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A NEW SYSTEM OF SOLL APPRATSAL IN TERIS OF
ACTUAL AND POTENTIAL PRODUCTIVITY

(Pirst Approximation)

by |
Jo Riquier, Do Luis Bramao and Je.P. Cornet ™

I, Introduction S : C . —

Because of the food shortages beseting mankind, it is urgent that an inventory be made of the
world's soil resources to asceritain what unculitivated land can be brought into production and which
cultivated soils could produce more than at present, .

The task of compiling such an inventory has been entrusted %o the, FAO/Unes¢o Soil Map of the -
World project. The procedure adopted is to interpret soil maps since ﬁhese proyide‘an indication of
the types of s0ils and their geographic distribution. ' - S e

Soil maps are usially used not to find what genetic soil type exists at a certain " ¢ :
place, but rather to determine the agricultural value of the so0il and its susceptibility to improve~
ment, Tt is necessary for this to in%erpret the soil map for the users, and to state the suitability
- of a given soil, in'relation to its properties, for agricultural use. Only a soil specialist is )
capable of making suqh ani interpretation, but since other considerations - geographic and socio-economic =
have a place in determining both the possible and the most appropriate agricultural uses of 'z given
 piece of land, he must call in the agronomist, the botanist, the economist and the sociologist %o -
] assist him on such things as ¢ A R

1e vegetabion, rainfall, erosion and present land usej o -

Y. mesponse.of soils to various managemenit practices such as irrigation and feriilizer
@ application; - . :

3e orops already grown and yields obitained;

44 agricultural experiments oonducted in the region.

The object of the interpretation and the use of the above data is %o provide : ’

. " 1. a olassification of land in terms of its agricultural value, its specific capabilijties _
and potential usej : . . . .

2, land resource maps showing the geographical distribution of soils, their most appropriate’
uge, their agricultural value, and their potentiality under specific management practices.

The maps mey be small scale, sometimes covering an entire continent, or large scale, intended
say, for a particular farm. Obviously, the classification will very with the scale used.

IT. Prinoipal land olassification systems | Lo
A classification gystem depends on ¢
_a) thevdata available,
b) the scale: of the map,
‘c) the purpose.’ . o : : AR
‘This explains. the multiplicity of -systems that have been evolved by individual,researéhé;é'ahdi;f
government services. . . - oo . T . . .

P
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In his "Aspects de pédologie appliquée", Vink distinguishes seven main classification systems
in use. These may be described ag 3 '

1s land glassification in terms of inherent characteristics (soil classification in the strict
sense)s .

2, land classification in terms of inherent qualities (soil quality, i.e. technical quality
classification);

3. 1land classification in terms of present use (land use classification);
4e soil-crop response (or response to ﬁanagement); ‘ ]
5, land classification in terms of use capabilities (soil suitability classificqtion);

6. land classification in terms of recommended use; |
!

I

Classification systems 1, 2, 4 and 5 (in part) lie within the field of competence of a soil
scientist without it being necessary for him $0 call in other experts.

e land claséification in terms of programme realisation.

Claggification system 3, based on present land use, requires special soil surveys. The soil
scientist may .sometimes explain present use by reference to the nature of the soil and check his
assumptions regarding soil fertility, but the system offers no way of determining ideal or future use.

- The last three systems have socio—economic and even political implications, for which the soil
scientist should not normally accept full responsibility, OClassification under system 5 nevertheless
can, and should, be guided by the soil scientist who will indicate the suitability of the soil in
question for this, that or the other orop. The final decision, of course, rests with the economist,
-who will give due weight to such factors as distance from markeis, diefary habits, and standard of
living of the population. ’ ‘

What follows ig an attempt to reconcile these different systems as far as possible,

11X, The main classifiocation systems currently employed

The principal classification systems currently in use and the reasons that we have discarded
them are given below.

1. Storie's index for rating the agricultural value .of soils. This was conceived especially
for land appraisal for taxation purposes. It is highly appropriate to California and agricultural
practices there, but does not allow assessment of improvements as a result of future management — the
potential wvalue of the soil.

In this report we have kept Storie's basic procedure of establishing a "productivity index"
expressing soil conditions as ascertained, together with his ingenious method of calculation.

2s The land classification of the Bureaun of Reclamation of the United States of America. This
is not used here beoause it was conceived solely in terms of irpigability, and therefore also takes
economic factors into account.

3¢ The land-capability classification of the Soil Conservation Service of the U.S.A. This is
intended primarily as a means of determining the steps to take to control erosion. Iis "capability
classes" mainly reflect the extent and complexity of conservation problems; exaggerated importance
is attached to slope, while other qualities indicative of soil fertility may be neglecteds It is a
clagssification in terms of the limitations of soils for agriculiural use, and even according to the
economic implications of such limitations. It is also an interpretive grouping according to capability.
Moreover, the capabilities considered, such as suitability for ocultivation, range or woodland, intro-
duce economic factors the significance of which can only be judged by an agricultural expert who is
thoroughly acquainted with the region,

In its latest versions this classification has gone somewhat beyond considerations of soil
conservation to become, more precisely, a clagsification according %o limitation. The capability sub--
classes are based on limitations due to climate, excess water, presence of salts, etce The capability
unit takes into account various criteria, among them "potential productivity", but without indicating
the means used for appraising it. The limitations are, moreover, subjectively determined, the criteria
utilized and the significance attributed to them hy different soil scientists varying from one region
40 another. The resulting classification leads to rather vague definitions in such termg as : "Soil

<
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with few limitations that restrict their use', Clags III, for insgtance, may include : a soil subject
to erosion, a wet soil in need of drainage, a sandy seil limited by the low moisture~holding capacity,
or a feriile soil in a region that is too arid. The aunthors themgelves admit that their classification
is not specifically intended for land-use planning and does not give sufficient information on land
capability for growing individual plants, and that it does not classify the seils in terms of produc-
tivitye The poiential value of a so0il is neglected for a description of its limitations - a procedure
that may be justified if the purpose is to determine the successive gsteps in conservation measures but
not if it is to rate soil value., Moreover, it is inapplicable on a continent~wide socale where the
primery purpose is to assess the value of virgin lands in terms of %raditional agriculiural practices,

4. The classification of Aubert and Fournier. Here soils are clagsified according to the type
or magnitude of the conservation or development work required. The intringic value of the soil is
excluded because, as the authors themselves recognise, the rating of agricultural soils as excellent,
good, average and poor is a delicate problems The appraisal of soil response to culiivation is highly
subjective, the assignation to one class or another after management being decided upon in a very
arbitrary fashion (e.g., irrespective of the difficulty involved in, or the cost of, management), The
possibility of several types of management being employed simultaneously is not considered, This
classification has one advantage, however, in that certain important soil characteristics are shown on
the map, and management pracitices can be indicated with a greater degree of precigion than in the
American systems. ’

5¢ Christian's physiographic classification. Here land is clasgified from the standpoint of
pedology, geology, relief and plant cover., Here again soil characteristics, the only true criteria of
productivity, are almost entirely neglected. However, unlike the other systems which are intended for
large scale maps on which climatic variations are irrelevant, this one is suitable for small scale
mapse .

Limitations of the systems p;esentl& uged

: Most of the classifications above discussed are concerned primarily with the extent, the diffi-
culty, and the cost of management, or even solely with limitations affecting crop growing or requiring
development work, However, a number of objections may be raised against the use of limitations as
criteria for classification. ' .

1e The concept of limitation is extremely complex. The termAmay indicate that soil conditions
are such that : ‘ :

(a) very difficult and costly work is required if a crop is to be obtained,
(b) only very poor crop yields are possible with ordinary farming practices,
(¢) wvery few plant species can grow on the land in question, or

(d8) combinations of these.

2, Limitation is merely a negatbive aspect of a given soil property. Why not consider the good
property rather than the bad one 7

) Again, the word suggests a gradation in the property under discussion, and within that gradation
a cross—over point between good and bade Now that point, or dividing line, from the standpoint of
general land use, is not in fact clearly defined since it varies according to the crop and the require-
ments of the user.

For instance, a deep soil is looked on as good, a shallow soil ag poor. Where does the dividing
1line between the iwo extremes lie ? No absolute limit is delerminable in the clamsification phase. It
is only under actual use, when minimum yield figures are set for a given crop, that it is possible to
draw a line between adequate and inadequate depths

3. A soil is classified either according io its most significant limitation or by the number
of its limitations, but the seriousness of the limitation {eeg. greater or lesser degree of stoniness
or shallowness) is rarely considered. Accordingly the classification systems reviewed lack flexibility,
Again, if a goil has several limitations this may affect the total gost of development and management,
but it is not the pumber of limitations that affects yields as even a single limitation is capable of
reducing theses
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4. From limitations, such as excess water or erosion, an atfempt is made to predict plant
growth behaviour. Thig is a mistaken procedure, however, because it is the soil as a whole, with all
its complex of characteristics, taken together with factors of the environment that determines growth "
rates The usefulness of certain soils, like the alluvial soils of the Nile, is limited by several
factors = dryness, salinity, excess water — yet they are highly productive when properly managed.

5 In under—developed countries it is much more important fo consider productivity, the s

positive factor, rather than limitations, the negative factor. The latter merely indicate required
management measures, which are costly undertakings and therefore offen feasible only over small areas.

