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A NEW SYSTEM OF SOIL APPRNSAL I N  TERNS OF 
ACTUN, AND P0TXIFMA.L PRODUCTIVITY 

2 .  

(First Approximation) 

by 
Je Riquier, D. Lu3.s Brama0 and J.Pe Cornet * . 

. .  

t 

I, Introduction 

Because of the food shortages beseting mankind, it i s  urgent that an inventory be made of  the 
world 's  s o i l  resources to  ascertain what uncultivated land can be brought into production and which 
cultivated s o i l s  could produce more than a t  present. 

8 , I  

The task of compiling such an inventory has been q$msted  t o  the,FAO/l,hesco Soi l  Map of the . 
World projeot. The proceduse adopted is t o  interpret  s o i l  maps since these povide an indication of 
the types of so i l s  and t he i r  geographic distribution. 

S o i l  maps are usÙally used not t o  find what genetic s o i l  type exis ts  a t  a O@& 
. 

place, but ra ther  t o  determine the agricultural  value of the s o i l  and  i t s  susceptibil i ty t o  improve- 
ment. 
of a given s o i l ,  i n  r e l a t ion  t o  its properties, for  agricultural  use; 
capable of making suah an interpretation, but since other considerations - geographic and sooio-economic - 
have a place i n  determining both the possible and the most appropriate agricultural  uses of B given 
piece of land, he must c a l l  i n  the agronomist, the botanist ,  the economist and the sociologist t o  
ass i s t  him on such things as : 

It is necessaxy Î o r  t h i s  t o  in terpret  the s o i l  map for  the users, and t o  s ta te  the su i tab i l i ty  
Only a s o i l  special is t  i s  

. 

3. 
2. 

3. 
4. 

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

I. 

vegetation, r a in fa l l ,  erosion and present l a n d  use; 
response of s o i l s  t o  various management practices such as i r r igat ion and f e r t i l i z e r  
application; 
crops already grown and yields obtained; 
agricultural  experiments oon4uoted i n  the region. 

a c lass i f icat ion of land i n  terms o f  i t s  agricultural  value, i%s specific capabi l i t ies  
and potential  use; 

, 

2. land resource maps showing the geographical dis t r ibut ion o f  s o i l s ,  the i r  most appropriate 
use, their  agricultural  value, and the i r  potent ia l i ty  under specific management practices. 

The maps ma;Y be small scale, sometimes covering an ent i re  continent, or large soale, intended ' 

sw, for  a particular f a r m .  Obviously, the classi f icat ion w i l l  vary with the scale used. 

II. Principal land. c lass i f iaat ion sgEltems 

A classif icat ion system depends on : 
" I  

a) the data  available, 
b) the scale of the mqp, 

c) the purpose.* 
This explains the multiplicity of systems that  have been evolved by individual researohers and 

. I  

government services. 

* 

* Soi l  Resources, Development and Conservation Service . 
Land and Water Development Division 
FAO, 00153 Rom 



The last three systems have socio-economic and even political implications, for which the soil 
scientist should not normally accept full  responsibility. Classification 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 crop. 
.who will give due weight to such factors as distance from markets, dietary habits, and standard of 
living of the population. 

The final decision, of course, rests with the economist, 

I What follows is an attempt to reconcile these different systems as far as possible. 

III. The main classifioation systems currently employed 

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

1. Storie's index for rating the agricultural value of soils. This was conceived especially 
for land appraisal for taxation purposes. 
praotices there, but does not allow assessment of improvements as a result of future management - the 
potential mlue of the soil. 

It is highly appropriate to California and agricultural 

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. 

2. The land classification of the Bureau of Reclamation of'the United States of America. This 
is not used here beoause it was conceived solely in terms of  irrigability, and therefore also takes 
eoonomic 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. Its Itcapability 
classes** mainly reflect the extent and complexity of conservation problems; exaggerated importance 
is attached to slope, while other qualities indicative of soil fertility ma;V be neglected. It is a 
olassification in terms of the limitations of soils for agricultural use, and even according to the 
economic implications of such limitations. 
Moreover, the capabilities considered, such as suitability for cultivation, range o?? woodland, intro- 
duce economic factors the significance of which can only be judged by an agricultural expert who is 
thoroughly acquainted with the region. 

It is also an interpretive grouping according to capability. 

In its latest versions this classification has gone somewhat.kyond considerations of soil 
conservation to become, more precisely, a classification according to limitation. 
alasses are based on limitations due to climate, excess water, presence of salts, etc. 
unit takes into account various criteria, among them **potential productivitg*l, but without indicating 
the means used f o r  appraising it. 
utilized and the significance attributed to them by different soil scientists vaxying from one region 
to another. 

The capability sub-' 
The capability 

The limitations axe, moreover, subjectively determined, the criteria 

The resulting classification leads to rather vague definitions in such termg as : **Soil 
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with few limitations that r e s t r i c t  the i r  use". 
t o  erosion, a wet s o i l  i n  need o f  drainage, a sandy s o i l  limited by the low moisture-holding ,capacity, 
o r  a f e r t i l e  s o i l  i n  a region tha t  i s  too ar id .  
i s  not specifically intended fo r  land-use planning a n d  does not give sufficient information on l a n d  
capability for  growing individual plants, and that it does not c lass i fy  the so i l s  i n  terms of produc- 
tivity. The potential  value of a s o i l  i s  neglected f o r  a description of  i ts  limitations - a procedure 
that m a y  be jus t i f ied  i f  the purpose is t o  determine the successive steps i n  conservation measures but 
not i f  i t  is  to  rate s o i l  value. 
primary purpose is  t o  assess the value of  virgin l a n d s  i n  terms of tradi$ional agricultural practices; 

Here s o i l s  axe classified according t o  the type 

Class III, f o r  instance, mw include : a s o i l  subject 

The authors themselves admit that  the i r  classification 

Moreover, i t  is inapplicable on a continent-wide scale where the 

4. The classification of Aubert and Fournier. 
o r  magnitude of the conservation o r  development work required. 
excluded because, as the authors thamselves recognise, the rating o f  agricultural s o i l s  as excellent, 
good, average and poor i s  a delicate problem. The appraisal o f  s o i l  response t o  cultivation is highly 
subjective, the assignation t o  one class o r  another a f te r  management being decided upon i n  a very 
axbitraxy fashion (e.g., irrespective o f  the d i f f icu l ty  involved in ,  o r  the cost of,  management). The 
possibil i ty of several types of management being employed simultaneously is  not considered. This 
classification has one advantage, however, i n  that  certain important s o i l  Characteristics are shown on 
the map, and management practices can be indicated with a greater degree of  precision than i n  the 
American systems. 

The in t r in s i c  value of the s o i l  is  

5. Christian's physiographic classification. Here land is  classified from the standpoint of  ' 

pedology, geology, r e l i e f  and plant cover. 
productivity, axe almost  en t i re ly  neglected. 
large scale maps on which climatic vaxiations ara irrelevant,  this one is suitable f o r  small scale 
maps . 

Here again s o i l  characteristics, the only true c r i t e r i a  of 
However, unlike the other systems which axe intended f o r  

Limitations of the systems presently used 

Nost o f  the classifications above discussed are concerned primarily with the extent, the d i f f i -  
culty, a n d  the cost of management, o r  even solely with limitations affecting crop growing or r e w i r i n g  
development work( 
c r i t e r i a  for classification. 

However, a number of objections m a y  be raised against the use o f  limitations as 

1. The concept of limitation i s  extremely complex. 

(a) 
(b) 
(c) 
( d )  Combinations o f  these. 

2, 

The term may indicate that s o i l  conditions 
axe such that : 

very d i f f i cu l t  and costly work is required i f  a crop i s  to  be obtained, 
only very poor crop yields are possible with ordinary farming practices, 
very few plant species can grow on the land i n  question, o r  

Limitation i s  merely a negative aspect o f  a given s o i l  property. iiby not consider the good 
property rather than the bad one ? 

Again, the word suggests a gradation i n  the property under discussion, and within that gradation 
a'cross-over point between good and bad. 
general land use, is  not i n  f ac t  clearly defined since it varies according t o  the orop and the require- 
ments of the user. 

Now tha t  point, or dividing l ine ,  from the standpoint o f  

For instance, a deep s o i l  i s  looked on a8 good, a shallow s o i l  as poor. Where does the dividing 
Bo absolute l i m i t  is determinable i n  the classification phase. 1% l i ne  between the h o  extremes l i e  ? 

is  only under a.ctual use, when m i n i m  yield figures are s e t  f o r  a given crop, tha t  i t  is possible t o  
draw a l ine  between adequate and inadequate depth. 

o f  its limitations, but the seriousness of the l imitation (e.g. greater o r  l esser  degree of  stoniness 
o r  shallowness) is  raxely considered. 
Again, if a s o i l  has several limitations th i s  mw affect the t o t a l  cosf of development and management, 
but it  is not the number o f  limitations that a f fec ts  yields as even a single limitation i s  capable of 
reducing these. 

3. A s o i l  i s  classified either according t o  its most significant limitation o r  by the number 

Accordingly the classification systems reviewed lack f lex ib i l i ty ,  



4. 
growth behmiour. This is  a mistaken procedure, however, because i t  is the s o i l  as a whole, with a l l  
i t s  complex of characterist ics,  taken together with factors o f  the environment that determines growth 
rate. 
factors - dryness, sal ini ty ,  excess water - y e t  they axe highly productive when properly maneged. 

From limitations, such as excess water or erosion, an attempt i s  made t o  predict plant 

The usefulness of certain so i l s ,  l i ke  the a l luv ia l  s o i l s  of  the Nile, is  limited by several 

5. I n  under-developed countries i t  is much more important t o  consider productivityl the s 
positive factor,  rather than l imitations,  the negative factor. 
management measures, whioh are costly undertakings and therefore often feasible only over small areas. 

The l a t t e r  merely indicate required 

IV. Evolving a new classif iczt ion system 

I n  OUT view what best expresses present and future land capabili ty is productivity rather than 
limitations. 
the s o i l  scientist .  
standing between the s o i l  sc ien t i s t  and the economist. 

!Phis avoids economic and sociological considerations which l i e  outside the province of 
Soil  productivity, or known yields,  moreover, provide the best grounds for under- 

It is a somewhat theoretical  concept but it does provide a basis o f  compaxison between s o i l s  
which is  our  object. 
way produce more or  produce less  according t o  the i r  inherent properties; i t  is the s o i l  type that 
determine yields. 

