 60 -_ 53.4 282 17 7.0 0.27 0.02 2 50 17 47

Avail. potash; MSR. 42T; 226 p.p.m., KQO
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(XV) DAGENHAM ESTATE

(49) Dacenuam 1. Bac FIELD

Site near coast N.W. of Plymouth; 80 yds. SW. of 3t. Anthony's Church, and across main road. Elevation,

Q&O ft., rainfall, 50 ins. Gentle slope, 5° near base of St. George's Hill. Cotton field. Share-cropped land,
seed-cotton, 1,400 1b. ac. 1939; 1,600 1b. 1938; rested 1937: usuallv cotton for 4 vears, then fallow for one year.
Estate land un to 1933: cotton since about 1902; previously sugar-cane. No manuring since 1933. Considered
a good field, LITHOSOL soil-type ; St. George's Hill material; no large boulders on land surface, though field
to E. (Soufriere Hills material) is very bouldery, the boulders now being crushed for road metal. Very uniform
profile; humic gritty sand to 16 ins.; progressively finer and paler brownish-grey colour and less stony-
gritty below; occasional small stones, less than half inch diameter, in upper 48 ins. part. Low to Very low
organic matter and nitrogen; very high available phosphate; high available potash,

MSR.
319. Composite — 13 36.4 304 7 6.6 1.55 0.09 10.5 137 38 388
320. Sand 5 11 432 203 4 6.9 1.23 0.07 9.9 75 43 249
321. Crisp 10 9 392 431 1 s 092 0.06 88 56 31 96
322. QGritty 16 9 318 9T T 6.6 0.88 0.06 8.1 53 29 30
323. Compact 24 9 315 493 10 6.8 0.39 0.04 5.1 40 20 19
324. Brown 36 10 35.2 48.1 12 71 0.28 0.04 45 44 10 15
325. Stony 48 13 395 355 6 7.2 0.24 — -_ 42 23 15
326. Sandy 60 8 50.0 6.0 -0 72 0.37 i — 36 23 Gt

Avail. potash; MSR. 319; 244 ppm, Kﬂo

(50) DacenNHAM 2. SHOY FIELD

Site due east of last, quarter mile; 800 yds. from foot of St. George's Hill; 70 yds. NNN.E. of Dagenham
cotton gin. Elevation 90 ft.; rainfall 50 ins.; gentle slope, 5°, to coast north of Plvmouth. Cultivations and
cropping, as last. Bouldery land surface ; stones up to 2 ft. diameter. Soufriere Hills material. LITHOSOL
soil-type; profile irregularly-stratified; sanad and gravel. Black humic sandy clay to 16 ins,, paler and more
gritty to 27 ins.; stony to 36 ins.; vellow sandy to 46 ins.; very stony to 62 ins.; layer of very fine sand to
87 ins.: coarse and fine sand alternations below. Medium-low organic matter and nitrogen; extremely high
available phosphate; high available potash.

MSR.

327. Composite o 14 372 s09 6.5 2.14 0.11 11.1 131 45 780
328. Humic 5 14 45.0 a8 9 65 221 0.12 11.1 106 28 1260
329. Humic 11 9 43.17 33 6 6.8 1.63 0.00 10.7 69 ) | 755
330. Humic 16 8 395 35 8 7.0 1.59 0.08 123 61 16 555
331. Sandy 20 6 40.5 345 1 70 0886 0.05 10.2 53 10 912
332. Paler 21 6 36.4 406 9 71 0.80 0.05 8.6 57 17 550
333. Stony 36 17 385 400 10 72 0.36 0.03 6.1 54 11 488
334. Gritty 46 14 48.5 305 9 71 0.18 0.02 5.1 49 34 130
335. Bouldery 62 60 59.5 235 0 73 — —_ —_ 62 25 190
336. Fine sand 67 B 405 205 0 7.3 — — — 52 16 200
337. Coarse sand 72 2 75 88 0 71 —_ - — 29 21 53