IVe Evolving a new classification gystem

In our view what best expresses present and future land capability is productivity rather than
limitations. This avoids economic and sociological considerations which lie outside the province of
the soil scientist. Soil productivity, or known yields, moreover, provide the best grounds for under—
standing between the soil scientist and the economist, .

It is a2 somewhat theoretical concept but it does provide a basis of comparison between soils
which is our object. And yet it is reasonable, since in the same climate soils cultivated in a similar
way produce more or produce less according to their inherent properties; it is the soil type that
determine yields..

Despite the fact that the concept of productivity is somewhat abstract and relative, it is still
the best basis of soil clessification for the user who wishes to know before all else whether a piece
of land is "good" or "bad" - in other words whether he can cultivate it o advantage, Vink suggests
that a good sysbem in land development planning would e to take soil mapping units and establish
- productivity norms or average yield estimates at various management levels, even if these be no more
than rough approximationse. Yields standards cannot in themselves be considered classifications, yet
they constitute a big step in the direction of a quantitative classification of land capability. ' ¥

The wnderlying principle in this study is that if favourable conditions extraneous to the soil
are present (sound husbandry, good plant varieties adapted to the particular climate, freedom from
pests, etc.), the productivity theoretically possible can be expressed by reference to the intrinsic ‘ v
soil characteristics (depth, base status, organic matter content, and the rest). We have thus been at
pains to evolve a formula expressing soil productivity as a function of soil characteristics assuming
an efficient farmer following normal practices is working the land., If, subsequently, soil management,
land development, or intensive farming sysiems are introduced, these will improve soil properties, in
which case, on the basis of the foreseeable improved characteristics, ithe same formula can be used to
caleulate "potentiality™ or potential productivity. The indexes of productivity and of potentiality -
(see VI below) thus calculated are used to classify soils. The rabio of the two indexes gives a
‘Mooefficient of improvement! - either global, when every possible type of improvement has been intro-
duced, or partial, if say only one of a number of possible improvements has been made.

Such a classification of soils in terms of productivity would necessitabe compiling :

1e maps showing present productivity (under prevaiiing farming practices) and hence the
agriculiural value of land, and ‘

2. maps showing potentiality or potential productiviiy resulting from new management practicess

Ve Purpose and value of the gystem now proposed

When this study was begun the purpose was ultimately o compile a soil resources map on the basis
of an interpretation of small scale soil maps. The system, however, lends itself to other purposes as
wells Thus, now, On any map, each type of soil shown possesses specific characteristics - its distin-—
guishing properties, Overlooking, for the time being, factors extrinsic to the goil itself, such as
climate, slope and farming practices, those characteristics enable us to calculate average theoretical '
productivity and classify soil types on the basis of quality. Since soil improvement measures will
enhance that productivity, the soil resources map will accordingly indicate not only actual but also
potential productivity.

1, The calculation of a productivity index is of interest to the surveyor as well as to the
farmer, By teking soil profile samplings and making a few routine chemical analyses, quite a clear .
idea of the soil value viriually mathematically accurate can be obbained, by amalgamating the
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different soil properties into a productivity index. Neverthelegs, the formula used is empirical and
leaves a great deal of room for improvement., The system proposed in the Annexes has been evolved for
interpreting the 1:5 000 000 scale map of Africa.

2, It facilitates land classification for purposes of taxation, consolidation of land holding,
etcey and may be combined with other classifications, in particular that of Aubert and Fournier or
$hat of the United States Soil Conservation Service, in which soil gquality and potential productivity
are expressed at land-capability unit or subclass levelse '

3, It is possible to draw up large scale productivity or potentiality mapsAfor a single4holding,
a large agricultural enterprise or a region where development is being planned.

It can, of course, also be used with small scale maps; since it was devised for that purpose.
However, it should be emphasised that the formula suggested in the annexes may be adaphed, depending on
the purpose and on the data available., For instance,.on a small scale map it is no% p0551ble to
include the slope factor (which would be included on a large scale map) for the purposes of 1ndlcat1ng
the erosion (factor X) or degradation hazard.

The pﬁrpqse here is not to put forward a formula of universal application but to state a prin-—
ciple and to suggest-a methodology that can be improved upon., To summarize, with the system it is.
possible :

1« 1o determine the value or quality of a soil,
2, to set up a soil classification scale,
3. to compile large scale land use maps, and

Ao to compile small scale maps

Maps

There is no need to enlarge upon the value of maps here, laps answer the ‘chief requirenent of
land users in that they show in such a region there is such and such a type of soil, whlch can be
improved in such and auch a manner and brought o a given potentiality.

Map usefulness depends greatly on scale, BSmall scale maps can help land-use planners and .
international organizations like FAO Yo estimate the area of arable land of a contlnent, while indi-
vidual farmers, agrlcultural engineers and economists need large scale maps.

Large sc¢ale maps rate land according %o ¢

le .inherent characterisiics,

2.. - technical propertles,

3. response 1o cropping and management methods,
4. potential uwitilization,

But'théj do more than that, because :

(a) ecologists and agronomlsts can readily use them %o compile maps indicating sultablllty of land
for growing specific iypes of crop., If the soil requirements of individual plants are known, it--
suffices fo refer to the tables attached to the map or %o the map itmelf (if goil characterzstlcs
are indicated there) to determine which region offers soils with requisite properties (see
Table VII which illustrates an imaginary case);

(v) economists knowing the selling price of a given commodity as well as the cost of land development
or improvement can assess returns %o be expected from farmland where management has been under—
taken and from land where it has not been, and thus judge the advisability or otherwise of
development in the case under review. Some ides of the iype and magnitude of the necessary work
may also be estimated from the number of letter-symbols (representing specific types of work)
appearlng on the map or in the tablej

(c) the Spelelc crop sultablllty of a soil ig itself largely governed by the local economy and by
such considerations as distance from markets. The soil capability dlstlnctions of the classifi~
cations described earlier are subjective and very often amount to litte moré than classifying land
without further ado as suitable for crop growing, pasture or forest bearing, with no clear
reasons given for the choioce,




Land Capability

In the classification system proposed here a first approximation suggests @
(a) The lands of Classes 1 and 2 (see Table IV) are suitable for all asricultural crops.
(b) Class 3 is margingl, in particular where tree crops are concerned.

(c) Class 4 is land best for range, reforestaltion®* or recreation, or planted to special crops
such as rice, .

(d) Class 5 is land which is not suitable at all for cultivation.

All these capabilities, however, are determined on considerations of economic returns,

By contrast, the calculation of each productivity index for crop growing, pasture or forest
bearing (using the ratings as assigned to characteristics shown in Table II} allows a comparison
between the various indexes of a soily and it is from these that suitability may be deduced : the
highest index means the greatest suitability considering not the likely financial returns from the
operation but the productive capacity. Finally, as has been sald, the specific crop-suitability of a
piece of land will be decided by the user, who will ensure that soil characteristics and the require—
ments of the proposed crop are in harmonye.

Tree Cropg and Forest

A distinction should be made between the two cohcepts. Tree crops must be congidered more
exacting, especially as regards depth and often in aeration of soil, than forest.

This way of thinking is justified hecause :

(a) The term "tree crops" is intended as grouping all strictly cash crops, where the aim is to obtain
(1) a partial product from the plant, (2) a seasonal harvest, and (3) a product whose quality
must be constant and adapted to & narrow range of well-defined uses (orchard or plantation crops,
Hevea latex or the like). In such cases acoount must be taken of the edaphic requirements of the
plants '

(b) The term "forest" is more complexe The idea of returns in the economic sense is not the only
reagson for creating or maintaining a forest : the chief end in view may be the control of erosion
or recreabion, or purifying the atmosphere in industrial areas. Even where timber production
is the main objective, it can only be on a long—term basis, and the various end-uses (joinery,
pit props paper, fuels will enable useto be made of wood of widely differing kinds.

Accordingly, as governed by the purpose of a forest, edaphic requirements may or may not be
taken into account, and afforesiation may be recommended on soils of widely differing mroductivity.

The value of this method lies in' the fact that it largely avoids the arbitrary and subjective
elements by its appeal to scientific data that are measurable {texture, contents of various chemical
elements) or are readily definable in unambiguous terms (sitructure, nature of mineral reserves, etGs)e
The findings based on such data are accordingly reproducible, which allows for comparing the inter—~
pretations of various researchers, This possibility of comparison is of vital importance to FAO'g
World Soil Resources Office and similar agencies concerned in correlating soil data on a world wide
scale because on this depends the further possibility of compiling productivity maps on a similar
gystem and legends

* It may appear strange to read that with Class 3 one is already at marginal level, in particular
for tree orops followed immediately by a statement to the effect that Class 4 refers primarily to
land reserved for reforestalion, eice., while tree crops and forest are lumped together,




Vi. The method desoribed

Ao Definition of termg

The concept of "productivify" is a complex one and requires definition. Obviously, only theore-
tical productivity is envisaged = ie.es opbimum soil yields, not taking into consideration damage caused
by insects or other pests, or choice of seed, unsound husbandry, and the rests The ooncept is very
close 0 that of "soil quality". - The term "productivity" is preferred, however, because a comparison
of our index with production Ffigures* (eeges For peamuts on different soils in ladagascar, see fig. 2)
indicates that the concept is far from being a mere fiction and that what it connotes can be calculated
by the formula proposed here, I+t must be concluded then that this index is a true expression of
productive capacity and not a mere comparabive scale of the theoretical value of soils. Bul producti-
vity varies also with the type of crop grown; some plants being able to withstand soil drainage or
fertility conditions which others connot and to give economically satisfactory yields where other
plants cannot grow at alls Since it is impossible 1o review all cultivated planis (whose requirements
differ widely) one must congider a level of productivity for the majority of farm crops or for specific
orop sequences : grains/fodder legumes, or tree crops/forest. We have taken three cases : shallow-
rooting plants (pasture), medium-depth rooting plants (field crops) and deep-routing plants (trses).

