
We may expect healthy cropping conditions to improve plant vigour. 
With respect to the claim for resistance against Tortrix, this state­
ment has no foundation in fact. 

(5) Modification in Method of Manufacture of Compost,—Sir 
Albert Howard recommends a modification designed by Mr. A. F. 
Bendall of Jagcherra Tea Estate, Sylhet which consists of construct­
ing one or more channels at the bottom of the pit connected to flues 
at each end which communicate with the open air. The top of. the 
channel-iffcoVefed witĥ anvtipea-work̂ fcec. system iŝ acsigned-. 
to promote more even aeration particularly at the lower depths. As 
far as our observations go it appears to be successful. 

SOIL EROSION ON TEA ESTATES AND 
SOME SUGGESTIONS FOR ITS CONTROL.* 

W. C. LESTER-SMITH 

AGRICULTURAL OFFICER, SOIL CONSERVATION 

•Plantation agriculture may be denned as the cultivation of one 
or more types of crop plant in large compact communities in order to 
economize in the prodaction and harvesting of the crops concerned. 
This type of agriculture involves the establishment of large areas 
under one main crop, and the application of labour and capital to it 
in such a way that production is rendered most profitable over the; 
whole economic life of the crop. 

- With a perennial crop like tea, in which the period of lag between* 
the application of capital to the crop and the sale of the finished? 
product is often considerably longer than is the case with other crops, 
-one of the primary necessities is to prolong the life of the crop so-
that the capital expended on ;t is spread oyer an economic period of 

"prontable returns. Thereare twobasic rê Uireirieî -̂ l̂t'̂ renfual'' 
crops without which their life cannot be economically prolonged, 
and tea is no exception. These requirements are the conservation 
of the soil in which the plant grows, and the maintenance of its-
fertility. 

* The text of an address delivered at a meeting of the Dimbula District Planters' 
Association on September 12th, 1938 Reprinted from The Tropical Agriculturist, I&88, 

Vol. XCI, No. S. 
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The economic cultivation of any crop plant necessarily involves, 
from time to time, some disturbance of the soil in which that plant 
is growing; and this must inevitably lead to a greater or lesser degree 
of MJII erosion. However small may be the amount of erosion which 
takes place, in time it will both reduce the fertility of the soil and 
increase the cost of production of the crop. The greater the slope 
of the land, the longer the length of the slope, and the more often 
the surface soil is cultivated or stirred, the greater will be.this loss. 

"""Owing td the" varied (environments in whidfi tea "is"grown there 
are-several types of erosion to which the surface soil of areas under 
tea is subjected. I propose to describe some of these, to comment 
on them briefly, and to suggest various ways in which the degree of 
erosion can be reduced. 

Direct Rainfall Erosion.—This is due to the direct beating action 
of the individual raindrops on exposed areas of the surface soil. 
It is a form of erosion which occurs on areas planted with tea which 
are devoid of any high shade or ground cover, and when the tea 
plants themselves and any other existing low shade plants do not 
entirely cover the soil and intercept the rain. This form of erosion 
is perhaps most severe on soils which are kept dean weeded, which 
are loose and dry, which contain insufficient clay or humus to render 
them cohesive, and on areas which are almost denuded of all high and 
medium shade at the same time as the tea is pruned. In my opinion 
this form of erosion can be reduced by maintaining a rain-intercepting 
high or medium cover over the tea when it is pruned, by laying the 
prunings-and by. carrying out any artificial or green manuring that 
is done at this time, in counter-slope lines. Close planting will also 
serve to reduce this form of erosion. , 