Avail. potash; MBSR. 327; 292 p.p.m, Kzo
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| | | | | | ) R | | ]
| = i | | | | | | | |Rate |
| Dpth | Grav- | Crse | Silt | LT. | Reac-| oM.| N. C/N |Avail.| of | Avail,
| | el Sand | and | | tion | | Ratio | Nutr. [Soln.| P O
Clay | | | 2 b5
| | | ! ! | (mhos x 10—6)
idnsy | (%) |- (%) |(%) ! (pH) | (%) | (%) | | (p.pm.)
| | | | |

(51) DacenHAM 3. LONG FIELD

Site N.E. of No. 50 and on same slove; 300 yds. from foot of St. George's Hill. Elevation, 150 ft., rainfall,
50 ins. Share-cropned, 1933-7: rested as pasture, 1938; share, 1930; estate cultivation 1940. Cotton mostly
though eonsidered a noor field: bushes smaller than at last Site (No. 50). Manured with cotton-seed meal,
800-900 1b. acre.. Land surface stonv but not bouldery; many boulders may have been removed. Probably
Soufriere Hills material. LITHOSOL soil-type. Stony, coarse, grev-brown sand to 13 ins. coarser to 18 ins.:
change to compact moist very fine sand and silt to 27 ins., then black grit and stones forming loose pebble
bed to 40: sandy below to 72 ins. (bottom of pit). Meadium-low organic matter and nitrogen; extremelv high
available phosphate; high available potash.

MSR.

338. Composite _ 16 530 21 2 84 136 008 102 117 33 490
339. Stony e~y e e SR 009 106 139 25 802
340. Stony 13 8 662 208 0 69 094 005 109 | 31 484
341. Send 18 g 792 108 0 69 031 002 95 49 13 106
342. Very fine 21 o 313 338 6 11 139 006 134 14 33 201

Avail. potash; MSR. 338; 231 p.pm., KBO

(52) DAGENHAM 4 TraompSON FIELD

Site immediately west of Grove Experiment Station, 300 yds. away, field opposite side of main road; foot
of St. George's Hill; gentle slope, 2°. Fallow; dry banks. Elevation, 60 ft., rainfall 55 ins. LITHOSOL sofl-
type; St, George’s Hill material. Humic stony dark grey sand to 12 ins., coarser and more stony (rounc
stones, half inch diameter) -to 18 ins., coarse sand, few stones; nale brown colour, becoming finer and
moister below to 38 1ns., then a 4-ins. band of coarsé sand, then a 20 ins. pelt of purll_\'—ccmentcd angular
stones, size up to 4 ins., with gritty matrix, then sharp change to dark chocolate humic sand, doubtless
representing a former surface soil, now buried under 62 ins. of newer material, probably mud flow, on top
Low organic matter and nitrogen: very high available phosphate; fairly high available potash.

MSR.

454. Composite Ll oy BT 145 008 111 130 41 312
455, Dark grey 5 18 BB W53 8% 18 006 107 61 21 226
456. Sandy 2 20 515 3801 4 63 081 006 93 56 24 168
457, Coarse 8. 19 6l M3 0 68 08 0.03 8.1 56 16 66
458, Coarse 25 13 Ts 180 0 10 038 0.02 13 36 14 83
459. Finer S0 18 580 149 0. %0 04l 0.01 85 34 14 101
460. Very fine 38 s 280 206 © 12 032 003 n2 49 18 139
461. Humic @.13. 93 195 665 14 74 158 006 155 57 42 261

Avail. potash; MSR, 454; 172 p.pm., KGO

(XV1) WEBBS ESTATE
(53) Wesss. GATE FIELD
gite 100 yds. S.E. of Webbs' old mill tower, opposite side of big ghaut to main road: foot of Round Hill,

part of Soufriere Hills, gently-sloping ground, 5°. Share cultivation since 1934, Cotton mainly but poor
yields; dropped from 400 1b, ac., in 1934. Occasional Bengal Beans. Land surface devoid of large boulders
YELLOW EARTH soil-type showing affinities with TERRAS. Sepia-grey, slightly clayey sandy-grit to 10
ins., darker, mare clayey and stony layer to 18 ins., transition yellow sand to 21 ins., then harsh, yellowish
partly cemented, less stony sandy-ash to 49 ins., becoming grever and looser below to bottom of pit at 60
ins., with some large boulders al base. Medium-low organic matier and ' nitrogen; medium-low available
phosphate and potash. . i