This difficulty of introducing considerations as to the type of crop into the notion of soil
productivity is lessened, for instance, when a salt-tolerant plant like cotton will nevertheless give
better yvields in non~salty, good quality soils, 3By taking a large renge of crops, therefore, it is
possible to rate soils for productivity in full cognizance of the fact that productivity is a relative
term, Bach plant has its own soil-productivity scale, which does not coincide with that of the next
plant.  Accordingly, "productivity" (i.e. productivity here and now) is employed in the sense of
initial soil gggégiiity to produce a certain amount of crop per hectare per annum, and is expressed
‘as a percentage of the optimum yield per hectare of that same orop grown on the best soil. It is the
natural fertility of virgin land in its first year of cultivation by simple farming practices {so0il
preparation, sowing, aftercare, harvesting). For soils already under culbivation it is the producti- .
vity of 'the year in which the soil weas mapped, described and analysed — hence prior %o its degradationm,
or improvement, as the case may be. ‘ : '

Assuming séientific development of virgin land or land brought under cultivation afier surweying
there should be no degradation. Thms, the slope factor (which governs erosion hazard and a soils
suitability for machine cultivation) will not be taken into account in determining productivity except
insofar as it renders erosion control measures necessary. If a sloping piece of land has already been.
cultivated, then erosion will have occurred and an equilibrium will have been attained, as may be seen
in the soil conditions : low orgeanic matter content, shallowness, more marked dryness, etc. Such .
characteristics that must be taken into consideration to obitain the actual productivity index.

In special cases where, for political or economic reasons, no conservation measures are taken,
slope will be considered (see amexes)s :

In distinotion to "productivity", the second term to be defined is "potentiality" .- This is
that productivity of a soil, when all possible improvements have been made, even the mogt difficult . .
and costly. It is thus the fubure productivity of that soil taking into account physical and chemicalf_
characteristics as modified by conservation practices or improvements, and also those characteristics
which are not modifiable by present-day technology. ‘

The theory has been propounded in certain quarters that a soil is of no value in itself because
it can be completely changed by modern techniquess We are not of this opinion because there will always
be land, particularly in underdeveloped countries which, for material or economic reasons, or. even for
simply natural reasons (lack of irrigation water for instance) camnot have the benefit of all that
modern technology offers. What is more, there will always be certain fertility factors (i.ee texture)
that are extremely difficult to modify by modern techniques even in wealthy countries., No matter what
improvement measures are taken, there will always be limiting faciors of one kind or another, Beyond -
s0il inherent properties influences, the response to management : fertilizers, irrigation, and so on,
cannot be neglected. ‘ ' :

% TFigures commmicated by lre Roche, Director, IRAM, Madagascare




Be Principles underlying the method

1e Determination of the productivity index

Productivity is a function of the intrinsic properties of a soil, firstly as determined in the
process of describing the soil profile in situ, and secondly by laboratory analysis. Soil moisture
and temperature are included among such characteristics even though they are directly related %o
climate. Environmental factors — slope, vegetation and climate = will only be used to determine what
set’of management practices are necessary

) A s0il map and its accompanying report should supply the necessary data to establish the
productivity of various mapping units.

.. From among the countless characteristics that-influence soil productivity, the following have
been selected 3

(a) the most commonly accepted factors of productivity, since a great deal of study is still required
to understand these factors, particularly their relative importance; ‘ ‘

(v) those readily found in the literature on the subject or which figure in the definition of soil
“types;

(¢) the most easily measurable;

(a) those with the fewest possible secondary characteristics in common, so that no minor characteris-—
,tics will reoccur several times in the formuls thus be exaggerated in significance.

We accordingly cbnsider nine factors as determining soil productivity, viz : moisture (H),
drainage (D), effective depth (P), texture/structure (T), base saturation (NS, soluble salt concen— #
tration (S), organic matter content (0), mineral exchange capacity/nature of clay (4), and mineral
reserves (Msa Therefore : ,
N
" Productivity = HxDxPxTxorxOxAxH .
. ]

Attempt has thus been -made to evolve a mathematical formula expressing productivity as a resultant of

the various factors at play, following Storie's method of caloulation. Each factor is rated on a scale

from O to 100, the actual percentages being multiplied by each other. The resultant index of produce—

tivity, also lying between O and 100, is set against a scale placing the soil in one or other of .
five productiviity classes (Table IIIsa

The productivity index thus defined answers well emough to the definition of Storie's index as
a "mumerioal expression of the degree to which a particular soil presents conditions favourable for
plant growth and crop production under good environmental conditions", and is '"based on soil charac—
$eristics which govern its potential utilization and productive capacity". Storie adds that his
index is "independant of physical or economic factors, which might determine the desirability of
growing certain plants in ceriain locations,.

The main difference between this”~ index and Storie's ig in the actual choice of producti-~
vity faciors. Here only intrinsic soil characteristics are used, all exirinsic, physiographic
factors such as erosion, micro-relief or slope being disregarded, and the factors attributed by
Storie by which soil types (only the soil types of California) are explicited.

The formula olearly is not perfect because the relationship between productivity and soil
characteristios is more complex — possibly exponential or asympitotic in form. However, the mathema~
tical approach advocated by Storie has four advantages @

1e the least favourable factor dominates, just as in nature the greatest limitation is oftfen s
decisive in assessing the ultimate value of a soilj;

2, interplay of the different factors is considered. For instance, a shallow btut chemically
rich soil may be just as productive as a deeper tut less rich onej »
3¢ by manipulating coeffic;ents, it is possible @

a) to avoid a linear impact of one factor on the final index (example : the first 30 cm of
goil profile are much more important for plant growth than are the 30 om between 90 and
120 cm depth);
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b) to attribute to certain secondary or simply corrective factors less weight than the
main factors (for example : the nature of the clay is rated between 90 and 100, whils
goil depth has a wider range (from 5 %o 100); ‘

4e = it is permissible to disregard one of the factors assumed to be constant, for example
50il moisture within a olimatic region, and the soil classification according to produc-—
tivity remains valid.

The ocoefficients are entirely empiriocal, but we have been at pains to incorpor:te in some way
factors used by Storie, the Canadian Irrigation Service and Clarke, which have been tested in the field.
The remaining coefficients are determined by succeggive approximations, The index proposed here hag
beon used o forecast yields of peanuts in Madagascar (Craph No 2), maize, cotton in Swaziland, maize
in Argentina (see Table XT), with sccurate enough results even though other influences, namely pests,
type of seed, weeds, etce.y were not eliminated from the experiment,

Our formula, then, comstitules a first approximation. It is more scientific than preceding
systems, yet is not wholly quantitative, It allows of a simpler, numerical classification, and can
be applied almost automatically by agriculturists not specialized in soil science (the oollaboration
of all concerned in order to perfect the system would be welcomed). In the annexes, equivalences are
suggested for characteristics that may be lacking (Table No I.a)s Variants will be proposed in the
future with factors more readily measurable if this becomes possible, for example i available water
content (to replace moisture); Henin's structural stability index (%o replace "structure"); conducti-
vity of soil golutions (%o replace '"base saturation™) and so. on,

2. Paotors used in calculating the productivity index

Factors to be used in caloulating the productivity index have been selected with the above
oriteria in mind. An attempt has been made to group them in some sort of logicel order, though
it is recognised that there is a certain arbitrariness in inecluding such dissimilar elements in the
game formulae The reasoning behind the choice of factors is as follows :

A so0il is the more fertile the more volume of it there is at the disposal of plants (depth : P),
the richer it is in bases (base saturation : N), and the more water and the more nutrients it contains
and the more readily penetrable it is to roots (texture and gtructure : T)e Henoe productivity =
P x T x N. Certain corrective terms or additional factors are brought in, namely organic matter
content (0), nature of the clay (A) and mineral reserves (M), since the more organic matter there is,
the more the nutrients are available and the more stable iz the structure. The greater the cation
exchange oapacity the more nutrients are retained by the soil, with less leaching of fertilizing
elements, The greater the mineral reserves, the more nutrients will be replaced as they are used up
by the plantg, Consequently, A and M correct N and T and give a final productivity value equal to
PxNxTx{(0x4xM. Finally, the goil moisture factor (H) or exocess water faoctor (D), also
affeot productivity.