And yet i t  i s  reasonable, since i n  the same c l h a t e  s o i l s  cultivated i n  a s i m i l a r  

Despite the fact  that  the concept of productivity i s  somewhat abstract  and re la t ive ,  it is s t i l l  
the best basis of s o i l  c less i f icat ion for  the user who wishes t o  know before a l l  e lse  whether a piece 
o f  land i s  Ilgood'! or "badt! - i n  other words whether he can oultivate it  t o  advantage. Vink suggests 
that  a good system i n  land development planning would be t o  take s o i l  mapping uni t s  and esteblish 

. productivity norms or average yield estimates a t  various management levels,  even i f  these be no more 
than rough approximations. Yields standaxds cannot i n  themselves be considered classifications,  yet  
they consti tute a big step i n  the direction of a quantitative classi f icat ion of land capability. 

The underlying principle i n  th i s  study i s  that  if favourable conditions extraneous t o  the s o i l  
axe present (sound husbandry, good plant var ie t ies  adapted t o  the particular climate, freedom from 
pests, etc.), the productivity theoretically possible can be expressed by reference to the in t r ins ic  
s o i l  chasacterist ics (depth, base s ta tus ,  organic matter content, and the rest). 
pains t o  evolve a fo rmla  expressing s o i l  productivity as a flu?ction of s o i l  characterist ics a s s d r y  
an ef f ic ien t  fasmer following normal practices is  working the land.  
land development, or intensive faxming systems axe introduced, these w i l l  improve s o i l  properties, i n  
which case, on the basis of the foreseeable improved characterist ics,  the same fo rmla  can be used t o  
calculate "potentiali tyff  or potential  productivity. 
(see V I  below) thus calculated axe used to  c lassi fy s o i l s .  
%oefficient of improvementt! - ei ther  global, when every possible type of improvement has been intro- 
duced, or p a r t i a l ,  i f  sa;y only one of a number of possible improvements has been made. 

We heve thus been a t  

I f ,  subsequently, s o i l  management, 

The indexes of productivity and of po ten t id i ty  
The r a t i o  of the two indexes gives a 

Such a classification of so i l s  i n  terms o f  productivity would necessitate compiling : 

1. " maps showing present productivity (under prevailing faxming practices) and hence the 
agricultural  value of land, and 

maps showing potent ia l i ty  o r  potential  productivity result ing from new management pra.ctices. 2. 

V. Purpose and value of the system now proposed 

When t h i s  study was begun the purpose w a s  ultimately t o  compile a soi1,resources map on the basis 
of an interpretation o f  small scale s o i l  maps. The system, however, lends i t s e l f  t o  other purposes as 
well. F u s ,  now, on any map, each type of s o i l  shown possesses specific chaxacterist ics - i ts  distin- 
guishine properties. 
climate, slope and farming practices, those characterist ics enable us to  calculate aver%e theoretical  
productivity and classify s o i l  types on the basis of quality. 
enhance that  productivity, the s o i l  resources map w i l l  accordingly indicate not only actual but also . 
potential  productivity. 

Overlooking, for  the time being, factors extrinsic t o  the s o i l  i t s e l f ,  such as 

Since s o i l  improvement measures w i l l  

I. The calculation of a productivity index is of in te res t  to th8 surveyor as  w e l l  as to  the 
farmer. 
idea of the s o i l  value vir tual ly  mathematically accurate can be obtained, by amalgamatxng the 

By taking s o i l  profile samplings and making a few routine chemical analyses, F t e  a clear 

I 
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different s o i l  properties into a productivity index. 
leaves a great deal of room for  improvement. 
interpreting -the l : 5  O00 O00 scale map Of Africa. 

Nevertheless, the formula used i s  empirical and 
The system proposed i n  the Annexes has been evolved f o r  

Y 

2. It fac i l i t a t e s  land classification fo r  purposes of taxation, consolidation o f  land holding, 
etc., and mag be combined with other classifications,  i n  particular that  o f  Aubert and Fournier o r  
that  of the United States S o i l  Conservation Service, i n  which s o i l  quality and potential productivity 
are expressed at land-capability unit o r  subclass levels. 

3. It is  possible t o  draw up large scale productivity o r  potentiali ty maps for a single holding, 
2 large agricultural  enterprise o r  a region where development i s  being planned. 

It can, of course, also be used with small scale maps, since it was devised for tha t  purpose. 
HObJeVer, it should be emphasised that the formula suggested i n  the annexes ma;y be adapted, depending on 
the purpose and on the data available. 
include the slope factor (which would be included on a large soale map) f o r  the purposes of indicating 
the erosion (factor K) o r  degradation hazard. 

For instance, on a small scele map it  is  not possible t o  

The purpose here is  not t o  put forward a formula of universal application but to  s ta te  a prin- 
ciple and t o  suggest a methodology that can be improved upon. 
possible : 

To summarize, with the system i t , i s  

1. t o  determine the value or quali ty of a so i l ,  

2. t o  se t  up a s o i l  classification scale, 
3. t o  compile large scale land use maps, and 
4. t o  compile s m a l l  scale maps 

There i s  no need t o  enlarge upon the value of maps here. 
land users i n  that they show i n  such a region there is such and such a type of s o i l ,  whioh can be 
improved i n  such 2nd such a manner and brought t o  a given potentiality. 

IJaps answer the chief requiTement of 

Nap usefulness depends greatly on scale, Small scale maps can help land-use planners and 
international organizations l ike FAO t o  estimate the area o f  arable land  o f  a continent, while indi- 
vidual farmers, agricultural engineers and economists need large soale maps. 

Large scale maps r a t e  l a n d  according t o  : 

I. inherent characteristics, 
2. technical properties, 
3. 
4. potential  uti l ization. 

But they do more than that,  because : 

response t o  cropping and management methods, 

ecologists and agronomists can readily use them t o  compile maps indioating su i t ab i l i t y  of land 
for  growing specific types of crop. 
suffices t o  re fe r  t o  the tables attached to the map o r  to the map itself (if s o i l  characterist ics 
are indicated there) t o  determine which region offers s o i l s  with requisite properties (see 
Table V I 1  which i l l u s t r a t e s  an imaginary case); 

economists knowing the sell ing price of a given commodity as well as the cost o f  l a n d  development 
o r  improvement can assess returns t o  be expected from farmland where management has been under- 
taken and f r o m  land where it has not been, and thus judge the advisability or otherwise of 
development i n  the case under review. 
ma;y also be estimated from the number of  letter-symbols (representing specific types o f  work) 
appearing on the map o r  i n  the table; 

the specific crop su i tab i l i ty  of a s o i l  is i t s e l f  largely governed by the local economy and by 
such considerations as distance from markets. The s o i l  capability distinctions of  the c lass i f i -  
cations described ea r l i e r  are subjective and very often amount t o  l i t t e  more than olassifying land 
without further ado as suitable f o r  crop growing, pasture o r  forest  bearing, with no olear 
reasons given f o r  the choice. 

If the s o i l  requirements of individual plants are known, it 

Some idea o f  the type and magnitude of the necessary work 
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Land Capability 

f n  the classi f icat ion system proposed here a first approximation suggests : 

(a) 

(b) 

(c) 

(d) 

The lands o f  Classes 1 and 2 (see Table I V )  are suitable for  a l l  agricultural  crops. 

Class 3 is marginal, i n  particular where t ree  crops are concerned. 

C l a s s  4 is land best f o r  range, reforeatation* or recreation, or planted t o  special crops 
such as rice. 

Class 5 is land which i s  not suitable a t  all for  cultivation. 

All  these capabili t ies,  however, axe determined on considerztions of economic returns. 

By contrast, the calculation of each productivity index f o r  crop growing, pasture or forest  
bearing (using the ratings as assigned to  characterist ics shown i n  Table II) allows a comparison 
between the vaxious indexes o f  a s o i l ;  and i t  is from these that su i t ab i l i t y  m a y  be deduced : the 
highest index means the greatest  su i tab i l i ty  considering & the l ikely financial  returns from the 
operation but the productive capacity. Finally,  as has been said, the specific c ropsu i t ab i l i t y  o f  a 
piece of land w i l l  be decided by the wer, who w i l l  ensure that s o i l  chasacterist ics and the require- 
ments o f  the proposed crop axe i n  harmony. 

R.ee Crops and Forest 

A dist inct ion should be made between the two concepts. Tree crops must be considered more 
. exacting, especially as regards depth and often i n  aeration o f  s o i l ,  than forest. 

This way of thinking is just i f ied because : 

(a) The term “tree crops” is  intended as grouping a l l  s t r i c t l y  cash crops, where the aim i s  t o  obtain 
(1 )  a par t ia l  product from the plant, (2) a seasonal harvest, and (3) a product whose quality 
must be constant and adapted t o  a m x r o w  range of well-defined uses (orchard or plantation crops, 
Hevea la tex or the l ike).  I n  such cases account m u s t  be taken of the edaphic requirements of the 
plant ; 

c 

(b) The term “forest!* is more complexe 
reason for creating or maintaining a forest  : the chief end i n  view ma;y be the control of erosion 
or recreation, or purifying the atmosphere i n  industrial  axeas. 
is the main objective 
p i t  props paper, fue l j  w i l l  enable -to be made of wood of widely differing kinds. 

The idea of returns i n  the economic sense is not the only 

Even where timber production 
i t  can only be on a long-term basis, and the various end-uses (joinery, 

Accordingly, as governed by the purpose of a forest ,  edaphic requirements may or m a ~ r  not be 
taken into acoount, and afforestation m& be recommended on s o i l s  o f  widely differing poductivity. 

The value of t h i s  method l i e s  i n  the fac t  that  i t  laxgely’ avoids the axbitrasy and subjective 
elements by i ts  appeal fc  sc ien t i f ic  data  that  are measurable (texture, contents of various chemical 
elements) or axe readily definable i n  unambiguous terms (structure,  nature of mineral reserves, etc.). 
The findings based on such d a t a  are accordingly reproducible, which allows for  comparing the inter- 
pretations of various researchers. 
World Soi l  Resources Office and similar agencies concerned i n  correlating s o i l  data on a world wide 
scale because on th i s  depends the further possibi l i ty  of compiling productivity maps on a similar 
system and legend. 

