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FOREWORD 

" The Seminar on Soil Management and the Development Process in 
Tropical America was held with the objective of bringing together soil 
scientists and administrators to discuss relevant research advances on the 
application of soil science to this region. This is the second major regional 
seminar organized by the University Consortium on Soils of the Tropics 
and the first in Latin America. 

The planning phase was conducted in cooperation with the four 
cosponsoring institutions. A Steering Committee was organized with repre
sentatives of each institution. They were responsible for the selection of the 
topics and speakers. Emphasis was given to invite outstanding working soil 
scientists from tropical America. In order not to lose worldwide perspective,
speakers from other areas reported on research relevant to Tropical 
America. 

The Centro Internacional de Agricultura Tropical offered to host 
the Seminar and kindly provided their excellent facilities and logistical sup
port. The U. S. Agency for International Development awarded North 
Carolina State University, on behalf of the Consortium, a special grant 
(AID/TA-G-1058) to cover the travel of some participants as well as the 
publication of these proceedings in English and Spanish. A total of 209 
representatives of 23 countries participated in the event. 

A total of 33 papers were presented to the Seminar and are published
in these proceedings. They are grouped in seven sections which focus on 
specific components of soil management. 

Valuable new data in soil properties from the interior of South 
America are presented in the first section, as well as ways to correlate the 
different classification systems and interpret them in terms of land use and 
fertility limitations. 

The usually ignored relationships between soils, plants and water 
are covered in the second section. 

Studies on nitrogen sources, both symbiotic and inorganic, are the 
topics for the third section. The management of acid soils occupy a prom
inent place because of the vast extensions of such soils in Tropical America. 
Critical aspects such as liming requirements, residual effects and varietal 
and species tolerance to soil acidity are discussed in the fourth section. 

The fifth section deals with the theoretical and practical aspects of 
soil management in savannas and rainforests. The sixth section covers the 
advances in soil fertility evaluation which have had a significant impact in 
the region. The last section describes the suggested mechanisms for closer 
collaboration and the development of a research network in tropical soils. 
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The Steering Committee is grateful for the leadership provided by 
the session chairmen: Waldemar Moura Filho (Brazil), Juan A. Comerma 
(Venezuela), Idelfonso PI. (Venezuela), Elemer Bornemisza (Costa Rica), 
Miguel Menindez (El Salvador), James M. Spain (Colombia), Jaime 
Lotero (Colombia), and Carlos Valverde (Peri). 

It is obvious that no single publication can include all the recent 
relevant research that is presently being conducted in Tropical America. 
Many broad topics, such as phosphorus management were not discussed in 
depth due to recent symposia on the subject. This collection of papers, 
however, gives ample indication of the quality and maturity of tropical 
soil science in the region. 

The Seminar was followed by a 10-day tour to cover ongoing research 
in various regions of Tropical America. These included the Carimagua 
Experiment Station in the Llanos Orientales of Colombia, the Vista Florida 
Experiments Station in the Lambayeque Valley on the northern coastal 
desert of Per6i, the Yurimaguas Experiment f'cition in the Amazon Jungle 
of Peri and a 1000 km journey from Campinas to Brasilia covering thc 
State of S.o Paulo and the Campo Cerrado of Brazil. The logistical sup
port of the following institutions is greatly acknowledged for the success of 
the field trips: Instituto Colombiano Agropecuario and CIAT in Colombia; 
Ministerio de Agricultura and Sociedad Peruana de la Ciencia del Suelo in 
Peril; Empresa Brasilera de Pesquisas Agropecuarias and Instituto Agro
n6mico de Campinas in Brazil. 

The Steering Committee is grateful for the efforts of the editors 
Elemer Bornemisza and Alfredo Alvarado for months of dedicated hard 
work in producing this book. 

PEDRO A. SANCHEZ, CHAIRMAN 
EXECUTIVE COMMITTEE 
UNIVERSITY CONSORTIUM ON SOILS OF THE TROPICS 
MAY, 1975. 
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PREFACE 

This volume contains the papers presented at the Seminar on Soil 
Management and the Development Process in Tropical America. 

The papers present the experimental results and the points of view 
of 63 authors. The individual opinions of these authors were highly 
espected even accepting the risk of including in the present volume 

contradictory material. Many real and apparent contradictions are expected 
when new problems are tackled in variable conditions as is the case with soil 
science in Latin America. 

It is evident that in spite of the rapid gain in knowledge in the 
field, the areas which remain to be explored are enormous and will require 
hard work for many years, until a coherent model of the soil systems of 
Latin America is obtained. 

This Seminar intended to examine the recent findings in terms of 
both their scientific relevance as well as their implications to the develop.
mient of the countries in this area. 

It was felt that the Seminar has shown that the research carried out 
is aimed toward the solution of significant problems which limit agricultural 
production. It appears, that these problems can only be solved through the 
efficient collaboration of the specialists in the different branches of soil 
science and through the cooperation between soil scientists and researchers 
in the other agricultural sciences. 

The editors appreciate the collaboration received from the authors, 
during the review process. Evidently, they are not responsible for the 
imperfections of the present volume, for which the editors are responsible. 
Comments to improve the volume will be much appreciated. 

Special thanks are also due to the Chairman of the Steering Com
mittee, Dr. P. A. Sanchez, for his effective help and continuous support 
during the edition of these proceedings. The assitance of several members 
of the Soil Science Department of North Carolina State University is also 
most appreciated as they were ready to solve the many problems which 
occurred during fhe final phase of the preparation of this manuscript. 

The editors want to express their appreciation to the translators 
whose effort contributed to the usefullness of the present volume. 

ELEMER BORNEMISZA, EDITOR 

PROFESSOR OF SOIL SCIENCE 
UNIVERSITY OF COSTA RICA -
IICA CONTRACT. 

ALFREDO ALVARADO, EDITOR 
ASSISTANT PROFESOR OF SOIL SCIENCE 
UNIVERSITY OF COSTA RICA. 
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SECTION I
 

SOIL CHARACTERIZATION AND CLASSIFICATION
 





Sils of the Central Plateau and Transam azonic 

1 Highway of Brasil 

MARCELO N. CAMARGO and ITALO C. FALESI 

'.CENATRLPLATEAU 

In the Brazilian highlands, the Planalto Central is usually understood 
as a vast area occupying the broad drainage divide and the upper valleys of 
tributaries diverging, N, NE, SW to Amazon, Slo Francisco and Parani 
Basins. It is located approximately between 140 and 200 latitude and 
460 and 540 longitude. 

Environment 

The region consists of a core of Pre-Cambrian crystalline rocks 
exposed or overlain by Palezoic to Mesozoic sediments. Most of the area 
was subjected to uplifts and polycyclic geomorphic evolution, evidences being 
remarkably well expressed around the Federal District as the results of 
successive planations and dissections. 

This core area is typified by dominance of sizeable undissected 
remnants of ancient erosion surfaces, forming nearly level to gently 
sloping high plateau (chapadas) sometimes bound by escarpments. The 
oldest planation reaching about 1200 m is believed to date from the low-
Terciary. 

Outwards, upper reaches of major rivers are often deeply entrenched. 
Chapadasform mostly the main divides. These chapadas gradually decline 
in elevation, narrow and finally remain as hilly relicts, as they give way to 
younger encroached outer sections of land forms with progressively wider 
valleys dominating the landscape. 

Two main vegetation formations are found in the Planalto a cerrado 
(various forms) and mesophytic forest (mainly semideciduous). The inner 
part of the region is currently considered as the cerrado core area. Cerrados 
dominate the chapadas plus very large extensions comprising gentle landforms 
on lower erosion surfaces and steep sloping dissected areas. Besides minor 
strips of riparian and marshy forest, there are occasional patches and a few 
sizeable areas of semi deciduous forests. They are to be found in some 
valleys, steep slopes of uprising hilly and few mountaindus areas, but. 
seldom as large extensions on younger erosion surfaces of gentle topography. 
Further north in the valley they merge with Amazon gallery forests. 
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The climate is characterized by moderate temperatures and a sub.humid moisture regime -ustic isoyhperthermic and sometimes isothermic
the latter confined to both high elevations and latitudes in small areas tothe southeast. Rainfall is concentrated in the summer with long drya 
season (4 to 6 months) in the winter. In most of the region the AwKippen climate prevails. Higher areas northward are under Cwa and sou ard under Cwb. Mean annual temperature range from 23.6 to 19.80 C
and annual rainfall from 1920 to 1340 mm. 

Sols 

The existing knowledge about the soils of the Planalto has been
acquired through field studies, some soil surveys, experiments on soilfertility, observations on land use and crop behavior, and farming exper
ience. The information obtained about the kinds of soil, their behavior andmode of occurence would indicate that the nature of the soils is far morerelated to variations in geomorphic landforms than to kind of underlyingrocks, which merely underlie a "drift" mantle, pseudo-autochthonous or 
allochthonous. 

As a rule, old, strongly weathered soil materials practically devoidof weatherable minerals mantle the cbapadas and gentle landforms, while younger, less weathered and sometimes rich soil materials are found to 
occur on youthful landform areas or more recent erosion surfaces where
landscape dissection has been more active.
 

Concretionary laterite formations and even 
plinthite are only locallyimportant. They occur more often in the edges of chapada or as colluvial 
debris. 

In these cbapadas is where the most strongly weathered Braziliantropical soils are found (see soil varieties pH H20 < KCI in Table 1).

They occur on 
the oldest and most stable land surfaces.
 

The occurence of eutrophic soils is related to incision of streams,

dissection giving 
 rise to younger landforms on basic rocks (crystalline
ultrabasic, basic, intermediate till granodioritic, limestone and calcareoussediments) favorable to the formation of rich parent materials under thepresent environment on these soils semideciduous or deciduous forests 
develop. 

Except for the marginal strips at the boundary of forest and forestopenings induced by fire, cerrados are found on soils of very to extremelylow natural fertility. Without fertilizer and lime, yields even of lowdemanding crops, are negligible at the very outset of farming, and subsequent crops invariably fail. Thus, limited grazing has been the only
land use until recently.

Forests are virtually absent in the higher flat surfaces. Outside ofthese chapadar, they coexist with cerrados on dystrophic soils and dominate on eutrophic soils, these being more often associated with semideciduous or
drier forests of the less humid parts of the region. 

The main soils identified in the region are briefly described below. 
Condensed analytical data are given in Tables 1 and 2. 
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La/orals 

Latosols are by far the predominant soils in the region, comprising
mainly Haplustox, few Haplorthox and rare Umbriorthox, either under 
cirradosor forest, Acrustox and few Acrorthox, both chiefly under cerrados, 
rarely under forest, and not many Eutrustox, always under forest. 

The kinds distinguished are: DarkRed Latosols -including dys
trophic varieties (plus endodystrophic..'eutrophic epipedon), eutrophic, 
dayey, loamy, intergrade to Red Yellow Podzolic and to Quartz Sands. 
Dusky Red Latosol clayey- are derived from basic rocks and include 
dystrophic varieties (plus endodystrophic), cutrophic, clayey, loamy, inter. 
grade to Red Yellow Podzolic and to Quartz Sands, and shallow soils. 

The Latosols v;ith pH H0<I N KCI as in Table 1 pertain to 
,Arrustox or Acrorthox. Eutrophic Latosols are mostly of the Dusky Red 
kind. Eutrophic loamy Red-Yellow Latosols have not been found in the 
Central Plateau. 

Ulbosols 

Actually this heading includes various soils, mainly: Dystropept, 
Ustropept, Ustorthent plus lithic subgroups and shallow skeletal varieties 
of some Ultisols, Oxisols, Alfisols and Mollisols. 

Such assemblage of soils is associated to rougher landforms and 
escarpments, sometimes affecting large extensions of the landscape. The 
soils are thin or not much developed beyond the Lithosol stage, their 
nature being quite conditioned to parent rocks themselves. 

Quartz Sands (dystrophic) 

They correspond to Quartzipsamments and usually include inter
grades to Latosols and to Red Yellow Podzolics. They are related to 
quartzose sandstones or their detritus capping high or low surfaces. 

These soils occupy sizeable extensions and occur usually associated 
with gentle landforms. They are predominantly covered by cerrados, rarely 
under forest. 

Red Yellow Podzolics 

These are comprese mainly of Paleustult, some Haplustults, few 
Plinthustults. Udults might occasionally occur in the southeast. Varieties 
are: clayey, loamy/clayey, loamy, sandy/loamy, intergarde to Latosol,
abruptic, seldom endodystrophic, and plinthic. As a constant the epipedons 
are ochric and CEC values are low (<24 meq/100g clay).

These soils are chiefly related to younger dissected surfaces -rolling 
to hilly landforms- and to the more acid gneisses and similar rocks. Loamy 
and sandy/loamy varieties are derived from argillaceous sandstones on 
gently topography. Their overall occurence is not great and they are to be 
found more towards the less dry parts of the region. Natural vegetation is 
mostly forest with cerrados being scarce. 
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Red-Yellow Podiolic, eutrophic equivalent 

-, .. Comprises mainly Paleustalfs and some Haplustalfs. Udalfs might
oasionally be found in the southeast. Varieties are: clayey, loamy/clayey,
loamy, sandy/loamy, intergrade to Latosol, abruptic, seldom with mollic 
epipedon ( Mollisol). In general, the epipedon is ochric and CEC values 
are low. 
I Their relation to landform pattern is similar to the Red Yellow 

Podzolics, nevertheless, they occur in areas where rocks are more favorable 
to their formation -less acid to intermediate gneisses and related crystalline
rocks, calcareous sandstones- being mainly associated to dry parts of the 
region, hence drier forests. 

Reddish Brunizens, cl-ey 

They correspond to rhodic high CEC (>24 meq/10Og clay)
Argioustolls. Varieties are :intergradc to Terra Roxa Esitruurada,lithic and 
vertic. 

These soils are of small extent and strictly related to steep sloping 
areas on basic rock or limestone. Natural vegetation is deciduous forest. 

Terra Roxa Estruturada 

These are also known as Reddish Brown Lateritic eutrophic, clayey. 
They correspond to rhodic low CEC varieties of Paleoustalfs, Rhodustalfs 
and Argiustolls. Varieties are: intergrade to Latosol, to Red Yellow Podzolic 
Eutrophic equivalent, shallow (,-intergrade to Red Brunizem), and with 
mollic epipedon. 

They are confined to basic parent rocks and related to gently 
undulating to rolling topography and sub-deciduous forest, mostly the 
drier ones. 

Undifferentiated ConcretionarySoils, dystrophic 

This generical heading gathers diverse soil kinds in which lateritic 
concretions are the dominating constituent. It includes mainly clayey,
loamy/claley -all skeletal- variet;cs of Acrustox, Haplustox and Ustults. 
Udalfs have not been found in the Planalto. Their total extent is not 
great, yet locally important and a striking feature in the inner Planalto. 

The soils are low CEC, epipedon is ochric or umbric, and predo
minant vegetation is cerrado. Forest and endodystrophic soils occur occa
sionally. This collection of soils is obviously useless for agriculture and 
range, but their material is of considerable value for construction. 

Upland Ground-Water Laterite, clayey 

These are mainly Plinthaquults, Plinthajuoxs and occasionally Plinth. 
aqualfs. Varieties arc: with or without argillic horizon, clayey, loamy/
clayey, abruptic. Usually the epipedon is ochric, CEC and base saturation 
are low, and drainage is imperfect to moderate. 
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:They are to be found more to the north'on gentle relief and 
predominantly covered by cerrado.r. 

In most of the entire Planalto the low to extremely low inherent 
fertility of the predominant dystrophic soils has undoubtly been the 
outstanding limiting factor hampering effective utilization of soil resources. 

This unfavorable plant nutrient status of most of the soils is 
portrayed in Table 1 and 2. 

In terms of present agriculture possibilities under traditional 
farming system -depending on natural fertility of the soils- suitable 
lands for continuous cropping are almost all confined to small areas of 
eutrophic Dusky Red Latosol, Terra Ro,..4 Esiruclurada and Red Yellow 
Podzolic Eutrophic Equivalent. The topography might be somewhat steep, 
however, this is of minor importance for prinative agricultural systems. 

From an advanced farming system standpoint -intensive farming 
operations involving high inputs of fertilizers, lime, and also water control, 
the region offers a remarkably higher overall potential for agricultural 
development. Areas of very suitable topography are quite extensive, physical 
attributes of many soils are not adverse, and climate is not actually 
unfavorable, despite the pronounced dry season. 

This set of potentially favorable conditions for agricultural develop
ment is inherent to Latosols on nearly level to gentle landforms found 
mostly on crhapadas with dystrophic soils. 

II TRANSAMAZ6NICA HIGHWAY 

The exposition that follows refers to the first segment of the road 
with an extension of about 1300 km. It begins at the Tocantins River 
and runs northwest traversing the valleys of the Araguaia, and Xingu 
Rivers and then turns southwest reaching the Tapajos River. 

Environment 

Diversification of environmental conditions is slight. Variation in 
vegetation and climate is less than variation in relief and lithology. General 
distinctions found along the route from east to west are: 

Vegetation 

Three main types of vegetation are traversed by the road. The 
first section 130 km long is distinguished by the domain of cerrados with 
gallery forests and occasional patches of mesophytic forests (semideciduous). 
Km 130 to 220 pertains to the transitional forest belt bordering the 
Amazon forests and merging with cerrados south and eastward. 

The most important section occupies the remaining 1100 km, 
covered by the Amazon hygrophilous evergreen and sub-evergreen forests. 
Cipoalic variations, hydrophilous and marshy forests are of minor extent. 
Despite the differences in structure and composition, Amazon forests 
present a uniform aspect. Large biomass, intense bio-cycling, thin litter 
mantle, poor undergrowth and heterogenous composition are inherent 
features of the forests. 
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Table I.-Summary of selected analytical data for kinds of soil and their vareties most:common in Planalto Central - Mean and standard deviations. 
II HCay NOo 

i Slots' Ht N C Sand Silt(range) % Total organic BEaAlcSh2Carbon Bases' CECase sal . 1
him Disp. e/loo mg g Sat-. St.- I 

DARK RED LATOSOL dystrophic clayey12 4.2-5.8 3.6-4.6 40--5 13-2 forest 
B 12 4.7--6.0 3.9-5.5 35±t3 

47-4 23-±3 2.1--0.2 2.3±--E1.0 11.0±€0-.9 18±"5 43±-912±--E-2 53±L3 L41#0.111""1 0.5-t-0.1 0.4±"0.1 3.6±0.5IDEM dystrophic 134L2 27E11.S 1.31"-0.1 
* clayey cerrado11 4.3-5.2 3.5-.4.3 28±5 13±2 59±5B 11 4.6-6.1 3.9-5.7 21-t3 2.2-0. 0.7±-0.1 10.1±1.124±h4 11±2 65±.E4 7±1 - ,72d2 L23±0.AO1:t1 0.6±-0-1 0.4±0.1 4.0-0.5 10"±'1 38±10. 1.19-0.09IDEM dystrophic clayey cerrado, pH H1,O < IN KCIA 8 4.5--5.5 4.3-4.9 .22±5 21±-3 57-6 16±4 2.3±-0.2B 8 49--6-.2 5.6-6.7 65-6 

1.2±03 - 8.8±"0.7 14±E3 - 37±!7,20-5 15±2 0.64*0.0911±"2 0.6±L0.1 0.5*0.1 1.940.3 32k5 0±"0 0.55±0.09
A 8 IDEM dystrophic loamy forest4.1-5.2 3.7-4.7 78-3 7-h 1 154L3B 8 4.4-4.9 10±E3 0.9±.0.1 1.8±0.3 6.2*0.5 29±*53.6-4.1 73±L3 " 1 5±47 2.03:-0.677-i 20-2 10-E2 0.3±0.0 0.3±0.1 3.0±"0.2 10"±"2 80±3 1.95:0.05IDEM dystrophic loomyA 11 4.5--5.3 3.7-4.3 cerrado79-2 6±"1 15-"1 9±"1 0.9±"0.1B 1 0.7±0.1 4.6±t0.74.4-5.5 3.8-4.6 73±t2 7±L1 20-L2 16*E2 59-1-5" 1.87:f:j0.105±t2 0.2±i0.0 0.3±0.1 2.1±0.2 16±3 170±L4 1.824t0.03 
A IDEM eutrophic clayey forest3 5.9-7.2 4.9-6.7 30-16 20±t3 50-10 26±L14 2.8±t0.4B 3 5.8-6.3 5.0-6.1 14.0±3.0 17.1±3.8 79±"1230±10 11±.3 594"8 0±0 1.77±0.071I1 0.6±-0.1 4.8±.0.3 7.1±1.1 704L8 2±2 1.65±-0.25DUSKY RED LATOSOL dystrophic clayey forestA 6 5.3-6.2 4.5-5.6 21±"3 19± I 604i3 32±7 3.0±L0.2B 6 4.9-6.1 9.6±1.4 16.2±11.64.1-5.9 17±E3 58±t5 1±"1 1.57±0.2213± 1 70--3 0±0 0.0±0.0 1.1±0.2 5.2±0.6 24±t5IDEM dystrophic 35L6 1L47±"0.19

4.9-5.2 clayey cerrado3.9-4.6 26--7 15±-4 59-k4 33±"8B 1.5±0.1 1.5±0.53 5.--5.9 4.0-5.5 8.1±E1.323±-6 14±t4 63±t3 17±L5 46±-4 L43±40.320±t0 0.5±0.1 0.4±"0.1 3.8±0.7 10±"1 50±-23 1.37±0.35 

http:1.37�0.35
http:L43�40.32
http:1L47�"0.19
http:1.57�0.22
http:1.65�-0.25
http:1.77�0.07
http:1.824t0.03
http:1.87:f:j0.10
http:1.95:0.05
http:2.03:-0.67
http:0.55�0.09
http:1.19-0.09
http:L23�0.AO
http:L41#0.11


TABLE 1.-(Continued). 
PH ~Clay S 

of iONN (raz.,)bO IN(range) 
KPHKCI Sand 

% 
Silt 
%% %ieTa 

Wtr
Watersp.~ .m/Cg % 

Exch.
BasesN' Me/too 9 Elom/O 

Base 
Sat.% 

Al 
Sat. 