Sheet Erosion.—This is the wide-spread removal of a very thin 
layer of soil, mainly the loose particles, from the surface of the land 
It is a- form of erosion which is caused by surface run-off water. 
The amount of humus and soil moved is otten considerable, and is 
increased by the steepness of the slope and by insufficient checks to 
the movement of this water. The greater part of the eroded soil 
is removed during the first; hour or jess of the run-off period result-., 
from intensive falls of rain. The most efficacious preventives of 
this form of erosion are an extremely absorptive surface soil, numerous 
sponge-pits or trenches, and a low-growing ground cover. The 
plant (or combination of plants) which has none of the specific 
characters disadvantageous in a ground cover for tea, and which 
is easily established in different areas, has yet to be found. Until 
this has been accomplished, and until such a plant or mixture of 
plants has been proved to have no detrimental effect on the crop, 
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various makeshifts which will limit the movement of soil should be 
adopted. Various ground cover plants, such as Oxalis spp. and 
CenteUa asiatica, offer possibilities in this respect; but they all have 
one common disadvantage that they cannot be established every­
where and particularly where they are most needed. To what extent 
this is due to a reduction in the natural fertility of the soil resulting 
from past erosive action I cannot say, but 1 venture to think that 
in many cases it is primarily due to this cause. If this is so, (wo 
•m%iy?ray*.M itn^/oj!^ themselvestjirtggt * ^ J J « * J 
by simulating at least; a partial* return to natural conditions by estab- V... 
lishihg an increased density of high and medium shade plants, and 
secondly, by reducing soil movement to. a minimum in other ways. 
It appears to me that one of the cheapest and most effective methods 
of preventing sheet erosion on sloping land is to establish permanent 
hedges of some close-growing perennial plant. These hedges should 
be planted along contour lines at such vertical intervals as would best 
suit the slopes and soils concerned. If these hedges are once properly 
established and maintained they will reduce the length of the Bow 
lines of surface run-off water, check its rate of flow, and effect the 
deposition of eroded soil along the upper sides of the contour hedges. 
In this Way the forces of erosion will be directed along anti-erosive 
lines which will automatically terrace the land, reducing its slope, 
conserving its soil, limiting the movement of its humus surface-litter, 
and so raising the natural fertility of the soil. 

Contour stone terracing can effect this equally well, when stone 
is available in sufficient quantity on the spot; but stone terraces suffer 
from the disability of having to be periodically heightened to prevent' 
loss of soil from steep slopes on which soil movement continues to 
take place. Hedges of suitable perennial plants, however, grow up 
with the rising bank of arrested soil, tend to consolidate it, and cause 
less damage when breaches occur* The plant which I consider most 
useful for this1 purpose is, the-Sword plant (Sansevieria quineensis), 
while its indigenous relative, the Ceylon Bowstring Hemp (Sansevieria 
zeylanica) /forms a fair substitute and is available in greater quantity.. 

/ Contour works of this type require to be co-ordinated with some 
system ot drainagê hich willirem.oye"surplus; run-off waterand t h u s _ ^ 
prevent its; accumulating and breaching one or, more of the contour 
works. Under the rainfall and other conditions which commonly 
prevail in Ceylon it is inevitable that a certain portion of the annual 
total rainfall eventually becomes surface run-off water. It is this 
fraction, however, small it may be, resulting mainly from intensive 
falls ofjain of short duration and restricted' distribution, which causes 
the most ̂ severe erosion. Therefore unless contour works are 
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provided with, some means of relief in the form of drains, they may 
be the cause gf serious damage, if not on the area itself probably on 
that immediately below it. Contour, drains naturally work best in 
conjunction with contour hedges and contour terraces, but existing 
estate drains can generally be utilized to serve a similai purpose, 
until such time as more up-to-date drainage systems can be 
constructed. 

Contour hedges of the Sword plant have a particular value, ! 
, \ consider, -for -establishment in areas* of tea which le is proposed to"* 

replant. For this purpose I would suggest that the contour hedges 
are planted at least a year before the old tea is removed, and that, 
at first, only those tea bushes which interfere with the establishment 
of the contour hedges are removed. The soil which is subsequently 
displaced and loosened by the removal of the remainder of the old 
tea plants will then be held up and protected from toss by the contour 
hedges. The land will tend to terrace itself, which will facilitate 
replanting and the subsequent plucking and cultivation of the area, 
and run-off and erosion will be reduced. Once the area is cleared, 
except for the contour hedges, a re-orientation of the drainage system 
of the area is facilitated, and more or less level contour drains can 
be constructed without the necessity for much pegging and lining. 
These drains should be sited on the lower side of the contour hedges 
and the spoil or excavated earth may be utilized for filling in old 
drains and for assisting the natural .terracing of the land by spreading 
it along the upper sides of the contour hedges. 

In connection with the replanting of the contour strips, I should 
like to correct an erroneous impression I appear to have given in a 
previous lecture I gave at Ratnapura (Tropical Agriculturist, June, 
1938, Vol. 90, No. 6, page 363, last paragraph). I then said that 
contour planting did not appear to be suited to close-spaced row crops 
such as tea, etc., and I still hold this view. The slopes of the greater, 
parts of the undulating land oi Ceylon are either so small or so uneven 
as to render the large scale contour planting of close-spaced crops 
uneconomic, on account of the difficulties involved in their layout and 
management. To be more explicit I should say that I refer to strict; 
co&tour planting, and not to those, ,-jmodified sysjerns of.contour . 

