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BACKGROUND AND SURMMARY

The Meylersfield project area (total ared approxirnately 1,980 acres, or 801 ha)*
located in the Parish of Westmoreland, was proposed for development by the Government
of Jamaica in 1975, as one of two areas that were to be reclaimed under the Hague and

- pieylersfield Drainage Project.** The implementation of this project started in April 1977
by the Agricultural Engineering Division of the I finistry of Agriculture. Financial and N
technical assistance to the project was provided under the Netherlands Bilateral Assistance
Programme. In the course of the project its aim, which otiginally included flood protection
and drainage works only, was widened to include the consttuction of an irrigation system
and farm roads in the area with a view to its proposed development for irrigated rice culti-
vation. . , }

In Septembet 1979, when the implementation phase of the West Polder of
vieylersfield was:almost completed, the Western Region Rural PHysical Planning Unit was
requested by the Eegional Director of the )inistry of Agriculture, to prepare a development
plan for the Meylersfield Polders. Thd areas would have to be developed along the lines as set
out in Government’s Project Land Lease Phase III, under which programine full-time farmers
are provided with farm land sufficient to earn a certain minimum farm income. The farm
land is leased to the farmers on a 42 years contract. In deviation of tite actual PLL III pro-
gramme, under which farmer-settlers are also provided with farm houses, housing would not
be a component in the development of the iieylersfield Polders, as prospective rice farers -
would be selected amongst those presently living in the surroundings of the project area.

As part of the preparation of the development plan for the West Polder, the
Planning Unit conducted a detailed soil survey from which it appeared, amongst others, that
the entire area is affected by salinity through the intrusion of seawater through rivers and
seepage. Detailed studies however have shown that the salinity levels may be reduced to
acceptable levels for rice growth through the combined effects of irrigation with fresh water
from the Cabarita River and drainage. More serious adverse soil conditions exist in part of
the area affecting its suitability for the originally envisaged land use: mechanized rice culti-
vation in small holdings. So-called potential acid sulphate soils occur in about 30 percent
of the area. These soils contain high contents of sulphides that upon oxidation {e.g. through
drainage) turn into sulphates and even free sulphuric acid, rendering the soils extremely acid
and unsuitable to any kind of cultivation. Drainage of these soils would be required if they were
to be used for mechanized (rice} cultivation, as under natural, somewhat poorly drained con-
ditions, their relatively low bearing capacity will not support farm machinery.

Peat soils occupy approximately 15 percent of the area of the West Polder. Apart
from their natural low productivity under rice cultivation, these soils have very low bearing
capacity and in addition, they are also potentially acid. Small areas in the West Polder (3.5
percent) consist of moderately deep and shallow soils that overlay limestone rock. Atout 0.5
percent of the area consists of limestone outcrops. -

® The Maylersfisld project ares includes: West Polder (gross 428 acres of 172 he), Esst Polder (gross 1384 acros or 560 ha.)
-and Cabarita river bad (170 acres or 69 ha,). .

** The Hague swamp (total area approximately 560 acres, or 226 ha.) is located in the Parish of Trelawny. Soil and Water
eﬂvanagament recommendations for this aree will be discussed in a soparate report by the Rursl Physical Planning Unit,
estern Region. ’




A suitable alternative to mechanized rice cultivation on potential acid sulphate soils
with low bearing capacity would be the traditional method of rice cultivation which is
presently practised by the rice farmers in the area, using hand labour for land preparation
(bushing of weeds and grasses), transplanting and harvesting. For the peat areas a possible
alternative land use would be cattle farming. Under both kinds of land use a relatively
high groundwater table could be maintained, thus eliminating the risk of acidification.

Fish farming and vegetable cultivation are other alternative land uses that have been
cansidered by the Planning Unit as for their suitability to the problem areas in the
Meylersfield West Polder. Fish farming seems unattractive because of a number of problems.
Not only will it be difficult to construct fish ponds in the soft peat or in the half-ripe to
unripe clays, but also will the dug-out peat and clay material, once deposited on the pond
sides, oxidize and turn acid. Through rainfall these acids will wash into the ponds and may
cause acute fish-kills. Further, the high concentrations in aluminium and iron that occur
under acid sulphate conditions, limit through fixation, the availability of nutrients {phos-
phorus a.0.) and trace elements (molybdenum, cobalt, boron) which are essential for the
growth of organisms (algae etc.) on which the fish feed.*

Likewise, cultivation of vegetables on the potential acid sulphate soils and peats is
not considered a good alternative. Apart from slight salinity problems, the high groundwater
table required in order to prevent acidification will restrict root development too much to
allow attractive yields. _

In March 1980, the Black Rivér Upper Morass Development Corporation (BRUMDEC),
by order of the Ministry of Agriculture, was entrusted with the agricultural management of
the Meylersfield Polders. At the same time, a Netherlands Review Team consisting of IMessrs.
Kortenhorst and Slabbers studied the project. The summary of findings and recommendations
of the Review Mission (which also included the views of Mr. . Shaw, the ‘then General
Manager of BRUMDEC) stated in relation to the Planning Unit that it should produce a soil
survey report and salinity study and that it would assist BRUMDEC'in drawing up a tentative
development plan for the West Polder. Subsequently, dated June 23, 1980 BRUMDEC
submitted their proposal for the management of rice development and production in the
West Polder which takes into account the tentative results of the scil and water studies by
the Planning Unit. The proposal is for BRUMDEC to farm the land for an initial period of
up to three years, after which the land will be handed over to selected farmer-workers under
the umbrella of BRUMDEC, which will provide financing, marketing and necessary agricultural
and technical services. During the initial three years BRUMDEC will establish a pilot area to
investigate various methods and aspects of rice production under the prevailing adverse soil
conditions.

* Tha information on fish production is extracted from: T. Pottor (1976): The Problems to Fish Culture Associated with
Acid Sulphate Soils and Methods for their Improvement. Twelfth National Confarence of the Philippine Fedaration of

Fish Farm Producers llc'l5 T72; The Philippines.
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In view of the above events and also because most of the physical infrastructure
in the Meylersfield Polders is either completed or will be completed within the framework
of the planned engineering activities {drainage, flood protection, irrigation system, roads),

. whereas housing will be excluded from the development plan, the Planning Unit has not pre- .

pared a physical development plan for the area, as originally requested, but instead it has
now produced the document in hand: “Recommendations for Soil and Water *fanagement
of the Meylersfield West Polder.”

This report includes an inventory of the physical resources in the area including
the land reclamation activities (Section I and II), and a discussion of the land management
considerations {Section III). Section IV of the report (Land Capability Assessment) con-
tains a quantitative interpretation of the physical data with regard to their effect on agri-
cultural production for three selected kinds of land use: Mechanized Smallholders Irrigated

- Rice Cultivation, Semi-traditional Family-operated Irrigated Rice Cultivation and Traditional

Family-operated Cattle Farming. Figures number 8, 9 and 10 (Section IV) show the dis-
tribution of the land capability classes, sub-divided according to productivity for these three
land use alternatives respectively. Map No. 1 (back pocket) shows the geographical distribut-
ion of the various soil types occurring in the area. Based on this, 2 number of representative
sites suitable for the implementation of trials on possible alternative land use, have been
identified on this map. '




SECTION I

RESOURCES INVENTORY
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CLIMATOLOGY

The climate in the Meylersfield project area is humid tropical, with rainfall being

the main variable. In and around the area, several rainfall recording stations are in operation.

A study of the 30 years-average yearly rainfall of these stations reveals a clear pattern of
rainfall distribution over the area. The lowest yearly rainfall occurs along the coast, for
instance Savanna-la-Mar where total yearly rainfall amounts to only 58.8 inches. Going -

in northern direction to the hills, average yearly rainfall gradually increases and reaches 88.8
inches at Frome. For the project area the data available from IMeylersfield - sugar estate,
situated about a mile west-north-west from the area, can be considered representative. They
are presented in Table 1

Table 1

MEAN MONTHLY AND ANNUAL RAINFALL (INCHES) FOR
MEYLERSFIELD, WESTMORELAND (1938 - 1977)

Jan | Feb} Mar } Apr | May { Jun | Jul | Aug|{ Sept| CGct | Nov | Dec} Annual

- 1791 1941 2941 462 | 9.00 [ 6.96 | 691 7.40{ ‘7.41 |8.80 | 3.74 | 2.34 63.85

Evaporation data are available for Frome and consist of 8 years of measurement of
Class A pan evaporation. Although the climatic features, governing this evaporation could
differ somewhat in Meylersfield from those prevailing in Frome. | the data from Frome have
been used because they are the only data available. They are presented in Table 2.

Table 2

MEAN MONTHLY CLASS APAN EV APORATION (INCHES)
FOR FROME - WESTMOREL AND (18760 - 1977)

Jan Feb | Mar Apr May | Jun | Jul | Aug | Sept] Oct | Nov | Dec Annual

5.49 5.77 16.70 {6.84 | 6.35 | 6.0 §6.45 16.42 {543 |5.46 {5.04 5.67 71.69
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Rainfall at 75% Chance of Occurrence (Mevylersfield 1938 - 1977)

—————— Rainfall at 90% Chance of Occurrence (Meylersfield 1938 - 1977)




"’ﬁl;

t

To assess the relxgblhty of the rainfall in the area a probability analysm has been
cartied out, the results of which. are presented in Flgure 2. This figure shows the monthly
7‘ " amounts of rainfall, that can be expected at 50%, 75% and 90% charice of occureénce
| respectively. In cther words: actual monthly rainfall is at least equal to the amount indicated
'} in the graph for each month, in every 1 out of 2 years (i.e. probability 50%),3 out of 4 years
(probability 75%),or & cut of 10 years (probability 90%) respectively. * ’
] In the same graph the estimated consumptive water use of rice is plotted This water
| use consists of two components.
3 ' 1. The optimal evapotranspiration of rice (ETP.). For this the Class Apan evaporation
1l o " figures for Frome are used. A factor of 1 is used to convert this evaporatxon into
‘ optimal crop avapotranspuatxon for rice.**
iy _ 2. Continuous water percolatlon (P) to the subsail, Became rice is grown under
| submerged conditions, there is a steady downward movement of water from the
rice fields to the subsoil. The amount cf water moving down is estimated to be
0.0014 m/day. (2 inch/month; tefer to section ITL.1.) - :
FromFigure 2 it can be concluded that i in order to meet the water demand of wetland
) nce, even at a rainfall with a 80% chance of occurrence, irrigation will be needed during at
least 10 months per year. In this calculation the eff%txvene% of the rainfall is supposed to
be 100% Wthh overestimates the real effectlveness _

B PHYSIOGRAPHY . :

The Meylersfield project area is located ina large coastal plam that has formed a
lagoon-like depression between the limestone uplands of the northern part of the Parish of
Westmoreland and a low natural barrier consisting of lxme/stona outcrops near the southern -

coastline, west of Savanna-la-Mar. N
The limestone mountains in the north, as well as the outcrops in the south mamly ’

belong to the so-called White leestone Formation, which are of Upper Oligocene to Middle

b
mf!‘ , Miocene age.