MSR.
379. Composite 5 10 283 411 9 6.5 1.79 0.10 108 87 29 1
380. Mid-brown 5=10 8 344 82 -1 6.6 1.88 0.11 103 T2 25 26
381, Darker 18 12 309 429 8 68 1.44 0.08 10.1 68 20 21
382. vellowish 21 17 204 492 19 6.9 0.82 0.06 7.6 59 16 9
383. Cemented 24 — 40.2 414 13 6.9 0.28 0.02 6.7 54 25 8
384, cemented 33 —— 282 4 7.1 — — - 40 19 15
285, Loose 49 g | & 10 6.8 — — -- 39 19 297

Avail. potash;. MSR. 379; 111 p.p.m., KBO
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L | R e 1 ! Rate |
| Dpth | Grav- | Crse | Siit | 1.T. | Reac-| OM.| N. | C/N [Avail.| of | Avail
| | el |Sand| and | tion | | | Ratio | Nutr. [Soln. | P O
| | ' | Clay | | | f | vl
| | I i | _ | | ] | (mhos x 10—6)
[tns) | (%) | (%) [(%) | ; anli (%) | (%) | ! (p.p.m.)
== Sl Sl R et s s es Tt ! ' ' | .
(XVII) PARSONS ESTATE
(5¢) Parsons 1, Corron TREE FIELD

Site 150 yds. west of estate buildings and east

cultivation always; sugar-cane to 1940,

seed meal, 200 lb. ac.

Narrow flat ridge, half-way down
boulders. BROWN EARTH soll-type. Se

every 3 years;

no green dressings;
glacis of Chances Moun

cotton s

pia, humic, stony,

of wireless station. Eleva
ince. Pen manured, 3 tons ac., eve
no artificials.
tain, Soufriere Hills. Land surface ¢
sandv-clay to 24
to 36 ins., over

Cotton

tion, 700 ft.; rainfall 73 ins. Estate

ry yvear since 1934; cotton-

yields, over 800 1b. ac.
strewn  with
ins., overlying iron-stained

tightly-packed grey stones

golden-brown, friable sandy material, composed of rotten stones,

and boulders, mostly undecomposed, up to 36 ins. diameter, variable sizes with matrix of gritty sand.

Medium-low organic matter and nitrogen; low available phosphate, except in (manured) surface soil;

medium-high potash.

MSR.

373. Composite e 9 208 467 12 6.5 1.98 0.10 11.2 95 24 103
374. Sepia 4% &1 87 414 13 68 154 o000 90 92 30 29
375. Compact 12 31 36.2 414 12 6.9 1.03 0.08 7a 84 25 9
376. Stony 18 29 33.2 429 12 6.9 0.80 0.06 8.1 b7 22 6
377. Brown 24 — 402 323 0 6.8 0.61 0.056 6.8 55 12 9
378. Rotten 36 — 70.0 170 2 6.7 0.17 0.02 6.1 46 15 9

Avail. potash; MSR. 373; 169 p.p.m., K20
(XVIII) AMERSHAM ESTATE
(55) AMERSHAM 1. SavanNA FIELD

mill tower:; elevation, 700 ft.;
west of depression between twin
ders. Estate cultivation to 1830,
es, cotton, sugar-cane. Pe
type with some affinity

Site 500 yds. E.S.E. of old
Mountain, Soufriere Hills,
mounds of heaped-up boul
planted in limes which died out. Tomato
artificials applied. BROWN EARTH soil~
clayey-sand with rotten rusty soft stones to 6 ins., overlying more clayey sand
over incipient grey hard “terras”, variably iron-stained, containing &
to 24 ins. diameter. Medium-low organic matter and nitrogen; medium-

rented since; shar
n manured, b

low availa

potash.
MSR.
386. Sod 3 26 18.2 508 16 6.7 2.03 0.12
387. Sepia 6 49 222 50.0 14 6.8 1.11 0.08
388. Rusty 12 — 220 583 25 6.8 0.56 0.05
389. Mottled 18 8 229 537 26 7.0 0.28 0.04
390. Rotten 24 - 252 508 24 71 0.29 0.03
391. Boulders — — — — - 7.0 — —
Avail. potash; MSR. 386, 387; 66 p.p.m., Kzo
(56) AMERSHAM 2. GaRDEN FIELD

in gently-sloping land.

rainfall 70 ins. Half way up
peaks, Grassy rocky land;

with TERRAS.