SO,
AzO..(Kb) 

A 
B 

DUSKY RED LATOSOL dystrophic clayey cerrado, pH <
3 4.6-5.2 4.3-4.5 31±4 18--2 51±2
3 5.4-5.9 5.7-6.1 24-1 16- 1 60-1 

HO IN KCI 
17±7 1.9 -t0.2 
10±9 0.6±--E'0.2 

0.7±0.1 
0.6±0.1 

8.4±0.8 
2.8±-0.4 

8:f1 
22:8 

49:t1 
0-0 

0.35±t0.04 
0.35±0.05 

A 
B 

5 
5 

5.2--6.7 
5.2-6.8 

IDEM eutrophic clayey5.0--6.1 19±--t3 21±-t2 
4.5-6.3 15±t2 15±2 

forest
60±--!-3 
70-4 

28-9 
0±0 

3.0±0.3 
0.5-0.0 

15.3-k 1.8 
4.8-0.7 

18.7±1.4 
7.1-0.6 

81±t5 
66±--h-9 

0-0 
6-4 

1.79±0.24 
1.604"0.22 

A 
B 

1 
1 

RED-YELLOW 
4.4 3.7 
5.3 4.8 

LATOSOL dystrophic clayey forest
51 9 40 17 
34 17 49 0 

2.0 
0.5 

0.7 
0.3 

4.6 
2.4 

8 
14 

58 
40 

1.23 
1.20 

A 
B 

A 
B 

5 
5 

1 
1 

IDEM dystrophic clayey cerrado 
4.3-5.5 3.5--4.4 46--7 9-3 45--5 17-45.2--6.2 3.9-5.5 38-6 9±t-2 53-4 0"L"0 

IDEM dystrophic clayey ccrrado, pH HO < IN KCl
4.7 4.1 19 9 72 13
5.1 5.4 14 13 73 0 

1.8-0.2 
0.5±-0.1 

2.6 
1.1 

0.7-0.2 
0.4"0.1 

0.8 
0.4 

7.8±-1.7 
2.7--h0.4 

9.5 
4.6 

10-3 
13""0 

8 
10 

62-3 
42::9 

86 
0 

1.24±0.18 
1.18"±0.18 

0.38 
0.33 

A 
B 

A 
B 

3 
3 

1 
1 

IDEM dystrophic loamy cerrado4.9--5.2 4.1-4.2 71-1 7--t3 22-2 7±3 
5.0-5.9 4.5-5.3 64±L2 7-t-2 26-1 2±L-2 

IDEM dystrophic loamy cerrado, pH HO2 < IN KCG
4.6 4.6 67 6 27 6 
4.9 5.7 60 5 35_ 10 

1.0±"0.2 
0.4±0.1 

0.8 
0.5 

0.5"-0.1 
0.3±4"0.1 

0.4 
0.4 

4.5-0.3 
2.0-0.3 

3.3 
1.6 

10±3 
16±2 

12 
28 

58-12 
42±-8 

47 
0 

0.65-0.07 
0.64±"0.06 

0.49 
0.42 

* 10 4.4-5.7 
LITHOLIC SOILS dystrophic cerrado3.7-4.8 50-7 27-4 23--±-3 9-2 1.3--t0.4 1.4-0.3 6.7"0.5 19±k3 47±'1 1.74±'0.23 

A 8 5.6-7.0 
LITHOLIC SOILS 

4.6-6.0 37-6 
eutrophic
31-3 

forest 
33±3 22±2 3.2-0.5 16.8.t3.7 20.9-t-2.1 74±L7 1-1 2.78"±"0.36 

A 
B 

7 
7 

4.0-5.4 
5.1-5.9 

QUARTZ SANDS
3.9-4.3 87-1 
4.2-4.7 85±1 

dystrophic cerrado
5.!-0 8±1 
4±t1 11-1 

3±!-1 
5-1 

0.8±-0.2 
0.2-t0.0 

0.6"±0.2 
0.2±'0.0 

4.7±t0.9 
1.7±'0.2 

13±3 
14*2 

59±t'5 
60-3 

1.32±"0.25 
138:0.28 



TABLE 
t-t,,,;. Ns 

1.-(Conned). 
of PIuij Kcl Sz(Sand ilSilt abnOrganic aeExch. C C '_______ l _y_ _ _ 

(range) %b % Total D Carbon Base/O SL Sat. aO, 

A 
B 

5 
5 

5.0"-5.8 
5.1-5.4 

RED-YELLOW PODZOLIC clayey forest 
3.8-4.9 42-10 29±6 30"±5 
4.0-4.3 23-6 23"-3 524IDEM loamy rerraMo 

18±4 
0"-0 

2.1-t0.3 
0.5t0.1 

3.5-k0.8 
1.0±0.1 

9.7 0.9 
4.9-0-6 

36-7 
21=!3 

21"±t12 
48±h10 

2.004-0.06 
1.84±0.20 

4.7-5.4 4.2-4.4 81-7 10±t-3 94-1 6*1 0-7-0.1 2.3±-0.2B 3 5.0-5.3 3.9-4.0 67±2 13±k2 20-3 14-44 0.2-0.0 0.9±--k-0.3 
RED-YELLOW PODZOLIC EQUIVALENT eutrophic clayey forestA 8 5.5-6.3 4.4-5.7 38-8 34-4 28"-4 16±.3 2.0±"0.3 9.2±1.8B 8 5.3-6.8 -. 0--5.8 23-5 26-4 514-3 12±6 0.4-0.1 6.4±t-1.2 

IDEM eutrophic loamy forestA 4 5.9--6.3 4.8-5.5 72-6 16-3 12-4 7-2 1.2-0.4 5.0-1.1B 4 4.8--5.8 3.6--4.6 57-4 15±-2 28±1 24±-1 0.3-t0.1 3.4±t0.1 
REDDISH BRUNIZEM clayey forestA 3 5.9-7.9 5.3-6.9 24±4 44-t3 32 ±-1 17-3 3.1±--t-1.1 24.3±-3.7B 3 6.1-8.1 5.0-7.0 14-2 32'2 54-6 34±6 0.6±0.1 19.8-3.2 

TERRA ROXA ESTRUTURADA (REDDISH BROWN LATERITIC) eutrophic clayey forestA 8 5.0-6.8 4.4-6.3 25-5 30±3 15-3 24-4 2.6±-0.3 8.7±-1.1B 8 5.7--6.3 4.8-6.1 21±t5 23- 1 56±3 10-5 0.6-0.1 4.8±0.5 
UNDIFFERENTIATED CONCRETIONARY SOILS dystrophic ce,-radoA 4 4.5-5.7 4.0-5.0 51±7 23±t5 26±6 14-6 2.9-0.7 3.2±t-1.2B 4 5.2-5.6 4.1-5.1 30±4 30- 4 48"±7 2-1 0.4±.0.1 0.6±0.2 

4.8±0.5 
5.0±:0.3 

12.9±t2.0 
8.5-3.6 

7.0-1.4 
5.9±0.7 

26.1±2.8 
21.3-2.5 

13.8-1.4 
7.1±i0.5 

12.7-3.0 
3.6-0.3 

45±.4 
18:±-4 

71±6 
72-6 

72-3 
57-5 

92±t5 
92-4 

62±L5 
684±3 

27±-9 
16±3 

22±17 
74:7 

1±.1 
3-t3 

1±"1 
20±L8 

0±.0 
0±0 

0±0 
0±0 

33±19 
61±4 

2.46±0.27 
2.37±.0.19 

2.19±0.18 
2.06*0.14 

2.47±0.23 
2.18±.0.09 

2.94--0.58 
2.43-0.31 

2.15±0.16 
1.97±0.13 

1.82±-0.36 
1.68±0.35 

1/ 
2/ 

3/ 

4/ 
/ 

Depth of B or C ranging from 80 to 140 cm. 
Not necessarily proportional to geographic extension of soil kinds 
Sam of bases - comparable to NTiLOAC pH 7.0. 
Sum of bases pus extractable acidity by Ca(OAC), pH 7.0. 
Attack by HaSO4 (d-1.47) - comparable to composition of clay 

or their varieties. 

fraction. 



Table 2.--Summary of some chemical data indicative of the fertility' sttus 
i i of the soil kinds and their varieties most common in Planalto 

Central - Mean and standard deviations. 

Horiz. Ng of pH -iO Exchangeable "Available" 
or 

Depth t Sites 
a (range) A13 Ca + Mg, K4 14
 

meq/100 g meq/100 g meq/100 g PPm
 

DARK RED LATOSOL dystrophic clayey forest 
Surf. 20 4.2-5.8 0.7±E0.1 1.2:0.2 0.16-0.02 1.9:0.4 
Subsurf. 11 4.7-6.0 0.0+0.0 0.6-±0.1 0.07±-0,01 0.6:1:0.1 

IDEM dystrophic clayey cerradorl 
.W.rf. 141 4.0-5.7 0.0±0.0 0.5±-0.0 0.11±0.01 1.1±0.7 
Subsurf. 32 4.1-6,1 0.2±0.0 0.3±0.1 0.03±0.00 0.8±0.1
 

IDEM dystrophic loamy forest
 
Surf. 36 4.o-6.0 0.7±0.1 1.0±0.1 0,08±0.01 3.7±0.3
 
Subsurf. 21 4.1-4.9 .O±O.i 0.4±0.1 0.03±0.01 0.8±0.1
 

IDEM dystrophic loamy cerradoU/ 
Surf. 157 4,0-5.6 0.7±0.0 0.6±0.0 0.07±0.00 1.3±0.1
 
Subsurf.. 71, 4.2-5.7 0.5 ±0.0 0.3 ±0.0 0.02±0,00 0.5 ±0.0
 

IDEM eutrophic clayey forest
 
Surf. 28 5.4-7.2 0.0±0.0 6.2±-L0.5 0.27±0.03 4,8±2.7
 
Subsurf. 7 5.4-6.6 0.0±0.0 3.3±0.4 0.23±0.05 0.7±0.1
 

IDEM dystrophic loamy forest
 
Surf. 15 5.3--65 0.0±0.0 4.2±0.4 0.19±t-0.08 10.8±3.8
 
Subsurf. 3 6.0-6.8 0.0±0.0 3.2±0.5 0.14±0.04 3.5±2.8
 

DUSKY RED LATOSOL dystrophic clayey forest 
Surf. 36 4.2-6.2 0.9±0.1 2.5±0.3 0.20±0.03 2.7±0.8 
Subsurf., 20 4.4-6.1 0.2±0.2 1.1:0.2 0.09±0.03 0.6±0.0 

IDEM dystrophic clayey cerrado~l 
Surf. 88 4.1-6.0 1.0±0.1 1.4:0.3 0.11±0.01 1.4±0.3 
Subsurf. 25 4.0-5.9 0.2±0.1 0.3+-0.0 0.03±0.01 0.6±0,0 

IDEM eutrophic clayey forest 
Surf. 33 4.5-7.2 0.3 ±0.1 7.0±0.6 0.33 ±0.02 6.1±1.6 
Subsurf. 19 5.2-6.8 0,1±0,0 4.4::0.6 0.17±0.02 2.3±1.5 

RED-YELLOW LATOSOL dystrophic clayey forest 
Surf. 23 4.4-6.1 1.1±0.2 1.7±0.4 0.18±0.02 1.9±0.3 
Subsurf. 8 4.3-6.0 0.2 ±0.1 0.4±0.2 0.04±0.01 0.5±0.1 

IDEM dystrophic clayey cerradoS/ 
Surf. 96 4.0-5.7 0.8±0.1 0.4"-0.0 0.12±0.01 0.8±0.1 
Subsurf. 20 4.1-6.2 0.2±0.1 0.3±0.0 0.04±0.01 0-7±0.1 

IDEM dystrophic loamy cerradoS/ 
Surf. 25 4.1-5.7 0.6±0.0 0.5::0.1 0.07±0.01 1.3±0.2 
Subsurf. 9 4.3-5.9 0.1±0.0 0.3±00 0.03 ±0.00 0.9±0.3 
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TABLE 2..-(Continued). 

or N9 of pH M-hO Exchangeable "Available" 
Deptht Sites, (range) A01 Ca + Mg K P4

meq/100 g meq/100 g meq/100 g ppm 

IDEM eutrophic clayey forest (or endodystrophic)
Surf. 9 5.3-6.5 0.00.0 4.8±1.0 0.25±0.04 1.5±0.3 

LITHOLIC SOILS dystrophic cerrado
Surf.i 30, 4.4-5.7 1.2±0.1 0.7±0.1 0.17±0.02 1.1±0.2 

IDEM eutrophic forest 
Surf. 11 5.4-7.6 0.0±0.0 12.5±2.4 0.43±0,04 13.5±5.6 

" QUARTZ SANDS dystrophic cerrado 
' 
Surf. 17 5.0--5.9 0.6±0.2 2.7±0.3 0.24±0.03 1.3±0.2 

Subsurf. 8 4.5-5.9 0.5±0.1 0.2±0.0 0.01±0.00 0.9±0.1 
RED-YELLOW PODZOLIC clayey forest 

i:Sur 7 4.5-5.4 0.6±0.1 1.3±0.1 0.14±0.01 1.1±0.2 
Subsurf. 2 4.9-5.8 0.6±0.2 1.0±0.2 0.14±0.02 0.6±0.0 

IDEM clayey cerrado
 
Surf; 9 
 4.1-5.6 0.8±0.2 1.3 ±0.3 0.13±0.02 1.8±0.2 
Subsurf. 3 4.7-5.0 1.8±0.5 0.8±0.5 0.07±0.01 0.7±0.2 

IDEM loamy cerrado 
Surf. 39 4.9-7.4 0.0±0.0 7.4±0.6 0.28±0.02 7.8±1.8 
Subsurf. 4 5.0-5.4 2.1±0.4 0.6±0.2 0.07±0.02 0.9±0.1 

RED-YELLOW PODZOLIC EQUIVALENT eutrophic clayey forest 
25L
Surf. : 5.4-6.7 0.1±0.0 3.1±0.2 0.18±0.01 3.4±1.6 

Subsurf. 15 5.2-6.8 0.3±0.2 4.5±0.7 0.13±0.02 1.8±0.5 

IDEM eutrophic loamy forest 
Surf.' 59 4.0-5.7 0.7±0.0 0.3±0.0 0.06±0.01 1.4±0.1 
Subsurf. 8 5.0-6.6 0.5±0.3 2.9±0.3 0.10±0.07 0.8±0.1 

REDDISH BRUNIZEM clayey forest 
Surf. 10 5.7-7.9 0.0±0.0 9.6±0.5 0.40±0.03 5.5 ±3.7 

TERRA ROXA ESTRUTURADA (REDDISH BROWN LATERITIC) 
, 4" ".Ieutrophic clayey forest 

Surf,.: 16 5.0-7.1 0.0±0.0 10.0±0.9 0.28±0.05 15.2±5.5 
Subsurf. 12 5.7-6.6 0.0±0.0 6.3±1.0 0.30±0.07 7.3±4.2 

' UNDIFFERENTIATED CONCRETIONARY SOILS dystrophic cerrado 
Surf., 28 4.5-5.7 0.9±0.1 0.5±0.1 0.16±0.04 0.8±0.0 
Subsurf. 4 5.2-5.6 0.8±0.4 0.5±0.2 0.07±0.02 0.8±0.1 

UPLAND GROUND-WATER LATERITE clayey cerrado 
Surf, 19 4.8-5.5 1.0±0.2 0.6±0.2 0.12±0.02 1.6±0,3 

1/ Surface soil 0.20 cn, subsurface soil ranging from 8o to 120 cm.2/ Not necessarily proportional to geographic extension of soil kinds or their varieties. 
5/ IN KCI extraction. 
4/ Mixed acids (0.0 NMHCI and 0,023 N MSO4) extraction, 
5/ Regardless of pH > or < KCI. 
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t AcmlpcKarures are high with very small seasonal variations -isohyper. 
thermic- and yearly rainfall distribution is the main cause of climatic 
differences, actually small, encompassing udic and ustic regimes. 

In the first 300 km, the Aw (Kippen) climate prevails. Mean 
annual temperature is 25.5 to 26.4 0 C, annual rainfall 1590 to 1430 mm, 
with about 3-months dry season. There is no specific information for the 
following 450 kin, that probably constitutes a section under Amw' climate. 
In the next 150 km Aw climate prevails. Mean annual temperature is 
26 0 C, annual rainfall 1690 mm with 1 to 2 dry months. The fourth 
section, 400 km long, is under Amw' climate with a very weak dry season. 
Mean annual temperature is 26.60 C and annual rainfall is 1790 mm. 

Physiography 

Most of the area has been subjected to intense denudation and 
dissection in a variable degree, possibly relative to Pliocenic pediplanation. 
Fair land form distinctions, modest elevations, and several varieties of rocks 
are the main landscape features. Some sections can be identified: 

1. Sedimentary Plateau of Maranhdo Basin. Occupies the first 130 
km of low tablelands of the drainage divide between the Tocantins and 
Araguaia Rivers. It comprise sedimentary sequences (Devonian to Creta
ceous) in which sandstones predominant with occasional intercal of basalt 
and melaphyre flows. Topography is nearly level to gently undulating, 
elevations range from 150 to 250 meters. 

2. Quaternary Alluvial Plains. Low river terraces are scarce and 
narrow, except for the most noticeable being found along the Araguaia 
River. The low river terraces consist mainly of argillaccous sand deposits
about 10 m above the streams, elevations range from 70 to 40 meters above 
sea level. 

3. Denudation Surface, Slightly Dissected. These surfaces occupy 
most of the area along the road from km 140 to 310, km 735 to 860, 
km 960 to 1150 and km 1165 on where the road cuts across crystalline
and younger sedimentary rocks. Topography is mostly gently undulating, 
seldom rolling. Elevations range from 100 to 150 m, seldom reaching 200 
meters above sea level. 