?{ : ~ Inecent times (Holocene) the b*sm has filled up through different sedimentation
|

processes. Clayey alluvial deposits formed the present Goorges Plain, which is at an elevation
of 1 to 8 ft above mean sea level. Inflow of seawater at hig tide into the basin along small
streams and probably also by scepage through the porous limestone barrier, in combination
K ~ with inflow of freshwater from the surrounding uplands, has created a poorly dramed brackish
/ environment in which a swampy mangrove vegetation (Rhizophora and Avicennia Spp) could
| establish. This gave rise to the formation of peats and peaty depesits over large areas, mainly
% in the southern part of the plain, which is at elevations of only O to 4 ft above mean sea level.
- The Cabarita River, flowing through the coastal plam has developed a system of levees

J ~ on both banks and abandoned river channels.

* Figure 2 cleerly shows the low relisbility of rainfall during the period Novémiser to May.
**Thls" value is commonly used for crops, growing under marshy conditions.
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The basin is believed to be underlain entirely, at varying depths, by limestone
of the White Limestone Formations, evidence of which form the numerous limestone out--
crops that occur throughout the plain. =~

Summarizing, the followmg landforms can be observed in the Meylersfield area of
the coastal plain :

- Clayey levees on both banks of the Cabarita River, with oxbow lakes

- Basins filled with peat in the deepest parts and clayey deposits in less
depressed portions.

. Limestone outcrops and areas with limestone at shallow depth below the
surface scattered all over the area.

SOILS

The soils in the Meylersfield West Polder were investigated in the field and in the
laboratory. Initially the field survey was done by means of brief descriptions of soil
augerings carried out in a grid system of 75 x 100m. After 48 observations were completed
in this grid, the relatively limited variations in soil conditions observed . warranted enlargement
of the grid to 100 x 100m. In total 178 observations were made.

Based on the augerhole descriptions, suitable sites were selected for the detailed
description of 4 soil pits representing the major soi! types in the area. A total of 27 samples
was taken from the genetic horizons of these profiles for further chemical and physical character-
rization in the laboratory.

In total 7 map units are distinguished on the soil map of the West Polder. Six map units
represent soil families according to the USDA Soil Taxonomy, one map unit comprises the rock
outcrops that occur scattered over the area. The soils in the Meylersfield West Polder belong to
two Soil Orders of the Soil Taxonomy: Entisols and Histosols. The Entisols in the survey area
are alluvial heavy clay soils, that have been further differentiated based on differences in drain-
age conditions, the occurrence of peaty layers, and on the potential hazard of some of the soils
to turn highly acidic upon aeration. The Histosols comprise the real peat soils of the area. They
have not been further differentiated.

The geographic distribution of the different soils is shown on Map No. 1 Soil Map of the
Meylersficld West Polder. A description of the significant characteristics of the various map units
is given below. Descriptions of soil pits and augerholes, as well as the results of the laboratory
analyses are compiled in Annex I to this report

Simultaneously with the soil observations, salinity levels of groundwater and, where
applicable, surface water were measured. The results of these measurements are discussed in
Chapter 1.4 Hydrology.

These are mineral soils of recent depositional nature that are characterized by poorly

structured topsoils overlying structureless subsoils (AC profile). Crganic carbon contents
decrease irregularly with depth.
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Map Unit 1. Tropofluvent, very fine, mixed, cal?éaréous,_ iSQBYperthermié (12.3 acres)

The soils of this map unit are deep, well drained, brown clay soils that occur in
small relatively higher areas scattered over the polder, associated to outcrops of limestone
rocks. pH levels are constant and high throughout the profile {pH 8), and free carbonate
usually occurs in the subsoils due to the presence of gravelly limestone. Due to the relatively
high position in which these soils occur, groundwater is usually not encountered within 200
cm from the surface. Consequently, conductivity levels are relatively low (less than 10.0 mmho).
Locally these soils overly the limestone at shallow or moderate depth. On the scil map, the
shallow phase within this map unit indicates the presence of limestone within 50 cm from the
soil surface, whereas the moderately deep phase indicates the presence of limestone within 50 -
100 cm from the surface. Auger observation 48 describes a good example of these soils, whereas
observation. 31 and 65 present descriptions of the moderately deep and shallow phases
respectively.

{118.8 acres)

The soils of this mapping unit are deep, somewhat poorly drained, heavy clay soils
with dark coloured (dark gray to very dark grayish brown) topsoils over grayish brown and/or
mottled gray and brown subsoils. The dark colour of the topsoils is due to the high content in
organic matter. They occur on the slightly elevated levees along the Cabarita River and on other
relatively higher parts, in the northern portion of the area. Thin layers (less than 20 cm thick)
of clayey peat or peat may occur in these soils at varying depth. The pH throughout the profile
is7.5 to 8.0. Occassionally fine to large gypsum crystals oceur in the lower horizons of these ]
soils. Groundwater at the time of survey was mainly below 150 em from the surface and is usually
saline (EC ranges from 3.3 to 18.0 mmbho). : -

Also included in this mapping unit are minor areas adjacent to hmestone outcrops
where soils are shallow or moderately deep. This is indicated by means of shallow and moderately
deep soil depth phases on the soil map. i

Soil pit 2 presents a good example of the sqﬂs of this mapping unit.
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Map Unit 3. Tropic Fluvaguent, very fine, mixed, non-acid, isochyperthermic (57.2 acres)

The soils of this mapping unit are deep, poorly drained, heavy clay soils with

‘dark coloured {dark gray to very dark grayish brown) topsoils overlying gray to very dark
- gray and greenish gray subsoils which are usually half ripe to almost: zipe* The dark colours

are due to high contents in organic matter. Drainage condition, colours and unripeness of
these soils reflect their occurrence in relatively low positions in the landscape. A major portion
of these soils occurs in a depression in the northern part of the polder. Smaller areas occur to
the southwest. Thin layers (less than 20 cm thick) of clayey peat or peat may occur throughout
the profile. The pH of these soils is about 7.5 - 8.0 throughout. Gypsum crystals varying in size
from very fine to large (up to 2 cm) may occur especially in the lower horizons of these soils.
Groundwater at the time of survey was mainly at about 100 ¢m below the soil surface, conductivity
levels range between 11.0 and 20.0 mmbos. _

Minor parts of this mapping unit in the north and in the extreme southwestern corner
of the area, comprise similar soils which overly limestone rock at moderate depths. This is indicated
on the soil m2n as a moderately deep phase of this mapping unit.

Map Unit 4. Aeric Sulfic Tropic Fluvaguent, very fine, mixed, non-acid, isohyperthermic

- (78.7 acres)

‘The soils of this mapping unit are deep, somewhat poorly drainéd, heavy day soils
with dark coloured topsoils {dark gray to very dark grayish brown) and (dark) grayish brown and/
or mottled gray and brown subsoils. The dark colour in the topsoils is mainly due to organic matter.
Thin layers of clayey peat or peat (less than 20 cm thick) may occur in the profile. These soils are
characterized by a high content in sulphides below 50 cm from the surface. The sulphides have
accumulated during the formation of these soils in brackish conditions in combination with the dense
fibrous rooting system of certain mangrove species .

*Physlcal ripeness of soll material has been tested In the fleld by means of a simple method of squeezing the soll in the hand.
If the soll does not flow between the fingers when squeezed, the solt s called ripe. If the soll flows with difflculty between
the fingers, the soll Is called nearly ripe. If the soll flows easlly between the fingers, the soll materlal Is called unripe. Half
rlpe refers to the condlition between nearly ripe and unripe. 1ri the text only nearly ripe. to unripe conditions are described.
Where no details are given soil materials are ripe. Physical ripeness conditions indicate a direct relation to the bearing
capacity of the soils for machinery and cattle.
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Under ‘natural, pooily to somewhat poerly drained conditions these sulphides occur

"~ in n reduced form (e.g. HgB, FeBy). However, upon aeration of the soil (for example through
drainage) the sulphides oxidize into sulphates: ferric sulphates and even free sulphuric acid,
thus dramatically increasing soil acidity to about ¥ 3 tc 3.5. The soils are therefore called
potential acid sulphate soils. During the survey they were recognized by their strong smell of
hydrogen sulphide (”?o), and by the slightly lower pH’s in the {(aerated) topsoils (pH 5.0 - 5.5)
as compared to the pH in topsoils of non-potentially acid soils. The pH in the -subsoil ig about
7.5 - 8.0. Gypsum crystals (fine to large in size) may occur in the lower horizon of these soils.
During the: survey, groundwater levels were at 120 - 200 cm from the surface and conductivity
of the groundwater ranged from 5.8 - 13.0 mmbo. -

The soils of this mapping unit mainly occur adjacent to the soils of mapping
unit 2 to which they are related. However, slight differences in microrelief during the formation
of the soils have resulted in their present characteristics and adverse potential.

Soil pit 3 describes a representative soil of this mapping unit.

Hap Unit 8. Aeric Sultic Thapto-Tistic Tropic Fluvaguent, wry fine, mixed, non-acid, ischyper-
thermic (22.9 acres)

The scils of this map unit are deep, somewhat poorly drained, heavy clay soils
w:th distinct layers of peat (20 - 40 cm thick) oceurring at varying depth in the profile.
Top soil colours are mainly dark gray to very dark grayish brown while subsoils are dark gray-
ish brown and/or mottled gray and brown. The dark colours are due to high organic matter con-
tents. These soils are genetically related to the soils of map unit 4, with which they have the
potential acidity in common, due tobigh contonts of sulphidesbelow 59 cm from the surface.

“The distinet peat layers which differentiate these soils from those of map unit 4 have developed
during periods of stagnating mineral sedimentation. In these periods luxuriant vegetation growth
{mangroves ete.) resulted in the formation of the organic Iayers and at the same time in accumulation
of sulphides. :

The pH in the topsoils ranges from 5.2 to 5.5, whereas the reduced subscils have a
neutral to slightly alkaline pH (7.5 - 8.0). Fine to larse gypsum crystals may occur, especially in the
lower clayey horizons. Groundwater at the time of survey was mainly between 100 and 200 em,
and conductivity levels ranged between 5.1 and 12.0 mmho . 4

This raap unit occupies small areas only, which occur scattered over the area.

Aunger observations 95, 95, 137 and 170 are good examples of these soils.

ol
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| HISTOSOLS

- These scils are dominantly organic in composition (more that half of the upper
80 cm consists of organic materials containing more than 18 percent organic carbon ).
They are saturated or nearly saturated with water for most of the year under natural

conditions.

Map Unit 6. ic Sulfihemist, euic, ischyperthermic {53.6 acres)

The soils of this map unit are the real peat soils which have thneﬁ' peat layers
(more than 40 cm thick) which upper horizons occur within 40 cm from the soil surface.
The topsoils which have a high organic matter content, generally consist of dark coloured clays
or heavy clays. The peat mainly consists of dark coloured organic matter composed of
decaying plant remnants that can be largely destroyed by rubbing between the fingers.
Thé peat may overlay heavy clay at depths of more than 80 cm from the surface, These
gray, greenish gray and bluish gray clayey layers are mostly unripe to half ripe. These soils
have low bearing eapacity as long as they are saturated with watex When drained they would
be subject to strong subsidence. In addition to these adverse characteristics, they are also
gotentl@z acid due to the accumulation of sulphides in the profile.

At present, pH levels in the clayey topsoils range from 4.5 to 5.5. In the sub-
soils pH levels are high : 7.5 to 8.0. Due to their low position in the landscape, the ground-
water level in the peat soils is fairly high. At the time of survey it ranged between 0 and 40
cm from the surface. Salinity levels were high too,as expressed by EC between 5.5 and
19.0 mmbho. . :

' Soil profile 4 is typical for the peat soils.