This possibi l i ty  o f  comparison i s  of v i t a l  importance t o  FAO’s 

* It m a y  appeax strange to  read that  with Class 3 one is already at m g i n a l  level, in particular 
for t ree  oropa fol lowed immediately by a statement to the effect  that  C l a s s  4 re fers  primarily t o  
land reserved for reforestationt etc., w h i l e  t ree  crops and forest  are lumped together. 
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VI .  The method described 

A. Definition of terms 

The concept of ttproductivitytl is a complex one and requires definition. Obviously, only thegre- 
t i c f i  productivity i s  envisaged - i.e. optimum s o i l  yields,  not taking into consideration damage ca,used 
by insects or other pests, or choice of seed, unsound husbandry, and the rest .  The conoept is  V ~ T Q  
close t o  that  of % o i l  quality". 
of our  index with production figures* (e.g., f o r  peanuts on different s o i l s  i n  Ikdagascar, see fig. 2) 
indicates that  the concept i s  far from being a mere f ic t ion  and that what it connotes can be calculated 
by the formula proposed here. 
productive capacity and not a mere comparative scale of the theoretical  value of  soils.  
v i ty  varies also with the type of crop grown; 
f e r t i l i t y  conditions which others cznnot and t o  give economically satisfactory yields where other 
plants cannot grow a t  all. 
differ  widely) one must consider a level of productivity for  the majority o f  farm crops or for  specific 
crop sequences : grains/fodder legumes, o r  tree crops/fcrest, 
rooting plants (pasture), mediurn-depth rooting plants ( f ie ld  crops) and deeprouting plants (trees).  

productivity i s  lessened, f o r  instance, when a salt-tolerant plant l ike cotton w i l l  nevertheless give 
better yields i n  non-salty, good quality so i l s ,  
possible t o  ra te  s o i l s  fo r  productivity i n  f u l l  cognizance o f  the fac t  that  productivity i s  a relat ive,  
term. 
plant. 
i n i t i a l  s o i l  capability t o  produce a certain amount of crop per hectare per and i s  expressed 
'as a percentee o f  the optimum yield per hectare of that  same orop grown on the best s o i l .  
natural f e r t i l i t y  of virgin l a n d  i n  i t s  f i r s t  yeas of  cult ivation by simple farming practices (soil 
preparation, sowing, aftercare,  harvesting). 
vi ty  of  the yeas i n  which the s o i l  was mapped, described and analysed - hence prior t o  i f s  degradation, 
or improvement, as the case may be. 

The term ttproductivitytt is preferred, however, because a comparison 

It must be concluded then that  t h i s  index i s  a true expression o f  
But produc4i- 

some plants being able t o  withstand s o i l  drainage o r  

Since it  i s  impossible t o  review a l l  cultivated plants (whose requirements 

We have taken three cases : shallow- 

This d i f f icu l ty  of introducing considerations as t o  the type of crop into the notion of s o i l  

By taking a lasge rmge of crops, therefore, it is  

Each plant has i t s  own soil-productivity scale, which does not coincide with that o f  the next 
Accordingly, tlproductivitytt (i.e. productivity here and now) is employed in  the sense of  

It is the 

For s o i l s  already under cult ivation i t  is  the producti- 

Assuming sc ien t i f ic  development of virgin l a n d  or land brought under cult ivation a f te r  surveying 
there should be no degradation. 
su i tab i l i ty  f o r  machine cult ivation) w i l l  not be taken into account i n  determining productivity except 
insofar as it renders erosion control measures necessary. If a sloping pieoe of  land has already been 
cultivated, then erosion w i l l  have occurred and an equilibrium w i l l  have been attained, as may be seen 
i n  the s o i l  conditions : low organic matter content, shallowness, more marked dryness,.etc. Such 
chasacterist ics that  must be taken into consideration t o  obtain the actual productivity index. 

Thus, the slope factor (which governs erosion hazard and a s o i l s  

4 

4 

I n  special  cases where, f o r  po l i t i ca l  o r  economic reasons, no conservation measures axe taken, 
slope w i l l  be considered (see annexes). 

In  dis t inct ion t o  "productivitytt, the second term t o  be defined is  ttpotentialitytt . This i s  
that productivity of a s o i l ,  when a l l  Dossible improvements have been made, even the most d i f f i cu l t  
and costQ. 
characterist ics as modified by conservation practices or improvements, and also those charracteristios 
which are not modifiable by present-dw technology. 

It is thus the future productivity of  that  s o i l  taking into account physical and chemical 

The theory has been propounded i n  certain quarters that  a s o i l  i s  of no value i n  i t s e l f  because 
i f  caa be completely changed by modern techniques. 
be l a n d ,  particularly i n  underdeveloped countries which, f o r  material or economio reasons, or even for  
simply natural  reasons (lack of i r r igat ion water for instance) cannot have the benefit of  a l l  that  
modern technology offers. Wat is more, there w i l l  alwaps be certain f e r t i l i t y  fectors (i.e. texture) 
that  axe extremely d i f f icu l t  t o  modify by modern techniques even i n  wealthy countries. Wo matter what 
improvement measures are taken, there w i l l  alwws be limiting factors of one kind or another. 
s o i l  inherent properties influences, the response t o  management : f e r t i l i ze r s ,  i r r igat ion,  and so on, 
cannot be neglected. 

We are not o f  t h i s  opinion because there w i l l  alw- 

Beyond . 

3 

* Figures cominunicated by Mx. Roche, Director, IRAN, Madagascar. 



B. Principles underlying the method 

I. 

Productivity i s  s function of the in t r ins ic  properties of a s o i l  

Determination of the productivity index 

f i r s t l y  as determined i n  the 
process of describing the s o i l  profile i n  s i tu ,  and secondly by laborst -y analysis. 
and temperature 
climate. 
set, o f  fianagement practices axe necessaxy 

Soil  moisture 
are included among such characterist ics even though they are d i rec t lyre la ted  t o  

Environmental factors - slope, vegetetion and climate - w i l l  only be used t o  determine what 

A s o i l  map and i ts  accompanying report should supply the necessary data t o  establish the 
productivity o f  various mapping units. 

From among the countless chzac te r i s t i c s  that  influence s o i l  productivity, the following have 
been selected : 

(a)  the most commonly accepted factors of productivity, since a great deal of study i s  s t i l l  recpircd 
t o  understand these factors , particularly the i r  re la t ive importance; 

those readily found i n  the l i t e ra ture  on the subject or which f i m e  i n  the definit ion o f  s o i l  (b) 
types; 

(c)  the most easi ly  measurable; 

( d )  those with the fewest possible secondary characterist ics i n  common, s o  that  no minor climacteris- 
t i c s ' w i l l  reoccur several times i n  the f o r m l a  thus be exaggerated i n  significance. 

Me accordingly consider nine factors as determining s o i l  productivity vis : moisture (H),  

organic matter con"cnt ( O ) ,  mineral exchange capacity/nature of clay ( A ) ,  and mineral 
drainage (D) , effective depth (P) ,  texture/structure (T) ,  base saturation ( N j ,  soluble s a l t  concen- 
t ra t ion (S) 
reserves ( ~ j ,  merefore : 

Productivity = 
N 

S 
H x D x P x T x 09 x O x A x $1 

Attempt has thus been.made t o  evolve a mathematical formula expressing productivity as a resultant o f  
the vaxious factors at p lw ,  following Stor ie ls  method o f  calculation. 
from O t o  100, the actual percentages being multiplied by each other. The resultant index o Î  produc- 
t iv i ty ,  a l s o  lying between O and 100 s o i l  i n  one or other of 
f ive productivity classes (Table IIIj, 

Each factor is rated on a scale 

i s  se t  against a scale placing the 

The productivity index thus defined answers well enough t o  the definit ion of Storie 's  index as 
a "numerioal expression of the degree t o  which a particular s o i l  presents conditions favourable for  
plant growth and crop production undeï- good environmental conditions1', and i s  "based on s o i l  charac- 
t e r i s t i c s  which govern i ts  potential  ut i l izat ion and productive capacity,y". Storie adds that  h i s  
index is "independant of physical o r  economic factors,  which might determine the desirabi l i ty  of 
growing cer ta in  plants i n  certain locations11. 

The main difference between tus index and Storie 's  is  i n  the actual choice of producti- 
vi ty  factors. 
factors such as erosion, micro-relief o r  slope being disregarded, and the factors attr ibuted by 
Storie by which s o i l  types (only the soil types o f  California) are explicited. 

Here only in t r in s i c  s o i l  characterist ics axe used, a l l  extrinsic,  physiographic 

The formula cleaxly is  not perfect because the relationship between productivity and s o i l  
characterist ios is  more complex - possibly exponential o r  asymptotic i n  form. 
t i c a l  approach advocated by Storie has four advantages : 

However, the mathema- 

I. the leas t  favourable factor dominates, just  as i n  nature the greatest  l imitation is often 
decisive i n  assessing the ultimate value of a s o i l ;  

interplay o f  the different factors is  considered. 
r i c h  s o i l  mag be just  as productive as a deeper but less  r ich  one; 

2. 

3. by manipulating coefficients,  it is  possible : 

For instance, a shallow but chemically 

a) t o  avoid a l inear  impact of one factor on the f i n d  index (example : the first 30 cm of 
s o i l  prof i le .are  much more important f o r  plant growth than axe the 30 c m  between 90 and 
120 cm depth); 

f 

.* 

c 

b 
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b) to  attr ibute t o  cer ta in  secondary o r  simply oorrective factors less weight than the 
main factors (for example : the nature of the clay is rated between 90 and 100, while 
s o i l  depth has a wider range (from 5 t o  100); 

4r . it is  permissible t o  disregard one of the factors assumed to  be constant, for  example 
s o i l  moisture within a climatic region, and the s o i l  classification according to  produc- 
t i v i t y  remains valid. 

The ooefficients are ent i re ly  empirical, but we have been at pains t o  incorpornte in some way 

The index proposed here has 
factors  used by Storie, the CBnadian Irr igat ion Semrice and Clarke, which have been tested i n  the field. 
The remaining coefficients axe determined by successive approximations. 
been used t o  foreoast yields of peanuts i n  14adagasces (Graph No 2), maize, cotton i n  Swaziland, maize 
i n  Argentina (see Table XI.), with acnu.ate enough resu l t s  even though other influences, namely pests, 
type of seed, weeds, etc., were not eliminated f r o m  the experiment. 

Our formula, then, conatitutes a first approximation. 
systems, yet is not wholly quantitative. 
be applied almost automatically by agricul tur is ts  not specialized i n  s o i l  science (the oollaboration 
of  al l  concerned in  order t o  perfect the system would be welcomed). I n  the annexes, equivalences are 
suggested for  charmter is t ics  that  m a y  be lacking (Table No 1.a). Vesiants w i l l  be proposed i n  the 
future with factors more readily measurable i f  t h i s  becomes possible, f o r  example : available water 
content ( to  replace moisture); Henin's struotural  s t a b i l i t y  index ( to  replace tfstructurell); conducti- 
v i ty  of s o i l  solutions ( to  replace "base saturation") and so. on. 

It is more sc ien t i f ic  than preoeding 
It allows of a simpler, numerical classification, and can 

2. 

Factors t o  be used i n  calaulating the productivity index have been selected with the above 

Factors used i n  calculating the productivity index 

c r i t e r i a  i n  mind. 
it is recognised that there i s  a certain axbitrariness i n  including such d i s s i m i l a r  elements i n  the 
same formula. 