Site 50 yds. N.-W. of mill tower. Slight hollow
Pen manured, 1': tons ac. every other year;

no cotton seed me
ith

al;

vation, 400 ft., rainfall 50 ins. BROWN EARTH soil-type W

to 20 ins., sparse ston

es, overlying rotte

n stony layer to 32 ins.,

affinities with
overlying

“terras”

incoherent below, purplish and ashy. Medium
extremely high available phosphate to 24 ins.,

-low organic matter
medium-low below;

and nitrog

MSR.
392. Composite — 21 26.3 415 8 6.9 1.79 0.10
393. Black 6 21 37.0 - T | 7.0 2.02 0.11
394. Brown 12 20 355 385 B 7.0 191 0.10
3905. Compact 20 19 35.0 39.0 9 12 2.10 0.11
396. Stony 24 35 33.0 425 12 72 221 0.10
397. Rusty 32 —_ 310 413 16 7.2 1.02 0.06
398, Cemented 34 — 46.7 206 10 71 0.22 0.02
399. Cemented 54-56 —_ 62.0 208 3 71 0.19 0.02
400. Loose 58-60 — 615 183 0 = 4 — —
Avail. potash; MSR. 392] 406 p.p.m., K:O

very high available potash.

glacis from Chances
numerous walls and
e cropping 1940. Originally
ut no cotton-seed meal nor
Sepia, humiec, crumbly

with soft stones to 24 ins,

arse encrusted kaolinised boulders up

ble phosphate; low available

9.7 85 37 32
77 84 27 12
59 91 28 7
43 91 31 b
5.6 139 20 10
— 58 25 B

Cotton since 1925; vegetables previously.
no artificials; no green dressings. Ele-

TERRAS. Black sandy soil
to 56 ins.,
en, penetrating to 24 ins.

becoming

108 175 56 376
106 137 38 4329
110 BB L Ak 878
115 114 44 9202
122 85 69 113

B8 00 e 23
54 81 29 8
52 113 %5 20
o N
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0 | T | | |
| | | | | |Rate
Dpth | Grav- | Crse | silt | I.T. | Reac-| O.M. N. C/N |Avail.| of |Avall
| el |Sand| and | tion | | | Ratio | Nutr. |Soln.| P O
{ Clay | | | | o
; | 1 ) esas | |(mhos x 10—6)
(ns) | (%) | (%) | (%) | (pH) | (%) | (%) f;).p.:n »

(XTX) SWEENYS ESTATE
(57) SweeENys' 1. RIVER PIECE
Site on gentle slope to west of Central Hills, north part. Elevation, 500 ft.; rainfall, 48 ins., Cotton with
some lime-trees; estate cultivation. SHOAL soll-type. Black clay to 15 ins., overlying iron-stained cream-
coloured “shoal” (25 percent pore-space determined), with thin waxy humic layer at interface, ccwered_by
iron oxide deposit. Medium-low to low organic matter and nitrogen, medium available phosphate, fairly
high aavilable potash.

MSR.

343. Composite — 25 30.0 448 13 6.8 2.02 0.11 105 89 36 35
344. Black 5 9 429 200 1 7.0 1.70 0.10 9.9 90 30 32
345. Plastic 9 23 279 496 17 66 1.45 0.10 8.1 98 517 32
346. Stiff 13 14 20.2 515 25 68 0.77 0.07 6.4 109 57 19
347. Brashy 15 — 25.7 564 31 6.9 0.78 0.07 6.2 181 58 13
348. Shoal 16 —_ — —_— - 7.0 0.18 0.02 5.1 117 38 8

357. Sample of shoal
Avail. potash; MSR. 343; 205 p.pm, Kzo

(58) Sweenys' 2. Spy Grass PIECE

Site on top of small flat hill 200 yds. east of last, and east of mill tower. Cotton since 1933, except sugar-
cane in 1938. Limes failed. Pen manured occasionally; also treated with cotton seed meal and artificials. One
of best fields in upland part of north Centre Hills district. Elevation, 600 ft., rainfall, 50 ins. SHOAL soil-
type. Black clay to 12 ins, overlying brashy, crumbly, sandy, buff-coloured veined “shoal” (17 percent pore-
space), with waxy organic layer at interface. Medium-low organic matter and nitrogen to 16 ins., low
available phosphate; fairly high available potash.