HMISCELLANEQUS LAND TYPE

Hap Unit 7. Limestone Dutcrops (1.5 acres) '

This map unit comprises all small areas where the limestone rock that under-
lines the whole area appears at the surface. Recent land levelling operations have knocked
over some of these outcrops and spread gravel and stones over much wider areas than the
original outcrop area.
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HYDROLOGY

The entire Meylersfield project is situated in a coastal plain. The area mainly
ography with altitudes between 0 and 4 ft a.m.s. .
has a flat top g%:fgeﬁﬁg > the coastal plain limestone outerops cccur. S;everal rivers t;ava;;'lse
the plain, i.e. the Cabai'ita, the Styx, the Potts, the Ricketts, .the Three Miles and. som? fsmf er
streams {see Fig. 1). Of these rivers the Cabarita is the most important. Due tcf lts_, ongn;lil ;om
karst. speings in the limestone hills it has a constant and reliable base ﬂo.w. ‘ This river 'W p e
used to supply irrigation water to the project. The course of th? Cabf}ﬂ@ is meandering due
to the low seaward gradient of the plain. On both sides of the river slightly elew.rated l.evees .
occur, consisting of clayey deposits. The central parts of the backswamps on cither side of the
river conaist of peat deposits while transitional zones are composed of peat and clay. The swamps
have a high watertable, at or above ficld level during most of the year, as expressed by the poor.
and somewhat poor drainage @onditions of the soils in the coastal plal.n- ]
| During rainfall, the discharges of the mentioned rivers can n§e so shafrply that the
levees are riot able to contain these peak floods and consequently thf* entire area is flooded. X
Unfortunately, no discharge figures are available for the rivers affecting the project. Although a
flood bed is constructed for the Cabarita with a minjmum width of 210 metres, the clearance
under the new bridge in the road Savannah-la-Mar to Little London is not yet sufficient to dis-
charge peak floods rapidly enough, causing backing-up of water in the floqdbe.d.
Formerly, when parts of the area were under sugarcane cultwatl?n,_ efforts were
made to drain the cane fields and drains were excavated. These fields are now .af?anﬂoned, and a
new drainage system is presently being completed in the West Polder. The o;ld dral.nage syste{rz can .
still be recognized in the Eest Polder but drains have deteriorated and are filled with Vege?atl‘l)ln an
sediment, Therafore, the old drainage system has become ineffectfve and éffter @eavy rainfall,
ground water in the East Polder rises up to field level or above, particularly in the peat areas. il
| | Cencerning the new drainage system in the West Polder, some of the field dram‘s
await connection with the main drains, Tn those sections of the West Polder where all e?rams-
are complete, the ground water table remains fairly constant at about 60 -.80 cm below field level.
In the non-completed sections, following rainfall, ground water still may rise to less than 20 cm
below field level due to insufficient drainage. -
Both polders are affected entirely by saline or brackish ground water. Li the J"?Sf
Polder, from November 1978 till March 1980 during the execution of thfz soil survey, the salinity
levels of the ground water were measured in auger holes (178 sites). This was done by means of
an instrument which measures the electrical conductivity of water in mf?{h?S/ er. .The. results of
the méasurements are shown on - Map No. 2. The general pattern of salinity distribution tends to
show higher levels in the western parts of the West Polder. This seems to be broughl; about by the
intrusion of saline water up the Styx River. The Styx Eiver has a straight align'rnent and a low .
base flow and-therefore, it forms a direct approach channal for saline water Whl?h moves up this
river and intrudes the West Polder through pervious peaty layers occurring in this part of the polder.
The high electrical conductivity levels which were measured in the Styx River (up to 20 mmho/cm)
confirm this explanation,




Another source of salinisation in the West Polder can be found in intrusion
of saline water through the karstic limestone underlying the area. Average electrical con-
ductmty of the ground water is about 12 mmho/em*,

For the irrigation of the future rice fields water will be drawn from the
Cabarita River. In order to assess the quality of Cabarita River water, samples were taken
at the pump intake site on the north end of the reservoir. Analysis was carried out by the
Laboratory of the Natlonal Water Authority in *fontego Bay. The results are ptesented in
Table 3

Table 3

RESULTS OF CHEMICAL ANALYSIS OF TWO WATER SAMPLES FROM
THE CABARITA RIVER AT THE PURMP INTAKE SITE AT THE
NORTH END OF THE RESERVIOR
(All values in mg/ltr except pH and EC levels)

Date 17/6/8C | 27/6/80 Date 17/6/80 27/6/80

Calcium (as Ca) n.m, 59.0 Nitrates (ag N03) - 1. nm, 0.2
Magnesium {as ¥4g) nam, 3.9 |  Sulphates (as S0 4) 8.3 6.0
Iron (as Fe) 1.2 0.29 Alkalinity Bicarbonate nm. 164.0
Sodium (zs Na) nm. | 160 . Alkalinity Carbonate nm, 0.0
pH nm. | 7.25 EC mmho/cm at 25°C .  0.39 0.42

n.m, = not measured

The Cabarita River water has been classified as to its suitability for irrigation
purposes in terms of three important characteristics* ¥

1. total concantration of soluble salts [
9. - relative provortion of sodium to other cations

3. concentration of bicarbonate

*It must be noted that the observations were drawn out over a period of five months (November 1978 - March 1980).

** Refer to: US Department of Agriculture; Handbook 60: Diagnosis mid Improvement of Saline and Alkali Soils (1954)
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The total concentration of soluble salts can be adequately expressed in terms of
electrical conductivity. According to the US Department of Agriculture Classifi-
cation, the Cabarita River water conductivity level between 0.39 and 0.42 mmho/
crn indicates a medium salinity hazard. Such water can be used for irrigation if a
moderate amount of leaching occurs.

The relative proportion of sodium ions compared to calcium and mangnesium con-
centrations in irrigation water will eventually upset the composition of the ions in
the soil solution and at the exchange complex of the soil. Dominance of sodium
ions, which are relatively unimportant as plant nutrients, will affect the uptake by
plants of other more useful ions. Also, high adsorption ratios of iNa will affect the
physical properties (e.g. percolation ) of the soil through deterioration of the soil
structure. The relative proportion of sodium to other cations is expressed by the
Sodium Absorption ate (SAR) :

SAR = Naot

+ Mg ++)

in which Na +,(;Ca++ and i‘.:lgj * represent the concentration of these cations expressed
in miuie(IUiV&le“ﬂiter (meg/l )

The SAR velue of the Cabarita river water is 0.54 (sarple of 27/6/50), which, also
according to the USDA Classification, reflects a low sodium hazard and this water can
be used for irrigation on most soils with little risk: for development of harmful levels
of exchangeable sodiura.

In water containing high bicarbonate (¥ (303 -) levels there is a tendency for calcium

and magnesiura to precipitate as carbonates. This in turn, gives way to a relative rise

in the proportion of sodium which could harm plant growth and adversely affect soil

structure (refer to text above). A term used to qualify irrigation water in this respect
“Residual Sodium Carbonate” which is calculated as follows:

Residual Nag COq = (COa' - +HC@’33" ) » (Ca*t + g™

in which COg™" , HCOg ™" Ca ** and Mg *+ arc the concentrations of these ions ,
expressed in mxlhequlvalent,/hter (meg/).

Residual Nag CO3 of the Cabarita river water is ~ 0.50 meq/l (saraple of 27/6/580),
which classifies the water safe for irrigation use (USDA).




SECTION II

LAND RECLAMATION ACTIVITIES
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Land reclamation activities in the project area are presently in various stages of
iraplementation. They include flood protection and river training, and the construction of
a drainage system, access roads and an irtigation system. In the following, a sumsary is
presented of these activities in both, the i/eylersfield “est and Zast Polders. By September
1980 most of the land reclamation activities in the West Polder were completed.

FLOOD PROTECTION AND RIVER TRAINING (refer to Fig. 1)

Along both sides of the Cabarita Liver, which flows between the West and East
Polders, a flood control embankinent is constructed up to a designed flood level. The flood
bed in between these dikes is at least 700 £t (210 m) wide, enabling pealk flows of the Cabarita
River to be discharged without danger of flooding. Several loops iny the Cabarita Miver have
been cut off in order to shorten the length of the river course,

On the western side of the Yest Polder a similar embankment prevents flooding
of the polder by the Styx River. This embankment is connected with the limestone outcrops
in the south, whereas in the north it joins with the Cabarita embankment.

On the eastern and northern side of the Tast Polder a 8 £t (20 m) wide intercep-
tion canal is presently being constructed. This canal/ will collect the water flowing throush
the Potts, Ricketts, and Three Uiles Rivers, that formerly traversed the East Polder. The
spoil from the interception canal is being used to construct a flood protection embankment
in between this canal and the polder. This embankment will join with the one constructed
along the east bank of the Cabarita River, thus safe-guarding the East Polder against floods.

MAIN AND FIELD NRAINAGE SYSTEM (refer to Map No. 2)

Both the iVest and East Polders will have a main and g field drainage system,
complete with a pumping station.

Lain drains will be excavated on the inner sides of the flood proteetion embank-
ments, mainly to convey subsurface inflow from outside the nolder, to the pumping station
(so-called seepage collectors). In each polder another main'drain traverses in approximately
north-south direction through tie centre of the area. Field drains which drain the indivicual
plots discharge into this rain drain. :
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ROADS (refer to Map No. 2)

In order to ér‘_xablé_ access into the area, a main and field road system consisting
of marl topped roads of 16 ft width, is designed, giving access to each individual plot.

mmGAﬁoN-SYs'rBM fetér to Map No. 2)

, In both polders double crop lmgated rice cultx‘vatlon is planned (refer to
“Background and Summary”) An irrigation system will be cohsh'ucted to provide water
to the individual plots durifig periods in which rainfall is insufficient to sustain wetland rice
cultivation (refer to Chaptat L1 Climatology). At present, only the desxgn for the irrigation
system in the West Polder is completed.

~ A pump is installed to the northwmt of the West Polder, pumping water from

the Cabarita River into an especially constructed reservoir which serves as a silt-trapand as a
storage-reservoir of irrigation water (surface 7.9 acres with an effective storage capacity of
* 24,000 cubic meters or 5,700,000 gallons). - A double Constant Head Orifice enables regula-
tion of the waterflow from the reservoir into two irrigation main canals which run along
either side of the polder. Laterals taking off from the main canals bring irrigation water to
the individual irrigation units. In total, there are 69 of these units in the West Polder having
asize of 5 acres each. All water flow is gravity-fed. T‘xe irrigation canals are built up of clay
and are unlined. At intake and bifurcation points concrete structures are installed to control
the flow at every point of the irrigation network.

Along the field drain side of the plots, small concrete structures will control the
water level in the fields. They can be opened to drain the ficlds when necessary.

All plots will be levelled to a calculated plot level with a margin of plus or
minus 4 inches. ‘




-
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SECTION I

LAND MANAGEMENT CONSIDERATIONS
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DESALINISATION

In Section 1.4 a description is given of the ground water conductivity
(salinity) levels of 132 auger holes in the West Polder. These levels are used here to
assess the process of desalinisation of soils once theirrigation and drainage system has
become fully operational in the West Polder.*

: The installation and careful management of the jrrigation and drainage
system will contribute to the desalinisation in the following ways.

Two main drains excavated on the polder’s site of the embankments will act
as seepage collectors preventing water of poor quality to enter the polder by conveying
it directly to the puraping station frora where it is removed from the polder. Tke use
of the integrated irrigation - drainage system will result in a continuous leaching process
of the soils. Good quality Cabarita River water (refer to Section 1.4) will be used to
flush out the more saline ground water which will be discharged by the drainage system.

