
John Cracknell 

f4% f OW "~TM my~ be 
roi* by cop~yright law (Tob Z IL 

ND WATER
 

IN~RVATION 

1. Steep slopes under mixed 
stands of bananas and tree crops THE WINDWARD ISLANDS
 
THE WINDWARD ISLANDS GROUP, comprising Grenada, St Vincent, St Lucia and Dominica form part of the chain of the 
Lesser Antillies. The Windwards are of volcanic origin and are very mountainous, rising in one case to 3,800 feet 
above sea level within two miles of the coast. The major crop is bananas, produced on small holdings for export to 
the UK. Coconuts are also widely grown and, to a lesser extent, other permanent tree crops. 

Soil erosion during heavy rainstorms is a major problem, and clearing of land in central forest reservos is 
reducing base flow levels in rivers. 

Improvements in soil and water conservation can be achieved through biological control measures, ie 
reafforestation, establishment of permament tree crops, etc. Increasing pressure on land, however, is requiring 
that control measures allowing more intensive land use be identified. One possibility is the use of conservation 
bench terraces. Terraces 12 feet-1 5 feet wide are cut at regular intervals on a slope. The area between terraces is 
left in the original slope and can be planted to a permanent tree crop. The terraced area is available for production 
of crops that require clean cultivation. A percentage of flat land is thus made available for production of crops that 
would pose a severe erosion hazard if cropped on the untreated slope. Water conservation is improved, and there 
are possible benefits to be derived from reductions in leaching of fertilisers and plant nutients. 

The work described in this article was funded by the Overseas Development Administration of the UK 
Government through the Windward Islands Banana Growers' Association. 
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form the southern part of the Lesser bananas with tree crops and roots is 
Antilles, a chain of islands stretching very widely practised by small farmers Puerto Rico 
northwards from Venezuela to Puerto - pure stands are only established on 
Rico (fig. 2). Lominica, the largest, is 
about 750 sq km; St Vincent, the 

the large estates. 
Todate, almost all the limited areas ATANI 

smallest, about 336 sq km. of flat alluvial land have been oper- AtANiC 
Climate is tropical, modified' by 

oceanic influences. Rainfall varies 
ated by large estate owners. Although 
action isnow being taken to redistri

with altitude from 1250mm to in bute the better lands to some extent, CARIBBEAN SEA Dominica 
excess of 5000mm per annum. Sfiort many small growers cultivate exces
duration rainstorms with very high 
rainfall intensities are common. The 

sively steep hillside 'ands. Soil erosion 
is taking place as steep slopes are 
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islands are volcanic and very moun- cleared and planted, erosion rates tVIncent ( &{ 
tainous, with slopes in excess of 30' 
being common. The main peak of 
Dominica, Diablotins, rises to 
1420m, within 6.5km of the coast. 

Agriculture is the mainstay of the 
island economies. Bananas are grown 

being higher under crops requiring 
clean cultivation, eg, sweet potatoes, 
than under tree crops. There are 
pockets of land where cropping is no 
longer possible due to loss of topsoil.
These areas will become more exten

2. The Lesser Antil~es dGrenada 

do 

Barbados 

for export to the UK, with coconuts, sive unless control measur,,.s arc Veneuela 
citrus and other tree crops being pro- implemented. 
duced to a lesser extent. Root veget- Allied to the problem of soil ero

218 World Crops, November/December 1983 



sion is that of water conservation. 
Clearing of the rain forest is resulting 
in falling base flow levels in rivers dur
ing the dry season and flash flooding 
in the wet season. The islands are 
dependant upon surface water for 
domestic and industrial supplies. 
Further stress will be placed upon 
these already limited supplies as 
island economies develop. 

Erosion processes and effects 
Sheet erosion takes place when loose 
soil particles on a slope unprotected 
by vegetation are agitated by rain
drops. There is a net soil movement 
down the slope. Rills and gullies form 
when uncontrolled water flows across 
the soil surface. Landslides occur 
when the soil mass on a slope becomes 
saturated. Major damage car result 
(fig. 3). 