The definition of productivity has been worked out by comparing various soils with the game
climate; but the productivity of otherwise identical so0ils changes from one olimate to another. If we ,
use a productivity index to compare soils of one continent or fairly large region (smll scale map) )
to those of another then the climate factor, which may be ignored on a large scale map, must be !
iniroduced. Climate may, however, be disregarded on a small scale map in cerfain situwations, say
vwhen congidering irrigated soils in parts of Africa where temperature 1s not limiting. Again, climate :
may be overlooked if the index is considered not as an index of productivity but of soil quality or i
value, Without enroaching upon the domain of the scologist, one readily notes that productivity ) ,
increases as soil temperature and moisture content inoreases. These factors, therefore, cannot be |
congidered as entirely extraneous o the soil, since they are features of the soil itself = which is |
precisely why they are introduced, However, in order to determine them, climatic data have to be
taken into account because direct measurements of soil temperature and moisture content are very
rarely available. We accordingly propose to take the number of dry months per year and the number of
months during which the temperature falls below 10°, When the rooting zone is too dry, growth comes
practically to .a standstill, and the annuel soil productivity per hectare diminishes, In arid zomnes,
only one crop mey be producede If the moil is too cold the growing period is also shortened,

Hence the need for superimposing on a soil olassification baged on fertility under a given
climate a second classification according to olimate or microclimatic zones., The water factor is
disregarded where irrigation is practiced = i.eey it does not appear on the soil potentiality map -
and the temperature factor mey be eliminated when for instance one is considering the case of the
greenhouges of northern Europe. .
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3, Methed of calculstion

Caloulation tables are given in the annexes. Here one soil type will be used for illustrative
purposes, a vertisol in a region with 5 dry months a year; depth below the surface of the parent rock
(basalt)y 110 om; high olay content; prismatic structure; 70 percent base saturation; no soluble
galts in the rooting zone; 1.2 percent organic matter and a mineral exchange oapacity of 42 mEq/ 100 g
of clay; average reserves of minerals alterable ty weathering and other processes, hence a fairly v
mature soile Therefore, the formula for such a vertisol would be (using symbols explained in Table I)

H4axP5x‘1‘52xN4x02xA3xmzo
Referring to Table II, we read off H4a'carries a rating of 80 percent .
P5 = 100 percent,continuing to read of the value for each of the remaining gymbols, we have

therefore @

80 100 _ _50 80 100
productivity index = .55 = o6 = 766 = T * 100 - 2546

This, figure is now referred to Table III, where the particular vertisol under consideration is
found to belong in Cless III; i.ee of average productivitye

4e Determination of the index of poitentiality

The index of potentiality is required to express potential productivity after soil management.

" It is first necessary to determine which managsment practices are neocessary, then what their reper-

ousgions are on potentiality. Two groups of management are to be considered : ‘ .
1) Each limiting factor requires a soil management :

H (dryness) - requires irrigation (4 and B)

D (poor drainage) - requires drainage (C)

P (shellowness) - requires deepening (D)

P (poor texture or structure) — requires stons removal (E1) or mechanical working (Ea)
¥ (low nutrient content) - requires application of fertilizers (™

8 (salinity) = requires desalting (G.] or @, if Na,C0, present)

-0 (low orgenic matter content) = requires application of organic matbter (H)

Table IV has a list of appropriate management measures and Table V the characteristics that
can be improved and what happens to them following such treaiments,

2) Other types of improvemsnt are imposed by physiographic conditions and environment .
(situation, climate, vegetation, etc.), the control of wind erosion (J) and water erosion (K and L)
and land clearance (M). The soil moientist must obtain information (in addition to that supplied by

- the goil map) regarding slope, climatic agressivity (esge distribution of rainfall, wind speed), otc.
in order to decidé what management measures are necessarye. These data are essential in caloulating

the potential productivity of 2 soil and they have to be noted down in the field during soil surveys
or must be taken from other maps (topographio map for slope, climate maps, vegetation maps, eto,) or
from reporis. :

When the necessary management measures have been determined (those that are feasible under
local circumstances, and those that are impossible due to certain soil characteristios — see Table Vi),
the next subject to be considered is which improvementis will in faot be attempted. For example, by
application of fertilizers in suitable quantities end proportions, the base maturation can be raised N
from N3 to Nge That done, ons is in a pogition to calculate the poientisl productivity index with
the gafme forfmla as that for actual productiviiy but according Yo improved soil characteristics shown

in Table Ve

For ‘the management measures necessitated by conditions extraneous to the soil {which often
affects meveral characteristios simulianeously) we have used a flat 10 percent or 20 percent rise in
value of the index. For instanoces, srosion control may alsc increase soil moisture, organic matter
content and depthe '
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The potentiality index is calculated from the improved characteristios and perocentages of
increaged productivity resulting from management and is useful for classifying soils against a poten-
$iality scale (the indices of which are identioal with those of the productivity scale, see Table ITI),

The fact that a s0il has been improved is shown by a change of class or, better, by the ratio
of the two indices, i.e. the cosfficient of improvement,

For instance, the vertisol taken as an illustration of the ocalculation for productivity
(P = 25,6) is improvable :

- by supplementary irrigation (B) and H4 becomes H5

- by meohanical worlking of soil (E2) in order to improve siructure and '1‘55 becomes st
= by amending the organic matter content (H) and the final index will gain 10 perocent,

Then, the formula for poitentiality becomes @

P1=H5xP5xT5be4x02xA3xMao + 100
= 100x100 x 80 x 80 x 80 x100 x 100 + 10h
= 51,2 x 5,12 = 56,3

This index reported in Table III gives us the potentiality class II (good).

The coefficient of improvement of this soil is expressed by !};.1 26..'.:.5. 2,2
25,6

It means that the productivity ocan be multiplied by more than 2 by the application of all
suitable management techniques.

Ce Productivity map and potentiality map
. Several systems of representation can be used.

Te The productivity and potentiality maps for Nigeria can be taken as a first example, Each )
mapping unit on the productivity map is coloured according Yo soil produciivity class, letters being
used to express the soil characteristics considered in determining the productivity index and also
specific crop sunitabilities (see Table VIII)e The potentiality map likewise has coloured portions
ghowing potentiality classes and letters indicating the improvements necessary in order to attain the
level of potentiality it is proposed to work for (i.e., the type of management recommended and used
in caloulating the potentiality index). (2) If the new menagement practice is diffiocult beoause of
environmental conditions (for example, irrigation in desert regions) or for economic reasons, the
letter is underlined, though this type of management is still considered in caleulating potentiality;

‘(b) Should the user of the map seem the particular 4type of management to be absolutely impractical

due to external ciroumstances, he may recaloulate the index without this item in order to obtain the
true potentiality; (o) If, on the other hand, it is the intrinsie properties of the soil that make

the improvement impossible, for example drainage of a sodium montmorillonite clay soil (see Table VI
which shows incompatibilities) the letter is circled. The presence of a oircled letber almost auto-
matically places the soil in Class Ve

Maps are drawn up in accordance with the procedure schematized in the diagram below :

PRODUCTIVITY MAP

Soil type Soil —_— . . productivity productivity
from goil map characteristios formila 7 index 7 olass
(in letters) (in colour)
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POTENTIALITY MAP

Data from Managemendt N Characterisbtics —> Formula .. Potentiality ——> Potentiality
climate, ~  measures ~ modified : index class
vegetation & (4n colour)
erosion maps,

e‘hc.

24 A second example is to be had in maps for Togo. The area ooccupied by a soil series is coloured

according to its productivity class on the productivity map and its potentiality class on the potentia-
1ity map. 4 fable is appended to these maps indicating for each soil series its characteristiocs, the
appropriate management and the two indexes, together with the coefficient of improvement. This sysfem
is %o be preferred to others when the areas occupied by certain soil series are so small that it is

not possible to show characteristiaes and management measures on the map itself., It also allows the
symbols referring to the soil map legend to be retained, making for greater ease of comparison of soil
characteristics before and after management.

3. Both types of map can be combined into a single map, in which case it is to be recommended thai
actual productivity be indicated by a colour and potentiality, i.e. improved capability following upon
management, by overprinting. An Arabic numeral might be used for the productivity class and a Roman.
numeral for the potentiality class. ‘

ViTe Soil resources appraisal : coefficient of improvenent

'A. Appraigal of value of soil units

In the equation P = f (a4byC ees)y P represents the productivity of a given soil unit and
ayby0ye the seil characteristics,  Some of these factors cannct be modified (for instance, texture,
reserves of alterable materials) whereas others oan be improved by sgricultural practices (irrigation,
drainage, amendments). Hence the potentizlity P' of the same unit ocan be appraised by applying an
identical formula P' = £ (a', b'y 0" .e.) in which a'y b*, 0' «es represent characteristics as
oorrected by the proposed management.

‘ Some purpose will then be served if one can deduce from this what may be called latent improve—
ment of the soil under study. For this coefficient of improvemeni we have used (see VI.B.4 above)
the expression C = P! in which C is the number by which the soil productivity index must be multiplied

in order to obtain  the potentiality index.

Theoretically this figure may be amyﬁhere between unity and infinity but in practice it lies
between 1 and 100 (the highest value caloulated %o date being 33), Generally value range between 1
and Se ' ‘

A low coefficient indicates little possibility of improvement either because actual productivity
is already very high and it is therefore impossible %o expect much better (example : Agni (4n) series
of Table IX) or because, whatever the actual productivity, it is subjeot to limiting faotors which
cannot be corrected even by modern technology (Atchasi (At) series, in which the limiting faotor is
the presence of a lateritic hardpan near the surface, or the Vokouteme (Vo) series, whose productivity
is limited by the exoessively light ‘texture). ‘

A high coefficient of improvement indicates a state of inadequate development or immaburity.
I+ refers to soils whose productivity, is low at the moment tut which could be raised by a programme
of land improvement (examples : Kezou (Kz) series after drainage, improvement of siructure and appli-
cation of organic matiter)s Obviously, for management to be economically worthwhile it should be
introduced on goils having a high coefficient of improvement and & fair potentiality.