An attempt has been made t o  group them i n  some sor t  of logical order, though 

The reasoning behind the choice of faotors is  as follows : 

A s o i l  is the more f e r t i l e  the more volume of i t  there is at the disposal of plants (depth : P), 
the richer i t  is i n  bases (base saturation : N) 
and the more readily penetrable i t  is t o  roots [texture and structure : T). 
P x T x N. Certain corrective terms or additional factors are brought in ,  namely organic matter 
content (O), nature of the clay (A) and mineral reserves (M), sinoe the more organic matter there is, 
the more the nutrients are available and the more stable i s  the structure. 
exchange oapacity the more nutrients axe refained by the so i l ,  with less leaching of f e r t i l i s i n g  
elements. 
by the planta. 
P 8: N x T x (O I A x M). Finally, the s o i l  moisture faotor (ß) or excess water faotor (D), also 
affeot productivity, 

and the more water and the more nutrients it contains 
Hence productivity E 

The greater the cation 

The greater the mineral reserves, the more nutrients w i l l  be replaoed a8 they are used up 
Consequently, A and M correct N and T and give a f i n a l  product ie ty  value equa3 t o  

The definition of productivity has been worked out by aomparing various s o i l s  with the same 
climate; 
use a product idty index to oompare s o i l s  of one continent o r  f a i r l y  large region (small scale map) 
t o  those of another then the climate factor,  which may be ignored on a large scale map, must be 
introduced. 
when considering irrigated s o i l s  i n  parts of Africa where temperature is not limiting. 
m y  be overlooked i f  the index is considered not as an index of produotivity but of s o i l  quali ty o r  
value. 
increases as  s o i l  temperature and moisture content increases. 
considered as ent i re ly  extraneous t o  the s o i l ,  since they are features of the s o i l  i t s e l f  -which is 
precisely why they are introduced. 
taken i n t o  accounli because direct  measurements of  s o i l  femperafure and moisture content are very 
rarely available. 
months duxing which the temperature f a l l s  b e l o w  IO0. 
pract ical ly ' to  a s tandst i l l ,  and the annual s o i l  productivity per hectaxe diminishes. 
only one crop m a y  be produced. 

but the productivity of otherwise ident ical  so i l s  changes f rom one climate to  another. If we 

Climate m a g ,  however, be disregarded on a small soale map i n  cer ta in  si tuations,  seg 
Bgain, climate 

Without enroaching upon the domain of the ecologist, one readily notes that  productivity 
These faotors, therefore, cannot be 

However, i n  order to  determine them, climatic data have t o  be 

We accordingly propose t o  take the number of dry months per year and the number of  

I n  a s i d  zones, 
When the rooting zone is  too d r y ,  growth oomes 

If the s o i l  i s  too cold the growing period is also shortened. 

Hence the need for  superimposing on a s o i l  classification based on f e r t i l i t y  under a given 
climate a second classification according to  olimate or microclimatic zones. Theiwater factor is  
disregarded where i r r igat ion i s  practiced - i.e., i t  does not appear on the s o i l  potent ia l i ty  map - 
and the temperature factor m a y  be eliminated when for  instance one is considering the Oase of the 
greenhouses of northern Europe. 



3. Hethod of calculation 

Calculation tables axe given i n  the annexese 
purposes, a ver t isol  i n  a region with 5 dry months a year; 
(basalt) ,  I10 om; high clag content; pFismatio s t m t u r e ;  70 peroent base s a b a t i o n ;  no soluble 
s a l t s  i n  the rooting zone; 
of olay; 
mature s o i l .  

Here one s o i l  type W i l l  be used for  i l lus t ra t ive  
depth below the m f a o e  of the parent rock 

1.2 percent QPgatliC matter and a mineral exchange capacity of 42 lT~Eq/loO g 
average reserves of minerals a l terable  weathering and other processes, hence a fairl;g 

Therefore, the formula for  such a ver t isol  would be (using spbols explained i n  Table I )  : 

x P5 x T x N x O2 x A3 I %o !5& 4 

&$erring t o  Table II, we read off H a caxries a rat ing of 80 parcent 
P5 E 100 percent,continzuing t o  read of the value for  each of the remaining symbols, we ham 

4 

therefore : 

This, f i m e  is  now referred t o  Table III, where the particular ver t i so l  under consideration is 
found t o  belong i n  Glass III, ieee of average productivityc 

4. Determination cf the index of potential5.Q 

The index of potent ia l i ty  is reqaired t o  express potential  productivity a f t e r  s o i l  management. 
It i s  first necessary t o  determine whioh management practices axe necessary, then what the i r  reper- 
oussions are on potentiali ty,  Two group of management are  to  be considered : 

Each limiting factor reqLlfres a s o i l  magement : 1) 

H 
D 
P 
T 
N 
s 
O 

Table 

(dryness) 
(poor drainage) - rocpires drainage (a) 
(shallowness) - requires deepening (D) 
(poor texture or struoture) - requires stone removal (E,) o r  mechanicd working (E2) 
(low nutrient content) - reguiree application of fertili!" (F) 
(sal ini ty)  - requires desalt ing (GI or  G2 i f  Na2CQ3 present) 
(LOW organic matter content) - requires application o f  organic matter (H) 

- requires i r r iga t ion  (A a d  B) 

I V  has a list of appropriate management measures and Table V the character is t ics  that 
can be improved and what happens f Q  them following such treatments. 

2) Other types of impxomment are imposed by physiographic oonditions and environment 
(si tuation, clima,te 
and l a n d  cleaxance [M)* 

vegetation, e tce) ,  the contxol of wind erosion J) and water erosion (R and II) 
The s o i l  sc i en t i s t  must obtain information i n  addition to  that  supplied by 

the s o i l  map) regarding slope$ olimatio agressiviBy (cage distribution cf ra infa l l ,  wind speed), etc. 
i n  order t o  decide what management maaures are  neoessary. 
the potential  productivity of a s o i l  and they ham t o  be noted down in the f ie ld  during s o i l  surveys 
ox must be taken from other maps (topographio map for slope, climate maps, vegetation naps, eto.) o r  
From reports. 

When the necessaxy management measures have h e n  determined (those that  axe feasible under 
local  oircumstanoes, and those that axa impossible due to  certain s o i l  characterist ics - see Table VI), 
the next subject t o  be considered is  whioh improvements will i n  faot be attempted. 
application of f e r t i l i ae ra  i n  suitable quantit ies and proportions, the base saturation can be raised 
from N3 t o  N5" 
the sane formula as  that  f o r  actual productivi.i.Luy bat according t o  improved s o i l  characterisfios shown 
i n  Table V. 

a f b o t s  several characterist ics simultaneously) we have used a flat IQ percent or 20 peroent r i s e  i n  
value of  the index. 
content and depthe 

These data are essent ia l  i n  oalculating 

For example, by 

That done, one is  i n  a posit ion t o  caloulate the potent ia l  produotivity index with 

For the management measures necessitated by oonditions extraneous t o  the s o i l  (which often 

For instance, erosion oontrol mw also increase s o i l  moisture, organic mattex 

O 



The potentiality index is calculated from the improved characteristios and percentages of 
increased productivity resulting from management and is usefil for classifying soils against a poten- 
tiality scale (the indices of which are identioal with those of the productivity scale, see Table III). 

of the two indices, i.e. the coefficient of improvement. 

(P = 25,6) is improvable : 

The fact that a soil has been improved is shown by a change of class or, better, by the ratio 

For instance, the vertisol taken as an illustration of the calculation for productivitg 

- by supplementary irrigation (B) and H becomes H 
- by mechanical worldng of soil (E2) in order to improve structure and T 
- by amending the organic matter content (H) and the final index will gain 10 peroent. 
Then, the formula.for potentiality becomes : 

5 4 

5b 
beCOmeS T 9 

Pl = H x P T T x N x O2 x A3 + 1% 5 5 5b 4 
= IQ0 x I00 x 80 x 80 x 80 x 100 x 100 + 1% 

= 5112 x 5912 5693 

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

The coefficient of improvement of this soil is expressed by .% = 56,3 = 2,2 
P 254 

It means that the produotivity can be multiplied by more than 2 by the applioation of all 
suitable management techniques. 

C. Productivity map and potentiality mag 

Several systems of representation can be used. 

1. 
mapping unit on the productivity map is coloured according to soil productivity class, letters being 
used to express the soil characteristics considered in determining the productivity index and also 
specific crop suitabilities (see Table VrII). The potentiality map likewise has coloured portions 
showing 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 reoommended and wed 
in calculating the potentiality index). ( a )  If the new management practice is diffioult because 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 calculating potentiality; 
(b) 
due to external circumstances, he m a g  recaloulate the index without this item in order to obtain the 
true potentiality; (o) 
the improvement impossible? for example drainage of a sodium montmorillonite clay soil (see Table VI 
which shows incompatibilities) the letter is circled. The presenoe of a circled letter almost auto- 
matically places the soil in Class V. 

The productivity and potentiality maps for Nigeria oan be taken as a first example. Each 

Should the user of the map seem the particular type of management to be absolutely impractical 

If, on the other hand, it is Che intrinsic properties of the soil that make 

Maps are drawn up in accordance with the procedure sbhematieed in the diagram belon : 

PRQDUC'MVITY HAP 

productivity productivity 
___+ olass __3 formula .-yinder Soil type Soil 

From soil map characteristics 
(in letters) (in colour) 



Charaoteristics--) F o r d s  -.---, Potent ia l i ty  -7 Potentiali ty 
index class 

Data from . ---, fikanagement ~~ 

climate, measures modified 

erosion maps, 
etc. 

vegetation & (in colour) 

2. 
aacording t o  i t s  productivity c lass  on the productivitg map and its po ten t id i ty  class on the potentia- 
lib map. 
appropria,te management and the two indexes, together with the coefficient of improvement. 
i s  to  be preferred t o  others when the areas occupied by cer ta in  s o i l  ser ies  are so small that  i f  is 
not possible t o  show chmacter is t ias  and mamgement measures on the map i t s e l f .  It also allows the 
symhls referring t o  the s o i l  map legend t o  be retained, making for  greater ease of comparison of s o i l  
chwacter is t ics  before and af te r  management. 

3. Both types of map can be combined into a single map, i n  which case i t  is  t o  be recommended that  
actual productivity be indicated by a oolour and potentiali ty,  i.e. improved capability following upon 
management, by overprinting. 
numeral for the potent ia l i ty  class. 

A second example is  to  be had i n  maps for  Togo. The area occupied by a s o i l  ser ies  is coloured 

A table is apmnded t o  these maps indicating for each s o i l  se r ies  its charaoterist ics,  the 
This system 

An Arabic numeral might be used f o r  the productivity class and a Roman 

V I L  Soi l  resources appraisal : coefficient of immovenent 

A. &raisal  of  value o f  s o i l  uni ts  

I n  the equation P P f (a,b,c ...), P represents the productivity of a given s o i l  uni t  and 
a,b,o,. the s o i l  characteristics. 
reserves of alterable materials) whereas others oan be improved by agricultural  practices ( i r r igat ion,  
drainage, amendments). 
ident ical  formula P* = f (al, b l ,  o? ...) i n  which al, b l ,  o 1  ... represent charaoterist ics as 
corrected by the proposed management. 