The first tract comprises sedimentary sequences of Maranhio Basin 
(Devonian to Cretaceous) consisting mainly of sandstones with few inter
bedded silstones, shales that are seldom calcareous. In the central part of 
this tract, Pre-Cambrian schists and phyllites (muscovite, chlorite, sericite)
with thin quartzite veins are found. 

The remainingare a is composed of Silurian to Devonian sedimentary
formations of the Amazon Basin consisting mostly of argillaceous and 
micaceous sandstones with few shale interbeddings. Diabase intrusions are 
scarce, except from km 790 to km 820. 

4. Dissected Denudation Surface. This surface constitutes the 
section from km 310 to 735 and represents the low northern extension 
of the Brazilian shield. It consists of crystalline rocks that have been worn 
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away by erosion with later incision of streams, resulting in rough relief.
Topography is mostly rolling, with elevations ranging 80-150 m. To the
west topography is more gentle and elevations range from 40 to 80 meters. 

:- Dominant rocks are gneiss and migmatites of granitic and grano.
dioritic composition with few granites and scarce intrusions of diabase.

5. Intrusions and Flows of Basic Rocks. From km 860 to 910there occurs a distinctive section consisting of diabase and basalt referred 
to as Triassic. Topography is mainly gently undulating and seldom rolling.
Elevations range from 100 to 150 meters.

This section is of prime importance because of the fertile soils 
formed from the rocks mentioned above. They are the main lands readily
suitable to successful permanent agriculture.

6. Dissected Hilly Range. Detached from km 1150 to 1165 there
is an area of strongly dissected landscape comprising crystalline rocks 
especially granites with elevations ranging from 200 to 300 m, protunding
from the low adjoining plateaus at elevations of 100 to 120 meters. 

Despite the variety of rocks along the route, sapric residues are
far less diversified than would be expected in such relief variations. This
would be expected because of the intensity factors role in the weathering
rate. At the same time, landforms clearly evidence past intensive denuda
tions, implying transportation and mixing of weathered residues. 

Soils 

The available soil information results from surveys of a few areas andstudies throughout the road. The main soil kinds and varieties are briefly
sefied below along with their general relation to environment as
described earlier. Condensed analytical data are given in Table 3. 

Cambisols, dystrophic loamy or clayey 

These soils are mainly Oxic Dystropepts. Minor varieties are:intergrade to Red Yellow Podzolic, plinthic, Imperfectly drained, and low 
CEC (<24 meq/100g clay).

These soils dominate the denudated areas of schists and phyllites
of the third physiographic section and foundare under forest vegetation,
udic environment, and gentle relief. Scarce occurences to the west are
related to shales exposed at steeper sloping dissected tracts. 

Dusky Red Latosol, eutrophic 

These soils correspond to Eutrorthox. Subordinate varieties are:
intergrade to Terra Roxa Estruturada,seldom with mollic epipedon.

They are confined to areas of gentler topography within the fifth
physiographic section, i.e., basic parent rocks and udic environment forests. 

Red-Yellow Latosol, dystrophic clayey 

These soils are mainly Haplorthox. Atypical varieties are: inter. 
grade to Red Yellow Podzolic, not very deep, and seldom concretionary. 
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They. are related to udic environment forests, and fairly dissected 
areas of granite and gneisses. They dominate the hilly sixth physiographic 
section, being quite frequent to the east of the fourth section, associated 
with Red Yellow Podzolics. 

Yellow Latosols, dystrophic clayey or loamy 

These soils are mainly Haplorthox. Subordinate varieties are: inter
grade to Red Yellow Podzolic, concretionary, seldom plinthic and with 
unbric epipedons. 

This is the second most extensive soil kind along the transect. It 
occurs under udic forest environment and occupies long stretches to the 
west of the third hpysiographic section plus the low terrace of the Araguaia 
River. 

They are closely related to subdued landforms and to highly 
weathered residues derived from overlain sedimentary sequences of the 
Amazon Basin. 

Quartz Sands, dysirophic 

These soils closely correspond to Quartzipsamments and usually 
include intergrades to latosols and Red Yellow Podzolics. 

They are strictly related to quartzose sandstones plus adjacent shifted 
detritus and to very gently topography. They dominate the first section 
under ustic cerrado environment, occuring in a small area of transitional 
forest in the third section and occasionaly in the remainder of the road 
forest udic environment to the west. 

Red-Yellow Podzolic 

These soils are mainly Pale, Tropo and Plinthic great groups of 
Udults and Ustults. Varieties are: clayey, loamy, loamy/clayey, sandy/ 
clayey, sandy/loamy, concrecionary, plinthic, abruptic, imperfectly drained 
and intergrade to Latosols. The epipedon is always odiric and the CEC is 
low (< 24 meq/1OOg clay). 

Their occurence is largely linked to somewhat dissected areas -rol
ling to'gently undulating- chiefly of gneissic bedrock. Forest udic envi
ronment is prevalent, except for small stretches under forest ustic environ
ment to the east. 

They are the most extensive soils along the road, being of impor
tance in some areas of the third physiographic section, while in the fourth 
section they are remarkably frequent, continuously or associated to Red 
Yellow Latosol or Ground Water Laterite. 

Red Yellow Podzolic, eutrophic equiralent 

These soils are Tropudals and Paleustalfs. Epipedons are ochric with 
low CEC. Varieties are: clayey, loamy/clayey, abruptic and intergrade 
to Terra Roxa Estructurada. 
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*Minr curences were found ,in th6-.fourth Iphysiographlc sectionunder udic forest environment,-adi related to hillyandirollingkgranodioritic 

Reddish Brunizem, clayey 

Corresponds to Rhodic, high CEC varieties or Argioustolls, Argiudolls, and Paleudolls. Varieties are Vertic and Lithic.This soil is of very limited distribution and strictly related tosteeper sloping areas and basic parent rocks. Small stretches occur bothunder sub-deciduous forests 	in ustic evironments in the first section andudic rain forest environments in the fifth section. They are rarely foundin the remaining physiographic secticns. 
Terra Roxa Estructurada (Reddish Brown Lateritic), dystrophic'/ and
 

eutrophic clayey
 

These soils correspond to Rhodic, low CEC soils of Pale and Tropogreat groups of Udultsl/, Udalfs, Ustalfs, Udollsl/ and of Argioustolls'/.
Varieties are: intergrade to Latosol, to Red Yellow Podzolic, to RedBrunizem, plinthic'/ and with mollic epipedonl/.


These soils are closely related 
 to basic parent rocks and gentlyundulating to rolling topography. They are confined to the 	 fifth physio.graphic section, occuring on occasional outcrops of those rocks elsewhere.
Their major part is under udic forest environment and seldom found under 
ustic environments to the east. 

Upland and Louland Grond Water Laterite, dystrophic 

These soils are mainly Plinthaquults and Plinthaquox. Varieties are:with or without argillic horizon, clayey, loamy, loamy/clayey, sandy/clayey,sandy/loamy, abruptic, concretionary, imperfectly and poorly plus verypoorly 	drained. Epipedons are ochric and CEC values are low.

They are important soils associated with Red Yellow Podzolics 
 tothe west of the fourth section. In the remainder, they occur in scatteredareas either under forest udic environments in gentle to steep slopinggneissic or sedimentary tracts with variably related to seeping, or in bottomlands2/ 	 uncer hydrophilous or marshy forest. 

Vertisols 

These soils have mollic epipedons and are lithic varieties of Pellusterts. They are confined to very small gently sloping areas of basic rocks plustheir colluvium.alluvium under 	ustic environments at the extreme easternend of the transect. As for other varieties there are minor occurences ofLow Humic Gley, Humic Gley and Alluvial Soils virtually all dystrophic,Podzol, and Litholic Soils plus Cambisols both eutrophic, related to basic
bedrock. 

I/ Scarce to few occurences.
2/ In general, bottom lands are scarce along the route. 
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& Iei iiy Status Eartinate and Agricultural Potential of the Soils 

.~ Information obtained by investigations carried out along the route,
makes possible an evaluation of the agricultural potential of the soils. 

Available data on soil pH values, Al, base and P contents that express the supply of available plant nutrients are summarized in Table 4.
This may serve as an inventory of the natural fertility status of the soilsthat have been identified. These data together with the ones in Table 3indicate that most of the soils are of rather low inherent chemical fertility,
except for those derived from basic rocks, namely Eutrophic Terra Roxa
EStruturada, Dusky Red Latosol, Red Brunizem and Vertisol, that except
for Vertisols, have a remarkably higher agricultural potential. 

The low plant nutrient status expressed by the analytical data, hereinpresented, are in conformity with experiments on soil fertility and with
observation on land use and crop behavior. In addition to, experience has
been gained trying to farm correlated soils elsewhere in Low and Middle
Amazon Regions under traditional agricultural system. 

According to actual knowledge about the udic tropical environment
here considered essentially concordant with others in the world, -it is quiteevident that the low inherent chemical fertility of the predominant dystrophic
soils is per se one of the most, if not the decisive, limiting factor to agri.
cultural development, despite the climate and often the physical attributes 
of the soils and topography being favorable. 

In view of the low inmediate potential of soil resource the occurences
of rich soils acquire anoutmost importance, because they are quite capable of
readily supporting successful permanent agriculture settlements. The existence of given soils is subordinated to particular combinations of parent rocks
(composition & mode of occurence) and geomorphic settling, where thedynamic of the soil system ensures preservation of the elements of fertility
inherited from rich parent materials, formed from very favorable rock 
source-diabase, basalt and melaphyre. 

In summary, the potential for agricultural use offered by the soil 
resources throughout the road, can be roughly estimated as follows: 

Good suitability to permanent agriculture under traditional farmingsystems i.e., depending on natural fertility of the soils, is about 100 km
straight as 8% of the total extent and being 50 km in a continuous segment.
Practically this only comprises the Eutrophic Terra Roxa Esiructurada,on
gentle topography and udic moisture regime. 

Good suitability to permanent agriculture under advanced (intensive) farming system, i.e., high technology and capital inputs to improve
and maintain soil conditions -about 570 km straight or 44% of the extent.
These include the above plus extensive segments of Dystrophic Yellow
Latosols on gentle topography and udic moisture regime. 
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Table 3.-Sum ayofselected analytical data for kind soil and their
Mean and standard deviations. varieties identified in ra 
Se o 2 Sand SiltHatiz.2 N O PH San Organic Exch.ies. Clay.
Sa (iN KQ - . . . -
Total Wa. Carbon Bases CEC4(range) Base Al. - SROsD Mse/Co g me/00 g S -Sat. 

A 8 4.2--4.7CAMBISOL dystrophic loamy3.1-3.7 25±3 47±t1or clayey forestB 27-4 17±L48 4.3-4.9 3.2-3.9 24--3 48±2 1.5-0.3 1.7±k0.3 10.8±t0.728-t2 13-3 0.4-0.1 16-3 70±6 2.42±.0.10.5±0.1 7.0±t0.6 7--1 
 90--1 2.39±0.11
6.2 
DUSKY RED LATOSOL eutrophic5.6 30 clayey22 48 forestB 1 5.7 6.0 18 18 

33 1.6 6.3 9.4 6764 0 00. 20919 2.9 65 0 1.83RED-YELLOWA 1 4.2 3.8 LATOSOL dystrophic clayey21 forestB 12 67 31 4.7 4.0 1.3 0.419 7.58 73 0 0.3 0.3 3.7 
5 B2 1.78
8 f6


A 12 3.8--4.5 YELLOW LATOSOL dystrophic clayey forest 
L77
 

3.1-3.8 45±4 I1- IB 12 44-4 26-34.4-5.1 1.6.-0.43.7-4.3 31±-4 9-€-1 0.6±4.0.1 9.2±1.760-4 0±0 0.3*±0.0 6-1 82.2 1.95t0.00.3-0.1IDEM dystrophic 3.9-0.0 :7-1 878 1.80±0.05
A 8 3.8-4.5 3.2-3.8 loamy forest75-±-5 8-2B 17t 2 7-2S 4.0-5.1 1.0±0.13.7--4.3 67-4 0.5±0. 6.5±0.882 25-2 8±2 75...6QUARTZ 0±0 0.3±0.0 0.2-0.1 3.-*0.4 2.24 .j

7±3SANDS 2.09-€--0.12dystrophic3.8-5.3 3.2-4.1 "93±2 forest3 t 1 4-2 2±"1 0-7±0.1C 4 4.6-5.6 4.1-4.7 0.3-0.1 4.9±E0.484-1 6m" 1 10-1 6-1 77-2- 2.06-±0.04IDEM dystrophic cerrado 5±2 0.2-0.1 0.1±t0.0 2.7-0.4 6±2 80±t6 194±0.034.8-5.7 3.7-4.4 9±0093-1 3- 1 4-±1 2±-1C 0.3 -0.05 5.2-5.5 4.1-4.4 88-1 "" 0.3:±0.1 2.1±-0.33- I 9-1 i8±16 47±16 2.11±0.00RED-YELLOW 2±1 0.1±0.0 0.2±0.0 1.2±0.1 13±2PODZOLIC 62± 2-05L0.0023 3.8--5.1 3.3-5.0 51±L4 clayey23-3 forestB 23 4.2-5.5 3.5-4.8 27±t3 19- 2 
26-2 16-2 1.2±--0.4 0.8-0.1 6.6±0.8 19-354±t2 51±63-2 0.4-0.0 2.22±0.080.6--0.1 5r70.6 13±2 70t5 1.86±0.08 
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TABLE 3.-(Continued). 
N f HClyOrgic

INofSand Sil Organi Eich.ECEO I 5 ixa-
Sites H.-OIN KCa 

(rane) 
Total 
% % 

Cabte 

% 

Bases 

me/og 

C C 

m /OO 

Sat. AEla Am

( 

A 
B 

A 
B 

1 4.1 
1 4.4 

RED-YELLOW 
1 5.5 
1 5.7 

IDEM loamy forest3.6 88 6 6 4 
3.9 66 10 24 0 

PODZOLIC EQUIVALENT eutrophic clayey forest4.8 48 26 26 16 
5.2 14 31 55 1 

0.9 
0.4 

0.9 
0.3 

0.9 
0.2 

4.3 
3.3 

4.6 
3.3 

7.0 
5.1 

20 
6 

61 
66 

36 
78 

5 
0 

2.27 
1.92 

2.45 
1-44 

A 
B 

A 
B 

REDDISH BRUNIZEM clayey forest4 5.8---7.2 5.2-6.3 23±1 33±i- 3 44±3 
4 5.5-6.3 3.9-5.3 15-7 30---5 55±6 

TERRA ROXA ESTRUTURADA (REDDISH BROWN1 4.4 4.0 26 18 56
1 5.2 4.4 6 13 81 

28±5 4.0-0.3 31.2±3.7 
34-t-13 0.5±0.1 35.2±11.3 

LATERITIC) dystrophic clayey forest 
4 1.6 0.7 
0 0.6 0.3 

35.7-4.0 
39.0±11.8 

8.0 
4.7 

88-4 
90-2 

9 
6 

0±-0 
0±"0 

67 
50 

2.98±0.17 
3.32±0.33 

1.92 
1.75 

A 11 
B 11 

UPLAND 
A 5 
B 5 

IDEM eutrophic clayey forest5.2---5 4.4-5.8 30±2 22- 1 48±2 34-4 1.7±L0.15.3-6.5 4.9-6.0 17±2 15±4t1 68-L-3 0-0 0.4±0.0 
AND BOTTOM LAND GROUND-_W6ATER LATERITE dystrophic clayey4.1-5.7 3.5--4.1 57±!-13 15±2 28±--t-13 8-2 1.4-0.64.8-5.7 3.5--4.2 33±7 20±3 47±8 17±t-11 0.3-h-0.0 

8.4-0.9 
4.4±--0.8 

forest 
0.7±4"0.1 
1.8±4:1.0 

13.1±'0.9 
6.5±0.9 

8.8-t-3.4 
7.0±1.4 

64-3 
60-4 

10±2 
21±8 

1±--1 
0-0 

65±8 
68±9 

2.01-0.04 
1.97±t0.05 

2-54--0.30 
2.22±-0.16 

A 
C 

1 
1 

5.1 
5.0 

3.7 
3.4 

VERTISOL35 20 
20 22 

45 
58 

5 
3 

1.2 
0.3 

15.3 
32.4 

24.7 
40.1 

62 
81 

11 
8 

3.18 
3.30 

1/ Depth of B or C ranging from 80 to Io cm. 
2/ Not necessarily Provortienil to zeograrhic extension of soil kinds or their 
3/ SUm of bases - comparable to NH.OAC PH 7.0. 
4/ Sam of bases plus extractable acidity by Ca(OAC):. PH 7.0.
V1 Altack by H&SO (d-1.47) . comparable to composition of clay friction. 

varieteis. 



Table 4.-Summary of some chemical data indicative of the fertility statusof the soil kinds and their varieties identified in Transamazonica. 
Mean and standard deviations. 

Horiz. No H0 --- gebor 
of - h-- "Available" 

Depth, Sites' (range) All Ca + Mga K' P4 
mC/100 g me/t0D g me/100 g ppm 

ALLUVIAL SOILS dystrophic loamy riparian forest
 
Surf. 8 3.9-5.2 
 1.6±0.1 0.5±0.1 0.05±0.01 3.8±0.6 
Subsurf. 8 1.9±0.34.2-5.0 0.2-±0.0 0.03±0.00 1.4±0.4 

CAMBISOL dystrophic loamy or clayey forest 
Surf. 12 4.1-4.7 5.5±0.8 0.9±0.1 0.20±0.03 3.0±1.3Subsurf. 11 4.0-4.9 5.2±0.7 04±0.0 0.10±0.02 1.7±0.8 

DUSKY RED LATOSOL eutrophic clayey forest 
Surf. 5 5.1-6.6 0.0±0.0 6.0±1.0 0.24±0.05 2.0±0.5
Subsurf, 5 5.6-6.5 0.0±0.0 2.9±0.7 0.06±0.02 1.3±0.4 

RED-YELLOW LATOSOL dystrophic dayey forest
 
Surf, 
 3 4.0-4.2 1.7±0.1 0.3±0.0 0.07±0.01 0.9±0.1Subsurf. 5 4.1-5.3 1.1 ±0.2 0.2±0.0 0.04±0.02 0.8±0.1 

YELLOW LATOSOL dystrophic clayey forest

Surf, 95 3.8-4.9 2.2±0.1 0.6±0.1 0.07±a-0,00 2.6±0.1

Subsurf. 77 2.1±0.24.1-5.1 0.3±0.0 0.Ot-0.00 1.7±0.1 

IDEM dystrophic loamy forest 
Surf. 31 3.8-5.3 1.6±0.2 0 ±0.1 0.06±L0,01 2.1±0.2
Subsurf. 28 4.0-5.1 1.5 ±0.1 0.2 ±0.0 0.04±+0.01 1.7±0.3 

QUARTZ SANDS dystrophic forest

Surf. 13 3.8-5.3 1.1±0.2 0.4±0.1 0.05-±0.01 4.7±2.1
 
Subsurf. 11 
 4.2-5.6 1.0±0.1 0.2 ±0.0 0,03±0.01 2.0±1.1 

IDEM dystrophic cerrado 
Sud. 7 4.2-5.7 0.3±0.1 0.3 ±0.1 0.03±.0,00 0.9±0.1 
iabsuf 7 4.3-5.5 0.3±0.0 0.1 4-0.0 0.02±0.00 0.6±0.1 

RED.YEILLOW PODZOI.C tlaycy forest 
Sudr. 49 3.8-5.7 1.9±0.2 0.7±0.1 0.13±0.03 1.6±0.2
Subsurf. 46 2.4±0.34.2-5.5 0.4±0.0 0.07±0.01 0.8±0.0 

IDEM loamy forest 
Sud. 1 4.1 0.5 0.8 0.04 1
Subsurf, 1 0.74.4 0.2 0.02 1 

RED-YELLOW PODZOLIC EQUIVALENT eutrophic clayey forest 
Surf. 1 5.5 0.2 0.233.8 2 
Subsud, 1 5,7 2.90.1 0.18 1 
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tABLE 4.-(Continued). 