" The larger part of the West Polder consists of fine clay soils (refer to
Chapter 1.3 on Soils). Vertical downward movement of percolating water in these fine
clay soils is slow, thus hampering the leaching process. In order to assess the degree of
leaching in the clay soils of the West Polder an experiment was conducted. It included
two oil drums which were buried into a clay soil in the northern part of the West Polder
(see Xap No. 2 for precise location) down to two thirds of their length. From one of
the drums the bottom was removed before placement. Both drums were filled carefully
with the original soil and topped up with water. Then, pegs were placed around the
drums and steel plates were put on top to prevent disturbance of the measurements by
cattle and rainfall (Fig. 3). After two weeks during which the soil in the drums was
allowed to settle and to become saturated, measurements of the water levels began.
They showed that average downward movement of water (hydraulic conductivity) in the
fine clay soil amounts to 0.0014 m per day.

In order to carry out calculations about the required leaching time for proper
desalinisation of soils in i-ieylersfield a simple medel is used called “the single reservoir
with bypass™, A graphical presentation of this model is shown in Fig. 4.

In the model, water stored in the root zone is considered as a ‘reservoir.” A
certain quantity of water, consisting of rainfall and irrigation water enters the ‘reservoir’
carrying a certain a... ount of salt. At the same tirne, water is leaving the ‘reservoir’
thereby removing salt fror the ‘reservoir, %

i

%
Usually, conductivity {salinity) - levels within the s0il profile increase with depth. TLerefore, it
can bhe assurned that root zone conductivities are less than those that were measured in the
ground water. Nevertheless, the measured values are applied in order to keep on the safe side
in predicting changes in salinity in the future,
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If calculations are based on a long period (more than a year) it can be assumed that the

volume of the ‘reservoir’ remains constant over this penod Hence, the amount cf
water entering the ‘reservoir’ is equal to the arzount of water leaving the ‘reservoir.’

The amount of salts however in the ‘reservoir’ is not constant over this period,
as leaching will decrease the salinity. The change in salt storage in the ‘reservoir’ can be
calculated from the difference betwesen the quantity of salts entering the reservoir, and
the amount of salts leaving the reservoir. In general the salt balance of the model can be

described as:
Amount of saits - Amount of salts Change in salt
entering reservoir leaving reservoir storage in reservoir |
or (Formula 1) : Q.c;.dt = Q.co.dt V.dey
in which .
A = amount of water entering and leaving the ‘reservoir’
ci = average salt concentration of the in-flowing water
Ce = average salt concentration of the effluent water
Cr = average salt concentration of the ‘reservoir®
dey = change insalt concentration of the ‘reservoir’
d¢ = time period over ‘which the calculations are carried out
v = volume of the ‘reservoir’

Only that part (f) of the inflowing water that mixes with the water in the
‘reservoir’ is efficient in the leaching process. ‘The factor ‘f’ represents the leaching efficiency.
The rest of the inflowing water moves directly to the subsoil through cracks etc. This amount

of water, .‘bypassing’ the system is represented by :

-5

The salt concentration in the effluent water (which is the total of the leaching
water leaving the reservoir, and the bypassing water) can be calculated as follows :

(Formula2)  Queedt = £Q.crdt + (1-6) Q. cj. dt

or simplified :

(Formula 3) ce = for +

Combination of formulas 1 and 3 gives :

(i-1). ¢

d.Cr _=.f, Q.. dt

er- ¢

\'
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Integration between the limits¢, =cjatt=o,and e, =¢ att=t (in Which
» is the salt concentraticn in the soil water at the start cf the leachmg process, and ¢ (T
is the concentration of s2lt that will be reached at time ‘t’ during the leaching process)

yields :

.:f : Q t
| 4 v

(Formula 4) cg=¢;+(cy-ce

or:

. Co - Ci

(Formula 5) fRt=V.In[ G g ]

or:

v Co-6
n Fed n = 1

(Formula 8) t fg L o -6 ]

The salt concentration of the soil water solution at any given ti me can be calculated
from formula 4. The guantity of percolation water that is needed to reach a certain salt concentra-
tion of the soil water solution can be arrived at by /means of forraula 5. Lastly, the time span
required to reach a certain salt concentration of the soil water sclution can be calculated through
formula §.

In the iieylersfield West Polder the following data and assunptlons have been used
for inclusion in forrulas 4, 5 and 6.

- Aeserveir ‘V’is the moisture stored in the root zone of soils. The average root-
ing depth of rice plants is about 50 cxa, while roots reach a maximum depth of
60 cm. The average moisture content at field capacity of fine clay (which is the
dorainant texture for most soils) is about 50 percent. Therefore, the total
quantity of water in the ‘reservoir’ is 00 mm x 0.5 = 300 mm.

- Average salt concentration of the inflowing water ‘c; is determined by the salt
concentrations of the Cabarita River water (which will be used for irrigation)
and precipitation water. The salt concentration of Cabarita river water expressed
in mm#to/em electrical conductivity averaged 0.6 mamho/em during the period
December 1872 - [iarch 1380, Salt concentration of precipitation water is
negligible. If it is assumesd that two thirds of the inflowing water consists of
n'ngatlon water and one third of rainfall, then the average electrical conductivity
of the inflowing water is about 0.4 mmho/en.
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- Leachmg efficiency ‘F’. For clay 30118 the averige leachmg eftxciency is 0.85.
In these calciilatibas 4 vhlue of 0:8 is uséd, ‘allowifig admall safety margin

- The salt concentthtion of the sofl water at pt%ent‘ ¢s’. From the 132 salmlty
observations in the West Polder, the average electrical conductivity of the
groundwater has beeh cdlculated as 12 mmho/em. This caleulation excludes
the 43 observations at which groundwater was not encbutitered; also refer to
Map No 2.

- Thesalt concentratnon of the soil water after leaching dunng a penod t: .cf\‘
From an agricultural point of view a final salinity level of less than 5 mmho/cm
should be aimed at. This value represents the maximum level at which rice can
he cultivated without yield reduction due to salinity.

- The total amouht of water entering and leaving the reservoir: ‘Q’. From the
field percolation test this amount is estimated at 1 mm/day.

Substitution of the above mentioned values for V’, ‘f’,‘c},’ and ‘Q’, and an assumed
value for the leaching period ‘t’, in equation 4, indicates that, for example after a 50 day
leaching period, the salt concentration in the soil water will be reduced to 10.6 mmho/cm.
Similarly, substitution of higher values for ‘t’ (longer leaching period) gives :

length of leaching period. - salt concentration in -
{days) soil water
’ ~ (mmho/em)
2 12.0
50 ‘ 10.6
100 : 9.3
150 8.2
200 7.2
280 8,4
300 58
350 5.0

From these figures it can be concluded that after about 1 year (350 days) of leaching,
the average mllmty in the root zone will be reduced to a satxsfactory low level (i.c. less than
5 mmho/cm).

As is shown on Map No. 2 Electrical Conductivity of the Groundwater in the Meylers-
field West Polder, salinity levels as measured in the area, range from about 8 to 20 minho/cm.
Using equation 8, the leaching pericds requn'ed to reach a salinity level of 5 mmho/cm, from
different initial salt concentratxons(é " have been calculated as follows :







éa‘._

— 23 ~

Initial sait concentration tength of leaching period
(minbojfem) | (dayg)
8 188
10 , 278
12 346
14 . 407
16 458
18 503
20 544

From these figures it appears that in the most saline parts of the area , a leaching
period of at least 544 days (about 1% year) is needed to reach a satisfactorily low level of
salinity in the root zone for successful rice cultivation.

From June till September 1980, salinity levels of the groundwater in 18 observation
holes in the West Polder were monitored weekly. In this period average conductivity levels in the
three augerholes in the northern most Section of the polder dropped from 8.8 mmho/cm (24/6/80)
to 7.5 mmho/cm (27/8/80). Salinity levels in the southern part of the polder also decreased
during this period, but not to such a clear extent as in the northern section. This can be explained by
the fact that in the northern section the field d’i:alnag'e system was already completed during the
monitoring period, whereas in the southem part many of the fleld drains were not yet connected
to the main drains. - :

.. Once completed, maintenance of the drainage system is of great importance for successful
leachmp Neglecting the drains will result in a rising water table and upward movement of salts
especially during fallow periods.

~ An additional improvement of the water quality irithe West Polder could be gained
by the installation of so-called flapgate culverts in the Styx river (e.g. at the intersection of this
river with the main road.) Such culverts only allow water flow in one (outward) direction, thus
preventing salt water from the sea to intrude into the Styx river, and subsequently into the polder.
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¢oIL MANAGEMENT CONSIDERATIONS

The various soil types occurring in the ijeylersfield West Polder vary widely in their
characteristics - The soils of map units 1, 2 and 3 (Tropofluvents, Aeric Tropic Fluvaquents
and Tropic Fluvaquents, refer to Chapter 1.3) have generally favourable characteristics for
rice cultivation, in that they are deep, fine clay soils of high to medium fertility. In small parts
of these rrapping units, the scils overly limestone rock at moderate (50 - 100 cm) or even
shallow {25 --50 cm) depth, implying an increasingly more difficult water management if used
for irrigated cultivation, a restricted rooting volume and therefore, limited availability of plant
nutrients and, in the case of the shallow soils, impeded tillage pronerties. '

- The soils of map unit 4 (Aeric Sulfic Tropic Fluvaquents) have favourable physical
properties (deep, fine clay soils). They are however potentially acid, and will upon drainage
(oxidation) develop extremely acid characteristics, rendering them unsuitable for agricultural
use. Liming, which is normally an efficient practice on soils with slightly acidic characteristics,
will not be a practical solution to the problem of strong potential acidity. Experiments in
several countries* have shown that, ir order to neutralize acid sulphate soils quantities of lime
of up to 100 tons/acre could be needed. Also, since usually the subscils are more acid than
the topsoils, the lime should be introduced into the subsurface horizons . Such an activity can
only be undertaken with heavy machinery. Apart frora liming,only a very careful water manage-
ment, i.e. maintaining the ground water at a depth of not less than 30 cm, will prevent the
acidification of these soils. Therefore, they are rated moderately suited for rice cultivation or
for pastureé, Under natural drainage conditions these soils have medium fertility.

The scils of map unit 5 (Aeric Sulfic Thapto-Histic Tropic Fluvaguents) kave the same
properties as those of map unit 4, but in addition to the potential acidity problem, they have a
limited bearing capacity due to the occurrence of distinct layers of peat (20 - 40 cm thick) within
100 em from the soil surface. They are therefore, less suited to mechanized cultivation.

. Drainage of these soils in order to increase their bearing capacity, would result in acid-
ification.

The peats of map unit & (Typlc Sulfibemists) have sevéral serious management problems.
Under natural, pootly drained, conditions they have low bearing capacity, rendering them unsuit-
able for .mechanized cultivation. Upon drainage, which would increase the bearing capacity,
they will develop strongly acid characteristics and in addition, subsidence will take place.

" Furthermore, experience . in other countries indicates 16w productivity of rice growing on peat
soils due to sterility prohlems which are probably caused.by deficiencies in certain minor plant
nutrients like copper. The peats are therefore considered unsuitable for :-mecnamzed rice culti-
vation and marginaliy suited for hand cultivation of rice. _

The outecrops of lisestone rock that occur in a few places in the “Vest Polder (map unit 7)
are at present not suited to any kind of cultivation. They inay however, be dug out and refilled
with clay from the surrounding areas.