MSR.

349. Composite — 18 294 438 10 6.5 207 0.11 10.7 95 34 55
350. Black 6 11 350 474 186 6.7 1.66 0.10 9.7 115 53 28
351. Gritty 11 6 300 506 23 6.8 1.07 0.08 8.0 141 44 8
352. Organic 11-12 6 19.0 672 38 6.0 126 0.14 5.1 187 28 7
353. Shoal 16 — 75 80 6.4 1.26 0.08 8.7 97 T E]
354. Shoal 18 —_ 700 118 0 6.0 0.14 0.02 47 17 9 4
355. Shoal 43 — 61.2 124 0 6.9 — — — 93 15 5
356. Vein 40-43 — 920 08 0 6.1 — — — 175 8 —

Avail. potash; MSR. 349; 207 p.pm., KZO

(XX) WOODLANDS' ESTATE

(50) WoobLANDps' 1. MOUCHELL Hean FIELD

Site east of main road, obposite house; 300 yds. uphill. Elevation, 250 ft. rainfall 60 ins., small plateau near
ghaut; margin of forest. High forested peaks above. Bouldery land; boulders piled up in heaps. Cotton for
last 2 years, formerly limes; once arrowroot. Cotton yield, 1,200 1b. ac., 1939, SHOAL soil-type. Chocolate-brown
coarse sand to 12 ins,, stony to 22 ins., bouldery, with gritty-clay matrix, to bottom of pit at 66 ins. Boulders
mostly unweathered greenish-grey and purple andesite. Presumably “geological” shoal; i.e. cemented agglo-
merate below. Medium-low organic matter and nitrogen; low available phosphate; medium-low available

potash .
MSR.,
358. Composite — 11 18.1 553 16 6.0 2.38 0.14 102 83 31 18
359. Chocolate 6 12 364 519 12 6.3 1.74 0.11 93 61 29 15
360, Purplish 12 13 33.0 53.0 12 6.6 1.19 0.09 (E 55 217 11
361. Stony 22 22 38.1 48.1 12 6.8 0.60 0.05 6.8 49 0 9
362. Bouldery 29 21 48.5 395 9 7.0 0.40 0.03 7.0 56 5 10
363. Matrix 42 16 422 42 9 7.3 0.38 0.03 ik 45 13 8
364, Matrix 54 32 465 408 8 73 0.21 0.03 45 45 9 11
365. Matrix 66 15 442 421 9 12 0.19 0.02 5.0 43 11 14

“Geological shoal” below.
Avail. potash; MSR, 358; 114 p.pm., Kzo
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T I ] } : | | [ ' [

| | | | | | | | i |Rate |
| Dpth | Grav- | Crse | Silt | LT. |[Reac-| OM.| N. | C/N | Avail.| of |Avail

| | el |Sand|and | | tion | I | Ratio | Nutr, [Soln.| P O

| | | | Clay | I | | | | | 25

| | | | | | | | |(mhos x 10—8)
[ (%) | (%) |I | | (p.p.m.)

l

[Uns) | (%) | (%) [(%) | | (pH)
| | Yooir it I ' !

(60) WoobpLanps' 2. MACAREE FIELD

Site west of main road, south of house, on shallow hog-back ridge, north side of Bay Ghaut, between it
ang another ghaut. Elevation, 200 ft.; rainfall, 60 ins. Cotton; vields not so high as last. No manuring. Share
cropping. Indigo bush common. Bouldery land. SHOAL soll-type. Black clay to 12 ins., brown clay with
rotten rusty and hard grey stones, overlying pink “ghoal” at 31 ins, with traces of humic waxy interface
and iron-cemented crust. Shoal exposed at ground level at top end of fleld near road through hoeing; soil
thicker at bottom end. Medium to medium-low organic matter, nitrogen and available phosphate; medium-
low available potash.