Hotla. No nf PH -hO Exchangeable "Available" 
Ieof SitesP (range) AlP Ca + Mg' K4Depth' me/l00 g me/100 g me/lO0 ppmg 

REDDISH BRUNIZEM clayey forest 
Surf. 5 5.8-7.2 0.0±0.0 28.5±4.4 0.70*0.08 1.3±0.4 
Subsurf. ,A 5.5-6.3 0.0±0.0 43.1±10.6 0.78±0.25 1.0±0.0 

TERRA ROXA ESTRUTURADA (REDDISH BROWN LATERITIC) 

dystrophic clayey forest 
Surf. 1 4.4 1.1 0.5 0.09 1
 
Subsurf. 1 5.2 0.4 0.4 0.03 
 1 

IDEM eutrophic clayey forest 

Surf, 40 5.1-6.9 0.1± 0.0 7.5±0.5 0.27±0.04 1.9±0.2
 
Subsurf. 38 5.1-6.9 0.i±0.o 4.8±0.5 0.15±0.03 1.3±0.1
 

UPLAND AND BOTTOM LAND GROUND.WATER LATERITE
 
dystrophic clayey forest
 

Surf. 12 3.8-5.7 3.6±0.7 0.6±0.1 0.16±0.03 2.8±0.4 
Subsurf. 10 4.2-5.8 4.5±1.0 0.7±0.2 0.07±0.02 2.5±0.9 

VERTISOL forest 
Surf. 1 5.1 1.9 15.1 0.11 2
 
Subsurf. 1 5.0 3.0 32.2 0.04 
 1 

I/ Surface soil 0-20 cm: subsurface soil ranging from 80 to 120 cm. 

2/ Not necessarily proportional to geographic extension of soi' kinds or their varieties. 

5/ IN KCI extraction. 

4/ Double acids (0.05 N HCI anti 0.025 N N:SO,) extraction. 

III SUMMARY 

Information is presented on the soils, parent rocks, climate and 
topography of the Central Plateau and the Transamazonic Highway of
Brazil. The soils are tentatively classified at the great group level of the 
Soil Taxonomy and in accordance to the Brazilian soil classification system.
The potential fertility of some of the region and their significance to 
agriculture is indicated. 
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24'Soils, of the Lowlands of Peru 

CARLOS ZAMORA J. 

I 1 INTRODUCTION 

Peru, with a surface area of 1,285,215.60 Km2 and a total population 
somewhat over 13.5 million is located between latitude South 0001'48" 
and 18021'03", a typical intertropical location. In addition, the Andes 
Mountains extending in a South-East and North-West direction throughout
the country and a thermic modifier to the West, generated by the Humbolt 
Current, we have the main factors responsible for the marked contrast and 
heterogeneity of the country's geography. Environmental characteristics 
vary greatly within short west to east distances. An arid, cool environment 
practically free of vegetation is present on the west coast, changing to abrupt 
relief, cold climates with highland vegetation and perpetual snows, and 
eastward to humid, tropical climate of dense vegetation, respectively repre
sented by the traditional natural regions of the Coast, Sierra or Andes andJungle. Soils, being a product of the environment and of factors such as 
climate, vegetation, parental or lithological material and geomorphology, are 
complex and present great variabilities throughout the country.

This paper outlines the morphological characteristics, geographic
distribution and natural classification of the most important soils within 
the lowland areas of Peru. They cover about 60% of the territory, ranging 
from, the Coastal Desert found as a thin strip along the Pacific Ocean, 
arid, grayish land practically devoid of vegetation, to the extensive Amazon 
Plains, with tropical humid climate and dense and exuberant vegetation
(Figure 1 shows the distribution of the lowlands along an East-West 
transect). 

Between these two lowland regions, with diametrically opposed 
characteristics and different climates, vegetation and soil, we find the 
gigantic Andes Mountains with an elevation of over 5000 meters separating 
them at average distances of 300 to 500 kms. 

The nomeni lature used in this report is the FAO/UNESCO soil 
mapping units (FAD, 1968). 

II PERUVIAN DESERT 

The Coastal Desert of Peru is a thin strip approximately 2000 kms 
long and a maximum width of 150 kms. It comprises large extensions of 
flat land and dry plains, low hills, marine terraces that reach an elevation 
of over 1000 meters and uninterrupted numerous alluvial valleys, generally 
of a torrential nature, that run from east to west. Climatic conditions are 
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extremely arid in general with an average annual rainfall of less than 50 mm 
a' 'da maximum of 300 mn in the extreme northern region and the 
easternmost interior. The mean temperature varies between 120 C and 
24 0 C. Generally, vegetation is scarce, ranging from disperse cactus to 
forest with some arboreous species, typical of the vegetation in the northern 
part of this region.

In the Coastal Desert we find three distinct geomorphic and physio.
graphic areas: Irrigated alluvial valleys, plateaus or coastal terraces, and 
hills and s!opes as wen as brandies from the western flank of the Andes, 
overlooking the Ocean. Within each of these geomorphic areas soils of 
different morphology, development stages and agricultural potential are 
found. The following is a description of the outstanding characteristics 
presented by lowland soils in the Peruvian Coastal Desert. The distribution 
of these soils is illustrated in Figure 2. 

Pluvisolh 

This group is made up of soils formed on deposits of recent al. 
luvial origin, with adequate drainage and predominantly flat surfaces, with 
less than 2% slope. Fluvisols are scattered throughout the irrigated agri.
cultural valleys adjacent to the 52 intermittent or perennial rivers that flow 
on to the Coastal Desert from the Sierra. Fluvisols occur beside the 
numerous streams of sporadic flow and river beds recently filled by 
alluvium converging towards the hydrographic system of the agricultural 
valleys. 

Morphologically, Fluvisols are typically stratified with little pedogenic
development. They present many depth and texture variations; with deep 
clayey soils found in close associations in with shallow sandy soils. Distribu
tion of these soils throughout the valley is usually complex and heterogene
ous, showing an intricate pattern based on the variable torrential flow, typical 
of most rivers from the area. Generally, thick superficial soils are found 
and where gravel.tone accumulations are a predominant physical character. 
istic .Thick, clayey textured soils are found in the central and lower part of 
the alluvial plains. 

A cross section of the valleys, beginning with the main rivers, permits 
us to establish the following edaphic morphology: Low terraces parallel to 
the river, formed by the last fluvial deposits consist of shallow soils, resting 
on coarse materials, mainly sand, gravel and stones (skeletal soils). During
the flooding season these soils are eroded and the materials redeposited near 
by. Next are the intermediate terraces (formed at I to 3 levels) with deep 
soils of medium to fine texture. These are the most important agricultural 
soils. 

Chemically, Fluvisols are eutric, with slightly alkaline to alkaline reac
tion (pH 7.1 to 8). Many of them are definitely calcareous (Calcareous Flu. 
visols). Organic matter content is low, fluctuating between less than 0.5% 
to a maximum of 2% and consequently so is the nitrogen level. This 
represents the most significant characteristic of Fluvisols in the alluvial 
coastal desert valleys, since nitrogen use is imperative for adequate, economic 
agricultural production. Phosphorus levels vary from medium to low. These 
Fluvsiols have high potassium contents, which is the dominant macronutrient 
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in their chemical composition. Boron is abundant in Fluvisols of the highsouthern coast located between the Yauca River Valley (Department of Are. 
qulpa) and the Caplina River Valley surroundings (Department of Tacna).From the standpoint of actual or potential agricultural use, Fluvisolsof the 	irrigated areas are the most important edaphic group for intensiveagricultural practices in the country, because of adequate water supply, highproduction capacity and good physical-chemical characteristics. The capacityof irrigated Fluvisols is reflected by the fact that they produce almost 50%of the gross national agricultural product and practically 50% of the
country's population is settled on these soils.


According to Soil Taxonomy (1973) the soils are 
classified in theEntisols Order, Fluvent Suborder and Ustifluvent Great Group in the case ofthe wettest alluvial valley soils and Torrifluvent for driest coastal flat land 
soils. 

Regosols 

These 	soils comprise the desert flat lands of the coastal plains ofPeru. These dry sands, or Eutric Regosols, are made up of essentially sandyand loose soils, of aeolic origin and with excessive drainage.
Topography is varied, ranging from flat to undulated to mountainous.Their geographic distribution is broad, mostly in the Central Coast (betweenPisco and Ica) and far North in the flat lands of the Sechura and Mancora

Desert 	(Department of Piura).
Morphologically, they characterized by homogenous profiles ofare 

micaceous sandy nature, without structure, over 150 cn deep and slightlyalkaline reaction tending to calcareous. Vegetation found on these soils
varies from inexistant or disperse to xerophytic graminae (Chaetochloa rpp)to some arboric species such as "Sapote" (Caparis sp) typical of the Eutric
Regosols predominant in the Northern Coast.Part of the so-called hills or Xerophytic Forests nourished by marinefog condensation, located at 500 to 700 meters above sea level occur on EutricRegosols of fine sandy texture presenting a deep Al horizon (Lachay,Pasamayo and Ilo Hills) brought about by the seasonal accumulation of
organic matter.
 

Their agricultural potential is varied and closely related to topography
and size of sand particles. These are important and decisive factors which
influence adaptability of Eutric Regosols for agricultural purposes. Regosols
of fine to medium sand texture in a homogenous land setting are most suitedfor cultivation of desert crops as long as adequate water supplies are available 
for irrigation.

According to the Soil Taxonomy (1973) they belong to the EntisolOrder, Psamment Suborder and Ustipsamment Great Group (Regosols
characteristic of the irrigated areas or irrigated alluvial valleys) and Torrip
samment typical of the drier coastal plains. 

Solonchaks 

Solonchaks are saline soils typical of the lowlands of the Coastal Desert 
developed on recent deposits generally of alluvial origin, but with saline 
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concentrations distributed throughout their profile to a depth of 1.20 m or 
more. Electrical conductivity surpasses the critical level of 15 mmhos per cm 
and tends to present salic horizons at a depth of 100 cms. Many of these salic 
horizons are hardened or cemented by chlorides, gypsum or calcium giving
origin to the "Hardpan Solonchaks". The landscape is predominantely flat 
and slightly depressed, frequently with inadequate drainage which con
tributes to salt accumulation. 

The geographic distribution of Solonclaks is significant, since 
together with the Eutric Regosols and dry Eutric Fluvisols they cover large
extensions within the desert flatlands. Studies carried out by ONERN on 
the Central and Southern Coastal Plains, show a total area of over 1000000 
has of such soils. 

The Morphology of typical profiles of Solonchaks depends on whether 
they are Orihic Solonchaks or Gleyic Solonchaks. Orthic Solonchaks present
marked stratification and predominantly sandy texture with a weakly devel
oped A horizon. These soils vary from well to imperfectly drained. On 
the other hand, Gleyic Solonchaks have a much deeper and darker profile
due to the organic matter accumulation. One of their typical characteristics 
is a gleyic horizon. These soils are usually found alongside beaches or 
ancient Fluvisols of irrigated valleys transformed by halomorphic processes. 
Their topography varies from depressed to flat. 

According to the Soil Taxonomy (1973) Orthic Solonchak groups 
are classified within, the Aridisol Order the Orthid Suborder and Salorthid 
Great Group; Gleyic Solonchaks are grouped within the Aquept Suborder 
and the Halaaquept Great Group.

With regard to their agricultural potential, Solonchaks offer serious 
limitaticns due to salinity problems. Their utilization is subject to elimina
tion or reduction of salts to low toxicity levels for normal crop production. 

Yermosols 

Yermosols are typical edaphic groups of the desert coastal plains,
with low salt concentrations. They are found in the flat lands of the northern 
Coast and the desert between the Pisco and Grande Rivers. Within this 
group, Calcic Yermosols are worth mentioning. They are characterized by 
high contents of calcium carbonate both in the mass and power form or by
calciuc and/or gypsic horizons at different depths. The Calcic Yermosols 
have a poorly developed A horizon with vescicular structure and sandy-loam 
texture.
 

In areas where relatively fine materials of alluvial origin are predo
minant Luvic Yermosols are found, characterized by a somewhat deeper A 
horizons which rest upon argillic B horizons structured in polyhedral blocks. 
On Calcic Yermosols there is practically no vegetation. Luvic Yermosols 
sustain herbaceous and arboreous vegetation in the Northern Coast. 

The agricultural potential and use of Yermosols depends greatly on 
the topography of the area and the permanent supply of water. Luvic 
Yermosols have the greater production potential.

According to the Soil Taxonomy (1973) they belong to the Aridisol 
Order, Orthid Suborder and Calciorthid Great Group (Calcic Yermosols)
and Haplargids (Luvic Yermosols). 
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Xeroso.. 

Xerosols form the edaphic group of greaterf pedologic develop.ment within the Coastal Desert and also are of major importance due totheir agricultural potential. They have developed from fine materials ofmoderate drainage and under varied topographical conditions, ranging fromflat to undulated to mountainous. Their geographical distribution iscentered around the coastal flatlands, mainly on the northern Coast (Departments of Piura and Tumbes), closely associated with Pellic Vertisols,and on the Central-Southern Coast towards the interior (Department of
Ica). 

Their morphology is characterized by a relatively well developed Ahorizon resting upon an argillic B horizon with blocky structure whichcharacterizes the Luvic Xerosols. The presence of calcic horizonssoft powdery concretions in the lower portion or underneath the argillic 
and

Bis predominant in these soils. Their herbaceous vegetation and arboreousspecies used for lumber, are at the present greatly diminished due toindiscriminatory exploitation practices and excessive grazing.
From the agricultural viewpoint, Luvic Xerosols present great agri.cultural possibilities. They are considered productive lands once arid cli.matic conditions are improved through permanent irrigation.
According to the Soil Taxonomy (1973), these soils belong to theAridisol Order, Argid Suborder, Haplargids Great Group and Mollic

Haplargid Subgroup. 

Vertsols 

This group comprises clayey soils of expandible and extremelyplastic nature. They are found in the northern Coast and towards theinterior in plains of undulated to mountaincus topography, closely associated with the Luvic Xerosols, extending like a vast belt towards theEcuador border to the North. Their vegetative cover varies from herbaceousto arboreal, with certain indicator species of this edaphogenic group such as 
Luffa operculala.

Morphologically, the Vertisols of the Peruvian Coastal desert belong
to the Pellic group. They have chromas less than 1.5 in the first 30 to 50
cms; they have a depth of over 1.2 m, are heavy montmorillonitic days
which crack during the prolonged dry season and present the typical Gilgaimicrorelief. The structure is made up of sizable parallelipids and in manycases they present the typical shiny surfaces (slickensides) caused by thenatural movement of soil masses which characterizes this type of soil.Generally they are underlaid by granitoid material and in the lower portion
of the profile small pulverulent calcareous masses are found.

With adequate management they are considered moderatly goodsoils for agriculture. They are of great value for crops suited to the ecologicalenvironment predominant in the northern part of the Coast, such as cotton,particularly those Vertisols located on moderate topographical settings.Once conditioned for agricultural purposes they are noted for their highproductivity and water retention, important factors for soils under per.manent irrigation. It is worth pointing out that a great part of the soils of 
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the San Lorenzo Irrigation Project (Department of Piura) belongs to thePellic.Vertlsol Subgroup and have produced high crop yields. L
According to the Soil Taxonomy (1973) these soils are includedin the Vertisol Order, Ustert Torrent suborderor and Pellustert Great 

Group. 

Andosols 

Vitric Andosols are found throughout the Coastal Desert plains inthe southern part of Peru, on tablelands located over 1000 meters above sealevel typical of Arequipa, Moquegua and Tacna Departments. These soils are associated with Yermosols, Fluvisols, Solonchaks (most of them withhardpans), Regosols and Lithosols which make up the edaphic landscape of
the southern Coast. 

Vitric Andosols, under aridic conditions, are soils slightly devel.oped and are considered as Regosols derived from volcanic ashes orAndosols as some authors have named them. Vegetation is almost com.pletely absent, limited to dispersed xerophytic formations such Opuntiaas 
cactacea and other tubular types. The topography is predominantly mid 
and monotonous. 

Morphologically, they are characterized by a thin, grayish, loose,brittle, porous (vesicular) poorly granulated ochric epipedon and with loworganic matter content, less than 1%. Underneath the ochric A horizon, atransitional AC horizon may exist, light brown to light grayish brown incolor, very brittle without much structure. Then comes the homogeneus Chorizon, light gray, loose, without structure, mainly made up of pyroclasticvitric material which dominates the sand, silt and gravel fraction. Mineral
ogical studies of clay fractions in these soils show the presence of amorphousclay without any set structural pattern to X-rays, and with a low cationexchange capacity. The reaction of these soils is mainly neutral. 

At the present time, the majority of these soils are not in use dueto lack of adequate water supply. In areas with available water supply orclose to water sources, cryophilic crops such as alfalfa, potatoes, vegetables
and olives are grown. 
 These soils together with medium-textured Yermosols

and Fluvisols comprise the new expansion areas for agricultuer in the south
ern Coast of the country.
 

According to the Soil Taxonomy (1973) 
 they belong to the Inceptisol

Order, Andept Suborder and Vitrandept Great Group.
 

Lithosols and Lithic Formations 

Lithosols and Lithic Formations (nonedaphic) are shallow soils orsoils on denuded rock exposures respectively, formed on parental material ofvaried lithology, steep slopes with gradients over 100%. They form thehills that make up a large part of the Acient Coastal Mountain Range aswell as the steep branches of the Western Andean Range.
Morphologically, Lithosols present dwarf profiles, with a thin Ahorizons generally of a gravel-stony nature, which rests directly on consol

idated rock or rocky detritus. 
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Agricultural use of these soils is practically non-existent due to
their shallow, rocky nature and abrupt topography which eliminates any
Fossibility of irrigation, consequently they are devoted exclusively toforestry, 

According to the Soil Taxonomy (1973) they mainly correspond to 
the Lithic Subgroups of the Entisols and Inceptisols. 

III AMAZON JUNGLE 

The lowlands of the eastern part of the country comprise the vast 
Amazonic Low Forest (Selva Baja) made up of non-consolidated sediments
mainly of the Tertiary or 'Pleisstocene, in which kaolinitic clays and quartz
sands are predominant. This area which comprises the upper part of the 
Amazon River represents the most extensive, scarcely populated, less
explored region in the country, with a total surface of about 55 million 
hectares, approximately 43% of the total area of Peru. Recent Quaternary
(Holocene) deposits are a small proportion of the geological configuration 
of the area. 

The Amazon Plain has mean altitudes of less than 300 meters. 
Average temperature exceeds 240C, mostly up to latitude 120S. Annual 
rainfall varies between 2000 and 4000 mm for the humid zone and 1500 
mrm or less for the sub-humid regions with marked dry seasons. The pre.
dominant native vegetation consists in most part of evergreen forests. T:ees 
are generally large and form dense groups with the exception of areas with 
poor drainage where palms (Mauritia Ilextosa, mainly) and many herbo. 
ceous species are abundant. A group of species of tall and thick trees, many
of them of important commercial value are found in the area.

The geomorphic configuration of the Low Jungle can be divided 
into two physiographic units, low terraces subject to flooding of recent
alluvial origin, andthe second, of an extensive undulated surface with 
various degrees of dissection due to continuous erosion processes, which make 
up the deep sediments of the Tertiary and Pleistocene. This geomorphic
unit covers about 80% of the Amazonic Plain and is where strongly
weathered soils are found. 

In the following sections, the morphological characteristics of low 
land soils in the Amazonic plain are described. Figure 3 shows the distribu
tion of such soils in the various landscapes. 

Fluvisols 

This group combines soils derived from recent alluvial sediments 
deposited by the large rivers such as the Amazon, Huallaga, Marafi6n,
Ucayali, Napo, Tigre, Urubamba, Madre de Dios and others. They are
distributed along the banks, islands and low terraces that are periodically 
flooded. 