. ) .
hcalinY e 0

*C. B!ooinﬁeld and 4. K. Couttor (1973): Genesis and Managamant of Acid Sulphate Soils. Advences in Agronomy 25:265 - 326
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In the characteristic flat topography of the polder, slopes do not form a limitation to
cultivation. Iioreover present engineering activities in the area include a coarse levelling of plus
or minus 4 inches per irrigation unit of 5 acres. Final levelling however, is required in order to
obtain a constant water depth throughout the lots upon irrigation. _

Throughout the area the soils are affected by salinity. As explamed nowever in
Chapter IIL1, it is expected that drainage of the saline groundwater, in combination with irrigation
with fresh water from the Cabarita River can leach the salts from the soils and reduce soil salinity
to acceptable levels, within a period of 2 years.
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LAND CAPABILITY ASSESSEHENT
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INTX »ODUCTION

The précedmg chapters provide basic information about the various physical
factors that snake up the enviromment of the meyletsﬁeld “/est Polder and about their
effect on agricultural use and manapement of the ared; in the cOntext of land reclamatlon
activities that are presently being cothpleted in the polder. ~

This section on land capabliity assessment, Phdsents a auiantitative interpretation
of ‘the physical data with regard to their effeét on ﬂghﬂhltum nroduction. Since specific
kinds of land use put specific requirements on theit physical environment, land capability
in the Leylersfield "West Polder has beén classified specifically for three different types
of agricultural use (Land Utilization Types). Each Land Utilization Type (LUT) is
narrowly defined and characterized according to its produce, its level of management and
related inputs. Two of the LUT’s centre around the production of irrigated rice (but at
different levels of management), the third LUT centres arcund cattle farming, '

. iIn the process of land capability classification, the specific requirements of the

attributes of the LUT’s {produce, level of management and related inputs) are matched
with the physical land conditions occurring in the area. Tracts of land are - grouped into
units of land capability classes and subclasses, according to the physical limitations rele-
vant to the respective LUT. Land capability classes group tracts of land pertinent to in-
creasing degree of liraitation (e.g. slight, moderate, severe, etc.), whereas land capability
subclasses group tracts of land according to kinds of limitations (i.c. soil depth to hard
limestone, half-ripe and unripe sulphidic layers, and peat layers).

Land capability classes and subclasses are characterized in their absolute and
relative value for agricultural production by means of assignment of Productivity Units,
Within Land Utilization Types productivity uhits are measures of productivity in terms of
Added Value per acre per vear:

Added Value = Total Value of Qutput - Total Value of Hon-factor Input.
One Productivity Unit (P.U.) corresponds to 5$10.00 of Added Value, adjusted to price
and income levels of February 1377 (=standard reference dateline). This adjustment
allows direct comparison of the productivity of the different LUT’.

The relationship between farm added value and the other factor shares, e.g. value
of output, non-factor inputs atc. is explained in Annex'I to this report: “Farm Income
Account according to Factor Shares”. '

All elements of the land classification are explained in the following chapters.
The geographic distribution of the land classes and subclasses per Land Utilization Type
is shown on Figures 8,8 and 10.
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LAND UTILIZATION TYPES

The original plans for development of the Lieylersfield Polders call for rice
-roduction on smallholdings in the framework of Government’s Project Land Lease
Phase I, under a fairly high leve_l of management, including mechanizea‘ farm cperations
'(ploughing and harvesting/threshing). However, the physical conditions in part of the area
geverely affect the possibility of mechanization. Ploughing and harvesting with heavy
machines will be d;fficult on the haif-ripe to unripe mud clays and peat soils occurring
mainly in the southern part of the polder. Drainage of these soils in order to improve their
bearing capacity will enhance oxidation of the sulphides that occur in the profiles and
subsequently the formation of free sulphuric acid, léwering the pil to toxic levels. There-
fore, a cleat differentiation is made in the land classification assessment between two LUT’s
centéred ardund tice cultivation:

Bm %Mechanized Smallholders Irrigated Rice Cultivation
Rt Semi-traditional Family-cperated Irrigated Bice Cultivation

The assumed level of management for the second LUT is based on the cultural
practices currently prevailing among the traditional rice-growing farmers in the surroundings
of the l4eylersfield Polder. Land preparation under this traditional management consists
of land ciearing (bushing) by hand, only; Harvesting is done by hand and sickle. Under
such management, low bearing capacity is not a limiting factor in rice cultivation. The soils
can remain wet, and the danger of acidification is minimal.

As an altemative to rice cultivation in the ifeylersficld Polder, the arca has alsc
been classified for its capability for cattle farming:
Ct Traditional Family-operated Cattle Farming

Cattle farrzing does not put very high requirements on the bearing capacity of a soil, and
therefore minimal drainage of the area wouid be necessary, thus reducing the danger of
acidification upon oxidation. Also, pastures provide a good alternative to the sterility
problems and resulting low yiclds associated with rice cultivation on peat soils. In line with
paesent conditions in the heylersfield area, a traditional (relatively low) level of manage-
ment has been assumed for this Land Utilization Type.

am_iMechanized Smaltholders Irrigcated Rice Cultivation

This land utilization type concentrates on cultivation of irrigated rice, using hired
machinery for land preparation, harvesting and threshing. The following assumptions are
made: ,

- Two crops of irrigated rice are grown per year, in a cultivation c-ycle as set
out in Figure 6.

- Land preparation consists of ploughing and harrowing (1 passing each) with
crawler-tractors, or wheel-tractors with cage wheels, which are hired at J$0.00
per acre,
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hixgh vielding rice varieties are used: Cxca 4 or Cica G (Price: J$0.30/1b).
Beffore seeding, the fleljs are soaked and then drained.

The seeds are pre-germinated and then broadcasted by hand, at a rate
of 100 lbs/dcre.

Modest amounts of fertilizer {2 bags/acre of Sulphate of Amamonia at
J$20.00/bag, and 1 bag/acre of coraplete fertilizer at J$25.00/bag) are
applied, in three gifts: 50 percent at broadcasting, 25 percent after about 7
weeks (tillering stage) and 25 percent- after about about 70 days (Panicle
mmatxon) When tertilizer is applied, the fields are drained temporarily.

Weeds are conttolled chemically by application of Stam at a rate of 5 lhs/acre
at 3$5.00/1b. .

Harvesting/Threshing is carried out by hired combine at a cost of J§100.00
per acre.

Cost of irrigation and dfainage of the fields is calculated at J$100.00 per acre
per crop. This calculation is based on the cost of running the irrigation and
drainage pumps in the polder. '

In the added value calculations, the farmgate price of rice is taken at the
official ADC level of J$0.25/ib (January 19€0). - :

~ Added Value Calculations, based on full production under this land utilization
type, are given below. All figures are expressed on a crop/acre basis, and price levels arc

from January 1580:
Value of Output Riée 2500 1bs @ J$0.26/Ib J3625
Cost of Non-factor Inputs Seed 100 tbs @ 3$0.30/1b J% 30
Ploughing/harrowing 80
Irrigation/drainage -100
Fertilizer ’ -85
Weedicide 25
Harvesting/threshing 100 +
o J$400  J$400
Added Value per crop per acre J$225

Added Value for 2 crops/year : 2 x 225 = J$450 per acre/year, at January 1980
price levels.
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Labour_Inputs

Based on the above assumptions, labour inputs by the farmer in this land utili-
zation type will include :

. soak and drain field 1 manday /acre/crop

- pregerminate seeds; broadeasting; first fertilizer
application; submerge

- apply weedicide

- drain; second fertilizer application; submerge

- drain; third fertilizer application; submerge

- drain

2

”

”

L T T B ]

”

+
Total 8 mandays/acre/crop

Labour input for 2 crops/year : 2 x 8 = 16 mandays per acre/year.

Rt Semi-traditional Family-operated Irrigated Rice Cultivation

This land utilization type centres around rice cultivation, applying some of the
traditional cultivation practices which are common to the rice farmers in the area. Major
improvements are assumed however :

- Two crops of irrigated rice are grown per vear, in a cultivation cycle as
shown in Figure 7.

- ngh yielding varieties of rice are used : Cica 4 or Cica 9 (Price J$0.30/1b).

- Modest amounts of fertilizer (2 bags/acre of Sulphate of Ammonia @
J$20/bag; and 1 bag/acre of complete fertilizer @ J$25/bag) are applied
in three gifts: 50 percent after transplanting , 25 percent after about 3
weelss (tillering stage), and 25 percent after about 10 weeks (panicle
initiation). "When fertilizer is applied, the fields are drained temporarily.
Other assumptions for this land utilization type include : ‘

- Land preparation consists of clearing (bushing) with machete only

- Seeds are seeded in a nursery at a rate of 40 lbs per planting acre. The
seedlings remain in the nursery for about 4 weeks.
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Before transplanting the fields are soaked and then drained, after which the

seedlings are transplanted by hand into the soft wet soil,3 - 4 plants per hill
in rows (2 x 1 ft). The fields are then submerged again.

. Aboui 3 weeks before harvéstitxg the ficlds are drained again.

- FHarvesting is done by himd and sickle,

- Drying, threshing and winnowing is done at the small mills existing in the ar_ea.'

- Cost of irrigation and drainage of the fields is calculated at J$100/acre per crop.
This calculation is based on the cost of running the irrigation and drainage pumps

in the polders.

- In the Added Value calculations the farmgate price of rice is taken at the
official ADC Jeval of J$0.25/1b (January 1980).

Added Value calculatmns,based on full production under this land utilization type, are
given below. All figures are expressed on‘a crop/acre basis, and price ] levels are from January

1980.
Value of Output -~ - Riece 2500 1bs @ J$0.25/1b J$625.
Cost of Non-factor Inputs Seed 40 1bs @ J§0.30/1b 3§12
‘ Irrigation water 100
Fertilizer : 65,
3$177 IBLTT
Added-Value per crop per acre : o J$448

Added Value for 2 crops/year: 2 x 448 = J$896 .or rounded off at J$800.- per
acre/year at January 1980 price levels.
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Labour_Inputs

Based on the above assumptions, labour inputs by the farmer in this land
atilization type will include:

prepare nursery + seeding 2 mandays/acte/crop
land clearing, soak and drain : 5 ”
transplanting; first fertilizer application; submerge 20 »
weeding 1 »
drain; second fertilizer application; submerge 1 »
drain; third fertilizer application; submerge . - 1 ”
drain; harvesting 15 ”
harvesting;drying; thieshing; winnowing 10 . »
Total 55 mandays/acre/crop

Labour input for 2 crops/year: 2 x 55 = 110 rnandays per acre/year.

Ct: Traditional Family-operated Cattle Farming

This land utilization type is centered around beef production in smallholdings
of irrigated grazing pastures. The sale of milk forms an additional source of farm income.
" The following assumptions are made:

Grazing intensity is one animal per 2 acres of pasture, on land. without

_ physical limitations. One animal unit comprises a mature cow plus young

stock. The farm is subdivided intq 10 enclosures, each of which is grazed
by the herd for approximately 2 days (grazing period). The grazing inter-
val is 20 days. The enclosures are formed by bunds on which a fence is
placed (e.g. quickstick with barbed wire).

-After each grazing petiod during the dry p’ériod of the year (November

through rdarch), and during dry spells, the enclosures are submerged for
one day up to a water depth of 2 - 3 inches. Submergence is done by
flooding from a small canal that is to be constructed by the farmers in each
irrigation unit of 5 acres, paralle’l and next to the irrigation canal. This
small canal, which can be kept filled constantly, will also provide drinking
water to the cattle.