Such a coefficient ig a non—dimensional number which can apply to any expreasion of soil
productivity, e.g. crop yield in tons per heotare; forest yields in m3 of wood per hectare; or yield
in kg of live-weight per hectare for livestock grazing on a given iype of land (see Graph 2 "Produp~
tivity for peanuts as a function of soil charaoteristios”), It goes without saying that soil produc-
tivity and the yield of a orop are parallel where soil factors alone are considered in making the
comparison, It is more appropriate to see present orop yields as dependent upon soil productivity,
and increase in vield as a funotion of the ocoefficient of improvement. This can be expressed by the
equation R' = R.fics, where R' is improved yield and R is yield before management,
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Example : To apply the coefficient of improvement to productivity for peanuts in Graph 2,
x represents the index of productivity P, and y = yields R in tons/ha with the equation

R' = R £(c), or y' £(c)
We have in this perticular example :
' = coy + (c = 1) 055

Let x = 25 and x' = 50, ¢ =P'/p or x'/x =2
and for the equation of the siraight line y = 0.08, =x = 0,55

Y = (0,08 x 25) = 0,55 = 145 T/ha
I' = (0,08 x 50) = 0.55 = 3445 T/ha

One can also find y' as a function of y anc o applying formula (1) :
y'= 2x 145 +(2=1) % 0.5 = 3.45 T/ha

Be Evaluation of a heterogeneous area

The concepts "productivity", “potentiality" and “coefficient of improvement" can be extended
to regions (subscript r) with soils of different values. A region with an area S, having n soil
series with respective productivities of P4y P2 eee Py on areas S1, S2 ese Sp wil] have an average
productivity shown by the formla s ’

Pr - (P1 x S1) + (Pz X 32) +  ees + (Pn X Sn)

Sp
Simplifying
Pr~ - (Pn x Sn)
Sy
Likewise 3
]
- (Pn x Sn)
s N
r
1}
And Or - J Y
P
ko

The average coefficient of improvement thus calculated has the same meaning, on a regional scale,
as the exact coefficient for the soil category. High potentiality combined with high coefficients is
indicative of regions yet to be developed and where the execution of a management plan has the best
chances of producing satisfactory results.

VIII., Summery and the future of thig method

It is the authors' view that the agricultural value of a soil depends primarily on its charac—
teristics and properties which can be determined by soil surveys or by the interpretation of an
existing s0il maps. A mathematical formula summing up its properties will provide an index of the
value of a soil, expressed in terms of produciivity. Limiting factors such as unfavourable physio-
graphic conditions call for management, conservation and development work which, in fturn, will modify
the soil. Henoe the need for an additional index whioch expresses the capability following upon
management — i.es "g0il potentiality".

Three types of data : velue of soil in the natural stabte, value of thal soil when improved, and
the magnitude of the management work needed to produce that improvement are indispensable for anyone
considering land utilization. Up to now, soil olassification efforis have been directed solely to
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determining what set of management practices were necessary, but here the emphagis is on the seoil |
itself =~ the basis for any such work. Soil maps are all the more valuable to the extent that they can
serve as the point of departures for the entire methedologye

A practical means of condensing a great quantity of data that can be useful for agronomists,
engineers, economists and planners seems %o be to present the findings on two separate maps, one
showing productivity classes and the other potentiality classes, i.e. fertility factors and work to
be carried out. Some persons, however, may prefer a single map with a table appended.

Much still has to be done by way of evolving a methed of estimating yields from a piece of land
as a function of its characteristics. Variants are allowable depending on the goal set — for example,
adaptation of the formula for determining productivity for particular plant species to use for a large
scale map, or employing a fuller and more comprebensive climatic coeffiecient = for comparing soils of
one climate with those of another and so on., However, the main purposes of this new methodology are :

1) +o make the chief line of approach that of ident:fying and oombining productivity factors, without
neglecting their interactions

2) 4o draw up a balance shéet and synthetize findings of research;
3) o use the concept of productivity to compare soils, and

4) to evolve a quantitative approach to the assessment of s0il value - the only basis for mutual
understanding bétween soil scientists, engineers and economists; and finally

5) to arrive at a coeffiocient of improvement for appraising the development possibilities of a region.

By this method, a soil resources map can readily be compiled simply from interpretation of
existing soil maps and the use of supplementary data such as climate, relief and vegelation. It will
show the value of various soils, the conditions governing their utilization, and their future poten—
tialitiese.

“
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ANNEXES
TABLE 1

Soil characteristics used to determine productivity

B Soil moisture conbent

H1 Rooting zone below wilting point all the year round

H2 Rooting zone below wilting point for 9 to 11 months of the year
H2a, 11 months
H2‘b 10 months
Hzo 9 months
H3 Rooting zone below wilting point for 6 4o 8 months of the year
H3a, 8 months
H3‘b T months
I-I3 o 6 months '
. ﬁgo:izg zone below wilbing point for 3 to 5 months and wet below field capacity for over 6 months
year
H4a 5 months
H4b 4 months
H4 c 3 months
H5 Rooting zone'we'l: above wilting peint and below field capacity for most of the year

Note ¢ 1e If data on actual soil moisture is not available, it is possible to use ingtead the number
of dry months per year calculated from weather intelligence (Gaussen's ombrothermic
diagramme for instance) at least for small scale maps.

2. For cold countries, the months during which frost ocours as alsc the months of average
temperature < 10°C (threshold of productivity) are considerasd as dry months.

D Drainage

Marked waterlogging, water itable almost reached the surface all year round (Bydromorphic horizon
at a depth of from O to 30 om)

S0il flooded for 2 to 4 months of the year

1b

D2a Moderate waterlogging, the water table being sufficiently close to the surface to harm deep
rooting plante (hydromorphic horizon at a depth of from 30 te 60 cm)

Dy, Total waterlogging of profile for from 8 days to 2 months

D3a Good drainage, water table sufficiently low not to impede crop growing (nydromorphic horizon at
a depth of 60 cm below the surface)

D3b Waterlogging for brief periods (flooding), less than 8 days each time

D 4 Well drained moil, deep water table (hydromorphic horizon at over 120 om depth); no waterlogging

of soil profile,
In this case see H
Note ¢ 1, If the hydromorphic horizon is not recognizable from morphologiocal characteristiocs, the

height of the water table is the only point to be considered. If, on the other hand, it
is fossilized, it should be ignored altogether,
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2. In some instances soils are both too dry in the summer and too wet in the winter, in whioch
cagse the two functions H and D are combined,.

Effective depth of sgoil

Rock outerops with no soil cover or very shallow cover

-

Very shallow soil, less than 30 cm deep
Shallow soil, 30-60 cm deep

Fairly deep soil, 60-90 cm deep

Deep soil, over 90~120 cm deep

v 9 w9 d o
P ow

Very deep soil, over 120 cm deep

Note ¢ By effective depth is meant the rooting zone. The latter extends to the horizon where the
roots can no longer penetrate, whether it be parent rook, hardpan, claypan or gypseous layer
(>10-25 percent gypsum).

T Texture and structure of root zone

'1‘1 Pebbly, stony or gfravelly soil

T1a Pebbly, stony or gravelly » 60 percent by weigh'b‘

' T‘I'b Pebbly, stony or gravelly from 40 o 60 percent

‘1‘10 Pebbly, stony from 20 to 40 perocent

T2 Extremely coarsewtextured soil

T2a Pure sand, of particle structure

T210 Exiremely coarse~textured soil (> 45 percent coarse sand)

’1‘20 Soil with non-decomposed raw humus ( 2 30 percent orgenic matter), and fibrous structure
T3 Dispersed olay of unstable struocture {often _g_a...? 15 percent)

T4 Light-textured soil, fine sand, loamy sand or light sandy loam, or coarse sand and silt
T4a. Unstable structurs

T4'b Stable siructure

'I'5 Heavy~texiured soil s clay or sility oclgy

‘1‘5a Masgive to large prismatic structure

Ts'b Angular to orumb structure or massive but highly porous (e.ge soils with a high sesquioxide

content)

'1‘6 Medium-heavy soil : heavy sandy loam, sandy clay, clay loam, silty clay loam or silt
T6 o Magsive to large prismatic structure

Anguler to crumb structure (or messive but porous)

‘I‘7 Soil of average, balanced texture : loam, silt loam and sandy clay loam

Note : Texture should preferably be judged hy toush in this way taking miorco-aggregation into
account, Otherwise reference to the texture itriangle is necessary (see Graph 1)e This
chart is based on the U.S. Department of Agriculture's Soil Survey Manual, but the surface
"gandy loam” has been further gubdivided into '1‘4 ("light"s and ’1‘6 Z"heaw").
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Average nutrient content of A horizen

Soil with base saturation V = % less than 15 percent
V from 15 to 35 percent

V from 35 to 50 percent

V from 50 to 75 perocent

V over T5 percent
Soil exceseively oalcarecus (> 20 to 30 percent)

Soluble galts content

Total soluble salts less than 0,2 percent

Total soluble salts between 0,2 and 0.4 percent

Total soluble salts between 0.4 and 0.6 percent

Total soluble salts between 0,6 and 0.8 percent

Total soluble salis between 0,8 and 1.0 percent

Total soluble salts over 1 percent

If sodium carbonate is present in the soils (alkali soils) :

Total soluble salts (including sodium carbonate) 0.1 to 0.3 percent
Total soluble salts from 0.3 to 0.6 percent