Topogra hy of the area is flat with 0-4% slopes. Native vegetation
is predominanty low forests with typical riverine vegetation including
isolated palm trees of hydrophitic habitat (Mauritia flexuosa, mainly).
Predominant Fluvisols are eutric without major diagnostic horizons, with 
fine sandy loam and silty clay loam texture and stratified morphology. 
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Duo to definite hydromorphic influence, many of these soils have been
transformed into Gleysols which complete the groups of soils within theflood plains. Chemically, Fluvisols -are of slightly acid to neutral reaction(pH 6.15 to 7.0) and contain moderate amounts of organic matter in the Ahorizon. Productivity of these soils is good and they receive annual fertil
ization from the relatively fine sediments deposited. 

Fluvisols are of great agricultural importance in the main urban
centers and where subsistance agricultural system based on cassava, corn,
plantain and papaya exist. 

According to the Soil Taxonomy (1973), they belong to the Entisol 
Order, Fluvent Suborder and Tropofluvent Great Group. 

Gleysols 

Gleysols comprise a group of soils formed from moderately finematerial on relatively recent alluvial deposits and are closely associated with
Eutric Fluvisols. Physiographically, they are found on low terraces subjectto flooding of flat or concave topography and with gradients between 0 and
2%. Native vegetation is mostly low forest including extensive areas ofhydrophilic palms (Afauritia flexuosa and lessenia sp.). They are locallyknown as "Aguajales" due to the common name of one of the paln species,
the aguaje. 

Morphologically, they present a thin ochric horizon with partially decomposed organic matter or an umbric, acid, fairly prominent horizon to a
depth of 30 cm. This prominence is followed by a cambic horizon withstratified layers or zones with noticeable mottling. Fluctuating water levels vary between 80 and 120 cms below the surface,
 

Chemically, they are 
very acid soils (pH 4.0 to 5.0) which groupsthem as Dystric Gleysols with base saturation below 50%.
 
Due to periodical 
 flooding and serious drainage problems, their 

use for agriculture and cattle raising is limited. The presence of hydrophiticpalms (Aguajes) in this soil is of economic significance due to their fruit
 
production.
 

According to the Soil Taxonomy (1973), these :oils belong to the

Order Inceptisol, Suborder Aquept, Great Group Tropaquept and Subgroup

Typic Tropaquepts.
 

Paico Acrisols (Niosols?) 

This group together with the Plinthic Acrisols perhaps comprises
the most extensive soils in the Amazonic plains. They rest on lacustrineand marine alluvial material made up of friable kaolinitic clays. They arefound in an undulated ter "ain consisting of old terraces, low hills in various
degrees of dissection and slopes ranging from 3 to 50%. Generally theypresent good drainage, in comparison with Plinthic Acrisols. Climax tropical
evergreen forest covers these soils, including numerous species of commercial 
interest.
 

Morphologically, Paleo Acrisols have deep, intensively ".,theredprofiles. Their main charaat-ristic is the presence of a deep argillic B 
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horizon with a depth of over 1.50 m with a clay content no less than 20%throughout the profile. Generally the A2 horizon is difuse or absent, sothe A horizon rests on the argillic. This horizon has a subangular blockystructure and clay skins which may be clearly seen both in the inner and
outer parts of the natural aggregates. The color of these soils varies fromdark brown, to yellow brown, and dark yellowish red. 

According to their chemical characteristics they are extremely acid
soils (pH under 5.0) with medium to low contents or organic matter. Inthe argillic B horizon the base saturation is below 35%. 

These soils are highly weathered and have marked nutritional deficiencies, which make them the problem soils of the Amazonic Region andthe country. They may be adapted for the cultivation of certain cropsadapted to these humid regions but adequate technology is needed foreconomic p,oduction. Usually they are suitable for mixed agriculturalsyetems based on permanent crops and livestock production. Nevertheless,it is worth pointing out that their main potential lies in adequate exploi
tation of their forest resources. 

According to the Soil Taxonomy (1973), these soils are classified 
in the Ultisol Order, Udult Suborder and Paleudult Great Group. 

PlinthicAcrisol, 

As has been previously stated. Plinthic Acrisols together with PaleoAcrisols form the most extensive and representative edaphic group of thePeruvian Amazonic plain. As in the case of Paleo Acrisols, they havedeveloped from ancient alluvial sediments based on friable kaolinitic clayslocatedon undulated terraces, low hills (marked hill side formation) with
slopes varying 2% to 50%. Natural drainage of these soils is usuallyinadequate. The native vegetation consist of large trees with certain species
of commercial interest. 

Morphologically, they present a strongly weathered and developedprofile with extensive mottling, based on iron oxide (pseudo plinthite) over a grayish clay substructure. These soils may be precursors of the truePlinthic Acrisols which present in their profile typical plinthite layers thatusually harden irreversibly upon exposure. In most cases, studied in theAmazonic Peneplain, this red and gray mass does not harden upon exposure.
On the other hand, it is worth mentioning the fact that typical plinthiformsamples have been discovered but without adequate morphological descrip.tion of the soil where they originally appeared. There soils have subangular
blocky structure and clay skins. 

From a chemical viewpoint, they are extremely acid (pH below4.0) with medium to low organic matter content and base saturation below
35% in the argillic B horizon. 

For agricultural purposes they must be adequately managed. Anystrong transformation from the prevailing forest vegetation to an agricul.
tural or livestock system may lead to irreparable damage to the ecologicalenvironment. Because of their inadequate darinage and deficient nutritional
conditions they are apt for certain hydrophitic crops such as rice. Use of
these soils for pastures may be limited. 
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According to, the Soil Taxonomy -System) (1973)j', these:soil , are
classified within the Ultisols Order, Udult Suborder iand Plinthudult Great 
Group or Plinthic Paleudult Subgroup. 

Jrtbic Acrixol: 

Originally, Orthic Acrisols were considered the main soils of theAmazonic region of Peru. At present systematic soil studies carried out by
ONERN and further research regarding soil characterization in the Peruvian
humid tropics have pointed out that the geographical distributiion as well as proportion of these soils is limitedmore than what had been initially
imagined. Nevertheless, together with Plinthic Acrisols and Paleo Acrisols
they represent the main soils in the Amazonic Peneplain of the country.
They are found in the southern part of the amazonic jungle, (Department
of Madre de Dios). Physiographically, they extend throughout the hillsand mountain side with steep slopes (over 20%) where argillic sandy
materials are predominant. They have open drainage with native climax
forest vegetation and certain wood species of commercial interest.

Based on their physiographic characteristics and the predominance
of argillic sandy materials, these soils present a shallow argillic B whichseparated them from the Paleo Acrisols. Their coloring vary from yellowish
brown to yellowish red and their texture from sandy clay loam to sandy
clay with clay films present but not clearly visible in the natural aggregates
found in subangular polyhedral form. 

Chemically, they are extremely acid (pH below 4.0) with basesaturation levels below 35% in the argillic B horizons. Their agricultural
value lies in perennial crops native to the invironment and adequate ex. 
ploitation of forest resources. 

According to the Soil Taxonomy System (1973), they belong to the 
Ultisol Order, Udult Suborder and Tropudult Great Group. 

Podzol.s 

Podzols have been identified within an extensive triangle formed
by both banks of the Marafion and Ucayali rivers and the beginning of theAmazon. They are generally found in high ancient terraces with anundulated to flat surface and have developed from highly silicic and
strongly leached materials. Their drainage is free, sometimes excessive and
their vegetation is of low commercial value for lumber.

Morphological, they present a horizon darkened amthin by large
mounts of organic matter which rests on an extensive and deep A2 highlyelluviated with silicic or quartz materials, loose structure and white yellowish
or whitish color. Many of these soils found near Iquitos, due to extensive
and deep A2 horizons form actual giant Podzols or Arenosols (Quartsipsam.
ments). In groups where the A2 elluvial horizon is shallower, a humic (Bh)
horizon with secondary organic matter coating can be found. Chemically,
they are nutritionally poor and very acid (pH below 4.0).

Due to ina-dequate edaphic characteristics for the establishment of
tropical crops and pastures, these soils must be kept as protection forests 
or for restricted exploitation of certain wood species of commercial interest. 
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According to the Soil Taxonomy System (1973), many of these soil$
belong to the Spodosol Order, Humod Suborder and Tropohumod Great
Group. Those which show intense mottling are classified as Tropaquods. 

Perrasols 

Traditionally, these soils have been considered the typical edaphic
group of the humid tropical and forest regions of Peru. Today, thanks to 
more precise information gathered by ONERN and to greater knowledge
regarding internationally accepted definitions and concepts on morphological
soil characteristics of these soils, we can state that up to the moment, no soilprofile has been found that fits with the definition of Ferrasols or Oxisols
(according to the Soil Taxonomy System) in the lowlands of the Peruvian 
Amazon. 

IV CONCLUSIONS AND SUMMARY 

One common property of the lowland soils of Peru is their lownatural fertility. This aspect is limited to the extensive Amazonic plain
where palco, plinthic and orthic Acrisols, Dystric Podzols and Gleysols are
fomd. These soils are characterized by their low cation exchange capacity
and base saturation levels below 35%. 

Another serious limitation for the use of soils in the lowlands is 
their water deficiency. This is mostly found in the Coastal Desert becauseof its extremely arid climatic condition wliere present diversified agricul
tural techniques are possible only through irrigation. Among soils with thistype of limitation we find the Yermosols, Xerosols, Regosols, Fluvisols,
Solonchaks, Vertisols and Vitric Andosols. 

Poor drainage is another limiting factor specially in the eastern
forest regions of the lowlands of Peru. Most of the irrigated valleys of the
Coastal Desert are also seriously affected by this hydromorphic process
which limits to a great extent their productivity. 
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3 Soils of the Eastern Region of Colombia 

RAMIRO GUERRERO M. 

I INTRODUCTION 

The Eastern Region of Colombia represents an important part of thenational territory. It comprises the area east of the Eastern Cordillera. The
northern sector is commonly known as the Eastern Plains (Llanos Orien.
tW'es) which belongs to the Orinoc River basin. The southern portion is
known as Amazonia, where rivers form part of the upper Amazon River 
basin (Figure 1). 

At present, beef cattle and rice production in the Llanos are ofnational economic importance, while in Amazonia only forest and native
fauna exploitation are of any significance. The future development of a
beef industry with modern management processing and marketing techni.
jues, is likely to serve as a permanent source of meat for internal consump.
tion and for export. The possibility of growing certain tropical crops with 
modern technology, also exists. 

The Llanos and Arnazonia have as a whole many positive character.
isitcs, such as good physical soil properties, gentle topography, absence of
floods, portion of the Meta river, low price of land, road connections with
major cities, and navigable rivers connected with the Atlantic Ocean, allow
trade with Venezuela as well as Peru and Brazil. Although this area is oneof the most underdeveloped in the country, lately much interest in its
development has been shown both by official entities and private enter.prises. The facts that it is a frontier region and the expectations of devel
opment are probably the reasons for this interest. 

In 1966, FAO compiled much of the available information about
the Llanos including a reconnaissance soil survey of 13 million hectares.Leon (1964, 1968) analized samples from the Llanos and found that ver.
miculite-chlorite, kaolinite, goethite, quartz, and amorphous sesquioxideswere the predominant clay minerals. He concluded that nutrient content 
was extremely low. Recently Guerrero (1971a), Goosen (1971), Malagon
(1973), Cortes el al. (1973) and Benavides (1973) conducted character.
ization and classification studies on both the Llanos and the Amazonia, as
will be subsequently discussed. 

The purposes of this paper are: 
1) To present information obtained by various researchers withrespect to physical, chemical, and mineralogical characteristics of soils in

the Eastern Region of Colombia. 
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2) To summarize these findings and to relate them with soil cor. 
relation and classification. 

3) To summarize the basic information for agricultural research 
and development programs. 

The present paper does not review literature on the subject because 
this has been done previously (Guerrero 1971a; Gossen 1971; Cortes et at.,
1973; Benavides 1973; Malagon 1973), except the implications of certain
soil characteristics to their immediate use. The data presented cover a large 
urea where ICA, CIAT,and the Ministry of Defense are presently involved 
in agriculture and/or colonization research programs. 

II GENERAL DESCRIPTION OF THE AREAS 

a) Llanos Orientales: 

The area can be split in two major regions. flood plains north of 
the Meta River and the Alillanura (high plains) south of that river. It is
located between Puerto Lopez and Orocue at 40 51'N, approximately 250 
to 300 	metres above sea level. To the south, it merges with the Amazon 
Region, to the west with the Piedmont of the Colombian Eastern Range
and to east with Venezuela. Most of the information preiented in this 
section 	 is based on a FAO publication (1965).

The prevailing climate according to the Koeppen-Geier classification 
system 	 is Av or plateau climate. Average annual rainfall is 1744 mm in 
Orocue, increasing up to 4000 mm towards the west. A long rainy season
from April to November is followed by a short, almost totally dry period
from December to March. The mean annual temperature is approximately
28 0 C, practically uniform throughout the year. Maximum andminimum 
daily temperatures present greater variation than average monthly tem
peratures. Average during the rainy andrelative humidity is 80% season 

50 to 60% during the dry season. Potential evapotranspiration is high at
 
the end of the dry period, whe.i stored water levels decrease to a minimum
 
during 	February and Marcl.
 

Parent material consists of mixed alluvial sediments &-posited

perhaps during Pleistocene. According to FAO (1965), all superficial
sediments in the Eastern Plains come from the Eastern Mountain Range and 
the degree of sedimentation is related to various glaciation phases, tectonic 
movements and mountain erosion. The Range formations consist mainly of 
sandstone, conglomerates, clay slates, slates, granodiorites and limestones. 

Sediment deposition took place in inverse order to the original
stratum position in the source area, that is to say, top sediments, were 
deposited first and at greater depth. The presence of higher cliffs on the
southern side of the River, following an almost direct line, serves as evidence 
of a fault line along the Meta River (Figure 2).

Some climatic changes also occurred, during which, loess and sand 
were transported by the wind and deposited. At present, during the dry 
season some materials are still transported from the beaches and islands of 
the Meta River. Goosen (1970) gives great importance to the aeolic 
Influence in these soils and concludes that 'loess is the parent material of 
Llanos soils". 
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, Topography is flat, slightly convex and most of the area is well
drained, however, drainage catenas exist because the soils dose to depres
sions have a high and fluctuating water table. The fault line along the Meta 
River serves as limit to the plateau's northern section either as an almost
completely vertical fault scarp or as steep cliffs with 12 to 50% slopes,
approximately 25 to 30 meters high (Figure 2). This stratum is essentially 
a reservoir, explaining the existence of flood plains to the north and of non floodable areas south of the Meta River. Nevertheless, according to 
the FAO study, these plains are considered alluvial sediments. There is not
much evidence of this on the surface. There are no ancient channels, natural
levees nor depressions. The surface is smooth, as if all irregularities had 
been covered and leveled. This is probably due to wind action during the
d4 season. Surface material is granulometrically similar to loess (FAO,1965). The dominant vegetation is tropical savannas. About 90% of the
region consists of immense plains, free of trees, almost exclusively covered 
with native, short grasses, of the genera Trachypogon and Axonopus. The
remaining areas are swamp covered with moriche palm forests and gallery
forests along drainage courses. 

Population density is below 2 persons per km2. Cattle and supplies
are transported both by land and by river. Land is almost exclucively used 
for cattle raising, with a carrying capacity of less than 0.1 head per ha.
usually under primitive management. Cattle ranches are large and usually
extend from 10000 to 20000 hectares. A 10000 ha. ranch is not considered 
large. 

Part of the area is being used for irrigated and upland rice produc
tion. To a lesser extent subsistance crops such as plantain, cassava, corn,
citrus fruits, mangoes and cashews are found close to the households. Some 
cassava and corn is grown in a shifting cultivation system. Lately, ICA and 
CIAT have tried new agricultural techniques with headquarters at the 
Carimagua Agricultural Experiment Station (Fig. 1). 

b) Amazonia: 

The area is located approximately between 41N and 41S and 67 to77°W longitude. Its limits are the Llanos: to the North, the foothills of the 
Eastern Range to the west, the Putumayo and Amazon Rivers to the south
which separate Colombia from Peru and Brazil, and the Brazilian Amazon 
Region to the east. Much of the following information has been sum
marized from Carrera and Arevalo (1972), Cortes et al., (1973) and 
Benavides (1973).

The Amazonic climate is hot and humid; rain is abundant during
the entire year in contrast with th, Llanos. There is no dry season. Maxi
mum difference of mean monthly temperature is no greater than 50C.
Annual average rainfall is 2300 mm with local variations such as 3000 mm
in Leticia and 3900 mm in Florencia and Puerto AsIs. 

Geomorphologically, the Amazonia is divided in two areas: The
Amazonic Plains and the Vaupes Salient. The Amazonic Plains to the
south are formed by low flatlands of sedimentary deposits mainly from
the Tertiary that were deposited under lake or marine water. In some 
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locations, these sediments rest on Pebas and Barreira formations which also 
serve as parent material for many Brazilian soils. The Vaupes Salient is 
formed by Precambrian rocks from the Guyana Shield, with general slope
towards the Llanos. It is characterized by the presence of tertiary sediments 
some of them believed to be 445 to 1200 million years old. Altitude varies 
between 500 metres above sea level close to the mountains to 100 metres 
above sea level on the Brazilian border. 

Physiography and topography present a greater degree of undulation 
and hills in the Piedmont but become flatter towards the east. Large
rivers run between banks 10 to 25 m high, sometimes present only on one 
side, as in Puerto Leguizamo and Leticia. Generally, three main physio
graphic areas are predominant: a) "Highlands' slightly undulated, with 
slopes varying from 3 to 12%. This represents the largest area in the 
region. The highlands are frequently dissected by "short wave" dendritic 
pattern water currents that leave in between slightly convexed areas des
cending towards the concave drainage zones, hence producing a catena or 
toposequence. b) Terraces, more common to the west, with flat or slightly 
undulated topography when dissected. c) Alluvial plains some active,
found along river banks where fluvial processes have produced characteristic 
levees, flood plains, and swamps. 

The vegetation consists of tropical evergreen forest. A great variety
of forest species and a small number of palms are characteristic of the 
highlands. The number of palms increase and other species decreases in 
the alluvial plains. In general, and in spite of large number of trees, the 
amount of commercial wood per hectare is low. In certain parts, for 
example, along the Negro and Inirida Rivers, xeromorphic vegetation is 
present formed mainly by small trees and shrubs, believed to have originated 
from degraded soil effects or as products of different climatic conditions. 

The area is unpopulated, except for certain few extinguishing tribes. 
The most common means of communication is the canoe, which allows the 
use of the large rivers of the area. People work as hunters, fishermen or 
farmers. Colonization is spontaneous and sometimes directed by INCORA. 
In general terms, over 90% of the area is made up of virgin forests, the 
remaing area has been cleared and is now used for subsistence crops
and/or pasture and extensive cattle production. Cassava is the most com
mon crop, being the main staple of the local people, other important crops 
are corn, rice, plantain, sugar cane, pineapple and to a lower extent, cocoa, 
oil palm, rubber, and some fruit trees. Furthermore, part of the local and 
migratory populaiton hunts animals for skin exports. 

III MATERIALS AND METHODS 

Locations 

This paper presents partial information regarding soil profiles studied 
by previous researchers. The author described and analyzed seven soil pro.
files representative of a sector in the Llanos Altillanura close to Orocue. 
Sites were selected according to the position in the landscape (well drained 
and moderately well drained components of a catena) and distance from 
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the river (Figure 2). Furthermore, a summary is made of the main physical,
chemical and mineralogical characteristics of three profiles from the Colom. 
bian Amazonia, and nine representative profiles, recently described and clas. 
sified by Benavides (1973). Some information regarding soil profiles and 
samples of the plowed layer are also included in the Appendix. 

Sampling 

Landscape description and sampling was done in test pits according 
to procedures and terminology described in the Soil Survey Manual (Soil 
Survey Staff, 1951). 

CharacterizationMethods 

The methods used most frequently by different researchers were: 
Granulometric distribution was performed through: the Calgon-pipettc
method (Kilmer and Alexander, 1949); or Centrifugal (Kittrick and Hope,
1963). Water dispersible clay was determined in 20 grams of air dried 
soil, agitated in demineralized water, transfered to a cy'inder and measured 
by volume. Free iron oxides were extracted by the dithionite method 
(described by Kittrick and Hope, 1963). 