MSR.

366. Composite (bottom) S lagn 190 544 19 G4 SEASTI0E0 1100110 el 44
372. Composite (top) _ 925 386 414 12 67 279 215 12 112 31 39
367. Humic 12 28 370 500 12 64 2156 011 111 87 38 32
368. Brown 19 11 250 630 19 66 062 006 6.2 s g 9
369. Transition a1 — 390 476 14 65 020 0,08 59 84 6 6
370. Crust 32 — 200 754 — 68 = as i Al 12
371. Shoal 35 — 740 100 — 10 —= s - 51 12 8

Avail. potash; MSR. 366, 121 p.p.m, Kzo
372; - 112 p.p.m,, Kﬂo

(XXI) SPECIAL SITES
(61) Corx HiLL ;Roap CUTTING

Site, a small quarry or excavation on right of leeward main road at base of Cork Hill, about 1% miles
from Plymouth. SHOAL soil-type. Section shows (a) upper layer, 24 ins., black cracked clay; (b) cemented
grey “shoal” or “terras”, 24-72 ins., soft below 60 ins.; thin hard crust at base; (c) purplish-white uncemented
loose gritty-ash containing small white pumiceous round stones, 72-116 ins. (bottom of section). The black
clay soil contains medium-low organic matter and nitrogen and medium-low available nhosphate and potash.

MSR.
489. Black 6 8 379 446 19 6.2 1.55 0.10 9.3 165 21 17
490. Cracked 12 1 40.9 341 11 6.3 1.86 0.10 10.8 145 39 22
491. Clay 18 5 35.9 441 18 63 1.71 0.11 9.2 107 27 18
492. Ditto. 24 7 40.9 401 16 6.3 1.38 0.09 8.7 124 36 16
468. Cemented 24-27 — 59.2 203 0 6.9 0.33 0.03 71 411 39 11
469. Terras 69-72 -_— 725 120 0 73 0.13 001 77 254 26 163
470. Loose 116 - 80.0 89 0 1.1 0.07 0.01 8 30 14 259

Avail. potash; MSR. 489; 80 p.p.m., KzO

(62) PARSONS-AMERSHAM :EROSION SAMPLES (“HOE-ROSION"")

Three sites (peasants’ plots) in a straight line, abcut half mile enart, comprising typical examples of
downhill drag caused by hoeing. Pairs of composite surface soil samples taken from banks occurring at the
bottom and top of each plot respectively. Bottom of Nioc in each case ends in an “erosion escarpment”,
and the soil here is deep. Top usually exhibits “srnnl” exposures and shallower soil. The plots ave between
40 and 80 yds. long le. distance between bottom and top sampling spots. BROWN EARTH soil-
type; stony and bouldery; set out in panks for planting at time of samplng, Semnles taken from banks.
Medium-low organic matter and nitrogen: medium-low to verv high. but variable available phosphate. Data
show no regular differences in soil composition between bottom and ton narts of hoed plots.

MSR.

426. Bottom 6 18 340 388 12 58 142 013 114 81 40 98
463. Top © 13 359 332 9 64 157 013 122 123 41 114
464, Bottom 6 19 330 315 10 65 14 012 116 140 35 81
465. Top § 14 339 311 12 63 139 014 102 95 38 25
166, Bottom e 21 339 358 10 64 16 013 133 135 25 1l
461, Top e 11 232 394 17 66 223 018 124 105 34 34
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| | | | | | | |

| | | {Rate |

Dpth | Grav- | Crse | Silt 1.T. | Reac-| O.M. N. C/N | Avail.| of |Avail
| el Sand | and | tion | | | Ratio | Nutr. Soln.| P O
| | | Clay : 'l l:mhos;cm *Eﬂ T

i(nsy | (%) (%) | (%) | (pH) | (%) | (%)
] 1 1

| | (p.p.m.)
Lo ! e, S KA

(63) Manco Hiur. EROSION EXPERIMENT

Site on slope of small hill belonging to St. George's Hill, overlooking Elberton Valley. Experimental area
where various methods of erosion control are being tested by Department of Agriculture, Soil samples
comprise composites collected from made-up panks at 40 spots along same contour at ton of slope and at
bottom of slope. Duplicate (A and B) samples collected. YELLOW EARTH soil-type. Medium-low to
medium organic matter and nitrogen; medium availablie phosphate; medium-high to high available potash.
Data show no significant differences in soil composition between bottom and top parts of slope.