Some of these factors cannot be modified (for  instance, texture, 

Hence the potent ia l i ty  Pl of the same unit o m  be appraised by applying an 

Some purpose w i l l  then be served i f  one can deduce from this what m a y  be called la ten t  improve- 
ment of the s o i l  under study. 
the expression C P pl i n  which C i s  the number by which the s o i l  productivity index mt be multiplied 
i n  order to  obtain ' the potent ia l i ty  index. 

For th i s  coefficient o f  improvement we have used (see VI.B.4 above) 

Theoreticallg t h i s  f igure may be anywhere between unity and in f in i ty  but i n  practice it l i e s  
Generally value range between 1 between I and 100 (the highest value calculated t o  date being 33). 

a d  5. 

A low coefficient indicates i i t t l e  possibi l i ty  of improvement e i ther  because aotual productivity 
is already very high and it i s  therefore impossible t o  expect much bet ter  (example : Agni (An) ser ies  
of Table I X )  o r  because, whatever the actual productivity, i t  is subject t o  limiting factors  which 
cannot be corrected even by modern technology (Atchasi ( A t )  ser ies ,  i n  which the limiting factor is 
the presence of a l a t e r i t i c  hardpan nem the surface, 
is limited by the excessively l igh t  texture). 

A high coefficient of improvement indicates a s t a t e  of inadequate development or immaturity. 
It refers  %o s o i l s  whose p?oduct ivi ty , is  low at the moment but which could be raised by a programme 
of land improvement (examples : Kezou (Kz) ser ies  a f t e r  drainage, improvement o f  structure and appli- 
cation of organic matter). 
introduced on s o i l s  having a high coefficient of  improvement and a fair potentiality. 

or the Vokouteme (Vo) ser ies ,  whose produotivity 

Obviously, f o r  management t o  be economically worthwhile it should be 

Such a coefficient i s  a non-dimensional number which can apply to  any expression of s o i l  
productivity, e.g. crop yield i n  tons per heofare; 
i n  kg of live-weight per hectare f o r  livestock graaing on a given type of land (see Graph 2 "hoduc- 
t i v i t y  for  peanuts as a f'unction of E O i l  oharaoteristicsff). 
tivity and the yield of a crop a m  para l le l  where s o i l  fsctors  alone axe considered i n  making the 
comparison. 
and increase i n  yield a s  a flmotion of the ooefficient of improvement. 
equation R I  = R.f(c), where RI is improved yield and R is  yield before management. 

forest  yields i n  m 3  of  wood per hectare; or y i e l d  

It goes without saying that  s o i l  produc- 

It is more appropriate t o  see present crop yields as dependent upon s o i l  produotivitg, 
This oan be expressed by the 

4 
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&amph : 
x represents the index of productivity P, and y = yields R i n  tons/ha with the equation 

To apply the coefficient of improvement to  productivity f o r  peanuts i n  Graph 2, 

R' = R f(o) ,  or y '  f(c) 

Ide have i n  t h i s  par t icular  example : 

y' - cay + (C - I) 0.55 
Let x P 25 and x1 = 50, c = P*/p or  xt/x = 2 
and for  the equation of the s t ra ight  line y = 0.08, x = 0.55 

Y = (0.03 x 25) - 0.55 = 1.45 T/ha 

Y' = (0.08 x 50) - 0.55 = 3.45 T/ha 

One can also find y' aa a function of y anc o applying formula (1) : 

y' = 2 x 1.45 + (2 - 1) x 0.55 = 3.45 T/ha 

B. Evaluation of a heterogeneous area 

The ooncepts llproductivityfl, t lpotentiali tyfl  and "Coefficient of  improvementf1 can be extended 
t o  regions (subscript r) with s o i l s  of different values. 
ser ies  with respective productivities of PI, P2 ... Pn on areas S i ,  S2 ... Sn w i l f  have an average 
productivity shown by tho formula : 

A region with an mea  S having n s o i l  

(P, x s,) + (P2 x s2) 4- ... + (Pn x sn) Pr 
Sr 

Simplifying : 

pr. = (Pn x Sn) 
Sr 

Likewise : 

And Cr "r 
pr 

The average coeffioient of improvement thus oalculated has the same meaning, on a regional scale,  
as the exact coefficient fo r  the s o i l  category. 
indioative of regions yet to  be developed and where the execution of a management plan has the best 
chances of producing sat isfactory results.  

High potent ia l i ty  combined with high coefficients is 

VITI. Summary and the future of t h i s  method 

It is  tho authors' view that  the agricultural  d u e  of a s o i l  depends primarily on its chaxac-, 
t e r i s t i c s  and properties which can be determined by s o i l  m y s  o r  by the interpretation of an 
existing s o i l  map. 
value of a so i l ,  expressed i n  terms o f  produotivity. 
graphic conditions c a l l  for  management, conservation and development work which, i n  turn, w i l l  m o d i e  
the soi l .  
management - i.e. % o i l  potentiality". 

A mathematical formula summing up its propertios w i l l  provide an index o f  the 
Limiting factors such as unfavourable physio- 

Henoe the need f o r  an additional index whioh expresses the capabili ty following upon , 

Three types of d a t a  : value o f  s o i l  i n  the natural  s t a t e ,  value of  that  s o i l  when improved, and 
the magnitude of the management work needed t o  produce that  improvement axe indispensable f o r  anyone 
conside,ring land ut i l izat ion.  Up t o  now, s o i l  olassi f icat ion e f for t s  have been directed solely to 

I -  



determining what set of  management praotices were necessary, but here the emphasis is  on the s o i l  
i t s e l f  - the basis for  any such work. 
serve as the point o f  depaxtures f o r  the en t i re  methodology. 

Soi l  maps axe all  the more valuable to  the extent that  they citn 

A practical  means of condensing a great quantity of d a t a  that  can be useful for  agronomists, 
engineers, economists and planners seems t o  be t o  present the findings on two separate maps, one 
showing productivity classes and the other potent ia l i ty  classes, i.e. f e r t i l i t y  faofors and work t o  
be carried out. Some persons, however, m q f  prefer a single map with a table  appended. 

Ruch still has to  be done by w a y  of evolving a method of estimating yields fkom a piece of  land 
as a function of i ts  characterist ics.  V a r i a n t s  axe allowable depending on the goal s e t  - f o r  example, 
adaptation o f  the formula for  determining productivity f o r  particular plant species to use for a large 
scale map, o r  employing a f i l l e r  and more comprehensive climatic coefficient - for  comparing so i l s  of 
one climate with those of another and s o  on. However, the main purposes of t h i s  new methodology are : 

1) t o  make the chief l ine  of approach that  of identifying and combining productivity factors, without 
neglecting the i r  interaction; 

t o  draw up a balance sheet and synthetiae findings of research; 

t o  use the concept of productivity t o  compare s o i l s ,  and 

t o  evolve a quantitative approach to  the assessment of s o i l  value - the O& basis f o r  mutual 
understanding between s o i l  sc ien t i s t s ,  engineers and economists; and f ina l ly  

to  arrive at a coefficient of improvement for  appraising the development possibi l i t ies  of a region. 

2) 

3) 

4) 

5) 

& t h i s  method, a sc i1  resources map oan readily be compiled simply from interpretation o f  
existing s o i l  maps and the use o f  supplementary data such as climate, r e l i e f  and vegetation. 
show the value o f  various so i l s ,  the conditions governing the i r  ut i l izat ion,  and their  future poten- 
t i a l i t i e s .  

It w i l l  I 
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TABU I - 
Soil characteristics used to determine aroductivity 

H 
H1 

"2 

"3 

H4 

"5 

Soil moisture content 
Rooting zone below wilting point all the year round 
Rooting sone below wilting point for 9 to 11 months of the yeax 

11 months "2a 
H2b 10 months 

9 months H20 
Rooting =one below wilting point for 6 to 8 months of the yeax 

"3a 
'3b 
"3c 
Rooting zone below wilting point for 3 to 5 months and wet below field capacity for over 6 months 
of the yeax 

%a 
H4b 
"40 

8 months 
7 months 
6 months 

5 months 
4 months 
3 months 

Rooting zone wet above wilting point and below field oapacify for most of the yeax 

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

2. For cold countries, the months during w!ich frost ocours aa also the months of average 
temperature 4 I Q o C  (threshold of productivity) are considered aa dry months. 

D 

*I a 

D2a 

D2b 
'3a 

D3b 
'4 

Drdnagg 

-ked waterlogging, wafer table elmost reaohed the surface all yeax round (P$dromorphio horizon 
at a depth of from O to 30 om) 
Soil flooded for 2 to 4 months of the yeax 
Moderate waterlogging, the water table being sufficiently close t o  the surface t o  harm deep 
rooting plants (hydromorphic horizon at a depth of from 30 to 60 om) 
Total waterlogging of profile for from 8 days to 2 months 
Good drainage, water table sufficiently low not to impede crop growing (hydromorphio horizon at 
a depth of 60 cm below the surface) 
Waterlogging for brief periods (flooding), less than 8 d a ~ w  each time 
Well drained soil, 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 reoognizable from morphological chaxacteristios, the 
height of the water table is the only point to be considered. 
is fossilized, it should be ignored altogether. 

If, on the other hand, it 
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P 

Pl 
p2 

p3 
p4 
5 P 

'6 

2. I n  some instances s o i l s  are both too dry i n  the summer and too wet i n  the winter, i n  which . 
case the two functions H and D axe combined. 

Effective depth of s o i l  

Rock outcrops with no s o i l  oover or very shallow Co-r 
Very shallow so i l ,  l ess  than 30 cm deep 

Shallow so i l ,  30-60 cm deep 
Fairly deep s o i l ,  6Q-90 cm deep 
Deep s o i l ,  over 90-120 cm deep 

Very deep s o i l ,  over 120 cm deep 

- Note : By effective depth is meant the roofing zone. 
r o o t s  can no longer penetrate, whether i t  be parent rock, hardpan, claypan or gypseous layer 
(> 10-25, percent gypsum). 