Soil pH was determined using a glass electrode in a 1:1 water-soil 
ratio and in 1:1 IN-KCI. Organic carbon was determined by the methods 
described by Peech and Walkley (Soil Conservation Service, 1967). Ex
changeable hydrogen and exchangeable aluminum were extracted by N KCI 
and titrated with 0.1 N HCI, using phenolphthalein as indicator according
to McLean (1965). Exchangeable cations were extracted with ammonium 
acetate at pH 7.0; Ca and Mg were determined by atomic absorption, K 
and Na by flame photometry. Cation Exchange Capacity was obtained by
the sum of exchangeable bases plus exchangeable Al. Base saturation per
centage was calculated on this basis. 

To determine cl:y and silt mineralogy, iron-free samples were 
prepared from the following fractions: <0.2 It, 0.2-2 /t, 2-5 p, and 5-20 i. 
Diffractograms of these particles were obtained according to the procedure
described by Jackson (1956), in a General Electric XRD-5 X-Ray Unit 
with copper-nickel filter for K-Alfa radiation, at a rate of 2'.20 per minute. 
Mineralogy of the sand fraction was determined in oil of different refraction 
indexes and in Canada Balsam for fine and very fine sand particles. Thin 
sections were prepared as indicated by Buol and Fadness (1961) and were 
described according to terminology suggested by Brewer (1964). 

Other special methods or modifications of original methods are 
shown in FAQI (1965), Goosen (1971), Cortes (1973), Malagon (1973),
and Benavides (1973). 

IV RESULTS AND DISCUSSION 

Following is a brief discussion of the outstanding results obtained 
in selected profile soil studies made by Guerrero (1971a) in the Eastern 
Plain Region and Benavides (1973) in the Colombia Amazonia. Results 
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of physical,: chemical and mienralogical studies obtained by other researchers,are also discussed and presented in the Appendix. 

ParticleSize 

Removal of free iron and organic matter increased day content over?0%. This was interpreted as dispersion of silt-sized aggregates. Before
iron and organic matter removal, most of the clay was present as stableaggregates cemented in the silt fraction by organic matter and iron. Clay
increases upon dispersion, increased at the expense of silt content. 

Table I also shows that over 70% of clay particles in selectedsamples, correspond to the fine clay fraction. This may be attributed to in
situ clay formations,, related with the sedimentation processes of the initial
material at various distances to the river banks instead of illuviation. 

In all samples treated with Calgon without iron removal, clay contentincreased with depth and in profiles south of the Meta River while sandcontent was higher in upper horizons and profiles closer to the river.These data point out that parent materials of soils I to 3 could have
originated from aeolic deposits brought from beaches north of the MetaRiver during the dry season when such materials are exposed and there is 
a prevalence of North-East Trade Winds. 

Valer Dispersable Clay 

Water dispersable clay content in the first three horizons of four
Llanos soil profiles was similar to that obtained by the Calgon-pipetteMethod (Table 1). Below the third horizon, however, water dispersible
day content decreased sharply. This indicates higher degree of clay stabilitin lower horizons and tends to confirm their oxic nature. (Soil Survey Staf,
1970). 

Free Iron Oxides 

Free iron oxide contents increased with depth and it seemed to be
directly related to clay content obtained after removing iron with dithionite(Table 1). Furthermore, free iron oxide contents increased with distancessouth of the Meta River. Horizons with 5YR 4/8 and 2.5YR 4/8 colorsshowed more iron than horizons with 1OR 4/8 to the north and closer tothe river bank. A larger FeO, content was not related with presence of
non-hardening pseudoplinthic concretions since these were found in an erratic 
pattern both in red and orange subsoils. (Guerrero, 1971a).

In Amazon soils (Benavides, 1973) free iron oxide contents variedgreatly among profile, 13% to 0.2% but presenting higher values in very
fine clay soils. 

Bennema (1966) compared total iron and aluminum content in three 
different Brazilian soils. In general, he concluded that the FeO, contentwas low in Red Yellow Latosols (below 10%), medium in DarkLatosols (10-18%) and high in Dusky Red Latosols (20.34%o). 

Red 
Moura. 
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Table 1l.-Some physical properties of Llanos soils (adapted from Guerrero 
1971a.). 

Granulometric Distribution 

Calgon-pipet with
Soil organic matter removal 

With organic matter &Depth free iron removal WaterNoDisiers. Pesos 
Coarse Fine Total C ay

Sand Silt Clay Clay Clay 
(2-0.2) (<0.2,U) Clay 

cm. % % % % % % % % 
2 0-20 44 39 17 10 21 31 11 3.7
 

20-34 
 41 40 19 10 21 31 15 4.1
 
12- 178 33 37 30 13 
 39 52 4 6.1 

5 0-12 12 50 38 - - - 26 
12 - 32 11 48 41 
 16 57 73 33 9.5 
88- 148 12 43 45 16 47 363 9.3 

6 0- 10 9 45 46 -  - 36 
10 -19 8 48 44 17 50 3867 10.7
 
105 -140 7 34 59 20 62 
 82 3 11.9
 

Filho (1968) also reported a 23% average for free iron oxide extracted

with sodium dithionite in Dusky Red Latosol classified at Typic Eutrustox,

while the Soil Commission (1960) found values varying between 3 and

9% of total iron oxide for a Dark Red Latosol. Bornemisza and Igue
(1967) obtained average FeO, values of 10.1%, 2.0%, and res.3.4%
pectively for Red, Yellow Latosols and "Terra Roxa" of the Brazilian
Amazonia. Likewise, Pratt et al. (1969 studying oxideiron content ofsome A horizons from Sjo Paulo soils found the following average Fe2O,values: for Haplorthox, 3-6%; for pure Terra Roxa (Acrorthox) 17.10.
Such data confirm the large variation in iron oxide content in different
 
Latosols and Oxisols.
 

Soil Reaction 

pH values in Llanos and Amazon soils are presented in Tables 2and 3 and in the Appendix. Obtained values show these soils to be acidand strongly acid as would be expected for tropical soils of this nature.In general, values both in water and KCI tend to increase with depth,
which indicates leaching of bases from the upper horizons. pi-I values didnot vary greatly between sites nor did they show any special geographic
or physiographical tendencies. 
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Toble 2.-Chemical properties of the Altillanura soils of the Lianos. 
(Adapted from Guerrero, 1971a). 

Soil Depth 1:I H:O Sum of Each. Each. Sum of CEC B.S.
Bases Al H Cations (1) (2) OC 

Cm. 1:1: meq/100 g soil 	 % 

2 0- 20 4.6 0.7 1.7 0.7 3.1 5.4 23 1.2 
20 - 34 4.9 0.4 1.5 0.6 2.4 4.8 14 0.7 

125 - 178 4.8 0.2 1.0 0.4 1.7 4.4 18 5 0 - 12 4.5 0.9 2.9 0.9 4.7 10,7 19 2.2 
12 - 32 4.6 0.3 2.3 0.5 3.1 8.7 It 1.2 
88 - 148 5.1 0.1 0.3 0.3 0.8 5.9 25 0.3 

S 0 - 10 4.7 1.0 3.4 0.7 3.1 13.6 20 3.1 
10 - 19 4.6 0.6 2.7 0.6 3.9 11.4 15 2.1 

105 - 140 5.1 0.2 0.1 0.3 0.7 7.0 36 

(1) 	 By ammonium acetate method. 

(2) Based on sum of cations (1). 

Organic Carbon 

Organic carbon content in selected horizons from Llanos soils at
I m depth varied between 3.10% and 0.16%, but most values were over
0.6% (approximately 1% organic matter) (Table 2). In both areas, organic
matter values were higher in the upper horizons and decreased progres.
sively with depth. Some relatively high values could have been attributed 
to grass root system or to ants and other macro-organisms, or both, as is 
seen in the soi description (Appendix 11). 

Exchangeable Hydrogen and Altminun 

In Table 2 and 3 and in the Appendix, exchangeable acidity are 
reported as exchangeable hydrogen and/or exchangeable aluminum. It was
found that aluminum is mainly responsible for exchangeable acidity, as
Coleman et al. (1959), Jackson (1968), and other soil researchers have 
concluded. 

Aluminum saturation values are greater than 60%. Under these
conditions, more plant growth is affected by the aluminum toxicity andphosphorus applied as fertilizer is readily fixed unless limte is applied
(Kamprath, 1967; 1972b; 1972c). 
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Table 3,--Cemical and physical characteristics of three representative soil 
profiles of the Colombian Amazon Region. (Adapted from 
Benavides, 1973). 

Horizon Derth Clay pH Exch. Sum of CEC BS 
OC(I-O) Al Base (1) (2) 

cm A meq/100 g soil % 

LETICIA 

At 0 - 10 40 4.6 5.2 0.7 6.1 11 1.9 

B21 10 - 30 40 4.8 5.1 0.4 5.8 7 0.9 

B22 83 - 140 47 4.9 6.4 0.4 5.3 6 0.2 

Profile 5., = UDOXIC DYSTROPEPT 

Profile 6, LEGUIZAMO = TYPIC DYSTROPEPT . 

A, 0- 20 24 4.9 4.3 3.1 7. 4t 1.4 
B21 20 - 80 49 4.8 7.3 2.0 9.9 20 0.4 

1IB23 133 - 173 38 4.9 11.6 1.0 13.7 7 0.1 J 

Profile 8, FLORENCIA - UDOXIC DYSTROPEPT 

At o - 16 37 4.8 3.2 2.1 5.1 36 2.0 

B21 16 - 85 52 4.7 6.7 0.7 5.7 10 0.5 

1322 85 - 173 49 4.9 6.3 0.7 7.2 8 0.2 

(1) Effective cation exchange capacity: Exchangeable bases plus Exchangeable acidity. 

(2) Percent base saturation based on effective CEC. 

Kamprath (1972 a,b,c) presents data which indicate these soils to 
be highly weathered predominantly satured with exchangeable aluminum 
and with low exchangeable base content (Table 4). 

Cation Exchange Capacity, Exchangeable Bases and Base Saturation 

In general, values obtained for cation exchange capacity in plain 
soils were fairly low, especially in the case of subsurface soils (Tables 
2 and 3). Generally, values are higher in upper horizons where the 
organic matter content is higher, CEC decreases in intermediate horizons 
and slightly increases again in lower horizons. In Amazonia, effective CEC 
ranged from 5 to 20 meq/lOOg, but for soils with 2:1 clays values up to 
50 meq/ grams were found. 

Nevertheless, it is important to keep in mind thit CEC with am
monium acetate at pH 7.0 includes pH dependent charge. Consequently, 
CEC differences determined by ammonium acetate and by ca.tion addiion 
methods, must be attributed to clay and organic matter contents, dependent 
on pH (Coleman et al., 1959). 
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Table 4.-Soil pH, exchangeable cations and oluminum saturation of 26 
: * soils from the Colombian Llanos (Kamprath, 1972a). 

Comparlson pH Exch Ca Exch Aland Mg Al Stn 

meq/100 g 

Average 
 - 1.54 3.05 68
 
Range 4.15 - 5.12 0.05 - 0.60
9.09 - 5.80 29 - 86 

In general, the exchangeable base content was extremely low,
especially calcium and potassium in the Llanos. Higher values in upperhorizons are attributed to biological recycling, as has been reported in 
other soils. 

Base saturation percentages ranged between 1% to 17% but mostvalues were around 5 to 20%. There was no apparent correlation between 
base saturation and location, but surface hori2ons and lower horizons tended 
to present higher values. 

Likewise, tlz interpretation of data obtained in Appendix 1 through
8 indicates strong acidity, high exchangeable aluminum content and Al
saturation usually over 60%, while base content is low and frequentlyextremely low. Organic matter content is surprisingly high, and possibly
higher than what might be expected for soils of this nature, perhaps due to 
reasons noted by Buol (1972) and Malagon (1973). With normal and

neutral ammonium 
acetate methods the cation exchange capacity is relativelyhigh, especially for some surface horizons due to organic matter content,
but low effective CEC values are low in regard to high clay content as a consequence of low activity and predominance of kaolinitic clays, Fe and Al 
oxides. 

Appendix 9 shows average values of selected characteristics in Redand Red Yellow Latosols, under cerrado vegetation in Minas Gerais, Goias 
and the Federal District of Brazil according to data presented by Cline
and Buol (1973). Comparative analysis of data obtained show similar
values and tendencies in both Colombian and Brazilian soils. 

Soil Fertilily Delermination 

In the Appendix, pH, organic matter, exchangeable bases (Ca,
Mg and K) and acid extractable phosphorus data are presented for soils of
both areas. Acidity, organic matter and base content are similar to those 
previously discussed. 

Likewise, extractable phosphorus content in surface layers was low
and extremely low. Results obtained by ICA and CIAT in the Llanos
have indicated that phosphorus is the most limiting element for agriculturalproduction (Spain and Ruiz, 1968; Owen, 1971; Alvarado and Rodriguez,
1972). Recently, Fox (1973) has presented certain data showing phosphate
absorption in son', Llanos Oxisols of Colombia (Table 5). 
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Table ,.-Adsorbed phosphate and soil silica solubility in various Colombian, soils. 

It 0. Adsorbed P - S In astuta 
In 002 ppm In 0.2 ppm extract 

solution sofution 

Micrograms per Gram ppm 

PALMIRA, VALLE:
 
Series 00-01 
 0 20 19.3
 
Series 20.24 0 25 
 19.4
 
El Piflal: 
 50 200 12.6
 
Pachaquiaro
 
Lower Terrace 
 40 240 11.1 

LA LIBERTAD.
 
Lower Terrace 
 so 300 10.2
 
Upper Terrace 100 400 
 7.0 
La Concordia 150 400 6.8
 
Carimagua 100 
 400 13.7
 
Las Gaviotas 130 430 5.0
 

The author considers phosphorus absorption in Colombia soils to
be lower than in Hawaii, perhaps due to two factors: a) lower clay content,
b) silica solubility in saturated extract higher than for Oxisols. Ilnce,phosphorus absorption in Colombian soils decrease when Si solubility
increases.
 

Clay and Sill Alii,,'al,,gy 

Table 6 partially shows results obtained from clay X.rays diffrac
torams in A and 11 horizons from profiles 2,5 and 6 in t. l.lamos. Figure
3 is a diffractogram of the 0.2-2.0 /, fraction which is representative of other 
samples (Guetrero, 1971). Table 7 summarizes predominant clay minerals
in selected horizons of three profiles of Amazonic soil. (ilenavidcs, 1973).

In Llanos soils, with certain few exceptions (Guerrero, 1971a)
kaolinite, intergrade 2:1-2:2 minerals, andr pyrophyllite were common to
all samples. Quartz, mica, feldspar, vermiculite, and a type of veritulite. 
mica stratification were found only in specific size particles and in dif.
ferent horizons. "True chlorite" seemed to be absent or present only in 
traces. Mica and feldspar were not found in silt ptirticlcs of upper horizons
from profile 2 (sample 9), but persisted throughout the subsoil horizons
(sample 13) as in other samples. This seems to indicate that mineral 
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weathering has reached more advanced levels in upper sandy loam layers,
In well drained soils close to the Meta River. The absence of mica of
feldspar in fine clay particles of all horizons suggests that clay has been
weathered to a greater extent than silt particles, which agiees with Jackson's
clay weathering sequence (1946b). The presence of relatively significant
quantities of pyrophyllite in soil profiles indicates a possible development
of this material during the pedogenesis stage or a different sedimentation 
source. 

Table 6.-Summary of clay minerals in selected Llanos soils. (Adapted
from Guerrero, 1971a). 

Partirle Size (,)soil 

No Depth
 

< .2
 

2 20 - 34 K3 12 P1 KI 11 P1 Q3
 
178 - 208 K3 11 PT KIT Pt M1 Q3 Ft
 

12 - 32 K3 12 PT K2 I1 P1 M1 Q3 VT 
88 - 148 K3 12 KI ItPI M 1Q3 F2 St 

6 10 - 19 K3 12 PT KI 1I P1 Q3 S1
 
105 - 140 K3 I1 KI IT P1 M1 
 Q2 SI 

KEY; K - Kaolinite Semi quantitative estimate 
I - 2:1.2:2 intergrades
P - Pyrophyllite 3 - Abundant (over 50%)
M - Mica 2 - Medium (23-50%)
Q - Quartz I Few- (10-25%)
F - Feldspar T - Traces 
V - Vermiculite 
S Vermiculite-Mica stratification 

Absence of gibbsite could probably be explained by the so called
"anti.gibbsitic effect" which is a mechanism through which free Al is used
for lattice construction. (Jackson, 1965a). Tiis aluminum placement tends 
to inhibit free AI(Ol1), formation in soiils provided that silicated clay,
2:1 	type, weathering be active. 

In soils studied by Benavides (1973) the predominant clay mineral 
in clay particles of soil profiles was also kaolinite (over 40%). Mlica was
also determined in all soils with ranges varying froim 9 to 45%. Likewise,
vermiculite and minor quantities of 2:1-2:2 type clays were found in all
soils. In B and C horizons of the Leguizamo 6 profile (Tablk 7) poorly
crystalized montinorillonite was determined. Benavides assumes that most 
kaolinites and micas have been inherited from sedimcnts that make up
parental material and that montmorillonite has occurred through a mica. 
vermiculitc-montmorillonite process. 
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Table 7.--Clay mineralogy in three profiles representative of the Colombian
Amazon Region. (Adapted from Benavides, 1973). 

HORIZON DEPTH MINERALS IN CLAY FRACTION (1) 
cm 

Profile 5, TACANA = UDOXIC DYSTROPEPT 

Al 0 10 K4 V2 V/C2 Mil QI GI 
B21 30- 50 K4 V2 V/C2 Mi Q1 GI P
 
B21 70 - 83 
 K3 V2 V/C2 Mil Q2 GI Pi 

Profile 6, LEGUIZAMO = TYPIC DYSTROPEPT
 
Al 
 0 - 20 K4 Mi2 MI VI V/Cl QI P1
 
B21 20 
- 80 K4 M2 VI V/Cl QI PI
 
B22 80 - 133 
 K4 M2 Mi2 VI V/Cl QI
 

,IIC2 215 - 243 
 K3 M3 VI V/Cl M 

Profile 8, FLORENCIA = UDOXIC DYSTROPEPT
 

At 0- 16 
 K4 Mi2 V1 V/Ct GI
 
B21 16 - 85 K4 Mi2 VI V/Cl GI
 
B22 85 - 173 
 K4 Mi2 V1 V/Cl G1 

(1) KEYs K - Coolinite Relative Abundance 
Ml - Mica
 
V - Vermiculite 
 I < 10% 
C - Chlorite 2 - 1025% 
V/C - 2:1-2:2 intergrsdes 3 - 23-.0% 
M - Montmorillonite 4 > 55% 
Q - Quartz 
G - Gibbsite 
P - Pyrophyllite 

Sand Mineralogy 

In general, quartz was the prevailing mineral found in the fine sand(105-250 microns) and in very fine sand fraction (50-105 microns) inboth areas. Quartz grains were usually subangular and did not show 
significant changes in form in the different profiles. 

Mica and feldspar content was practically insignificant in the Llanossoils, while in sand fractions of certain Amazon soils volcanic glass, mica 
and 2:1-type minerals were found. 
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eld 

74. 7.15 9.810.5I 14.2A 

Figure 3. 	 Clay X-Ray Diffractogram .2.2.0 A of Sample 30(profile 5, 88-148 cm): a = Mfg saturated at 250C;
b = Mg saturated at 250 C solvated in glycolethylene;c K saturated at 25*C; d = saturated at 350°C;
c - K saturated warmed at 550C. (Guerrero, 1971a).
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Thin Seuiotu 

Thin section observations in 'Llanos soils did not show any evidence
of day skin (argillans) surrounding clods, on non-capillary porous walls 
or on soil channels which agrees with profile descriptions. In some cases,
a slight tendency of clay accumulation existed but this was interpreted
rather as pressure or compression surfaces (Cady, 1960, Brewer, 1964). 