MSR.
471. “A"; Hill top Bank 13 27.0 456 11 6.4 2.14 0.12 10.7 94 28 32
472. “B"; do. e 12 26.4 46.1 11 6.4 212 0.11 10.8 98 31 23
473. “A"; Hill base k2 15 212 400 9 6.3 2.40 012 11.2 147 46 31
B” 30.6 388 6 6.3 2.22 013 10.0 150 40 32

474. ;. do " 13

Avail. potash; MBSR. 471; 224 ppm., K20

" = 472; 196 ,, "
# " 473; 160 a =
: 474; 153 o "

(XXII) FOREST SITES

(64) CextrRe HiLrLs, FRENCHMAN HiLL

North east spur of central massif. Elevation 1700 ft., moderate sloDe, north aspect, near hill ridge top
Rainfall, 100 ins.; parent rock, agglomerate; RED EARTH soil-type. Vegetation, relic of Lower Montane
Rain Forest { Dacryodes-Slonea). Drainage somewhat impeded.

MSR.
512. Litter — — — —_— — — — - - — — —
513. Root mat - — —_ —_— — — — — — — — -
514. Humic 14 —- 4.5 755 66 48 1244 H21 139 —_ — 19
515. Brownish-red Tl v 32 756 53 45 1033 453 132 — — 24
516. Ditto. crumb 3 — 24 812 50 43 T41 326 132 — _— 11
517. Med. red 6 — 24 787 44 46 1.60 070 133 — — 0
518, Ditto. 9 —_ 30 793 44 4.5 3.55 .185 11.0 — — 5
519. Ditto. 12 — 3.0 803 44 4.6 257 119 125 - — 2
520. Ditto. 18 -— 30 789 45 4.5 5.16 223 13.3 _— —_ 4
621. Dark red 24 — 25 809 44 45 1.14 092 12 — - 6

Avedl. potash; MSR. 515; 140 p.pm., K O

(35) SourrIERE HILLS. CHANCE'S MOUNTAIN

Summit between Chance's Pond and crater river; Small plateau at edge of English's crater. Elevation, 3,000
ft. moderate slope. Very wet; continuous rain; temp. 65°F. Igneous rock (2Voleanic plug). BROWN EARTH
soil-type. Palm Brake (Euterpe-Hibiscus) Drainage free.

MSER.
522. Litter; mat. — — — - — = — —-— e e
523. Brown crumb 1 — 185 603 — 52 3060 1287 13.8 — -— 35
524, Difto. 14 — 315 536 — 53 2244 1.085 12.6 - —_ 25
525. Ditto. 3 — 317 481 - 53 1838 843 126 — — 13
526. Ditto. 6 —_ 412 368 — 53 10.28 576 111 — — 14
527. Paler, gritty 9 — 204 336 — 54 6.53 307 9.6 —_ —_ Y 4
528. Ditto. 12 —_ 352 203 — 5.6 4.54 263 10.0 — —_ 0
529, Yell. rotten rock 18 - 38.4 321 — 62 0.64 039 95 -— - ']
530. White rock 24 — 332 314 — 6.6 0.24 015 93 — —_— 66

Avail, potash; MSR. 525.; 265 p.pm., KQO
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Ficurg 2 : * Hoe-rosion * Parson’'s

Frgurg 1: Site (21) Bay Piece, Ile's Bay Estate,

Figure 3¢ Soil Conservation Experiment : stone wall

barriers : St. George's Hill
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FIG. 1, FIG. 2, FIG. 3
Sliver HiH, from W., showing the maturely- Centre Mills, from N. N. W. showing the Sentriars hils, e Ml shovwing he_ Jeung
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West Indies (after W. M., Davis, 1026). and low sea-cliffs. The higher cliffs in the left ?o?::nlil? with ut: b';:.l;eh;r:i;:hd
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(after W. M. Davis, 1926). ground and mid
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