Total soluble malts over 0.6 percent

Organic matter in A1 horizon

Very little.organic matter, less tﬁan 1 percent
Little organic matter, 1 to 2 percent

Average organic matter content, 2 to 5 percent
High organic matter content, over 5 percent
Very high content, but % over 25

¢ Place in one category lower if the organic matter is raw, of mor or moder type

Mineral exchange capacity and nature of the clay in the B horiggg

Exchange capacity of clay less than 5 mEq/100 g

Exchange capacity of olay less than 20 mEq/100 g (probably kaolinite and sesquioxides)
Exchange capacity of olay from 20 to 40 mEq/1OO g (probably a mixture of clays or illite)
Exchange capacity of clay over 40 mEq/100 g (probably montmorillonite or amorphous clay)

Regerves of weastherable minerals in B horizon

Reserves very low to nil

Reserves fair

Minerals derived from sands, sandy materials or ironstone
Minerals derived from acid rocks

Minerals derived from basic or calcareous rocks

Resgerves large

Sands, sandy materials or ironstone
Acid rooks

Bagic or oalcareous rocks




TABLE I bis -
Table of equivalents to Table I
This table is to be used only where ceriain charscteristics are missing and which can be replaced by ¢

cloge, though not entirely interchangeable, equivalents.

and have no rigid value ¢

These are listed below by way of guidance

T
T1a. Stones and pebbles ¢ 30 percent by volume
T1'b Stones and pebbles ¢ 20 to 30 percent
T1 o Stones and pebbles : 10 to 20 percent
Ts
T & HE = equivalent moisture £10 percent
2b
T, A+ L> 40 percent and PH 8,5 or %‘2 > 15 percent (A = clay; L = silt)
T4‘ HE ¢ from 10 to 15 percent
‘1‘5 HE > 30 percent
‘1‘6 HE : from 25 to 35 percent
’I‘7 HE : from 15 to 25 percent
N L
N, pH (in water .}.) from 3¢5 to 4.5
N, ’ v from 4¢5 10 5.0
N3 from 5.0 o 6.0 ”
N4 from 640 %o T.0
N5 from T.0 to 8.5
. Note ¢ The use of pH instead of base saturation is advisable in cases of very sandy soils with a low
cation exchange capacity. In such cases base saturation given by analysis is often unreliable.
S Content of salts Conductivity Conductivity . Conductivity
in % of soil in millimho of in micromho in micromho
saturation of saline extraot of saline extract
- extract 1/5 \ 1/10
5 ], 0 0 0 0
V4 oo,2 2 1000 500
S, I N
0.4 - 6 1750 875
S3 :[ ‘
]: 0.6 8 2500 1250
g
4 ¥ 0.8 12 3000 1625
S
5 { 1.0 16 3500 2000
% | *
Note : Theme figures cannot be taken for an exact correspondence between the different oonductivitieé,
as they may vary according to the water capacity in the soil, and the degree of solubility of ’

saltsy, +thus according to their nature. However, these figures giwe an order of extent avai-
d formula. In column 2 the American classificztion limits of Riverside

lable in the propose
have been chosen.
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Organic matter gontent = carbon x 1.7 = nitrogen x 20
Thickness of the humug-forming horizon : < 10 om

Thickness of the humus—forming horizon s from 10 to 20
Thickness of the humus—forming horizon s from 20 to 30

‘ Thickness of the hluﬁus—forming horizon : > 30 -

Exchange capacity of clay
TmEq/100 g of s0il = K x % organic matter) x 100

clay
and K = 2,50 for very humic soils, peaty secils or soils of cold or high regions
K = 2,00 for soils of temperate regions
K = 1,50 for tropical soils with little humus

Sum of %otal bases determined by treating with hot nitric acid : Total bases < 10 mEq
Sum of total bagses determined by treating with hot nitric acid : Total bages 10-50 mEq
Sum of total bases determined by treating with hot nitric acid : Total bases 50-300 mEq
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TABLE II

Tentative ratings of different characterigtios

For orop growing For pasture ' For forest and non-forest
— iree crops
H
H, 5 5 5
32 Haaw H%ZO H2°40 20 20 30 10
H3 33350 H3b6° H3 070 : 30 40 60 10 20 40
H4 H4a80 H4'b9° H4°10O 70 80 90 T0 ?0 100
Hy 100 100 100
D H4‘ . H5 H2 H3
B, © 10 =40 60 5
D, 40 - 80 100 : " 10
D3 80 = 90 90 40
P p, 5 20 5
P2 20 60 5
P3 - 50 80 20
P 4 80 : 90 60
P5 100 100 ‘ 80
Pg 100 100 100
T .
T1a 10 30 ) 50
T1b 30 | . 50 ’ 80
'131 o , 60 20 100
H4H5H6AB H3 H1 H2
'1‘28“ 10 10 10 (sams ratings as for (same ratings as for
T, 30 20 10 crop growing) orop growing)
'1‘20 30 30 30
'1'3 30 20 10
T e 40 30 ZO
Uy 4b 50 50 0
T5a 50 60 20
st 80 80. 60
T6 80 8¢ 60
a
T6b 90 90 90
'1‘7 100 100 100
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Table II (cont'd)
For crop growing Forf pasture For forest and non-forest
tree crops
N
N, 40 60 80
N, 50 70 80
N3 60 80 90
N4 80 . 90 100
N5 100 ’ 100 ' 100
Ng 80 90 100
T1 'I‘2 T4 '1‘5 T6 'I‘..{
SJ| 100 100
Sy 70 90
5, 50 80
54 25 . 40
5, 15 25
S¢ 5 15
s7 60 90
Sg 15 60
S9 5 15
. ' H HyH, D30, By H, Dy D, iB
0, 85 T0
0, 90 80
03 100 90
04 100 100
05 70 T0
A
b 85
A 70
A, 95
A3 100
. H1 H, H3 H4 H5 4B
M, 85 85
5 ® B
2': 95 100
- 90 95
5 -
M 100 100
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TABLE II1 .

Classes of productivity (P) and potentiality (PY)

P classes- rating Pt .
1 Excellent 65 - 100 I
2 Good 35 - 64 I ' "
3 Average 20 - 34 111
4 Poor 8 = 19 v
5 Extremely 0= T v
poor o nil
TABLE IV

1ist of land improvements necessary for development

(over and above mrevailing agricultural practices)

de Irrigation (essential) and drainagé (ususlly required)
Bes Supplementary irrigation g :B1 by sprinkling ‘
B, by flood or furrow irrigation ¢
Ce Excess water removal : by reclamation, ridging, drainage or proteotion againgt floods
D, Deepening of top spil s by ridging, deep plowing or bresking up of soil crust
Es Improvement of texture and siructure :
E1 by stone or rock removal . -
. E, by mechenical working of soil (difficult and costly = requiring heavy machinery)
E3 by improvement of organic soils

Fe PFertilizers, amendments, liming in large quantities (application of fertilizers — particulerly
those containing nitrogen - is considered indispensable for all soils)

Ge Desalting :
G1 "by irrigation and drainage

G, by irrigation and drainage + application of gypsum (CaSO ) to eliminate sodium salis (Na2003)

He Enriching and maintenance of organic matter content, application of manure, green manure,
mulching, orop rotation, forest fallow, etc., also improvement of humic condition of peat and
gemi-peat goilse

Je Measures to control wind ercsion : windbreaks, mulching
K. Measures to control severe water erosion : construotion of banquettes, terraces, eto.
Le Measures to control mild water eromion : digging of ditches, planting of hedgerows, etcs

Me Large scale land clearance




TABLE V

Improvement of goil characteristics or properties by management

Management 4 BB, ¢ D E, E, E, Wi Mwith  F(with G, @, H J KL 4
practices : (with 4, or A2) A
AO) ‘
Initial'soil H1H2 H3H4 1)1])2 P1P2P3 ‘1‘1b° TSaT6a. T2o I\L‘l\;f2 N.1N2N3 N1N2N3N4 E}3S4 S9 010205 H1H2
properties
I +
} ‘1‘1‘1‘2’1'4
Improved soil X D P P Tof T.T Tof N N N, s8,8 S ' o,
properties > H5 3 zPs 4 fine 5b76b sub=- 3 4 5 T2 1 add 4 24d
soil poil For T, and T Add O
matem 6 7 10h %o 1@% to 20h %o
rials For T, fmpro= ool TiMAL ping
vement of 4 index
soil classes o (198
rated accord— 4 if ime-
ing to salini~ (TZOT‘of prove~
tye For Tg ime= ment of
provementsof a subsoil) organic
single soil matter (H)
clags rated hag
according to already
* Note A, salinity been
LohARoA3 refer to CEC data beem
congide—
ration
TABLE VI
Incompatible management pr actices and characteristics
A and IB2 with P12, P3 + '1‘1247, P4 + T1a, '1‘2 '1‘3 82 with '1‘3
ZB1 with P1 and '.I.‘3 ‘F with Ao; However F + H is compatible with Ao
C with '1'3 (¢ and T3 are oompatible if G2 is used) L with P12, T3, TSa.
S with T
1 X with P123, T3, TSa

E1 with T T

1a ~1b

-Ea—‘



TABLE VII
T1lustration of soil suitability for different uses depending

on its characteristios

Envigaged land use Rice growing Tree crops Coconuts Pagture
Soil characteristios H to H N, to N N, to N
permitting the proposed 4 > H5 4 5 4 >
use or H., to H, and AorBlor H, to H, and A or B H, o0 H, and Aor B ) H, to H, and A or B
1 3 1 4 1 3 1 3
Other characteristiocs
preclude or considerably
hamper the proposed use) D, to D, D, to D, D, to D, D, to Dy
D, to D, gnd/or B {or D, toD, and C
P4 to P6 P5 to P6 P4 o P6 P2 1o P6
T5 T6 T7 '1'10 T4 T6 '1‘7 Tza.b '1'4 ’I‘7 T1° 567
N1 to N5 l\l3 to N5 N1 to N5 N1 to N5
81 1o 85 and G S,| s1 to 85 and G S1
i1
01 {o 05 03 to 04 02 to 04 02 [ 04
A1 to A3 A1 o A3 A:I to A3 A1 to A3
M."to M3 M.l toM3 H,I to M3 M1 toM3
] \‘E/—) - ¥ &~ - E ] '




TABLE VIII
Special cases

Te Soils with several horizong of different texture

These are goils of heterogeneous texture (e.ge certain alluvial soils with alternate sandy and
clay horizons) or simply highly developed soils with e horizon where there has been acocumulation of
different materials (soils leached into clay)e

We arbitrarily divide the soil into two horizong 3

1) the horizon from O o 50 cm in depths which is the most significant as regards the supplying
of plants with water and nuirients; .