' planting .Which""can" be more correctly referred to as counter-slope 
planting. . -

Dry Wash.—This is a form of erosion which is mainly characte­
ristic of steep stony slopes with a soil,, the particles of which, when dry, 
are lacking in cohesion. They are the cultivated counterpart of 
areas which, I believe, in mountaineering parlance would be termed 
"Scree." * Dry wash, as its name implies, usually takes place in 



areas which are subject to pronounced spells of dry weather, which 
are deficient in shade and ground cover, and have been so eroded 
in the past that any surface material worthy of the name of soil 
is conspicuous by its absence. The physical nature of the so-called 
surface soil, the slope of the land, and the sparseness of vegetative 
cover, aie such that in dry periods, a spontaneous or induced down­
ward movement of soil, sou-aggregates and stones, takes place on 
the more exposed slopes. It is due to evaporation of soil moisture 

;ian<y^ipw humus c o n s e n t T ^ ^ ^ ' ^ J f ^ S ^ ^ J 1 ^ 1 ^ ^ ^ ^ ^ between 
. the particles which constitute the surface soil; and also to variations " 
in the amount and position of soil moisture causing changes in the 
centre of balance of stones and soil-aggregates. 

This form of erosion can be greatly reduced by permanent 
contour terraces, grass bunds, and hedges of almost any woody 
plant if sufficiently closely planted. As a temporary measure, low 
contour wattle fences, made of GUricidia branches, etc., can be used ' 
with-effect across areas of this type. High shade, low shade and 
ground cover plants, combined with green manuring, can also be 
used in addition, in order to increase the moisture-retaimng capacity 
of -the soil and-its cohesiveness. The prevention of this form of 
erosjon;: must, in any case, be based upon the prevention of soil 
movement and the revegetating of the area. 

Bank Erosion.—The banks of roadsides, streams, gullies and 
drains often suffer severely from erosion as a result of their being 
4evegetated, cut at too steep a slope, and unprovided with an 
adequate check to surface run-off water before it,flows oyer the 
edge of the bank. A clean cut earth bank may look neat and tidy 
When it is kept free of weeds,and alt other vegetation, but to my 
mind, it cannot be considered either economic or stable unless it 
consists of hard-rock-like material. Such banks are often cut so 
steep that no vegetation"will grow on them,ot they are periodically 
scraped and weeded to ^eep s thern dean. Iny this state they are 
perpetually exposed to the sun, the wind and die rain. The alter­
nations of wet and dry conditions, cold and heat, and sometimes the 
percolation of sub-soil rnoisutu re, upset their stability and cause 

.' cracks and fissures jo apjo^rJin them which widen and increase iir 
"size in the course? of time. ^tSc^eck^d -surfac^e run-off water shoots^ 
over the top of the bank. If a splash-cushion or pavement is pro­
vided, the splash water wears away and undercuts the base of the 
bank; if no such provision fs made, Waterfall erosion pits and wears 
away the rokd, pathway, drain, Or soil at the foot of the bank. 
Where the rush of surface run-off is checked by a grass edge at the 
top of the\ bank, the water flows down the exposed face of the bank 
causing fall-face erosion and gradually wears back the bank. An 



m 
even more pernicious form of undermining tjje face of devegerated 
banks is sometimes to be seen,. This takes the form of scooping 
the earth or gravel out of hollows in the face of the bank, for the 
purpose of repairing and maintaining roads and paths.' ' 

The best method of stabilizing and preventing the erosion of 
the sides of banks, streams and drains is to slope them sufficiently 
to permit natural vegetation to grow or a desired type of vegetation 

. to be established on them. A slope of from 45° to 60° is usually 
^suffcient fo£ thV pMrp^a^>nabrl.tg; :a- suitable<$yps-s£ vegefcat̂ rt-

to become established. Where available, Carpet grass (Axongpus 
compressus) is perhaps one of the best and tidiest bank-binding 
plants while the little White-flowered Australian .Daisy (Erigerou 
mucronatum), often grown on banks and rockeries in gardens, pro­
vides an attractive alternative. Indigofera endecaphylta can fdso be 
sometimes used with advantage for this purpose. 