After 2 - 3 grazing periods, grass tufts and weeds occurring in the pasture
enclosures have to be bush cut.
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- In the cow’s life-time four calves are born and raised. One heifer is kept
- for replacement of the cow. The other three calves are sold at an age
of auout 18 months (estimated live weight 550 1bs). After dropping
ker first calf, a cow will stay in the herd for five years and is then sold
{estimated live weight 306 lbs). ‘

. The cows are milked daily in the morning by hand, and produce an
average of 2 quarts {Grade B) milk per day: during 280 days per year.

- Cost of irrigation and drainage of the fields is estimated at $40 per acre
per year.

- Cost of veterinary service is J$20 per year for a cow of more than
2 years and J315 per year for younger animals. Pastures are not
fertilized, concentrate feed is not given to the animals, The animals
are sprayed and drenched against ticks and worms, once per month.

Added Value calculations, based on full ptoducti9n under this land utilization type, are given
"below. Qutput and input calculations are first made per animal unit per year, and then they
are reduced to values per acre. All price levels are from January 1980, .

- Value of Cutput: Sale of young cattle: 3 calves in 5 years,
550 1bs each @ J$1.85/1b J$610
Sale of cld cow: 200 1bs @ J$1.20;
once in 5 years 228
Sale of milk:560 quarts @ J$0.55/quart 309
JI$1147
J$1147
Cost of non-factor input: Vetermary service J8 38
- Tick spray (Bercotex); worm drench :
(Milvern) 30
Irrigation/Drainage 40
Others (Fencing) 20 .
J$125
3$ 126,
Added Value per animal unit per year: 431022
Added value per acre per year (1 animal unit per 2 acre): % x J$1021 = J$510 (rounded
off),at January 1960 price levels.
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Labour inputs

Based on the above assumptions, labour inputs by the farmer in this land utilization
type will include (figures, expressed in mandays per year, refer to complete farms; 4 animal

units/8 - 10 acres) :

milking 4 cows, once per day, 1 hr/day, 280 days/yr 35 md/yr
bush-cutting 42 md/acre, once every 40 days 40

- spray cattle 2 hr/month ‘ 4

- maintain bunds, fences, irrigation canal 12

—

Total 91 md/fyr

If farms under this land utilization type would have a size of 8 - 10 acres, the per
acre labour requirement would be 9 - 11 mandays per year.

QUANTITATIVE LAND CAPARILITY ASSESSMENT PER POSSIBLE LAND
UTILIZATION TYPE

In this Chapter, the variable physical factors that occur in the Meylersfield West
Polder are quantified relative to the land utilization types discussed in Chapter IV.2. This
must be done since these physical factors may have specific, dissimilar effects on agricultural
production in different land utilization types; for example : low bearing capacity is more
restrictive to farm machinery than to hand labour; hmlbed soil depth is more restrictive to
rice plants than to grass; etc.

In Tables 4, 5 and 6 under each land utilization type six land capability classes
(Roman numerals I - VI) are distinguished according to increasing degree of limitations that
occur in the project area and that are relevant to the respective land utilization types i.e. :
soil depth to hard limestone; half-ripe and unripe sulphidic layers; and peat layers. It should
be noted that, although at present differences exist in the drainage condition of the various
soils in the West Polder, drainage is not included as a possible limitation for any of the land
uses considered, because it can be assumed that upon completion of the drainage system,
drainage conditions will be the same throughout the area. Similarly salinity is not included
as a factor in the land capability assessment, as it is assumed that through irrigation and
drainage, the salinity of the soils in the project area will be reduced to acceptable levels with-
in 1 to 1% years from the start of full-scale irrigation (refer to Chapter ILI).

Individual land capability classes are assigned productivity units (P.U.’s) which decrease
proportionally from a maximum of 100 percent for Class I {no limitation to the envisaged
land use), 30 percent for Class IT {slight limitation to the envisaged land use) ete., to less than
50 percent for Class VI (extreme limitations precluding the economie use of such land under
the envisaged land use). Absolute values of productivity units are expressed in dollars of
added value per acre per year at February 1977 price and income levels : 1 P,U. = J$100.00*.

'Febmmy 1977 is chosan by the Rural Physical Flanning Unit as standard reforence datefine for all calculations of addec
} value in order to allow direct comperison of productivity Figures. increases in prices, iabour costs, interest on capital
from February 1877 to January 1980 are estimated at about 50 percent.

| .
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Explanation of the Classification Formulae :

Land capability classification formulae as used in the text and on the Land
Capability iaps (Figs. 8,9 and 10) are composed of the following clements in order of

‘placement:
.-~ asymbol for the land utilization type consisting of a capital and a lower case
' letter: Em, Bt and Ct.
- asymbol for the land capability class i.e. Boman numerals I through VI
- * one or more lower case letters symbolizing the limitation(s) occurring under
the land capability class for the particular land utilization type, i.e. ‘d’ for
limited soil depth to hard limestone, ‘n’ for limited depth to half-ripe and
unripe sulphidic layers, and ‘p’ for limited depth to peat layers (refer to Tables
4,5 and ).
- combination of two equeally intensive
limitations (n and p), each of which
- Rt m n/p ———— is of Class Il intensity, but that together
yas | { ' add up to Class IIf
T - .
lam{— , lan '
: - utilization - capability
; . ‘type class
‘ AN { - :
i ‘ AN - , combination of one major limitation (p)
Rm Vi p(n) —— of Class VIintensity and a minor limit-
I ation (n)

Concerning the limitations, the following situations may occur:

- Land capability classes I i:ave no limitations, forraulae thus include only
symbols for the land utilization types, followed by Poman numeral I,
eg RtL

- Land capability classes II have one limitation only, e.z. Em Iid, Ct IlIn

- Land capability classes Il through VI may cither have only 2 major
limitation (e.z. Bt III4); or 2 corabination of a major liraitation and a
mainor limitation {e.2. Em VI p(n)jor a combination of two equally -
intensive limitations (e.z. ¥zt I .n/p). In the latter example, both the n
and - p limitations are of Class II intensity. Their combined occurrence
results in classification at Class I1I intensity.
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: FIG. 8 LAND CAPABILITY FOR MECHANIZED SMALL-
s HOLDERS IRRIGATED RICE CULTIVATION IN THE

i
MECHANIZED SMALLHOLDERS IRRIGATED RICE CULTIVATION (Rm) . . MEYLERSFIELD WEST POLDER
LAND CAPABILITY CLASSES, PRODUCTIVITY RATINGS AND LIMITATIONS |
IN THE MEYLERSFIELD POLDERS £
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PR o — — - iy S RN -l ]
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ductivity units ! | : soil surface. ( .
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s o i Wi hin i e il ol 1) JRONEES ~ ¢ J
]
!
y
" Productivity o! land s measured in terms of Added Vaiue of Produce expressed n J8 acrel which tor this Land Util :
zation Type s calculated trom January 1980 price isvels, and adjusted 1o those o' Februa: v 1977 standard reference ‘I
date! This adjustment allows direct companison of the productivity of different LUT s Productivity has been given
elative value by expressing 11 0 Productiviry Umits 1P U S100 00 at Febiuvary 1977 price and income levels. in
addition, productivity is expressed here as a pe centage of the maximum productivity of Class | Land
2) Unripe soil materials are materials that have an nvalue of more than 1 Haif ripe soi! Mmuternals have n values between
0.7 and 1.0, The nvalue can be caiculated for minera! soil matenals by the formula. n A 02ZR) 1L + 3H) in which i
A 15 the percentage of water in the soil in field condition R s the pecentage of silt plus sand. L 1s the percentage of
ciay, and H s the percentage of organic matter (organic carbon x 1 724)
A smple freld test of squeezing the soil in the hand, can determune the approximate value of ‘n If the soil tHlows with r
diffreulty between the fingers the nvalue s between 0 7 and 1 0, and the soil s sad to be half ripe |f the soil Hows
easily between the fingers, the n value s 1 0 or more, and the soil s called unripe
:“ Sniillllthc Maternals are watoer ll}ggr't! mineral o orgamnic sovl matenals that contam 0 75 percent or more sulphur idry
weight) mostly in the form of sulphides (hydiogen and terrous suiphides | and that have less than theee tumes as much
carbonate as sulphur
i
4) Peat matenals contain more than 30 parcent organic matter 18 percent grgame carhon l
:
)
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Table 5

SEMI—TRADITIONAL FAMILY--OPERATED IRRIGATED RICE CULTIVATION
LAND CAPABILITY CLASSES, PRODUCTIVITY RATINGS AND LIMITATIONS
IN THE MEYLERSFIELD POLDERS

T
I Productivity ! Sotl Depth to ﬁj
i L . T T _r T I el
;| (P.U./acre; %) I I Half- and Un 1 | I
L5 | 4 | Hard Limestone | n ! - e p Peat L.
; | at Layers {
: " } : 12' 3) : Sulphidic Layers L@ i :
T T T T -
I ! | | more than 100 ¢cm; or peat |
| ; | | layers of less than20 em 1
| 6.0;90.100 more than 100 em | more than 100 cm : thick al variable depth with- |
| | ! { 0 100 cm from the soil |
| | I : | surface I
1 ! | 1‘ | |
{ 1| | | | more than 40 cm; or peat |
I I | layers of 20 - 40 em thick
4:80-9 .10 50 - 100 y 1 thick,

{ : OISR sk s | I at variable depth within100 l
| [ : { | cm from the soil surfacd |
r T T t T ’ - 1
: | 48;70-80 | 25 - 50 : na | na :
=-_ 1§ : ! T o _‘-_ﬂ
: : 4.2:60-70 | n.a : n.a. : n.a; |
1 1 : 1 } t l
I I I i | peat layers more than 40 em |
: l | | > | thick, that start within 40 crd
: | 86:,50-60 oo £ | 25-50 | from the soil surface. |
| ! | |

| ) | L I
r ; [ ) ' B
| I {ess than 50 | less than 25 em with less than 2§ em I n.a 1
I I percent of max rock outcrops : | |
I I imuns,no pro- | | X | |
! | ductivily units | | | |
L | ssigned. ! L ! 3

2)

3)

4)

Productivity of land s measured in terms of Added Value of Produce lexpressed in J8/acrel, which for this Land Utili
zation Type s calculared ‘rom January 1280 price lavels, and adjusted to those of Febryary 1977 (=standard reference
datel. This adjustment allows direct comparison of the productivity of different LUT's Productivity has been Given
ralative value by expressing 1t i Productivity Units 1P.U = JS100 00 a1 February 1277 price and income levels In
addition, productivity s expressed here as a percentage of the maximum productivity of Class | Land

Unripe soil materials are matenals that have an n value of more than 1. Haif-ripe soil mater.als have n values between
0.7 and 1.0. The n-value can be calculated for mineral soil matenals by the formula n = (A 0 2R}=e (L + 3H} n which
A 15 the percentage of wates in the soil in field condition; R s the percentage of silt plus sand; L s the percentage of
clay, and H 1s the percentage of orgamic maiter (Organic carbon x 1.724),

A simple field 1es) of squeezing the soil in the hand can determine the approximate value of ‘n° 11 the soil flows with
difficulty between the fingers the n-value 1s between 0 7 and 10, and the soil s said to be half ripe. 11 the soil flows
easily between the fingers, the nvalue s 1 0 or mare, and the soil ts called unnpe.