2) the horizon from 50 to 120 cm, supplementary to the first either because it is impermeable
and holds water or because, on the oontrary, it is too sandy and drains the profile; or
because it hampers deeper rooting,; or else allows a tree o survive when the uppermost
horizon is too sandy. Only the deminant texture is considered in each of these itwo horizons.

Horizong from Horizons from Crops and pasture Forest and non-forest
0 4o 50 50 to 120 tree orops
Clay dominant olay dominant T5a or o TSa or
loam dominant TSa or o T6a or o
sand dominant TSa, or 4 T4a or o
Loam dominant clay domlglant T6a or 4 ‘1‘53 or .
loam dominant ’I‘7 ‘1‘7
- sand dominant : '1‘7 T4a or o
Sand dominant clay dominant TGe. or . T6a or 4
loam dominant T4a. or .4 T6s. or
gand dominant T4a or D T4a or
or T, if there arse or T, if there is over
30 o of coarse sand 30 cm of coarse sand
in the top horizon in the top horizon (from
(0 to 50 om in depth) 0 to 50 om in depth)

Generally speaking (1) a coarse-sand horizon of over 20 com in the top horizon {from 0 to 50 om
in depth) places the soil in class T,

(2) a compact clay horizon of over 10 om in the top horizon (from O to 50 cm
in depth) places the soil in olass T5a.

Note : The following are excluded from this table : fragipan, hardpan, gypsum horizon, because where
these exigst the effective depth of the soil is that of the upper surface of these horizons.

2e Sloping soils, cultivated without gpecial preceutions, particularly without conservation
practices, 1t 1S assumed that degradation ocours until a state of equilibrium proportional to the
slope has been reached. In this cage the usual .productivity index is multiplied by a slope factore
The latter factor is to be applied whenever agricultural productivity after forest clearance, for
instance, shifting cultivation in tropical countries, is being calculated.
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Slope (%) Factor

0-2 100

3-8 95 ~ 100
9=-15 80 - 95
16 = 30 70 = 80
30 = 45 30 - 50
> 45 5 =30

Depending on the "aggressivity" of the rainfall and soil erodibility, the upper, middle or lower
figure is faken.

3e Toxicity or deficiency cases

Special cases of toxicity (excess of soluble and exchangeable aluminium, excess of manganese,
presence of acid sulfate — caiclays = etc.) or of deficiency in micro-elements (oopper, zinc, boron,
etc.) or deficienoy in phosphorus have not been treated in the general formula. The excess or the
deficiency being relative, and the curative treatments being very easy or very difficult, according
to the cultivated plant and the type of soil, the consideration of these several special cases would
singularly complicate the formula. Besides, the diversity of analytical methods and the still inade-—
quately determined oritical concentrations mean that the damages caused are not calculable as a
function of the intensity of the toxicity or of the deficiencys The output of the culture may vary
from O at the natursl state to 100 percent after improvement of these soils,

The toxicity or the deficiency will be indicated by a particular sign on the map of productivity
and the productivity index will be modified by a factor X that the interpreter of the map will fix
himself according to his knowledge. On the potentiality map another particular indication will be
noted for the legend, where the proposed improvement will be indicated {ex, liming to reduce an excess
of aluminium), The potentiality index will be modified in the mame way.

&
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TABIE IX
_ Specimen presentation of daty
(faken from Etudes pédohydrologiques au Togo FAO/SF: 13/T0 -
Caloulations made for orop growing)
Soil series Productivity (P) Coeff.of
& improves _Potentislity ép') impeP!/P H D P T N o A M X*
Agble (ab) P 4 (11; H5:100  D2b:60 P6:100. T4a:40  N4:80 02:80 A1:90  M1:85
CeHs P IV (19) 1,72 H5:100  D3:90 . P63100 T4a340  N4:80 02:80 AL:90  M1:85 +10%
Agni (An) P 2 (58g H5:100 ~ P6:100 T6bi9o ¥4:80 03:90 A2:95  M2b195
* Pt 1II (58 1. H5:100 - P6:100 T6b:90  N4:80 03:90 42195  M2b:95
Agove (42) P 4 10; H5:100  D3a:80 P6:100 T4a:40  N4:80 02:80 A1:90  M2a:90
- *,H P' IV (19 1490 H5:100  D3ai80 P6:100 T4a340  N4:80 02:80 Al:90  M2a:90  +10h
Atchasi (At) P 4 9% H3:60 - P3:30  T7:100  14:80 01:85 A1:90  M2a:85
¢:)] P' IV (9 1. H3360 - P3:30 T7:100 N4:80 01385 A1:90 M2a:85
Awito (aw) P 5 (6) - D2az40 P6:100 T4a330  N4:80 01:85 A1:90  M20:95
C.H. P' IV (17) 2,83 - D3:90 P6:100 Ta330  N4:80 01:85 A1:90  M2¢:95  +10f
Canne (Cn) P 4 §183 H5:100  D2b:60 P6:100 T5m380  N3:60 02:80 A2:95  M2a:90
CoF.H, Pt II (55 3405 H5:100 D3390 P6:100 #5b:80  N4:80 02:80 A2:95  M2a:90  +10p
Dagikpe (Dp) P 5 53) H3:60 - P4:80  T2bs20  N3:60 01:85 A1:90  Mi:85
B.F.H, Pt IV (14) 4,66 H5:100 - P4:80  T2b:30  N4:80 01:85 41390  ML:85 +10%
Doukpo (Dk) P 4 §1zg - D2as40 P6:100 T5a:50 - N4:80 03:100 A2:95  M2a:85
C.E2 Ph IX (47 391 - D3:90 P6_:100 T5b:80 N4:80 03:100 A2:95 M2a:85
Eko (Ek) P 5 (6) H3:60 - P6:100 T4as30 - N3:60 01:70 A1:90  ML:85
B.H, PY 4 (19) 3,16 H5:100 - P6:100 T4a:40  N4:80 01:70 AY:90  M1:85 +10%
Ese (Bs) P10 33 H5:100  D3a190 P5:100 T2a310  N3:60 01:70 A1:90  M2a2:90
F.He v (4 1,33 H5:100  D3a:90 P5:10C T2a310  N4:80 01:70 A1:90- M2a290  +10%
Ganove (Ga) P1 ‘4 (18 H5:100  D2b:80 P6:100 T4a:50  N4180 01370 Al:190  M2a390
C.H. I11(22 1,22 H5:100  D3:90 P6:100 - T4a:50  N4;380 01:70 A1:90  M2a390  +10h
Hompou {Hp) n 4 15 H3:60 - _ P4350  T7:100  M4:80 01:85 A1:90 M2a185
B.H. I1I(29 1493 H5:100 - P4:50  TT:100  N4:80 01:85 A1:90  M2a:85  +10%
Keklomd (k) P 4 (8) : . H3:70 - P6:100 T4a:30  N3:60 01:85 A1:90  M2a:85 '
~ B.F.H. pr III(22) 2.75 H5:100 - P63100 T4as40  N4:80 01385 - A41:90  M2a:85  +10%h

* Colum X improvemente affecting all faotors taken

together,
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Soil geries Productivity (P) Coeff, of