In extreme cases, erosion damage 
may prevent crop production'. It is 
fortunate that many soils of the 
Windwards are formed from volcanic 
ashes. Cultivation of the deep friable 
subsoil is possible after topsoil has 
been lost, although yields may be 
depressed ,ounprofitable levels2. 

The loss of production on eroded 
land is only one of the costs related to 

3. Landslide damage to a major road 

erosion. Roadside drain cleaning,... 
damage by landslides, cleaning of 
silted water intakes are some of the 
costs to island economies arising from 
erosion. 

An approach to soil conservation 

Hudson' iscorrect when he states that 
the main cause of erosion is inappro-
priate cropping, and that control is 
best effected by a change, eg, from 
arable to tree crops. Pressure on land 
in the Windwards is such that these 
changes cannot be made in all cases. 
There is a need to identify physical 
conservation measures that can be 
implemented under current cropping 
patterns. If conservation programmes 
are to be successful they must not 
require changes that small farmers are 
unwilling socially and unable finan-
cially to make. 

This is not to say, however, that 
physical conservation measures can 
be applied on all slopes. There are 
lands currently being cultivated that 
are only suitable for forestry irrespec-
tive of whatever conservation meas-
ures may be applied. This can be the 
only sensible long term use. 

Physical conservation measures 
Couservation measures investigated 
in the Windwards have been tried and 
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4. Individual basins, drains, grass barriers and cover plants 

proven elsewhere. This article does 
not describe new techniques, rather 
the adaptation of known techniques 
to a particular situation. 

Work in Jamaica4 indicates that 
erosion can be minimised under a 
combination of individual basins, 
cover plants, grass barriers and 
graded drains (fig. 4). lndigoforea has 
been suggested as a suitable cover 
plant, and Simmonds' lists other 
shade tolerant species with potential. 
Khus-khus grass (vetiver zizanoides) 
has been used in the Windwards as a 
grass barrier upslope of the drain, 
Drains are graded on a slope of I in 
100 to feed into a down-slope water 
course. 

Soil cover is maintained at all times, 
and any soil movement downslope is 
arres~ed by the grass barrier. Over-
land flow of water is broken by the 
drain and channelled to the waterway. 
In some cases, mechanical protection 

of the downslope waterway may be 
necessary. Further investigation of 
this aspect of the system is needed in 
the Windwards. 

Tree crops can be included under 
this system, but roots and clean culti
vated crops are a problem. The writer 
has investigated the possibi;ity of 
adaptingconservation bench terraces, 
as opposLd to continuous benches, to 
fit cropping patterns in the Wind
wards. Continuous benches are 'steps' 
cut consecutively on the hillside, 
whilst conservation benches require 
an area of the original slope to be left 
between terraces (fig. 5). Conserva
tion benches were developed in 
semi-arid areas of the USA as a 
method of 'water harvesting', with 
run-off from the slope being collected 
and conserved on the terrace. The 
slope is not cultivated, cropping being 
confined to the terraces. 

A system which reqtired a large 
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percentage of land to remain unculti-

vated would be unacceptable in the 
 ,Soil 

Windwards. An alternative is to 7 

establish low erosion hazard crops 

being confined to the terTace (fig. 1). rnqm 

This should improve conservation 

,'~ ~ whilst allowing the traditional mixedstans oftreecrop,baanasandinvest 
stands of tree crops, bananas and
 
roots to be established. 


Stability of the riser (fig. 5) is a 

problem in terracing schemes. Risers 

higher than 1.25m to 1.5m tend to betinwrsnthWndasmyno

unstable and prone to slumping. Riser 

height increases with slope for a given 

width of terrace. For a given slope and In 1978 John Cracknoll was 


appointed Soil and Water
width of terrace, riser height for con- Engineer In tho Windward 

servation benches is half that of con- Islands, and returnedto the UK In
 
t~nuous benches. Conservation late 1981. After five years at 

benches can therefore be cut on much castle University as astudent and 

steeper slopes than continuous research worker, he had joined
 

benches. the staff of the UK's Overseas

Department of the National Insti-

Terrace spacing is governed by the tute of Agriculturol Engineering. 
tree crop to be established on the Whilst at the NIAE he was 
slope. Trees which develop a fairly involved in projects in the Yemen 
dense canopy eg, citrus, require 7m to Arab Republic and Jordan. 

lOin, otherwise they wil shade crops 
onm therrwe Tree witle denson the terrace. Trees with a less dense 
canopy, eg, coconuts, can be estab-
lished in about 5m. 