Sulphidic matenals are water logged mineral or organic soil materials that contain 0 75 parcent or more sulphur (dry
weightl mostly in the form of sulphides (hydrogen and ferrous sulphides ) and that have less than three times as much
carbonate as su'phu:

Paat matenals contain more then 30 percent organic marter |18 percem organic carbon|

. ~Q

-, FIG.9: LAND CAPABILITY FOR SEMI-TRADITIONAL FAMILY- -
OPERATED IRRIGATED RICE CULTIVATION IN THE . 4
MEYLERSFIELD WEST POLDER '
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Table 6 F1G.10: LAND CAPABILITY FOR TRADITIONAL FAMILY-

OPERATED CATTLE FARMING IN THE

TRADITIONAL FAMILY-OPERATED CATTLE FARMING (Ct) : MEYLERSFIELD WEST POLDER
LAND CAPABILITY CALSSES, PRODUCTIVITY RATINGS AND LIMITATIONS ;
" IN THE MEYLERSFIELD POLDERS

| 1 1
_ : Prodoctivity 'l Soil Depth (incm)to: : .
; ! | | 4 &3 & Scale | 1:10,000
| (P.U./acre; %) | | | n | Halfr d Un-ri ’
9 | pe an pe |
| 1) N R Hard Limestone P Lavers
| | ; 0 1000 Ft
| | | —
| 3.4;90- 100 | mare than 50 em 1 more than 100 em 0 100 200 300 40O0M
| !
| ! ,r !
| | T |
: 3.1; 80 - 90 | 25- 50 { 50 - 100 |
& l ] J
T T j
|
| 27;70-80 | na. : na. }
| ‘ ! a
i ! . ! 1
i l 2.4;60 - 70 | na. | na. |
| !
l ' ! 1 |
T I 1 T |
| | | |
N v | 2.0,50-60 | na. | 25 50 !
| | | I l
e 1 i 4 |
| | i | !
I i A Saah 50 pevceat Less than 25 | Less than 25 :
1 Vi | of maximum; no pro- | |
| | ductivity units assigned | | |
- 1 ol [ —
1) Productivity of land is measured in terms of Added Value of Produce (expressed in J$/acre) , which for this
Land Utilization Type is calculated from January 1980 price levels, and adjusted to those of February 1977
(=standard reference date). This adjustment allows direct comparison of the productivity of different LUT's.
Productivity has been given relative value by expressing it in Productivity Units: 1P.U. = J$100.00 at
February 1977 price and income levels. In addition, productivity is expressed here as a percentage of the max-
imum productivity of Class | Land.
2) Inciudmg half-ripe and unripe sulphidic materials, and/or peat layers with @ minimum thickness of 40 cm.

Unripe soil materials are materials that have an n-value of more than 1. Half-ripe soil materials have
n-values between 0.7 and 1.0. The n-value can be calculated for mineral soil materials by the formula:
n= (A - 0.2R) == (L + 3H) in which A is the percentage of water in the soil in field condition; R is the

- percentage of silt plus sand; L is the percentage of clay; and H is the percentage of organic matter
(organic carbon x 1.724).
A simple field test™of squeezing the soil in the hand, can determine the approximate value of ‘'n". If the
soil flows with difficulty between the fingers the n-value is between 0.7 and 1.0, and the soil is said to
be half-ripe. |f the soil flows easily between the fingers, the n-value is 1.0 or move, and the soil is called
unripe.
Sulphidic materials are water-logged mineral or organic soil materials that contain 0.75 percent or more
sulphur (dry weight) mostly in the form of sulphides (hydrogen and ferrous sulphides) and that have less
than three times as much carbonate as sulphur.
Peat materials contain more than 30 percent organic matter (18 percent organic carbon).
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Table 7

Land Capability Classes and Subclakses
Acreages per Land Utilization Type and Related Potential Productivity Units

-
"

< g

Table 7 shows the land capability subclass acreages and corresponding potential productivity,
. expressed in productivity units, for the three land utilization types distinguished in this

report.

, Rm: Mechanized Smaltholders Rt. Semi-traditional Family- Ct: Traditional Family-
JInigated Rice Cultivation operated Irrigated Rice operated Cattle Farming
) Cultivation . _
Oass & | poronre Productivityll Class & Acteage | Productivityfi Class & | | Productivi
Subclass Units Subclass Units  }; Subclass ‘ Units
Rm I 1716 5325 Rt1 177.5 1065.0 Ctl 183.8 624.9 ¢
Subtotsl 1715 5325 1715 1065.0 183.8 6249
Rm IId 6.3 17.0 Rt IId 6.3 34.0 Rt IId 4.5 14.0
Rt IIn 8.7 425.0 Rt lin 101.6 315.0
Subtotal 6.8 C1T0 0 - 85.0° 1 4590 - 106.1 329.0
Rm Ilin 78.7 188.9 Rt Ild 4.5 216 ctim 0.0 0.0
, | Rt IIIn/p 22.9 108.
‘ ,
Subtotal 78.7 188.9 274 1315 0.0 0.0
RmIVnfp | 229 48.1 Rt1V 0.0 0.0 Ct1v 0.0 0.0
Subtotal 22,9 481" 0.0 0.0 0.0 0.0
Rm Vd 4.5 8.1 1 RtVp/n 53.6 193.0 ctvn | 536 | 1018
Subtotal 4.5 81 53.6 193.0 53.6 101.8
.Rm Vid 1.5 no produc RtVId 1.5 no product-] Ct Vid 15 no product-
vity units ivity units vity units
Rm ViIp/n 53.6 assigned assigned assigned
Subtotal 55.1 ’ 15 - 1.5 .
—— _ﬁ‘.“'—_“""'-‘-—_—-"-:q
TOTAL 345.0 ™S 3450 | 18485 8450 | 1055.7°
_ : — ==t — —
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CONCLUSIONS AND RECOMMENDATIONS

" From the foregoing, it has become clear that the soil conditions in the Meylersﬁeld
West Polder are not uniform. Soils include clays with and w:thout a potentlal atidification
hazard and peats with a potential acidity hazard. All soils are saline to variable degrees but
this salinity ptoblem can be solved by leaching with irrigation water and proper drainage.

All soils have low bearing capacity when wet.

The Meylersﬂeld Polders are slated for developnieﬁt in Mlgated rice cultlvatlon in
the framewokk of the Project Land Lease Phase III Land Reform ])rogfan\me The possible
land utlhzaﬁon types and their related farming systems and degreésbf mechanization as well
as their utlhzatlon of thé farmer’s ahd his/her family’s labour in the production process have

“been the subfect of many discussions between BRUMDEC, the Ministry of Agriculture and
visiting N&therlands consultants (Messtt. L. F. I{brtenhorst P. J. Slabbers and V. Baarveld).

In Chapter IV of this report two forms of smallholderss irrigated rice cultivation
are obsékveci in fore detail, They represent two extreme systems, i.e. “Mechanized Small-
holdérs Il‘ngated Rice Cultivation” and “Semi-traditional Family-operated Irrigated Rice
Cultivation.” _

In the case of “Mechanized Smallholders Irrigated Rice Cultivation” considerable
use is assumed of mechanization in'most farm cultural practices, whereas the labour uiputs
of the farmer and his/her family are at a minimum. The related added value per acre per
year is caleuldted. to be J$450 with a labour input of only 16 mandays per acre per year.

If the First Rural Development Project™* (FRDP) target farm added value of $3200 (at
February 1977 price and income levels) would be used in the determination of the required
minimum farm size, and if an adjustment factor of 0.66 is used here to relate January 1980
price and income levels to February 1977 price and income levels, then the minimum farm
size for “Mechanized Smallholders Irrigated Rice Cultivation” would be :

3200 = (0.66 x 450) = 10.7 acres

for Class I land having no limitations to the envisaged use for ‘Mechanized Smallholders
Irrigated Rice Cultivation” Tracts of land of Classes II through V having limitaticn(s) of
increasing degree to this land utilization type would require farm sizes ranging from 11.8
acres for Class II land up to 15.0 acres for Class V land. The related labour input of 10.7 x
16 = 171 farm mandays (at a minimum) would pose no problem for the farmer and his/her
family. It even would leave the farmer sufficient time to supplement his/her income in
other ways.

In the calculation of the value of the various farm factor shares, the current low
rice price (J$0.25 per Ib at farm gate) determines the relatively low total value of output and
thus the modest level of added value per acre per year. This in turn, determines the minimum
farm size considerably. If, for instance, the tice price would be raised to J$0.30 perlb then
this would increase the total value of output and also the added value per acre per year with
J$250 to J$700.

*The First Rural Developmom Project is a joint Jemaican Government - World Bank Prqact which ingne of m three ecm-
panents -~ aims at the agricuitural development of nine settlement schames in the westarn region in the framework of
< the Project Land Loaso programme,
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Ly Required minitaum farm size for Class I land under this land utilization type would then be:
3200 +(0.66 x 700) = 6.9 acres
R | Likewise, minimum farm sizes for tracts of land pertaining to Classes II through V in this
casé would range from 7.5 acres up to 8.7 acres.
In the case of the second land utilization type “Semi-traditional Family-operated
Trrigated Rice Cultivation” it is assumed that ho use is made of any form of farm mechani-

* zation and that all cultural practices are carried out with labour of the farmer and his/her
family. This system of rice cultivation is common in the area of Westmoreland. It includes
zero-tillage, transplanting and hand harvesting. However, certain major improvements are
assumed, i.e, irrigation/drainage or water control, improved rice varieties, cultivation of
2 crops per year, and fertilizer use. In this land utilization type, added value per acre per
year is J$300 and the Iabour input is approximated to be 110 mandays per acre per year. The
added value is so much higher than the added value for the “Iiechanized Smallholders
Irrigated Rice Cultivation” due to inclusion of the farmer’s and his/her family’s labour in
this factor share. If the FRDP target farm added value of 3$3200 (at February 1377 price
and income levels) also would be used to determine the reguired minimuin farm size, then
this would result in:

3200 =+ (0.66 x 900) = 5.3 acres

for Class I land having no limitations to the envisaged use under “Semi - traditional Family -
operated Irrigated Rice Cultivation.” Tracts of land pertaining to Classes II through V
having limitation(s) of increasing degree to this land utilization type would require minimum
farm sizes ranging from 5.8 acres for Class II land up to 7.4 acres for Class V land. The
related labour .inputs for tiae farmer and his/her family would amount to:

5.3 x 110 = 583 maandays per year

‘ at a minimum, whereas only about 330 mandays per year of family labour would be available
k- at the raost. This implies that under this land utilization type a farmer and his/her family
would be able to cultivate and raanage not more than:

330 =~ 110 = 3 acres of land.

This figure is confirmed by many farmers in the region who have stated that they are able to
manage 3 acres of land in the traditional way of rice cultivation (i.e. bushing, zero-tillage,
transplanting, harvesting by hand). '

If the argument concerning the low rice price would be repeated here assuming that it
ey : . could be raised from J$0.25 to J$0.30 per 1b then the total value of output and the added

' value per acre per year would increase with $250. This would bring the added value per acre
s per year to J$1150 for Class I land under “Semi-traditional Family-operated Irrigated RBice
Cultivation”. A maximum area of 3 acres which can ke farmed “Semi-traditionally” would
result in a farin added value of :

(0.66 x 1150) x 3 = J$2277

L1 R P




This figure still falls short of the February 1377 FRDP target farm -added value of $3200.
in order to meet this target the added value per acre at January 1980 price levels would need
to be :

(8200 = 0.66) — 3 = J$1600 per year

This in turn, can only be achieved under this land utilization type if the farm gate rice price
would be raised with J$C.14 to J$0.39 per lb. At the moment, traditional rice farmers in
Westmoreland can earn sufficient income from only 1 - 3 acres under rice cultivation with
a single crop per year due to the existence of a local black market for rice with prices up

to J$1.00 per Ib.