The latter extends t o  the horizon where the 

T 

Tl 

T1 a 
. Tlb 

T2 
T2a 
T2b 
T20 

T3 

T4 
T 

T 

T 

T 
T 

T6 
T6a 
T6b 

4a 
4b 

5 
5a 
5b 

T7 

Texture and struoture of root zone 

Pebbly, stony o r  gramtlly s o i l  
Pebbly, stony o r  gravelly> 60 peroent by weight 
Pebbly, stony or gravelly from 40 t o  60 peroent 
Pebbly, s t o w  f r o m  20 to  40 percent 

Extremely coaxsewtextured s o i l  

Pure sand, of par t ic le  structure 
Extremely coarse-textured s o i l  
Soi l  with non-decomposed raw humus ( 7 30 percent organic matter), and f i b r o u s  structure 
Dispersed clay of unstable structure (often 7 15 peroent) 

Light-textured so i l ,  f ine sand, loamy sand or l ight  sandy loam, or cowse sand and silt 
Unstable structure 
Stable structure 
Heavy-textured soil : clay o r  s i l t y  clay 
Massi- t o  large prismatic struoture 
Angular t o  crumb structure or massive but hnghly porous [e.& s o i l s  with a high sesquioXi.de 
content) 
Mediumheavy soil : heavy sandy loam, smdy cley, clay loam, sil* olay loam or silt 
Massive t o  large prismatic structure 
Ang~11a.r t o  crumb structme [or massive but porous) 
S o i l  of average, balanced texture : loam, silt loam and sandy clag loam 

(7 45 peroent ooarse a d )  

Na 

- Note : Texture should preferably be judged 
account. Otherwise reference t o  the texture tr iangle is necessary (see Graph 1). 
chaxt is  based on the U.S. Department of Agriculture's Soi l  Survey ManuaL, but the surface 
"sandg loamtf has been further subdivided info T 

touch i n  this way t a n g  mioro-aggregation Into 

(W.ght") md T6 ('"heavy"). 

This 

4 b 

c 



N 

N3 
N 4 
N 5 
N6 

S 

s2 

s3 
s4 
ST 

s7 

s9 

' 6  

O 

O1 
O2 

O4 
3 

5 

O 

O 

Averwe nutrient oontent of  A horison 

Soi l  with base saturation V 5 - l e s s  than 15 peroent 
V from I5 t o  35 percent 
V from 35 t o  50 peroent 
V from 50 to  75 percent 

V over 75 percent 
Soi l  exoessively oalcareous (> 20 t o  30 percent) 

S 
T 

Soluble salts oontent 

Total soluble s a l t s  Less than 0.2 percent 
Total soluble salts between 0.2 and 0.4 peroent 
Total soluble s a l t s  between 0.4 and 0.6 peroent 

Total soluble s a l t s  between 0.6 and 0.8 percent 
Total soluble salts between 0.8 and 1.0 percent 
Total soluble s a l t s  over 1 peroent 
If sodium oarbonate is  mesent i n  the s o i l s  (a lka l i  so i l s )  : 
Total soluble s a l t s  (including sodium oarbonate) 0.1 t o  0.3 peroen% 
Total soluble s a l t s  from 0.3 t o  0.6 peroent 
Total soluble salts over 0.6 percent 

Organic matter i n  Al horizon 

very l i t t l e  organic matter, less than I peroent 
L i t t l e  organic matter, 1 t o  2 peroent 
Average organio matter content, 2 t o  5 percent 
High organio matter oontent, over 5 percent 

C Very high content, but y over 25 

- Note : Place i n  one oategory lower if the organic matter is rm, of mor or  moder type 

A 

AO 

*3 

Ml 

Br2 
%a 
M2b 
M2, 

M 

Nineral exchange capacity and nature OP the clay i n  the B horizon 
Exohange capacity of clay l e s s  than 5 mEq/lOO g 
Exchange capacity o f  clay l e s s  than 20 mEq/lOO g (probably kaolinite and sesquiosides) 
Exchange capaoity of olw from 20 t o  40 &q/lOO g (probably a mixture of  clays or i l l i t e )  
Exohage capacity of clqy over 40 & q / l O Q  g (probably montmorillonite or amorphous clay) 

Reserves of weatherable minerals i n  B horizon 
Reserves very low t o  n i l  
Reserves fair 
Minerals derived f r o m  sands, sandy materials o r  ironstone 
Minerals derived from acid rocks 
Minerals derived from basio or calcareous rocks 
Reserves large 
Sands, sandy materials or  ironstone 
Acid rooks 
Basic o r  calcareous rocks 



Table of equivalents t o  Table I 

This table is t o  be used only where certain chasacterist ics are missing and which can be replaced by 
close, though not ent i re ly  interchangeable, equivalents. 
and have no r igid value : 

T 

These are l i s ted  below by w a y  of guidance 

TIS Stones and pebbles : 30 percent by volume 
Stones and pebbles : 20 t o  50 percent Tlb 
Stones and pebbles : 10 t o  20 percent c 

HE I equivalent moistureLl0 percent 
T2b T2a i 

A -i- L> 40 percent and pH 8.5 or > 15 percent (A = clay; L = sil t)  3 T 

T HE : from 10 t o  15 percent 4 
5 T 

Tg 
7 T 

HE) 30 percent 
HE : from 25 t o  35 percent 
HE : from I5 t o  25 percent 

N 
N, PH ( i n  water 1)  from 3.5 t o  4.5 7 

I , from 4.5 to  5.0 N2 
&om 5.0 t o  6.0 
from 6.0 $o 7.0 

N3 

from 7.0 to  8.5 
N 
N 
4 
5 

- Note g The use of  pH instead of  base saturation is advisable i n  cases of very sandy so i l s  with a low 
cation exchange capacity. In  suoh cases base saturation given by analysis is often unreli8ble. 

B Content of s a l t s  Conductivity Conductivity Conductivity 
i n  $ of s o i l  i n  millimho of i n  miaromho i n  mioromho 

saturation of saline extraat  of saline extract  
extract  1/5 1/1 o 

O 

s3 1 0.6 
s4 ' 0.8 

1 1.0 

O 
2 

6 

8 

12 

16 

O 
1 O00 

1750 
2500 

3000 

3500 

O 
500 

875 
1250 

1625 

2000 

E : These figures cannot be taken for  an exact correspondence between the different  conductivitiee, 
as they ma;y vaxy acoording t o  the H a t e r  capacity in the so i l ,  and the degree of  solubi l i ty  of 
salts, However, these figures give an order  of  extent avai- 
lable  i n  the proposed formula. 
have been chosen. 

thus according to  the i r  nature. 
I n  column 2 the American classif icat ion l i m i t s  of Riverside 
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* O Organic matter content = carbon x 1.7 = nitronen x 20 

O, 
O2 

O Thickness of the humus-forming horizon : 7 30 

A Exchanpe capacity of clay 

Thickness of the humus-forming horizon : < 10 om 
Thickness of the humus-forming horizon : from 10 t o  20 

* 03* Thickness of the humus-forming horiz-on : from 20 t o  30 

4 

' R ~ F ~ / I O O  ,q of s o i l  - K x %  organic matter) x 100 
z c l w  

and K = 2,5O for very humic so i l s l  peaty so i l s  or so i l s  of cold or Ugh regions 
K 5 2,OO for  s o i l s  cf temperate regions 
K = l,5O for  tropical s o i l s  with l i t t l e  humus 

M 

Ml 

$ 
M3 

Sum of to t a l  bases determined by t reat ing with hot n i t r i c  acid : Total bases < 10 mF)q 

Sum of to t a l  bases determined by treating with hot n i t r i c  acid : Total baws 
Sum of to t a l  bases determined by t reat ing with hot n i t r i o  acid : Total bases 

10-50 d q  

50-300 d q  
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TABU II 

Tentative ratings of different characteristias 

J?or pasture 

5 
20 20 30 
30 40 60 
70 80 go 

100 

Ebr forestì and non-forest 
tre8 OrODs 

5 
10 

IO 20 40 
70 90 100 

100 

D H4 H5 H2 H3 

10 - 40 
40 - 80 

=I 

D2 
D3 80 - 90 

60 
loo 
90 

5 
IO 
40 

5 

50 
80 

1 O0 
1 O0 

P 

p2 20 

p3 
p4 
p5 
'6 

- -  ~~ 

20 
60 
80 
90 

1 O0 
I O0 

5 
5 

20 
60 
80 
100 

T 
a 

10 

T2b 30 
T2a 

T20 30 
30 
40 

T3 
T4a 
T4b 50 

50 5a 
80 
80 

T5b 
T6a 
'6b 90 
T7 100 

T 

10 

30 
60 

H3 Hz 
10 10 

20 10 
30 30 
20 10 

30 30 
50 60 
60 20 

80 60 
80 60 

90 90 
1 O0 100 

30 
50 
90 

(same ratings as for 
orop growing) 

50 
80 

100 

(same ratings as for 
orop growing) 

c 

? 

.. 



Table II (oont *a) 

For orop growing For p a s t u s  For forest and non-forest 
-~ - 

80 40 60 
70 80 50 
80 90 60 

80 90 1 O0 
I O0 100 1 O0 
80 90 1 O0 

N 

NI 
N2 

N3 
N4 
N5 
N6 

T2 T4 T5 T6 T7 

S 1 O0 100 
70 90 

80 50 
25 40 

15 25 
5 15 
60 90 
15 60 

5 15 

s2 
s3 
s4 
s5 

s7 

s9 

‘6 

‘8 

H l  H3 D3 D4 H4 E5 D2 AB O 
85 70 

80 90 
100 90 
100 100 
70 70 

O1 
O2 

O3 
O4 

5 O 

A 
85 
90 
95 
100 

Ao 
3: 
*2 

*3 

H4 H5 AB 
85 85 
90 
95 

85 
90 

90 95 

M 52 H3 

%a 

!¿O 

%!b 95 1 O0 

‘338 95 100 
M3b 100 100 
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TABLF: III 

Classes of productivity (P) and potentiali ty (Pf) - 
p '. 

1 Ekcellent 65 - 100 'I 
a Good 35 - 64 II 
3 Average 2 0 -  34 III 
4 Poor a -  19 I V  
5 Exfremely o -  7 V 

P classes ra t ing - _c_ - - 

poor t o  n i l  

TABLE I V  

List o f  land improvements necessary for  development 

(over and above prevailing agricultural  practices) 

A. 
B. 

C. 

D. 
E. 

I r r igat ion (essential)  and drainage (usually required) 
Supplementaxy i r r igat ion : BI by sprinkling 

Excess water removal : by reclamation, ridging, drainage or proteotion against floods 
Deepening of fop s o i l  t by ridging, deep plowing or breaking up o f  soil o m t  
Improvement of texture and structure : 

El 
E2 by mechanical working of s o i l  (d i f f icu l t  and costly - requiring heavy macbe ry )  
E 

B2 by flood or  furrow i r r igat ion 

by stone or rock removal 

by improvement of organic s o i l s  3 
F. 