_& improve, . Potentiality (P') imp, PY/P - B > F T N & .90 s ¥ =
Kezon (Kz) P 4 (123 - D2asd0  P63100  T5a:50  N63:80 - 01:85  A2:95 = M20:95
C.E2,H, Pt IT (49 4408 T - D3:90 P6:100 T5b:80 - N6:80 - 01:85 = A2:95 - M2c:95 + 10%
Kodjin (Xj) P 2 §4og BA:90 - P6:100 T7:100  N4:80 - 01:70  A1:90  M2a:90
AH, pt 1T (50 1.25 H5:100 - P6:100 T7:100  N4:80 - 01:70  A1:90  M2a:90 + 10%
Kodo (Ko) P 5 §7) H5:100 D2b:50  P5:100 T4asd0 . N3:60 - 02:80  A1:90  M2a:90
C.F.H, P! IIT (20) 2,85 H5:100 D3:90 . P5:100 TMa340 Ms80 = - 02:80  A1:90  M2a390 .+ 10%
Kouble (Kb) P 4 215 : - D2b370  P6:100 T4as30  N5:100 §1:100 01:85 - A41:90 - M2c:95
C.H. P' III (29 © 1493 - D3:90 P6:100 T4a:40  N5:100 81:100° 01:85  A1:90  M20:95 + 10
Kponou (Kn) P 2 (58 g H5:100 D3a:90  P6:100  T7:100  N5:100 - 02:80  A1:90  M2a:90 ‘
*H P' II (62 1.06 H5:100 D3a:90  P6:100  T73100  N5:400 = - 02:80  A1:90  M2a:90 + 106
leghbako (Lg) P 3 (24) HA4:90 - P6:100 T4bt50  N4:80 - 01:85  A1:90  M2a:90
oHe P* III (30) 1425 H5:100 - P6:100 - T4b:50  N4:80 - 01:85  A1:90  M2a:90 + 10%
S6m$ (Sm) P 5 (4) - - D2a:40  P6:100 T4a:30  N3:60 - 02:90  Al:90  M2a:85%
C.F.H, Pt IV (16) 4e - D3:90 P6:100 T4a:30  N4:80 - 02:90  A1:90  M2a:85 4+ 106
8io (S1i) P 4 (12 - D2a:40  P6:100 T5a:50  N4:80 - 03:100  A2:95  M2a:85
C.E2, pr 1T (47 3091 - D3:90 P6:100 T5b:80 ~ N4:80 - 043100 A2:95  M2a:85
Tankouti ()P 3 20) H4:90 - P6:100 T4b:50 N4:80 - 01:70 A1:90 M2a290
B.H, Pt III (25) 1425 H55100 = P6:100 T4bs50  N4:80 - 01:70  A1:90  M2a:90 + 10%
Togble (Tb) P 4 13 . H5:100 D3a:90 P6:100 - T4a:40  N3:60 - 02:80 A1:90 M2a390
F.H. Pt IV (19 1446 H5:100 D3a:90  P6:100 T4a:40  N3:80 - 02:80  AL:90  M2a:90 4+ 105
Togomé (Tg) P 4 (18) .HA:80 - P6:100 T4b:50  N4:80 - 01370  A1:90  M2a:90
B.H. P III (25) 1,38 ‘H5:100 . - P6:100 T4b350  N4:80 - 01s70  Al:90  M2a:85 + 10B
Vokoutimé(Vo)P 3 (22 H4:100 - P6:100 T4b:50  N4:80 - 01370  A1:90 M2a3:90
H P III (24 1,09 HA:100 - P6:1OQ T4b:50 N4»:80 - 01:70 Al:90 M2a:90 + 106
Voodou (V@) P 4 (08 H5:100 D2b:60  P6:100. T4a:40  N3:60 -  -01:70  Al:90  M2a:90
C.F.H, PY IV (18 2,25 H5:100 D3:90 P6:100 T4a340  M4:80 - 01370  A1:90  M28:90 + 10%
? 3 ‘) & 4 ,_, o L3

I
IN
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TABLE X
Soil profile in the region covered by UNDP Project (Togo)®

a—

Terminal continental soils

legbako (Lg)
Vokoutimé (Vo)
Kponou (Kn
Kodjin (Xj
K16komé (Kk)
Ganavs §Ga;
Togomé (Tg
Eko (Ek)
Agové éAg
Agbl& (&b
Dasikpé EDp;

M, eee little leached soils (Kodjin) eroded, with cuirass (Atchasi)
and colluvium (Kéklom§). There are also leached soils without
colluvium or serious erosion (Legbake, Vokoutimé, Kponou) and

‘ the -entire gamut of sandy colluvium with various moisture regimes
; (Eko, Agové, Agblé, Yonor)."

Atchasi (At
Tankouti (Tk)
Hompou (Hp)

Soile of the Pre—Cambrian Peneplain

Kodo (Ko) "yee sandy or loamy-sand soils,.pebbly, probably formed from

" Esé (Es) underlying rock (gneiss or migmatite)e They have been subjected

to surface upheavals, leaching, transportation (indicated by the
presence of quartz and concretions)e The Pre~Cambrian peneplain
has the only tropical, leached, ferruginous profiles that were
mapped in the southern parit of Togo in the course of these surveys."

Alluvial plain scils

Cg : (‘221)1) ", es Highly veriable from the standpoint of texture, acidity,
S?.nn?s.) ‘ galinity and moisture regime, their only common character being
10 o1 i their alluvial origin and the fact that they are subject to

Doukpo (Dk e A
Toghlé (Tb periodic floodinge.

Voodou (Vd
S8mé (Sm)
Koublé (Kb) '
Awito gAwg .
Keson (Kz

* Etudes Pédohydrologiques au Togo FAO/SF:13/TO
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TABLE XI
Correlation and regression equations between crop'yields and productivity index

X productivity index

Y orop in t/ha

Maize!s crop on 16 Swaziland goil =zeries*
Y = 0,058 X + 0’73 F = 109687

Highly significant (p = 0,01) F = 8,86

Maize's crop on 26 Swaziland soil series
T = 0,042 x + 0,99 F = 17,932

Highly significant (p = 0,01) F = 7,82

Maize's crop on 9 Argentine =s0il serieg**
I = O’M'T X - 0943 F = 10’98

Significant (p = 0;05) P = 5,5

Cotton's crop on 17 Swazilend soil series (mean yields of 1957/66)
Y = 0,030 x + 0,25 F = 5,50

Significant (p = 0,05) B w454

* Agricultural results and index caloulation of G. Murdoch.

## pericultural results of experimental stations of Pergamino and Runcinam (INTA) and
index caloulation of J.Pe Cornets

L ¥

*
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PRODUCTIVITY OF PEANUTS IN RELATION WITH SOIL CHARACTERISTICS
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LITHOSOLS ON FERRUGINQUS CRUSTS AND FERRUGINOUS TROPICAL SOILS
(UNDIFFERENTIATED)

LITHOSOLS ON FERRUGINOUS CRUSTS AND FERRUGINOUS TROPICAL SOILS ON  SANDY
MATERIAL AND ON CRYSTALLINE ACID ROCKS,

LITHOSOLS {UNDIFFERENTIATED) .

LITHOSOLS (UNDIFFERENTIATED ) , EUTROPHIC BROWN SOILS {UNDIFFERENTIATED)
AND FERRUGINOUS TROPICAL SOILS ON CRYSTALLINE ACID ROCKS.

LITHOSOLS ( UNDIFFERENTIATED ) ON CRYSTALLINE ACID ROCKS.
LITHOSOLS [UNDIFFERENTIATED) AND FERRUGINOUS TROPICAL SOILS {UNDIFFERENTIATED) .
REGOSOLS ON LOOSE SEDIMENTS {UNDIFFERENTIATED).

REGOSOLS AND SEMI-ARID BROWN SOILS ON LOOSE SEDIMENTS .,

ON RIVERINE AND LACUSTRINE DEPOSITS , VERTISOLS

ALLUVIAL SOILS
SOILS ( UNDIFFERENTIATED ) .

{UNDIFFERENTIATED) AND SALINE

ALLUVIAL , HYOROMORPHIC, SALINE AND ALKALI SOILS ON RIVERINE AND LACUSTRINE DEPOSITS .
ALLUVIAL AND HYDROMORPHIC SOILS ON RIVERINE AND LACUSTRINE DEPOSITS.

ALLUVIAL SOILS ON MARINE DEPOSITS (MANGROVE) .

VERTISOLS ON ROCKS RICH IN FERROMAGNESIAN MINERALS AND EUTROPHIC BROWN

SOILS (UNDIFFENENTIATED).
VERTISOLS ON CALCAREOUS ROCKS .

SEM| -ARID BROWN AND REDDISH BROWN SOILS AND EUTROPHIC BROWN SOILS.

SEMI -ARID BROWN AND REDDISH BROWN SOILS { UNDIFFERENTIATED ).

EUTROPHIC BROWN SOILS {UNDIFFERENTIATED ) AND REDDISH BROWN
LATERITIC SOILS .
SOILS ON SANDY MATERIAL.

FERRUGINOUS  TROPICAL

L
i0° * 12° 142
E N D

FERRUGINOUS TROPICAL SOILS ON SANDY AND UNDIFFERENTIATED MATERIALS .

FERRUGINOUS TROPICAL SOILS ON SANDY MATERIAL AND HYDROMORPHIC SOILS

FERRUGINOUS TROFICAL SOILS ON ROCKS RICH IN FERROMAGNESIAN MINERALS .

FERRUGINOUS TROPICAL SOILS ON CRYSTALLINE ACID ROCKS.
FERRUGINOUS TROPICAL SOILS { UNDIFFERENTIATED) .

RED —YELLOW FERRALSOLS ON LOOSE SANDY SEDIMENTS.
YELLOW FERRALSOLS (UNDIFFERENTIATED ) .

RED FERRALSOLS ON LOOSE SANDY SEDIMENTS .
RED FERRALSOLS (UNDIFFERENTIATED).

RED FERRALSOLS AND HYDROMORPHIC SOILS,

SALINE SOILS {UNDIFFERENTIATED} AND ORGANIC SOILS.

BASED ON THE SOIL MAP OF AFRICA BY C.C.T.A.

PHASES: S=
f=
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