Conservation benches' 3.25m to 
4.25m wide have been cut on trial 
plots in the Windwards using a Cater-
pillar D4D or D6C tracklayer. Ter-
racing with hand labour is extremely with local grasses. 
expensive, and can only really be jus. The limited experience to date 
tified if part of a Government sup- indicates about 25 tractor hours per

creaionschme.hecarefora D cutin teracs aported employment creation scheme. hectare for a D6 cutting terraces at 
Terraces are graded at I in 100 to 5m spacing. For other spacings allow 
drain from a downslope ridge line to a 2.5 tractor hours per 100m of bench 
watercourse, and given a backslope of cut. Some hand labour is needed for 
1 in 10. The riser can be protected finishing, and mechanical protection 

the water may be necessary in some 
cases. 

Erosion should be reduced on con
benches if crops that are 

clean cultivated are corfined to the 
Leaching of feiilizers will be 

less on terraces and there will be some 
measure of moisture conservation. 
Recent studies6 have shown strong 
correlation between slope and top
piing and snapping of mature banana

In the longer term there may 
be potential for limited mechanisa
tion on terraces. 

Justifying soil conservation 
Developments in soil conservation in 
the Windwards will involve long term 
programmes to educate farmers and 
the general public to recognise the 
problem of erosion. Further in-field 
demonstrations of techniques for con
trolling erosion will be needed to back 
these educational programmes - the 
work outlined here is only a first step. 

conservation is difficull to jus
tify in financial terms to the grower, 
particularly wherecroppingcontinues 
and reduced yields are accepted as 
normal. Controlled subsidies will be 
needed la encourage growers tonest inin conservationco rao wors SbSubworks. 

sidies can, however, be damaging if 
they come to be regarded as payment 
for work on private lands.

The short term returns to conserva
tion works in the Windwards may not 
be great, particularly where tree crop 
establishment is a major component. 
The long term benefits could, how
ever, be substantial if depression of 

yew
lands returned to full production. 
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Enthusiasm grows for 
reduced tillage in dryland 
areas -a us viw 
Nearly a year ago, at a seminar run by the US National Association of Wheat 
Growers, a firm consensus of opinion predicted increased adoption of reduced 
tillage. We present here a shorfened version of some of those opinions, describing
experiences which may be applicable to many tropical dryland areas. 
John Rea, Touchet, Washington, and 
Robert Paris, Dighton, Kansas, address-
ing approximately 450 farmers at a 
Monsanto-sponsored presentation exam-
ining new techniques in reduced tillage, 
contended that 'a combination of miscon-
ceptions and adherence to tradition has 
accounted fcr the slow adoption rate of 
reduced tillage practices'. While the 
abandonment of moldboard ploughs 
appears to be widespread in many areas of 
the US, opirion was that 'the switch is long 
overdue'. 

Both Rea and Paris started reducing til-
lage or, theirowta farms about 40years ago 
and have watched 'lie method evolve.They believe that growers should have few 
problems using it.'The potential for yields 
and cropping systems are limitless 
reduced tillage'. says Paris, 'Reduced til-
raedrlnd la. sys Pars, 'Redead fn 
other system'. 

Paris, who farms 2,800 acres of wheat 
and milo, became interested in reduced 
tillage programmes in the 1930s, when 
itenlie trogramean he wds,tun 
intensive tillage and high winds turned 
most of the Great Plains into a dust bowl. 
Today, he will till his fallow fields once ortwice only for seedbed preparation. All 
weed control is accomplished through the 
u of Roundup herbicide, sprayed at thelow 12-ounce rate in 5-gallonsofwater 
low acre,once rte in durin h ffalow 
per acre, once or twice during the fallow 
se 

Trash protects soil 
Similarly, Rea became interested in 
reduced tillage when he saw the effect that 
high winds could have on his Ritzville 
sandy loam soils. 'There are areas of the 
farm where wind can strip away all the 
iopsoil in one day', he said, remembering 
the years when he clean-tilled parts of his 
16,000-acre wheat farm. lie realised that 

atrashcoverandroughcloddysoiltexture 
could protect his soil through the winter 
months, when erosion was most severe, 
For control of his weeds, mostly volunteer 
wheat and cheatgrass, Rca relies on a 
single early spring application of Roundup 
herbicide at the 12-ounce rate in 3 to 10 
gallons of water. The treatment eliminates 
the need for weed control by cultivation 
which may need three or four trips. He 
also uses a Noble sweep to set a moisture 
line. 