G. Desalting t 

Fert i l izers ,  amendments, liming i n  large quantities (applioation of f e r t i l i z e r s  - ParticularQ 
those containing nitrogen - is considered indispensable for  all s o i l s )  

G, by i r r igat ion and drainage 
G2 by i r r igat ion and drainage + application of  gypsum (Caso4) t o  eliminate sodium salts (Nazco3) 

Enriching and maintenance of organic matter content, applioation of manme, green mure, 
mulohing, crop rotation, forest  fallow, etc.; also improvement of  humic condition of peat and 
semi-peat soils. 
?teasures t o  control wind erosion : windbreaks, mulching 
Heasures t o  control sewre water erosion : consfruotion o f  banquettes, terraces, eto. 
Measures t o  control mi ld  water erosion : digging of  ditches, planting o f  hedgerows, eto. 

H. 

J. 
K. 
L. 
M. Large scale land clearance 

J 

C' 
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I practices 

TABU3 V - 
Improvement of soil characterkt ics  o r  properties by management 

I I I l I I I I I l  I I I 

s o i l  classes 
rated accord- O4 
h g  to salini- (T2cT-of 
ty. For T5 i- subsoil) provement of a 

.It 'Ote ' %%'$3 refer  t o  CEG data 

single s o i l  
c lam rated 

Sslinlts 
a O C O r d h g  %Q 

Ma 0;'. 
2% t o  

(1% 

final 
index 

if in+ 
prow- 
ment of 
organic 
matter (If) 
has 
already 
been 
%&en in  
conside- 
ration 

TABLE VJ: 
Inoomatible manse: ement praotices and charaoteristics 

BI with Pl and T3 

C with T (C and T 3 are  oompatible i f  G2 is used) 
3 

S with TI 

El withTla Tlb 

F with Ao; 

L with Pq2, '39 T5a 

However F + H is oompatible with Ao 

' 

with PI239 T39 Trja 

I 
N 
W 

I 



Envisaged land use 

Soil characteristias 
permitting the proposed 
u80 

Other characteristics 
preclude or  considerably 
hamper the proposed use) 

TABLE V I 1  

I l lus t ra t ion  of s o i l  suitability fo r  different  w e s  depending 
on i ts  ohaxaoteristics 

Rice growing 

H t o  H 4 5  
or  H~ t o  H~ and A o r B  

Dl t o  D2 
D~ t o  D 4 and/or B 

P t o  P6 4 

5 6 7  T T T  

NI t o  N 5 
SI t o  s and c 

o1 t o  o5 
5 

Al t o  A3 

Ml t o  M3 

~ 

Tree crops 

Hs 
or H, t o  H and A or B 4 

D 3 to D4 
or  Dl t o  D2 and C 

T T T  4 6 7 

N t o  N 3 5  

S I  

o t o  o4 3 

Al .to A3 

J f l t o %  

Coccmrts 

N 4 t o  N5 

HI t o  H3 and A or B 

D t o  D4 3 

P t o  P6 

T T  T2eib 4 7 
NI t o  N5 

S, t o  S and 0 5 
o2 t o  o 4 
Al t o  A3 

3 to M3 

Pasture 

N4 t o  N 5 
Il t o  H3 and A or B 

D2 t o  D3 

' P I o  5 6 7 
NI t o  N 5 

o2 t o  o 4 
Al t o  A3 

5 
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TABU VI11 
Special oases 

1. soils with several horizons of different texture 

These are soils of heterogeneous texture (e.g. oerfah alluvial soils with alternate sandy and 
cla;y horizons) or simply highly developed soils with a horizon where there has been aocmlation of 
different materials (soils leached into clay). 

We arbitrarily divide the soil into two horizons : 

I )  

2 )  

the horizon from O to 50 6m in depth, whioh is the most significant as regards the supplying 
of plants with water and nutrients; 

the horizon *om 50 to 120 cmp supplementmy to the first either beoause it is impermeable 
and holds water or because, on the oontrary, if is too sandy and drains the profile; or 
because it hmpers deeper roofing, or efee aflQwS a tree to survive when the uppermost 
horizon is too sandy. hly the dominant texture is considered in each of these two horizons. 

Y 

Horizons from 
O to 50 

Clay dominant 

Loam dominant 

Sand domintlnt 

.3 

Morieons from 
50 t o  120 

Crops and pasture 

T5a Or b 
T$a '* b 

T6a " b 

7 T 

T6a Qr b 
T4s " b 
T4a . .  b 

Tsa b 

TT 

or T2 if there are 
30 QEI ~f Q Q % P S ~  sand 
in %he top horizon 
( O  to 50 om in depth) 

Forest and non-forest 
tree orops 

"5a Or b 
T6a Or b 
T4a b 

T5a Or b 

T7 
b Tb or 

T6a Op b 
T6a Or b 
'48 Or b 

o r  T2if there is over 
30 cm of coara6 sand 
in the top horison (from 
O to 50 cm in depth) 

Generally speaking ( 9 )  a comae-s&nd horimn of O ~ P  20 om in the top horizon (hom 0 t o  50 cm 
in depth) places the soil in class T2 

(2) a oompa,ct  lay horizcm of over 10 am 
in depth) places the soil in olas T 

the top horizon (from O to 50 cm 
5a - Note : The following axe exoluded from this table : fiagipan, hardpan, gypsum horizon, because where 

these exist the effeotiw depth of the soil is that of the upper surface of these horizons. 

2. SlOpinE soils, cultivated without speoial preoautfons, particularly without conservation 
practioes. 
Slope has been mached. 
The latter factor is to be applied whenever agrioul.kUra1 productivity after forest olearanoe, for 
ins~ance, shifting cultivation in tsopioal countries, is being calculated. 

It is  assumed that degradation ocours until a state of equilibrium pr0pOrfiQnd to the 
In this Q&€!ß the usual.productivity index is multiplied by a slope factor. 
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Factor - Slow3 (&) 

0 - 2  1 O0 
3 - 8  95 - 100 
9 - 15 80 - 95 
16 - 30 70 - 80 
30 - 45 30 - 50 
> 4 5  5 - 30 

Depending on the %tggressivityl~ of the r a in fa l l  and s o i l  erodibil i ty,  the upper, middle or lower 
figure is  taken. 

3. Toxicity or defioiency cases 

presence of a c i d  sulfate - catclays = etc.) or of deficiency i n  micro-elements (copper, zinc, boron, 
etc.) or deficiency i n  phosphorus have not been treated i n  the general forrmzla. 
deficiency being relat ive,  and the curative treatmenfa being very easy or very d i f f icu l t ,  according 
to  the cultivated plant and the type of so i l ,  the consideration of these several special cases would 
singularly complicate the formula. 
quately determined o r i t i ca l  conoentrations mean that  the damages caused are not calculable as  a 
function of the intensi ty  of the toxici ty  or of the deficiencyc 
from O at the natural s ta te  to 100 percent a f te r  improvement of these soils.  

Special cases o f  toxici ty  (excess of soluble and exchangeable aluminium, excess of manganese, 

The excess o r  the 

&sides, the divers i ty  o f  analytical  methods and the still inade- 

The output of the culture may vary 

The toxici ty  o r  the deficiency w i l l  be indicated by a particular sign on the map of productivity 
and the productivity index w i l l  be modified by a faotor X that  the interpreter of  the map w i l l  f ix 
himself according t o  h i s  knowledge. On the potent ia l i ty  map another particular indication w i l l  be 
noted f o r  the legend, where the proposed improvement w i l l  be indicated (ex. liming to  reduce an excess 
o f  aluminium). The potent ia l i ty  index w i l l  be modified i n  the same way. 



TABLE IX 
Swoimen presentation of  dat 

(taken &om Ëtudes p6dobydrologiGes au Tozo FdO/SF: 13/TO - 

H D P 1 N S b A M x* Soil series Produativity 
&' imrxrove. Potentidits 

&+e (Ab) P 4 (111 ~52100 ~2b:60 P6:lOO T4a:40 N&80 - 02:80 u:go m:85 
C.H* P' IV (19 1.72 ~5:100 ~3:go P6t100 T4a:40 %:80 - 02:80 u:yo m:85 +i@ 

~ 5 t  100 - P6:lOO T6b:gO w 8 0  - O3:90 A2:95 M2br95 
* P' II (58 1. ~ 5 :  100 - P6:lOO T6brgO ~4:80 - 03~90 A2:95 BEbr95 

~5t100 D3ar80 P6r100 mar40 %:80 - 02~80 Al:90 mat90 
1.90 ~5:loo D3ai80 P6:lOO T4a:40 N4:80 - 02:80 U:90 M2a:90 +1$ 

A%om (&I 
- *.H 

P3:30 T7r100 wt80 .c Olt85 Al:gO M2a:85 
1. H3:60 - P3:30 T7:lOO N4:80 - 01~85 dlrgo M2a:85 

- D2a:40 P6:lOO T4a:30 N&80 - 01:85 dk90 M20:95 

H5:lOO D2b:60 P6:lOO ~5bt80 N3:60 - 02:80 &?:y5 M2atgO 

H3:60 - P4:80 T2bt20 N3:60 - 01:85 u:90 mr85 

Atohasi (At) P 4 H3:60 - 
(B) 

C.H. 2.83 - D3:90 P6:lOO T4ar30 N@O - 01~85 Al:YO M ~ c x ~ ~  +I$ 
I 

Y 
I 

C.F.H. 3e05 H5tlOO D3:90 P6:lOO '~5bt80 w:80 - 02:80 d2:95 M2ar90 +1@ 

B.F.H. P' IV t 14) 4.66 115~100 - p4:80 T2b:30 N&80 - 01~85 dI.tgO mg85 +IQ 
De* OP) p 5 3) 

D2a:40 P6:lOO T5a:50 N&80 - 03:lOO &?:y5 M2a:85 
P.?l 11 47 3.91 - D3r90 P6:100 ~5b:80 ~4:8o - 03:lOO A2:95 M2a:85 

H3r60 - P6:lOO T&r3O N3:60 - Olt70 Al:gO MI:85 
3-16 ~ 5 8 1 0 0  - P6:lOO T4a:40 N&80 - 01:70 dk9O Ill285 +l@ 

Y21 
P' 4 L9) 

Ganove (Ga) 4 (18{ 

Doukpo (Dk) P 4 
COE2 

p 5 6) =o 
B.H. 

H5: l O0 D3ar 90 P5:loO T2a:lO N3:60 - Olt70 81:9O M2a:YO 5 1.33 H5:lOO D3a:gO ~5:100 T2a:lO ur80 - 01:70 Al:gO M2a:gO +?@ 
Ese (Es) 
F.H. 