Soil Classification 

Data obtained by Guerrcro (1971a) for Llanos soil identified oxic
horizons, which places these soils within the Oxisol order. Climatic data 
on the area (FAO, 1965) shows that the subsoil remains dry during 60
consecutive days or longer during most years. Hence, some soil profiles
would classify as typic Haplustox, Profile 2 would classify as integrated
ultic (Ultic Halplustox) since cationic exchange capacity is over 13.5
meq/100 grams of clay, cation retention over 6 meq/100 grams of clay
and considering that clay content increases and reaches the point which 
indicates argillic horizons. 

The relatively high 2:1-2:2 intergrade clay mincrals in most samples
indicates the ultic nature of these soils. Apparently, larger quantities of
weatherable material and/or argillic horizons of greater depth due tosolum, could occur. Lack of clay particles in upper horizons could be 
explained by self-destruction mechanisms during the alternate dry-humid
periods predominant in the area. Nevertheless, presence of clay material 
at greater depth is not common, since no evidence of this appeared in
explorations carried out by means of holes opened at deeper levels. 

The present classification (Table 8) concurrs with previous taxono.
mic groupings suggested by Guerrero (1963) and FAO (1965) for soils
within the same area. Malagon (1973) also recently classified as Tropeptic
Haplorthox two Llanos soil profiles from the Puerto Gaitan, Mancacias 
River region; the author considered the soil moisture regime be udicto
due to increased rainfall to the west. However, Goosen (1971) classified 
as Dystropepts those soils classified by FAO (1965), Guerrero (1971) and
 
Malagon (1973) as Oxisols.
 

Goosen considered that a cambic horizon has been formed in what
 was previously a very deep A horizon in an Ultisol and 
 furthermore, low 
water soluble clay percentages, high silt percentage and low free iron content 
are Oxisol characteristics. Based on this, Goosen considers them to be 
Inceptisols with Oxic subgroups. From available data in order to classifythese soils in families they would be placed in the clayey kaolinitic, isohy
perthermic family. According to the FAO System of Classification (1970)
they would classify as Xanthic or Rhodic Ferrasols. 

Colombian Amazon soils were classified by Cortes (1973) mainlyas Typic Eutropepts, Aquic Dystropepts, Typic Haplorthox and Typic
Gibbsiorthox. Ile points out that even though cation exchange capacityseems relatively high for typical oxic horizons, other criteria were prevalent
in establishing the oxic nature such as: a) little evidence and inadequate

argillic b) total ofclimate for horizons, almost absence weatherable 
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Table 8.-Classification of representative soils of the eastern region of 

Colombia (Soil Taxonomy Nomenclature). 

AREA AND DESCRIPTION SOURCE TAXONOMIC GROUPSO 

1. ORINOCO REGION 

a. Ifigh Plains FAO (1965) Oxisols 
Guerrero (1971) Typic (3) & Ultic Haplustox (2) 

Typic Umbraquox (2) 
Goosen (1971) Oxic Palehumultic Dystropept (2) 
Malag6n (1973) Tropeptic Haplorthox (3) 

b. Ploodable FAO (1965) Oxisols & Aquepts (several) 
plain Goosen (1971) Ultic Plinthaquept (1) 

Malag6n (1973) Typic Tropaquept (1) 

2, AMAZON REGION 
a. Terraces Cortds (1973) Tropeptic & Typic Haplorthox (3) 
b. Hills Typic Gibbsiorthox (1) 
c. Undulations Oxic & Aquic Dystropept (2) 
d. Terraces Typic Eutropept (1) 
e. Undulations Benavides (1973) Udoxic & Typic Dystropepts (7) 

Aquic Paleudults (2) 

* The numbers in parenthesis represent the number of profiles studied. 

minerals, c) kaolinite predominance in clay fraction, d) absence of 
water dispersabic clay, ) cation exchange capacity close to that of oxic, 
f) solum depth. 

Benavides (1973) classified as Dystropepts 7 of 9 profiles studied,
because lie considered that even though clay fraction mineralogy is funda
mentally dominated by kaolinite, there are extremely high percentages of 
mica (sometimes up to 15%), of montmorillonite, feldspar, and other 
weatherable mincrals, materials of extremely high cation exchange capa
city (up to 50 meq/1(0 grams of soil) to consider these soils Oxisols. 
However, the oxic character of such soils are identified since five of them 
are classed in Udoxic subgroups. The other Dystropepts arc typical and 
the two remaining profiles arc classified as Aquic Paleudults. These results 
are partially in concurrence with results obtained in North Carolina State 
University (1972) reporting the presence of Ultisols, Alfisols, and even 
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Mollisols in the Yurimagua and Iquitos area (Peruvian Amazonic Jungle)
which would indicate that in many places within the Amazonic Basin, 
contrary to what has so far been believed, probably Ultisols and not Oxisols 
are the predominant soils. 

V SUMMARY 

Available information concerning Colombian Llanos and Amazon 
soils indicates that these soils are developed on material poor in nutrients and 
that, due to pedogenetic processes common to tropical regions, have reached 
a high degree of weathering. Under these circumstances, exchangeable bases 
have been removed from upper horizons. Quartz, amorphous iron and 
aluminum oxides and kaolinitic clay are predominant in the clay fraction. 
Development of most crops is limited due to low fertility levels. However,
it is worth pointing out that chemical and/or mineralogical characteristics 
of Amazonia soils, differ remarkably from those soils of the Llanos observed 
by Guerrero (1972) and North Carolina State University (1972). 

Consequently, any agricultural development program established in 
the Colombian Lianos or Amazon regions should be based on soil properties. 
Therefore, such research should have priority in relation to soil management
techniques, mainly soil acidity neutralization, increased fertility, organic 
matter conservation, land clearing, and erosion control as has also been 
suggested by Sanchez (1971a,b) for jungle and humid regions in Latin 
America. 
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Appendix 1.-Selected physical and chemical characteristics of two soil 
series representative of the Highplains in the Llanos Orien. 
tales. (Adapted from FAO, 1965). 

Horizon Depth Clay pH Exch. Exch cEc Base Org. Free 

Bases At Satn. C FruOs 

cm % meq/100 gr. soil - -

OxisOl = Horizontal Series 

Al 0 - 8 47 4.4 0.8 3.3 16.8 5 2.7 2.5 

A3 8 - 19 51 4.4 0.6 2.9 13.1 5 1.8 2.4 
B3 66 - 100 56 5.4 0.4 1.1 7.3 6 0.5 2.8 

Oxisol = Shangri La Series 

Al 0 - 15 14 4.6 0.7 0.9 3.3 21 0.7 -

A3 15 - 32 20 4.8 0.5 0.9 3.3 1 0.5 -

B22 65 - 100 27 5.3 0.4 0.4 2.6 15 0.3 -

Appendix 2.-Physical and chemical chzacteristics selected from two pro
files of representative soils of the Highplain and one profile
from the Flooding plains of the Eastern Plains in Colombia. 
(Goosen, 1971). 

Soil Depth Clay pHt Sum of Excl. CEC . Org.l1hO lijses 4 ACAl 7.0 

Cm e mcq/100 gr. soil 

a) 	 ALTILLANURA 

Horizonte Series = Oxic Paikhumultic Dystropept. 

All 0 - 8 46 4.3 0.6 5.0 15 4.3 3.$ 
A12 8 - 19 45 4.5 0.4 4.4 11 3.1 2.0 

B23 66 - 100 57 5.7 0.4 1.9 8 4.9 0.8 

Lagunazo Series = Oxic Palchumultic Dystropept. 
All 0-- 15 29 4.6 0.4 3.6 10 4.5 1.7 
A12 15 - 40 32 5.0 0.4 2.9 8 4.8 018 

B22 65 -95 31 5.3 0.4 2.6 6 7.4 0.5 

b) 	 ALUVIAL FLOOD PLAIN 

Corocora Ser~es = Curnulic Ilumic Ultic Plinthaquept 

AI g 0 10 53 4.7 9.1 3.7 28 53 2.2 
D2 10- 42 53 5.1 5.1 5.4 21 24 0.8 
IIB22 g cn 68 - 100 34 5.4 7.5 3.2 9 80 0.1 
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Appendix 3.-Chemical properties of two soil profiles from the Eastern 
_ _ _ Plains of Colombia. (Adapted from Malagon-Castro, 1973). 
Horlon r$h Clay pH Ex. Sum of C.E.C. B S. FetOs(Piet) H30 Al Bases (1) (2) Free 

ct meq/100 g soil % 

GAITAN Soil (-ligh plain) = Tropetic llaplorthox (3) 

-


At 0 - 9 35 4.6 1.3 0.2 
 10 2 1.6 6.9 
A3 9 - 23 34 4.4 - 0.1 9 1  -
1IBI 23 - 47 36 4.5 0.9 0.2 7 2 0.5 8.1 

OROCUE Soil (Floodplains) Typ, Tropaquept (3) 
At 0 - 21 36 4.7 5.1 0.2 14 2 1,6 1.4 
A3 21  36 38 4.5 3.5 0.2 9 2 - 
11132 36 - 62 37 4.7 1.4 
 0.1 5 2 0.5 0.7 

(1) By ammonium acetate, 

(2) Based on (1) 
(5) Coay mineral estimates: Quartz > 40%; Kaolinite > Al-Vcrmiculite > 20% (or Al. 

.bliorite). 

Appendix 4.-Chemical and physical properties of soil samples taken from
A horizon (0-20 cms) from regional test plots in the Llanos. 
(Adapted from the National Soil Program files)._ .... 

Site Texture PI Ech. Each. Org. 

meq/100 g soil (1) '
 Potosl 
 CL 4.9 1.7 2.6 4.3 43 2.8 
Las Leonas CL 4.6 1.7 3.7 5.4 32 2.7 
Atlan CL 4.9 1.7 0.9 2.6 64 1.2
 
El Pifnal 
 SL 4.9 o.5 1.0 1.5 33 0.7 
Caviona SL 4.9 0.2 1.1 1.3 14 0.7 
CARIMAGUA: 

Marafl6n CL 4.8 0.9 3.2 4.1 22 2.5 
Martfi6n CL 4.5 1.3 4.1 5.4 25 2.7 
Yopare SL 4.7 0.8 1.5 2.3 37 1.2 
Patio CL 4.8 1.7 3.0 4.7 36 2.9 

(2)Yopare L 4.9 0.2 1.7 13.6 1 -
Agronomla L 4.6 0.0 3.3 13.4 6 2.6 

(t) By addition o exchanseable cations. 

(3) by Ammoniu acetate. 
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'Appendix 5.-Some physical and chemical properties of soil and plow layer
samples of typical soils from Granja Macagual (Florencta)
ICA, (Guerrero, 1971b). 

Simple Depth Texture pH Exch. Exch. CEC BS 
Acid iases (1) (2) Oc 

cm meq/10o gr.soil 

MORELIA, 12-25% (Mesones) 

iA 5 - 30 C 5.0 9.1 1.3 10.4 13 0.5 
1B 30 - 50 C )1 9.1 1.3 10.4 13 0.6 
IC 75 - 90 C 5.1 7.2 1,3 8.5 16 1.0 

MORELIA, 25-50% (Mesones) 

5A 0- 30 CS 4.6 9,0 1.3 10.3 13 0.9 
5B 30- 80 CS 4.8 8.8 0.9 9.7 9 0,6 

SC 80 - 150 SL 4.9 10.4 1.3 11.7 11 0.3 

PLOW LAYER SAMPLES 
# 122 0- 20 S 5.2 5.1 1.7 6.8 23 1.1 

123 0- 20 S 4.7 1.6 3.8 5.4 70 2.5 
124 0- 20 C 5.5 0.5 6.8 7.3 93 3.0 
125 0 20 4.7 1.7 29- C 4.1 5.8 2.2 

126 0- 20 C 4.8 3.4 1.3 4.7 28 3.0 
127 0- 20 C 4.1 3.7 1.3 5.0 26 2.1 

128 0- 20 C 4.9 3.6 2.1 5.7 37 1.5 

129 0- 20 C 4.6 2.7 6.7 9.4 71 2.0 
130 0- 20 CL 4.7 4.1 1.3 5.4 24 2.2 
131 0 - 20 SL 4.8 3.4 3.1 6.5 47 2.1 

(I) Effective: Ex. Base addition + Ex. Acidity. 

(2) Based on (1). 
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,Appendix 6.-Physical and chemical properties of selected soil profiles from
the La Tagua.Pto. Leguizamo region. (Adapted from Cortes
and Varela, 1972). 

Depth Clay pH Exch. Exch. CEC B.S. 
Al Bases (1) (2) C 

1/ mcq/lO0 gr. soil 

CAPITAN TONO, PROFILE 2 
00 - 04 38 5.7 5.7 2.1 41 51 4.5 
04 - 18 46 4.8 0.2 3.7 22 16 1.2 
55 - lOOX 68 4.0 - 1.8 40 3 01. 

CAPITAN TONO, PROFILE 3 
00 - 04 46 4.8 1.1 16.9 45 38 4.6 
04 - 19 59 4.6 15.3 2.0 27 8 1,2 
75 - X 62 4.6 - 1.6 28 6 0.2 

LA TAGUA, PROFILE3 
00- 11 24 4.6 2.3 1.2 13 9 1.8 
1! - 13 28 4.8 3.6 0.6 10 6 0.8 
15- 32 34 4.9 4.9 0.3 10 5 0,7 
75 - 140 36 4.9 - 0.5 9 5 0.3 

LA CORNAMUZA, PROFILE 7 
00-08 26 4.8 4.2 1.8 15 12 2.0 
08- 14 28 4.8 5.3 1.3 1, 9 1.0 
25 - 6 40 5.0 1.4 21 7 0.4 

(1) By amnonium acetate. 

(2) Based on (t), 
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Appendix 7.-Some physical and chemical properties of profiles selected
from representative soils of the Colombian Amazon Region.
(Adapted from Cortes e a/., 1973). 

Horizon Depth Total Exch. Exch. CEC B.S. ocCly Al Bases (1) (2) 

cm meq/lO0 g soil % 

ARARACUARA = OXIC DYSTOPEpIr 

All 0 - 27 34'1 4.8 3.3 0.14 10.7 1.31 1.3 

A12 27 - 46 33 4.9 3.5 0.16 10.7 1.45 0.9 

B22 88 - 150 35 5.2 2.4 0.10 2.5 4.03 0.2 

PUERTO ARARA = AQUIC DYSTROPEPT 

Al 0 - 17 12 4.3 2.5 0.20 3.5 3.62 0.5 

B21 17 - 63 21 4.5 3.9 0.17 6.4 2.69 0.2 

B22g 63 15OX 4.4 12.6 0.21- 50 7.8 2.70 0.1 

PUERTO LEGUIZAMO = TROPEPTIC HAPLORTHOX 

Al 0 - 13 58 4.5 4.9 4.33 30.5 14.85 3.9 
B21 13 -- 70 62 4.7 12.9 1.90 22.5 8.44 0.7 

B22 g 70 - I1OX 69 4.8 19.9 0.43 27.6 1.56 0.3 

(1) By ammonium acetate. 

(2) Based on (1). 
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Appendix 8.-Some physical and chemical properties of soil profiles from 
river banks -from the Guaviare, Inirida and Orinoco Rivers, 
Guainia and Vichada "Comisarias" (Vivas, 1970). 

Dtpth Clay Pit Exch. Exch. CEC B.S. ocAl Bases (1) (2) 

cm % mcq/100 gr. soil % 

0 - 20 21 5.2 1.5 3.3 4.8 68 0.7 

20 - 40 14 5.2 1.0 2.5 3.5 72 0.5 

40 - 60 18 5.3 1.1 2.1 3.3 63 2.2 

+ 60 29 5.3 1.6 2.9 4.5 65 0.5 

0 - 20 47 4.9 3.0 3.2 6.2 52 2.5 

20 - 40 48 5.1 3.4 2.5 5.8 42 1.7 

40 - 60 58 5.0 4.6 2.0 6.6 51 1.3 

0 - 20 21 5.3 0.3 5.0 5.3 94 1.2 

20 - 40 20 5.5 0.5 4.7 5.2 90 0.9 

40 - 60 18 5.5 0.7 2.7 3.4 79 0.5 

+ 60 16 5.4 0.4 3.3 3,7 89 0.5 

0 - 20 25 5.2 2.8 2.2 5.0 44 0.8 

20 - 40 32 3.1 2.8 2.7 5.5 49 0.6 

0 - 20 23 4.9 3.1 1.4 4.5 32 2.1 

20 - 40 25 4.8 3.1 0.5 3.6 15 2.0 

+ 60 29 4.9 2.7 0.9 3.6 24 1.5 

0 - 20 19 5.4 0.7 3.8 4.4 84 0.9 

20 - 40 21 5.5 0.7 3.8 4.4 84 0.7 

(1) Effective: Adding bases and ex. Al. 

(2) Based an (1). 
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Appendix 9.-Average values of selected characteristics in some Dark Red 
and Yellowish Red Latosols from the Brazilian Central High.
plain. (Adapted from Cline and Buol, 1973). 

Soils Horizon or cy 

Depth Ay pH H:0 Carbon CEC BS 

(%) Range (%) meq/100 g (%)
(add.)

DARK RED LATOSOL 

Clay Topsoil 60 4.3 - 5.2 2.4 10.2 1 

Clay 75 cms. 63 4.6 - 5.8 0.9 5.2 14 
Loam Topsoil 19 4.3 0.9 48 11 
Loam 75 cms. 24 4.9 0.3 2.5 15 

RED YELLOW LATOSOL 
Clay Topsoil 47 4.2 - 5.1 1.7 8.6 7 
Clay 75 cms. 53 4.5 - 6.0 0.7 4.4 9 
Loam Topsoil 21 4.4 - 5.2 0.8 4.0 13 

Loam 75 cms. 26 4.5 - 5.6 0.4 2.4 17 

Appendix 10.-Analysis of Llanos soils by the North Carolina Methods. 
(Guerrero, 1971a). 

Soil Organic
N9 Drpth pH Mattr P 

cm % lb/Acre 
2 0 - 20 4.5 2.0 48 12 29 2.4 

20 - 34 4.7 1.3 64 10 17 2.4 

125 - 178 4.9 0.3 64 12 14 0.0 

5 0 12 4.6 4.0 80 17 57 2.4 

12 -32 4.6 2.0 64 14 29 2.4 
88 -148 5.2 0.6 64 10 20 0.0 

6 0-10 4.8 6.5 304 60 78 24 

10- 19 4.6 4.0 64 17 37 2.4 

105 - 140 5.5 0.7 64 7 17 0.0 
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1APPENDIX 	I1.-SOIL PROFILE N9 5, CARIMAGUA&(Guerrero, .1971) 

Description: 	 Pit by R. Guerrero and S. W. Buol., 

Date: August 	 4, 1969. 

Location: Approximately 2-2.5 km north of the Sta. Rita, Puerto Carreno 
cross road, open savanna. 

Vegetation: Dense, treeless savanna. 

Physiography: Open and slightly convex savanna at higher position than 
site Nq 4. 

Parent Material: Mixed acid alluvial sediments. 

Slope: 0-1%. 

Drainage: Well drained. 

Erosion: None. 

Depth to Water Table: Deep. 

Remarks: No plinthite nodules in 155 cm depth. Poor horizonatlon. 
Site is representative of "open" savanna. 

0 - 12 cm 	 Dark brown to brown (7.5YR 4/4); silty clay loam; weak, 
medium, subangular blocky structure; slightly sticky and 
slightly plastic; many roots but less than in previous 
profiles; gradual, smooth boundary. 

12 32 cm 	 Dark reddish brown (5YR 3/4); silty clay; massive that 
breaks into strong, fine subangular blocky structure; sticky 
and slightly plastic; less roots than above and high termite 
activity; gradual, wavy boundary. 