Advantages outweigh obstacles 
Rea and Paris conceded that they encoun-
Ic red serious problems when they first 
entered into reduced tillage programmes. 

tithil recently, the chemicals on the mar-
ket were not totally effective, because 
they worked by defoliating the weeds. 
This left roots unscathed and ready to re-
grow. Planting technology was also rela-
tively primitive. No one had the answers 
about modification of conventional plan-
ters to avoid clogging arid inadequate 
sed/soil contact, 

Today, however, many of these prob-
lems have been worked out and herbicide 

prcgrammes have been developed to con-
irol the broad spectrum of weeds found in
fallow fields. Satisfactory weed control 
and limited soil disturbance often provide
better moisture conservation, a key issue 
in Walla Walla County, Washington 
(10-inch average yeary rainfall) and 
Dighton, Kansas (16-i,ch average). 

'Our biggest prot'-... Is managing 
water. If we could find away to hold ,,n to 
every available inch of moisture, we'd get 
higher yields and beat the problems of soil 
erosion', Paris asserted. Most of his land is 
composed of a Richfield loam or Iflarney 
silt loam, two soil%with low water infiltra-
lion rates. They are simply unable to 

All right for some - but not for drylands, say US farmers 
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absorb the moisture from the high inten
sity rainfalls common to the area. With 
reduced tillage there's less evaporation 
and more ground shading. In addition, the 
trash on the soil surface can effectively 
trap rain and snow, giving the soil more 
time to absorb moisture. The result is 
higher yields. Paris aims at 34-60bu/acre 
wheat and about 40-70bu/acre milo, both 
slightly above the local average. 

More water = more wheat 
'What you can see in my fields is that cr.tra 
inch or so of water which I save by cutting 
tillages', Paris says. 'Fcrtiliser helps us to a 
point. But, if you don't have the moisture 
- or if you're allowing your soil to erode 
- you won't get the crop'. 

Rea also has experienced improved 
ieids from reduced ti'lage programmes.yilsfo reudtiagpora e. 

'It's inevitable', he saiJ, 'because every 
inch of moisture means three to five more 
bushels of wheat'. He also enjoyed other 
significant benefits. Field work is mini
mised, mainly because it takes less time to 
spray Roundup than to till. He applies the 

R.oundup either by ground or air, depend
ing on weather and soil conditions, and 
estimates that this has cut his labour 
requirements by a third. 

The reduced tillage programme also 
limits machinery wear-and-tear, he estimated saving beiag approximately 250 

b 
hours ott each Caterpillar tactor per year, 
or one can extend the life of a tractor by 
three to five years'. Taking these factorsinto account, Rea concluded that the cost 
of converting to reduced tillage. most 
often cited by farmers as the reason for 
their reluctance, is far lower than esti
mated- and the cost benefits are higher. 

'I can use one application of Ro;undup. 
which costs less than $10. That eliminates 
up to three cultivations, each of which 
costs $4.50. Already. I'm ahead', he said, 
'But When you take into account better 
soil conditions and yieids, reduced labour 
requirements and lower equipment 
depreciation, there is no way that conven
tional practices can even come close to 
reduced tillage'. 

An agronomist's view 
Phil Stahlman, agronomist at Fort Hayes 
Experimental S'ation, flays. Kansas, said 
that growers must sit down and assign 
realistic figures to such factors as machin
ery depreciation, labour, soil moisture loss 
and erosion. They will probably see th?,t 
reduced tillage is far less costly in terms of 
capital input, and more beneficial in terms 
of yields and soil and moisture conserva
tion. Continued over page 