=:loo 1)2b:80 P6:100 T4ar50 N&80 - oit70 urgo ~2a:90 

H3:60 - P4r50 T7:IOO w:80 - 01:85 utgo mar85 

1.22 H ~ l 0 0  D3:90 P6:lOG T4a:50 w;80 - 01:70 dl:gO M2a:gO +1@ C.H. III(22 

- 01~85 bZEr85 +I@ pl ;11g1 1.93 ~5:ioo - P4:50 !F7:1OO N&80 

P' XII tB' 22) 2.75 ~5:ioo - P6:100 T4a:40 ~4:80 - 01:85 dl:90 X?a:85 +?$ 

Hompou (HP) 
B.H. 

H3:70 - P6r100 T4a:30 N3:60 - 01:85 u:yO Wa:85 K e v o d  (Kk) ,P 4 

* Colwrm X : improvements affeoting a l l  faotors taken together. 

B.F.H. 
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1 . .  

H B P T N S O A M x* Soi1 series Productivity (P) Coeff. of 
BC improve. Potentiality (pel imp. P*/P - D2a:40 P6:IW T5a:50 N6:80 - 01~85 A2:95 M20:95 

4.08 - D3:90 P6:lOO ~5b:80 N6:80 - 01~85 A2:95 M20:95 + 1% 
Kezon (Ka) P 
CeE2.H. P’ II (49 

~ ~ ~ ~ - 

Kodjin (Kj) P 2 m:90 - ~6:ioo ~7 : loo  w:80 - 01:7O Al:gO M2a:gO 
P6t100 l 7 : lOO uQ:80 - 01:70 Al:9O M2a:gO + 1% A.H. 1.25 H5:100 - 

H5:100 D2b:5O P5:lOO T4a:40 N3:60 - 02:80 Al:90 M2a:gO 
C.F.H. 2.85 II5:lOO D3:90 P5:lOO T4a:40 N&80 - 02:80 Al:90 M2a:gO + 1% 

- ~2b:70 P6:100 T&:~o ~5:100 s1:loo 01:85 u:go ~20:95 
1 e93 - D3:90 P6:loO T4ar40 N5:IOO S1:IOO 01:85 u:90 1@D:95 + IWO Kouble (Kb) P 4 

C.H. 

Kponou (Kn) P 2 H5:lOO D3a:gO ~6:100 T7c100 N5:lOO - 02:80 a:90 M2a:gO 
*H P’ II t3 1.06 H5:loO D3a:gO P6:lOO ‘I!‘7:100 N5:lOO - 02~80 81:90 Wa:9O + 1% 

~ - -~ 

H4: go - P6:lOO T4b:fiO m:80 - oit85 u : g o  wa:90 
1 e25 H5:IoQ - P6:lOO T4b:50 w:80 - 01:85 Al:90 Wag90 + I C $  

Legbako (Lg) P 3 
B.H. 

~- _ _ _  _ _  ~ 

S B ~ S  (sm) P 5 - ~2a:40 P6:100 T4a:30 IT360 - O2:gO A1:gO 

si0 (Si) 

Tankouti (W)P 3 

Togble (Tb) P 4 

’Po@” (Tg) P 4 (18) 

CoFoHe P‘ IV ts) 4. - D3:90 P6:lOO T4a:30 w:80 - 02:90 u:gO Wa:85 + 10% 

- D2a:40 P6:lOO T5a:50 N@80 - 03~100 A2:95 ~2a:85 
CoE2e P’ II (I2] (47 3.91 - D3:gO 86:IOO ~51x80 w:80 - @:I00 A2:95 M2a:85 

~4:90 - P6:lOO T4b:50 ~4180 - 01:70 A1:gO M2as9O 
PT III 25) 1 e25 ~5:ioo - P6:100 T4b:50 M:80 - 01:70 Al:90 M2a:gO + IWO 

FoH. Pa IV [i;] 1.46 H5:lOO D3a:90 P6:100 T4a:40 N3:80 - Q2:80 Al:90 Wa:90 + 1% 
H5:lOO D3a:gO P6:100 T4a:40 N3:60 - 02:80 a:90 Wa:90 

Elrt:80 - P6:lOO T4b:50 m:80 - Olt70 u:gO Wa:90 

t20) B.H. 

- 01:70 ur90 M2a:85 + 1% . B.H. Pl III (25) 1 e 3 8  ~5:ioo - P6:loO T4b:50 w:80 

E4:lOO - P6:100 T4b:50 N4:80 - Olr70 Al:90 M2a:gO 
P‘ III {22] 24 1.09 €@:loo - P6:100 T4b:50 ~4:80 - 01:70 u:90 M2e:90 + 1% H 

C.F.H. P’ IV 2.25 H5:lOO D3:90 P6:100 T4a:40 m 8 0  - Ola70 A1:90 M2a:gO + 1% 

Vokoutid(Vo)P 3 

Voodou (Va) P 4 ~ 5 : i o o  D2b:60 P6:lOO T4a:40 1?3:6O - Olr70 AL90 M2a:gO 
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- TABU X 
Soi l  m o f i l e  i n  the region covered by UNDP Project  TOPO^* 

Terminal continental so i l s  

JJwbako (Lg) 

Kponou 

Vokoutilpk (Vo) 

Kodjin ( K j  
I*.... l i t t l e  leached s o i l s  (Kodjin) eroded, with cuirass (Atchasi) 
and colluvium (K6klomb). 
colluvium or serious erosion (Legbako, Vokoutim6, Kponou) 
the ent i re  gamut of sandy colluvium with various moisture regimes 
(Eko, Agod, Agbl6, Yonor)." 

There are also leaohed so i l s  without 
and 

Tankouti (Tk) 
Hompou (Hp) 

Soi ls  of the Pre-Cambrian Peneplain 

godo (KO) 
Es4 (Es) 

ll*.. sandy or loanp-sand so i l s ,  pebbly, probably formed from 
underwing rock (gneiss or migmatite). They have been subjected 
to  surface upheavals, leaching, transpostation (indicated by the 
presence of quart5 and concretions)s The Pre-Cambrian peneplain 
has the only tropical, leached, ferruginoua prof i les  that  were 
mapped i n  the southern par% 0.E' Togo i n  the course of these surveys.1P 

Alluxial plain s o i l s  

Agni (An) 
-,  canne (cn) 

si0 (si) 
D o w 0  (Dk 
Togbld (Tb 
Voodou (Vd 
SmtS (sm) 
Koublb (Kb) 

Keson ?I Ka: 

* Etudes PQdohphologigues au Togo FAO/SF: 13/To 

II... Highly vaitible *om the standpoint of textuxe, acidity, 
s a l in i ty  and moisture regime, the i r  only common character being 
the i r  a l luvial  origin and the f ac t  that  they are subject t o  
periodic floodinge1' I 
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Correlation and repression eauations between orop'yields and woductivity index - 

X productivity index 

Y crop i n  t/ha 

bkize@s crop an 16 Swaziland s o i l  series* 

Y = 0,058 P + 0973 F = IO,t%-? 

Highly significant (p - O,QI) F = 8,86 

Elaise's crop on 26 Swmiland soil mries 

Maise's crop on 9 Argentina s o i l  series* 

Y 0,047 x - 0943 B - l0,98 

Significant (p 0,05) E" = 5859 

Cotton'B crop on 17 Swasiland s o i l  aer ies  (man f ie lds  of l957f66) 

Y 0,030 x + 0,25 B li 5950 

signif icant  (p = O,%) F = 4,s 

I sr 
@ & p i c u l t u a l  msnlts and index s d c d a t i o n  of G. krdochQ 

+e+ Agricultural resu l t s  of e p r i m e n t a l  s ta t ions of Pergamino and Runcinm (INT&) and 
index calculation o f  &P. Garne%* 
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SOIL MAP OF NIGERIA 
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L E G 

::'HHD9:"F:SRE~~l~~~~D"IUFINqUS CRUSTS ANO FERRUGINOUS TROPICAL SOILS 

LITHOSOLS U N  FERRUGINOUS CRUSTS ANO FERRUGINOUS T R O P E A L  SOILS ON SANDY 
MATERIAL ANO ON CRYSTALLINE AC10 ROCKS. 

IBd] LITHOSOLS IUNOIFFERENTIATEOl . 
LITHOSOLS I U N O I F F E R E N T I A T E O I  , EUTROPHIC BROWN SOILS (UNDIFFERENTIATEOI 
ANO FERRUGINOUS TROPICAL SOILS ON CRYSTALLINE ACID ROCKS. 

LITHOSOLS I UNOIFFERENTIATEO I U N  C R I S T A L L I N E  AC10 ROCKS.  

LITHOSOLS IUNOIFFERENTIATEO I AND FERRUGINOUS TROPICAL SOILS I UNLHFFERENTIATED~ . 
1- REGOSOLS ON LOOSE SEOIMENTS IUNOIFFERENTIATEOI.  

REGOSOLS L N 0  SEMI-ARIO BROWN SOILS ON LOOSE SEDIMENTS. 

-1 f;&y$;Rg;;&E$ l N " ~ ' " " : : : I . E " " s o , : ~ ~ ~ ~ ~ ~ F F ~ ~ ~ ~ ~ ~ ~ ~  y T I S O L S  

I L L U V I A L I  HIOROMORPHIC, SALINE ANO A L K A L I  SOILS ON RIVERINE ANO LACUSTRINE OEPOSITS. 

L T  ALLUVIAL ANO HYDROMORPHIC SOILS ON RIVERINE ANO LACUSTRINE DEPOSITS 

1- ALLUVIAL SOILS O N  MARINE OEWSITS (MANGROVE1 . 
: ~ ~ ~ ~ S ~ : " , , l P F " E R , ~ ~ E o ~ ~  I N  FERROMIONESIIN MINERALS ANO EUTROPHIC BROWN 

I Ob 1 VERTSOLS ON CALCAREOUS ROCKS 

1x1 SEMI-ARIO BROWN A N D  REDDISH BROWN SOILS AND EUTROPHIC BROWN SOILS. 

1 7  SEMI -ARIO BROWN ANO REDDISH BROWN SOILS IUNOIFFERENTI4TEO I .  

1- ;Tg;;y;C s;l",y SOILS (UNDIFFERENTIATEO I ANO REDDISH BROWN 

FERRUG~NDUS TROPICAL SOILS ON SANDY MATERIAL. 

E N D 

I JoJd I FERRUGINOUS TROPICAL SOILS ON SANOI AND UNOIFFERENTIATEO MATERIALS 

I JoNo I FERRUGINOUS TROPICAL SOILS ON S 1 N O I  MATERIAL ANO MIOROMORPHlC SOILS 

F J b l  FERIIUGINOUS TROPICAL SOILS ON ROCMS RICH I N  FERROMAGNESllN M I N E R A L S .  

FERRUGINOUS TROPICAL SUILS ON C R I S T A L L I N E  AC10 ROCMS. 

I Jd I FERRUGINOUS TROPICAL SOILS t UNDIFFERENTIATEO I 
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