A form of rice cultivation intermediate between the two above-mentioned land
utilization types that would include some mechanization (c.g. land preparation with light
machinery followed by broadcasting instead of transplanting to avoid the large labour
requirement involved in the transplanting method) would decrease the labour requirement
but it also would decrease the added value per acre per year. Such an “intermediate” form
of rice cultivation between the two extremes of mechanized and semi-traditional rice
farming would result in a minimum farm sizc (on Class I land) smaller than 10.6 acres but
larger tnen 5.3 acres. In this connection, it should be noted that, the peat soils and the
potential strongly acid clay soils in the [:ieylersficld environment pose special requirements
to the use of farm machinery because these soils must be kept as wet as possible and thus
will have low bearing capacities. riowever, such requirements can be met by special machinery
An associated complication would be that such machinery requires special operation skills
and maintenance,

In order to investigate feasibilitics of the various possibilities in growing irrigated
rice (including variable degrees and types of inechanization) experiments should be carried
out in particular on the peat and potential strongly acid soils. Representative sites for
experimentation are indicated on islap No. 1 Soils of Iieylersficid Vvest Polder,

In addition to the models for irrigated rice cultivation, a third land utilization
type is discussed in Chapter IV, i.e. “Traditional Family-operated Cattle Farming” as an
alternative use possibility on peat and potential strongly acid clay soils in the I.ieylersfield
area. The related added value per acre per year is 3530 at January 1980 price and income
levels, whereas the required labour input is 10 mandays per acre per year. If again, the FRDP
target farm added value of $3200 would be adopted in calculating the required minimum
farm size related to this land utilization type, then an adjustment factor of ¢.66 must be used
to relate Jan. 1980 price and income levels to those of Febmary 1977. This would result
in 2 minimum farm size of :

3200 — (0.66 x510° )=9.5 acres
for Class I land having no limitations to the envisaged use for “Traditional Family-operated
Cattle Farming.” Tracts of land pertaining to Classes IT through V having limitations of
increasing degree to this land utilization tyse would require minimum farm sizes ranging
from 10.4. acres for Class II land to 13.3 acres for Class V land. The related farm labour would
be leave ample room for intensification of farm activities.
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Apart from the above “pure” farming systems, i.e. either one form or another
of irrigated rice cultivation or cattle farming corabinations of irrigated rice cultivation and
cattle farming in one farming system also could be conceived, e.g. a combination of
mechanized irrigated rice cultivation and cattle farming or semi-traditional rice cultivation
combined with cattle farming.

Such combinations have the advantage that they spread the farmer’s risk in case .
of possible failure in one of the components. For this reason, ttaditionally most farmers in
the I4eylersfield setting do keep some cattle or goats. These animals however are generally
kept on a subsistence basis.

In Tabie 7 acreages of land capability classes and subclasses and their related
potential productimty units are compared for the three land utilization types that are
discussed in detail in Chapter IV. From this Table, it appears that the cultivable area is
smallest for mechanized irrigated rice cultivation (289.9 acres on a total of 345.9 acres)
because this form of land use is precluded from the shallow soils with rock outcrops and
the potentially acid peat soils that have a low bearing capacity for farm machinery. Under
the other land utilization types only the very shallow soils with rock outcrops. are precluded
from the cultivable area which includes 343.5 acres of a total of 345.0 acres. In the tabulation
of the potential productivity units per land utilization type it appears. that the “Semi- traditional
Family-operated Irrigated Rice Cultivation” has the highest potential. This can be explained if
it is realized that the productivity units are expressed in terms of added value (1 P.U. equals
J$100 added value at February 1977 price and income levels) whici: include the value of
the farmer’s and his/her family’s labour, In this approach the ‘“‘Zechanized Sraallholders
Irrigated Rice Cultivation” which has the lowest farmer’s labour input of the three land
utilization types, scores the lowest potential productivity.

Fish farming has been mentioned as another alternative. The Inland Fisheries
Department of the Iiinistry of Agriculture is carrying out a programme aiming at the
introduction of fish farming as a commercial form of food production in the Western Region.
An arca for the constructinn of breeding ponds for African Perch (Tilapia ‘iessambica) is
reserved to the south:. of the West Polder between the West Polder and the main road
Savanna-la-iiiar Little London. The Inland Fisheries Departiment has no experience, hicwever
in the feasibility of cornmercial fish farming in poorly drained peat and potentially strongly
acid clay soils of coastal plains. In order to investigate the technical performance as well as
the related economics for this fiorm of food production, the Inland Fisheries Department
has agreed to the usefulness of setting up an experimental pond in the area. of the West Polder
A representative site for experimentation has been marked on »iap MNo. 1.

Bxperimentation with fish farming as well as with various systems of rice cultivation
on the peat and potential strongly acid soils of the Meylersfield #est Polder has the advantage
that results also can be applied to the East Polder, and other coastal swamp areas slated for
reclamation {e.z. Hague, Trelawny).

A policy decision as to these experiments is urgently required.
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ANNEX 1
FARM INCOME ACCOUNT ACCORDING TO FACTOR SHARES*®

In the preparation of physical devalopment plans for settlement areas in the frame-
work of the First ural Development Project % the Rural Physical Planning Unit has planned
various farm types for implementation under the Government’s Project Land Lease programme
Phase I (e.g. dairy faxms, citrus farras, banana farms, mixed crop and cattle farms etc.). These
so-called PLL III farms are by definition small in size.

The [ieylersfield West Polder is also siated for development under PLL Phase IIL
Therefore, in this report, the farm income account for the various farm types proposed in the
Hieylersficld area has followed the sare principles as for the FRDP settlement schemes. There,
the PLL III farms are designed to generate a minimum net farm income of 332750 per year,
L calculated at February 1977 price and income levels. Such income is assumed to be the mini-
mum required to support an average farm family of 5 persons. Net farm incorae includes cost:
L of family labour (calculated at replacement cost), broduce consumed con farm, and residual.
if the produce consumed on farn is estimated at J$T50 per year, than the fariner’s net cash
income would be J$2000 at minimur.

The level of management on the fanmns is low to intermediate, including family labour *¥*
. use of simple hand tools, moderate applieations of fertilizer and chemicals ete. Under these
e conditions, fixed costs like depreciation and interest are relatively low. Total fixed costs
(including land rent) are estiznated at J$450 per year.

Net farm income and fixed costs together constitute the adderd value of produce, Based
on the above, the required minimum ‘added value per farm is J$2750+ 450 = J$3200 per year
e (February 1977).

: e Added value plus non-factor costs (costs of current inputs such as fertilizers, chemicals,
feed, planting material, expendables ete.) are to be covered by the total value of output - . Lok
(=farm produce).,

*  Refer to Figure ll '.

**  The First Rural Davelopment Programmeo is a joint Jamaican G -overnment - World Bank project which, in one of its three
components gims at the agricultural developmant of nine sottlement schemes in tho Wastern Rogion, in the framework of
v the Project Land Lease programme. -

#2% Cost of mechanizod farm operations, such as land preparation and harvesting in ono of the designed Land Utillzatlon
Types {rofer tc Chapter IV.2) are included 23 non-factor cost.
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DESCRIPTIVE SOIL LEGEND FOR THE SOIL MAP OF THE MEYLERSFIELD WEST POLDER 714 : ‘
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Ralatively high Tropofluvent, very fine, mixed, caicareous, Deep, well drained brown clay soils formed by deposition around himestone \ 17 i
| areas arotnd Time sohyperthermic outcrops. Free caleium carbonate occurs in the subsoil due to presence of 4l 14 ) .
LOTE OULGrOPS On limestone gravels and fragments. pH is neutral to slightiy alkaline throughout. 7.7 2.2 ! | \
oastal plan Satinity is relatively low as expressed by EC levels of the ground water, which ‘ L l } &l -
are mainly below 10 mmho. ‘ I G
i j t / .
' =) i o,
i l~ 2
| 2 | / i e
{ 4 T i ’
\ (= « -, 3
//< As |, moderately deep phase As above but with limestone between 50 and 100 em from the surface 23 0.7
\\A\\ As |, shallow phase As above but with limestone between 25 and 50 em from the surface 2.3 0.7
L evees I Lhe . ¥ .
S | ) lL )= : ‘J” I,l IH s Deep, somewhat poorly drained heavy clay soils with dark gray to very dark
LA0alta miver &
PR : grayish brown topsoils overlying grayish brown and/or mottled gray and brown 115.6 33.5
ot wisc s n Aerie Tropic Fluvaquent, very fine, mixed, subsoils. Thin peaty layers may form inclusions in the subsoil. pH is neutral to R %
s\ewited DOSIE AR non-acid, isohyperthermic shightly alkaline throughout., EC levels of the ground water range from 3 - 18
around himestone mmho.
gutcraps on coastal .
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)7/ As 2, moderately deep phase As above, but with limestone between 50 and 100 e¢m from the surface 1.0 0.3
7
N
x As 2, shallow phase As above, but with imestone between 25 and 50 em from the surface 2.2 0.6
| Depressions op Tropic Fluvagquent, very fine, mixed, non-acid, Deep, poorly drained heavy clay soils with dark gray to very dark grayish :
coastal plain isohyperthermic brown topsoils overlying gray to very gray and greenish gray half ripe to nearly |
ripe subsoils. Thin peaty layers may form inclusions in the subsoil, pH is 54.2 15.7 [}
neutral to shightly alkaline throughout. Salinity of the ground water is high,
as expressed by EC levels ranging from 11 - 20 mmho.
|
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// As 3, moderately deep phase As above, but with limestane between 50 and 100 cm from the surface 3.0 0.9 '
i Z ' i
4
Depressions on Aeric Sulfic Tropic Fluvaquent, very fine, Deep, somewhat poorly drained, heavy clay soils with dark gray 1o very dark “« |
coastal plain mixed, non-acid, isohyperthermic grayish brown topsoils overlying (dark) grayish brown and/or mottled gray and :
brown nearly ripe subsoils. Thin peaty layers may occur in the subsoil. High i
contents of sulphides occur below 50 em from the surface which can be noted }
by a strong smell of hydrogen sulphide (H,S) Topsoils are medium to strongly 78.7 22.8
acid (pH 5 - 5.5). Subsoils have slightly alkaline (pH 7.5 - 8) reaction under {
reduced conditions that will turn extremely acid (pH less than 4) upon aeration
{potential acid sulphate soils). Salinity is medium to high and EC of the ground-
water ranges from 6 - 18 mmho.
|
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S Depressions on Aeric Sulfic Thapto - Histic Tropic Solls simitar to those of map unit 4 but with distinct layers of peat 20 - 40 !
coastal plain with Fluvaquent, very fine, mixed, non-acid, cm thick at variable depth within 100 cm from the surface. They are also 22.9 3 6.6
peaty layers isohyperthermic high in sulphices below 50 cm from the surface that will turn into axtremely . \
acid ferric sulphates upon deep aeration. Salimity leveis are in the same range 102 ‘Y
as those of the soils of map unit 4. . : \
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