Drain Bed-Scour.—In the case of graded mam drains their beds 
of ten get badly scoured and potiholed and their sides undercut to 
an extent which^ on steep slopes or in readily eroded soil, rapidly 
converts them into ravines and gullies. Alternatively, narrow 
drains with straight sides, when cut in cohesive or erosion-resting 
soils, wear deeper and deeper as more easily eroded sub-soil strata 
are reached. Both these forms of erosion are not uncommon;* they 
may develop to such a degree that the height of the water table of 
the land On each side is permanently lowered, so that during short 
dry periods, artificial drought conditions for the crop are induced. 

The remedy lies in sloping the sides of all drains, reducing their 
depth, and retarding the rate of flow of water by vegetating them, 
and constructing in them check-dams, locks and blocks, and reverse-
slope steps'. It has to be realised that apart from such factors as 
vojume of water, gradient, retard effect, etc., the rate of flow of 
water in drains is largely* governed fcy its depth; thus, the deeper 
and narrower a drain Ihe greater the rate of flow of water in it, and 
so the greater its erosive power. 

A word of warning is perhaps necessary here as regards the 
construction in drains, of locks, pits and reverse-slope steps in areas 
at j^w^evatibnS" where malaria is endeirnc.' ' Such water-retaining 
compartments provide suitable breeding places, particularly when 
insufficiently shaded, for, the malaria-carrying mosquito Anopheles 
cuhcifacies. In malarial areas, therefore, it should be a rigid rule 
that, all such water-holding silt-pits, loc|cs and step-angles should be 
converted into, and properly maintained as, sponge-pits, sponge-
trenches, and sponge-cushions, by keeping them at least half to 
three-quarters full of dead weeds, cut grass and other cut vegetation 
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which fs absorbent and readily decayable huflius-forming material. 
This"will reduce 'the length o f t ime water stands in these p laces , 
assists its percolation into t he soil and m a k e ' a n y such water less 
acceptab le for breeding purposes . A g o o d growth o f suitable v e g e ­
tation should be permanently maintained in, and o n the sides o f 
banks of , all such drains so as to keep them effectively shaded. 

D I S C U S S I O N 

In answer.to a question by Mr. R. C. O; Hill as *o the effect,al "dirty. 
weeding" on yield, Dr. Eden replied that there was. no doubt that the practice 
of selective weeding, for'a period of time, would tend to reduce crop. 'That, 
at any rate, was,their finding on die effects of selective weeding at St. Coombs, 
but how long that state of affairs would go on he could not say. 

Already there were signs in their own yields that the process of crop 
reduction had more or less touched rock bottom and that .possibly in some time 
to come the drop to 10 per cent, on normal crop* would become less. 

• Taking into consideration even a period of a number of years when there . 
would be very much leas crop, be thought, some form of selective weeding 
would definitely have to be carried on on up-country estates in order to stop 
soil erosion. •• \ • ' t . 

"' The1 rea»n for that opinion was that be felt perfectly confident that although 
erosion took place at a rate which could not be easily measured, it was by far * 
the n^ost vital cause of permanent loss of crop. . 

- v Sft. Coombs experiments also showed that if one happened to have a selective 
weeded area, loss .of crop in that area could be very' simply put right by an 
adjustment of the manurial supply. ' 

' He did not wish to be dogmatic but he had formed the opinion that the 
extra cost c i manorial adjustment would be very much less than the cost of 
replanting and re-supplying which would otherwise become' necessary as' a result 
of loss of bushes due to a deficient root system resulting from soil erosion on a 
large - y r - ' - y y r * . • . . . . . . . \ . 

^ .He, thought that any; question as to ihe temporary loss of yield owing to 

erosion by some sort o f ground'eoyjer/,."^.^.--^"--^.'-^ ' "~ *••«.*. * 

. It was 8 years since the Soil Erosion Committee had made its report. He 
had been privileged to attend quite a number of that Committee's meetings 
When the local Planters' Associations were giving evidence, and he had noted 
at that time that practically everybody had* a good word to say about Oxalis, 
which they thought to be the' planters*friend from the poipt of view, of soil 

'* ' erosion. ? — .< ' 
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. One had become inured *o the idea of Oxalis êcauite it was something one 

could not get. rid of. . Although he would not. like to say that selective weeding 
should be done in the same way in every place,, he would like to suggest that 
when they got a tittle more used to selective weeding, they would regard it in 
the same way as Oxalis. . ' * 

Nr. 1 » B. Green said that Mr. Lester-Smith seemed to indicate that if the 
soil surface was disturbed soil erosion would be. greater than if it were not 
disturbed. His experience on tea estates, however, was that, having to cultivate 

'««. j*»..tfc»5. race.a- yeaeM» So, tfc$ .la&i/^^fer^T*" "veH./or.kfd. *2jawed far less erosfOv-

than land • which was not forked. -

BR. Lester-SMITH replied' that it all depended on the state of the soil when 
rain hit it and the intensity of the rainfall. Heavy showers took away a good 
deal of soil from sloping land. On the other hand if the.'land was very much 
broken up and the surface very rough there would be greater absorption of 
rain. What had to be taken into consideration was the rate of percolation of 
water into the' sob-soil. •* 

Replying to Mr. Green, Mr. Lester-Smith said he saw no reason to believe 
that the Sword plant was in any way injurious to .tea. He quite agreed, that 
CenteUd asiaUca had a very closely-matted surface which, from the point of view 
of tea cultivation, might be regarded by some as undesirable, but that trouble 
could be easily got over by forking. CerdeUa asiaHca was not a climber. .. 

Referring to the fink between soil erosion and soil disturbance, MR- JONES 
said he distinctly remembered estates where between- each row of tea, there was 
quite a big drop in soil and a great deal of -root exposure. That had now been 
put to right by forking, introduction of green manures and cultivation generally. 
The difference between now and SO vears ago'was that their tea fields were far 
better off now from the point of view of protection from soil erosion. 

J MR. BAMTE-Hamflton recalled his observations of 4 0 or more years ago to 
confirm Mr. Jones' contention that .today Up-country estates- suffered far less 
bom soil erosion and bad more* humus. r . 

DR* NORRIS said that the present decrease in soil erosion might partly ]be 
due to a greater depth of cultivation. A lot of damage had no doubt been due 
to inefficient cultivation. If cultivation was really efficient and got down to the 
Iftwer payers and Uwfr was a'grecter}^r^lahg up̂ of Uwse layers, efficient perco­
lation took place and soil erosion would be' 'reduced.̂  ' v ' • •* * 

Dr. Eden said he very, thoroughly agreed with all the findings which 
Mr. Lester-Smith had so ably put forward... He was particularly interested to 
find that'the discussion had turned on to the difficult point of the effect of 
cultivation on soil erosion. . ' 

When some years ago it' had fallen to his tot to read all the literature 
available on soil erosion, it was on that one point that; he had found evidence to 
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be most conflicting. As a-matter of fact they were gradually getting results 
which threw a little more light on the point as it affected tea. 

There was no doubt that on a field which was recently cultivated to a good 
depth and in a rough condition, the absorbent power of the soil was able to 
deal very efficiently even with very heavy showers of rain. 

But recently he had found that the compression of the soil by the ordinary 
daily, weekly and monthly treading by the labour produced a sort of false 
pan in the iop reaches'cr" ^oil and. that compression regulated the absorption 

" r^rougnsut the who!?/depth. That wis" (b^prTv "there micm be a top soii par.: 

of three inches, beicw which was quite a loose layer which remained in that 
condition for many months after cultivation. 

He had a plot, on St. Coombs which had not been touched for over two 
years since it was cultivated; it had not been trodden upon, and the absorption 
of moisture at present was, excellent. Within a few weeks of cultivation of 
soil the treading pan was formed and that pan caused less absorption of moisture 
which he felt perfectly certain was responsible for 75 per cent, of the erosion 
in tea. For that reason ground cover or any other thing that added to the 
humus was obviously a good thing. 

What had happened in times past was they did lose the soil, but as it 
was not cultivated they got down to what was known as an erosion pavement 
and that erosion pavement of small stones eventually became a small check. 
Even that erosion pavement would not prevent a gully which would form in 
the soil which was not protected by any other means.. 

With regard to CenUlla asiatica he wished to say one thing lest at some 
future time there should be- a conflict of advice as between the Tea Research 
Institute and the Department of Agriculture. 

Centella asiatica was a very excellent cover to be used where nothing else 
was possible. From observations made there was no doubt that it had a 
very marked competitive effect, and for that reason he personally would not 
advise its indiscriminate use. 

He would, however, say that where they had sides of drains or extra 
steep slopes on which nothing else would grow he would be prepared to use 
CenUlld asiatica. Where there were no such steep slopes he would certainly 
firs* try to 'cultivate something which had a -c^s extenst«.rnCit; system to compete 
with tea. 