32- 58 cm 	 Yellowish red (5YR 4/6) with few, fine and distinct, 
light yellowish brown (10YR 6/4) mottlings; silty clay; 
moderate, medium and fine subangular blocky structure; 
friable when moist, sticky when wet; few, small roots 
and pockets of dark organic material transported from 
above; no reaction to H20 2; gradual, wavy boundary. 

58- 88 cm 	 Yellowish red (SYR 5/8); clay; strong to moderate, fine 
subangular blocky structure; slightly plastic when wet; 
few, fine roots; few pockets of organic material; gradual, 
wavy boundary. 

88 - 148 cm 	 (By auger below 130 cm). Yellowish red (5YR 4/8);
clay; sticky. 

149 - 153 cm Red&r; clay. 

- 90



APPENDIX 12.-SOIL PROFILE Nq 6, LEGUIZAMO (Benavides, 1973) 

Location: Municipio Leguizamo; Km 2 Legulzamo-La Tagua road. 
Altitude: About 150 m above sea level.
 
Relief: Gently undulating.
 
Slope: 3-7%.
 
Position of the profile: Upper part of a hillslope with 3o.
 
Erosion: Not apparent.
 
Vegetation: Originally tropical rain forest; presently grasses.
 
Parent material: Post-Pleistocene sediments.
 
Water table: Very deep.
 
Drainage: Well drained.
 
Moisture conditions of the profile: Moist, all profile.
 
Date sampled: July 1, 1971.
 

Al HORIZON; 0-20 cm: Brown (7.5 YR 4/4); clay loam; moderate fine 
pores; common fine roots; many earthworms; smooth clear boundary. 
friable, slightly sticky, plastic; many fine, common medium tubular 
angular blocky that breaks to moderate fine gzanular structure; hard, 

B21 HORIZON; 20-80 cm: Reddish brown with common coarse fait 
brown 10 YR 5/3 spots; moderate medium prismatic structure that 
breaks to moderate fine and medium angular blocky and to moderate 
fine granules; friable, very sticky, very plastic; many fine and very
fine tubular pores; few fine roots; few earthworms, diffuse boundary. 

B21cn HORIZON; 80-81/82 cm: Hard discontinous layer of sesquioxidic
concretions with reniform shape; yellowish red and dushy red; abrupt 
boundary. 

B22 HORIZON; 81/82-133cm: Yellowish red (5 YR ,4/6); clay; mod
erate medium prismatic structure that breaks into moderate fine 
and medium angular and subangular blocky structure; friable, very
sticky, very plastic; may fine tubular pores; some hard platy frag
ments (pedodes?) of clay; few fine roots; gradual, wavy boundary. 

1IB23 HORIZON; 133-173cm: Yellowish red (5 YR 4/8) with common 
fine and coarse distinct yellowish brown (10 YR 5/6) and very
pale brown (10 YR 8/3); moderate fine and medium prismatic
structure that breaks to moderate medium and fine angular blocks 
and granules; friable, sticky, plastic; common medium and fine 
tubular pores; some of which have continuous films of brown color; 
common hard fragments of clay, gray inside and violet in surface; 
smooth, clear boundary. 

IIC1 HORIZON; 173-215cm: Reddish brown (2.5 YR 4/4) with com
mon medium distinct light yellowish brown (2.5 Y 6/4) around 
pore walls; sandy clay loam; massive with tendency to anguiar
blocks; friable, slightly sticky; slightly plastic; common fine and 
very fine tubular pores; common small fragments of mica; smooth 
clear boundary. 
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Relationships Between U.S. Soil Taxonomy, the4 Brazilian Soil Classification System, and 
FAO/UNESCO Soil Units 

FRIEDRICK H. BEINROTH 

I INTRODUCTION 

In reflection of growing government interest in natural resources, 
most countries in tropical America are engaged in active soil survey. An 
intrinsic element and important aspect of these programs is the classification 
of soils. 

Soil surveys are expensive and no government or institution would 
be inclined to support such activities unless they are of practical value. 
Yet, while many soil surveys have been .atremelyuseful, some have failed. 
The inadequacies were mostly the result either of failure to identify the 
purposes for making the soil survey or failure to maintain strict scientific 
control over the identification, description and classification of the soils. 
To be useful, soil surveys must be both practical in purpose and scientific in 
construction. rhe classification systems applied in soil survey must, there. 
fore, be capable of meeting these requirements and should in particular 
faciltate comparisons of soils for both similarities and differences (Smith, 
1965). Viewed in the context of this perspective, the classification of 
soils is not a mere academic exercise, as some would see it. It is a scientific 
means for a practical end. 

Whereas there is, in general, international agreement on botanical, 
zoological, mineralogical and similar classifications, there exist several 
kinds of soil classification and many more are possible. This is partly a 
reflection of the fact that soil classification systems have been developed 
largely by government institutions for specific purposes and particular 
pedologic conditions. As a consequence, several systems of soil classifi
cation are currently in use in tropical America. 

In a recent review of soil survey methods in Latin America, Van 
Wambeke (1973) reports that national systems of soil classification are 
employed in Brazil and Panama. In the French territories, soils are cor. 
related with taxa of the classification developed by ORSTOM (Aubert, 
1966). The Central American countries have usually compared their soils 
with th-e great soil groups established during the original soil survey of 
Hawaii (Cline, 1955). In the British Antilles soil series are recognized 
but are neither correlated nor placed in a taxonomic system, and the same 
holds true for Guatemala where the arrangement of soil series is merely 
alphabetic. 

Costa de Lemos (1971) reports that in several Latin American 
countries, notably Chile, Colombia, Mexico, Peri6, and Venezuela, efforts 
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are under way to classify soils according to the U.S. Soil Taxonomy (Soil 
Survey Staff, 1970). 

By virtue of the recently published soil map of South America 
(FAO/UNESCO, 1971), the soils of this sub-continent have also been 
correlated with units of the legend for the FAO/UNESCO Soil Map of the 
World (FAO, 1970). 

In terms of area of application, the U.S. Soil Taxonomy, the Bra
zilian system and the FAO/UNESCO scheme are the most important soil 
dassifications used in tropical America. It is the objective of this paper to 
discuss and compare these systems and to evaluate their role in the agri. 
cultural development process. 

II APPROACHES TO SOIL CLASSIFICATION 

In most of the existing systums of soil classification there is the 
basic assumption that there are individual soils that can be treated as a 
population. While former concepts would regard the pedosphere not as 
a universe of individuals but as a kind of continuum varying from place to 
place in reflection of changing soil-forming conditions, the present view 
considers soil as a "collection of bodies" (Soil Survey Staff, 1960). Cline 
(1961) pointed out that "the perspective in which we view our model has 
changed from one in which the whole is emphasized and its parts are 
loosely defined and indistinct to one in which the parts are sharply in 
focus and the whole is an organized collection of parts". This change 
signifies a major breakthrough in pedologic thinking and provided the 
scientific basis for taxonomic classification systems. 

Although there are as many classifications conceivable as there are 
objectives for grouping, there are basically only two fundamentally dif
ferent approaches to soil classification. One can group soils for a great 
variety of technical purposes and thus establish technical groupings, etch 
for a limited objective and with a special bias dictated by the objective 
(Cline, 19.19). 

In natural or taxonomic classifications, on the other hand, the 
objective is to show relationships in the greatest number and most important 
properties without reference to a specific practical purpose. To quote Cline 
(1949), "the natural classification, therefore, performs the extremely im
portant function of organizing, naming, and defining the classes that are 
the basic units used (a) to identify the sample individuals that are the 
objects of research, (b) to organize the data of research for discovering 
relationships within the population, (c) to formulate generalizations about 
the population from these rclationships, and (d) to apply these generaliza
tions to specific cases that have not been studied directly". 

There are two main methods of elaborating natural systems: one 
may reason from ideas to facts, or from facts to ideas. In the first case the 
method is analytic and descending and such sysrtems are of necessity 
essentially genetic (Manil, 1959). The second method is synthetic or 
ascending and requires a great amount of data about recognizable bodies 
of soil, especially those identified as soil series. The U.S. Soil Taxonomy 
essentially is an example of this type, whereas the Brazilian classification 
may be considered a "system built from above" (Van Wambeke, 1973). 
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Because soil classification in tropical America is chiefly employed in soil 
surveys and these are expected to be of practical use, an argument in favor 
of technical systems of classification could be made. However, Smith 
(1965) has stated that soil survey, although practical in its purpose, must 
also have reasonable scientific standards. In particular, a soil survey should 
not become obsolete with changing agricultural technology and it should 
further facilitate the interpretation for a variety of uses some of which 
might not have been anticipated at the time when it was made. It is 
evident that these requirements can only be met if a taxonomic system is 
used. Yet, at least one more step beyond the taxonomic classification is 
needed to order the "natural" groups into "practical" groups (Smith, 1965).
There are compelling reasons for flexible criteria below some level of gene
ralization that are not subject to the restrictions of definition inherent in 
taxonomic classes (Cline, 1963). This can be accomplished by groupings
of phases of classes on the basis of characteristics that are important to 
the purpose of the moment (Smith, 1965). 

III STRUCTURE, DIFFERENTIAE AND NOMENCLATURE OF THE 
THREE SYSTEMS 

In contriving a taxonomic system of classification and thus to arrive 
;t an "orderly abstract of knowledge, and concepts derived from knowledge" 
(Cline, 1963), three main problems are encountered. These are the selec. 
tion of differentiating criteria, the definition of classes and their grouping
in categories, and the nomenclature of taxa. The systems discussed below 
represent three different endeavors. 

a) U.S. Soil Taxonomy 

This system is an attempt at a comprehensive taxonomic classification 
of soils. For reasons explained by Kellogg (1963), it has been developed 
over the past 20 years in the Soil Conservation Service of the USDA under 
the, leadership of G. D. Smith with cooperation of soil scientists of U.S. 
universities and certain pedologists from other countries. The system went 
through a series of approximations of which the "7th Approximation" was 
published in 1960 (Soil Survey Staff, 1960). After substantial revisions 
it is now in press and will be available in the near future as a book entitled 
"Soil Taxonomy: A Basic System of Soil Classification for Making and 
Interpreting Soil Surveys". 

In developing the basic rationales of the system its authors were 
influenced by Bridgeman's "Logic of Modern Physics" (Bridgeman, 1927). 
They also drew on Western European experience, particularly on the 
definitions of concepts basic to the French classification (Smith, 1965). 
More than 70 years of soil survey provided the detailed information 
without which the development of the system would have been impossible.

Like most taxonomic systems, Soil Taxonomy is a multi-categoric 
system. Each category is an aggregate of taxa, defined at about the same 
level of abstraction, with the smallest number of classes in the highest 
category and tlae largest number in the lowest category. In order of 
decreasing rank these categories are: order, suborder, great group, subgroup, 
family, and series. 
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: Applying concepts of pedogenic processes ,orders, suborders and 
great groups are differentiated on the basis of the presence or absence of a 
variety of combinations of diagnostic horizons and soil properties. 

Three levels of such sets are employed in the thre highest categories, 
each set of properties marking pedogenic processes th.t operate within the 
sets characterizing the higher category or categories. Examples of dif. 
ferentiae used at the order level arc diagnostic horizons, such as the 
oxic and spodic horizons or the mollic epipedon. Soil moisture regime
and extreme chemical or mineralogical properties like the presence of large 
amounts of allophane are examples of criteria for differentiating suborders. 
Properties that appear to be superimposed on the diagnostic features of the 
orders and suborders, such as various kinds of pans or the presence of 
plinthite, are used to differentiate great groups. 

Subgroups are subdivisions of great groups representing either the 
central concept of the category, intergrades to other great groups, or 
extragrades which have additional aberrant properties. 

Families and series are distinguished on the basis of properties 
selected to create taxa are successively more homogeneous for practical uses 
of soils. Thus, families attempt to provide classes having relative homo. 
geneity in properties important to the growth of plants, and series are 
subdivisions of" families intended to give the greatest homogeneity of 
properties within the genetic soil or the rooting zone, consistent with the 
occurrence of mappable areas at scales of detailed soil surveys. 

On the rationale that the same processes operate in most soils,
though at widely different rates and intensities, the classification of tropical
soils in Soil Taxonomy is consistent with that of other orders. Soils of 
tropical areas are differentiated by their soil temperature regime, and im
portance is given to the degree of continuity of biologic activity: Soils of 
the humid tropics are distinguished at high categoric levels, order, suiborders 
or great groups. With few exceptions, e.g. Torrox and Torrcrts, soils of 
arid and semi-arid tropical regions are differentiated at tile family level 
because seasonal lack of soil moisture is not unique to the tropics (Smith,
1965). 

Evidently, the (lasses of Soil Taxonomy have been formed in 
consideration of concepts of pedogenic processes. However, as these causes 
are not fit as diagnostic criteria, some of their more prominent effects 
werc selected as differentiae. Insofar as possible properties that are the 
result of soil genesis were chosen as differentiae because such properties 
carry the maximum number of accesory properties and have geographic
implications of susceptibility to mapping. As a basic principle, these dif. 
ferentiae are soil properties and there are defined operations to identify
them (Smith, 1965). The Soil Survey Manual and the Soil Survey
Laboratory Methods (Soil Survey Staff, 1951 and 1967) provide the 
definitions and procedures essential for these operations. 

The nomenclature of Soil Taxonomy marks a complete departure
from past practice. It was not conceived to mystify the outsider as some 
might think, but because the old names were ambiguous, of diverse 
linguistic provenance, difficult to re-define and generally unsuited for use 
in systematic taxonomy. Therefore, new names were coined, largely from 
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Greek and Latin roots, that fit any modern European language without
translation. The name of each taxon clearly indicates the place of the 
taxon in the system and connotes some of its most important properties. 

For more detailed analyses of various aspects of the new system
reference is made to the papers by Cline (1963), Flach (1963), Heller 
(1963), Johnson (1963), Orvedal and Austin (1963), Riecken (1963), 
and Simonson (1963). 

b) Brazilian System of Soil Classification 

When soil survey activities were started in Brazil some 20 years ago, 
the soil classification system of Baldwin, Kellogg and Thorp (1938) in its 
revised form (Thorp and Smith, 1949) was employed. However, as the 
soil surveys proceeded it soon became evident that the then U.S. system did 
not afford satisfactory groupings for the soils of Brazil. Neither did the 
taxa of the "7th Approximation" (Soil Survey Staff, 1960) appear to 
provide suitable classes for Brazilian soils, particularly as the classification 
of Oxisols was not fully elaborated at that time (Bennema, 1966). 

It was, therefore, decided to develop a system of classification spe
cifically for Brazilian soils. J. Bennema of the FAO and M. Camargo of 
the "Divisao de Pedologia e Fertilidade do Solo" (DPFS) assumed the 
leadership, and the new system was first published in 1964 (Bennema and 
Camargo, 1964). Further development of the scheme is in full progress
with particular emphasis on the classification of the soils formerly called 
Red-Yellow Podzolics and Latosols. 

The Brazilian system in its present form recognized twelve "soil 
classes of high level" each of which is subdivided at four successively lower 
levels. These categories are not formally named and have not yet been 
developed in equal detail for all high-level classes. New taxa may be 
added as new knowledge materializes and the Brazilian system thus 
constitutes an example of a descending classification. 

Considerable progress has been made in the classification of the 
two high level classes that comprise the main tropical soils of Brazil (Costa 
de Lemos, 1968). These two classes are separated, at the highest level, 
on the basis of the presence of a latosolic or a textural B horizon which 
are roughly analogous to the oxic and argillic horizons of Soil Taxonomy. 
At the next lower level, mainly chemical characteristics, such as cation 
exchange capacity and base saturation, are employed to establish classes. The 
criteria used to subdivide the third level include iron content as related to 
soil color and type of parent rock, A12O,/FeO 3 ratios, and the degree of 
A horizon development. Classes of the fourth level are differentiated chie
fly on the basis of color, profile differentiation, and presence or absence 
of plinthite. At the lowest level, texture is used to distinguish among 
classes of soils with latosolic B horizons, whereas type of parent rock is 
applied in the case of soils with textural B horizons. The use of "phases 
of vegetation" has been proposed to characterize the ecological conditions 
which a given mapping unit represents, but these have only been devel
oped for tropical forests. (Bennema, 1966). 
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I The nomenclature of the Brazilian classification is heterogenous.
Ineight of the twelve high-level soil classes descriptive terms are employed
such as "Soil with solonetzic B horizons", "Red, Yellow and White Sand", 
or "Hydromorphic Soils". The names of great soil groups of the clas. 
sification of Baldwin, Kellogg and Thorp (1938) were retained for the
classes of Lithosols, Podzols and Regosols. The more recent term Grumusol 
is used to name the remaining high-level class, With the exception of the 
term Latosol, no names are given to taxa of the lower levels. These classes 
are briefly described in the fashion of a key and carry numerical designations. 

c) FAQ/UNESCO Legend 

In 1961 FAO and UNESCO initiated a joint project for the pre.
paration of the Soil Map of the World at a scale of 1:5,000,000. One of
the most important aspects of this project was the correlation of soil units 
used in various parts of the world with the aim of preparing a universal
legend. Field correlation activities and research undertaken to this effect 
eventually led to the publication of the "Definitions of Soil Units for the
Soil Map of the World" (Dudal, 1968). Subsequent to minor revisions,
the final key to soil units was distributed in 1970 (FAQ, 1970). The 
legend was first applied in the two sheets of the Soil Map of the World 
covering South America (FAO/UNESCO, 1971).

The FAO/UNESCO legend is a bicategorical scheme which recog
nizes 26 higher classes subdivided into 104 soil units. For map units, three 
textural classes, three slope classes, and nine phases are provided. The soil
units have been selected on the basis of their significance as resources for
production, present knowledge of pedogenesis, and the feasibility of repre.
senting them on small scale maps. As a consequence, the soil units estab.
lished may not strictly adhere to taxonomic rules and may belong to dif
ferent levels of generalization (Dudal, 1968). It is further obvious that
the FAO/UNESCO legend was not conceived as a taxonomic classification 
proper. Rather, it basically constitutes an organized compilation of defini. 
tions of map units and may be considered a compromise between a taxono
mic and technical classification. 

Soil units of the FAO/UNESCO legend are differentiated on the 
basis of quantitative criteria similar to those of U.S. Soil Taxonomy. In
particular the definitions of most of the diagnostic horizons have been 
drawn largely from Soil Taxonomy and arc, therefore, identical in both 
schemes as regards nomenclature and essence, though not detail, of defini
tion. In addition to the diagnostic horizons of Soil Taxonomy, the FAO/
UNESCO scheme further recognizes glcyic, plinthic and thionic horizons. 
At the phase level, classes of texture and slope, and phases to indicate the presence of hard rock, stones, gravel, indurated layers, and salinity and
alkalinity may be employed as modifiers of the soil units. 

The nomenclature of the units of the higher category of the FAO/
UNESCO legend reflects a tendency to retain traditionally established 
names such as Ghernozems, Podzols, Solonchaks, and Rendzinas. Also 
adopted were names that have become popular in recent years like Vertisols,
Rankers, Andosols, and Ferralsols. The need to coin new terms was 
nevertheless felt in cases where existing names were liable to cause confusion 
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due to different usage in different countries. Some of these new names 
Include Luvisols, Acrisols, Yermosols and Nitosols. Twenty-eight connotive 
terms such as mollic, takyric, dystric or luvic are used as adjectives to the 
names of units of the higher category to form the names of the lower 
category soi! units. The etymology of this nomenclature and justifitile 

cation for its selection are discussed in detail by Dudal (1968). 

IV COMPARISON AND CORRELATION 

The foregoing discussion indicates that the U.S. Soil Taxonomy, the 
Classification of Brazilian Soils and the FAO/UNESCO Legend are systems 
that were contrived on divergent rationales for different purposes. ,A 
consequence the schemes differ in structure, nomenclature and definitir . 
These inherent differences of the three schemes severely compounds the 
problem of correlating their taxa. 

The number of taxa distinguished at comparable levels of abstrac
tion varies significantly in the three systems. Considering, for example, 
a class which is defined almost identically in all three schemes, the order 
Oxisols of Soil Taxonomy has five suborders, 19 great groups and 35 sub
groups; the Ferralsols of the FAO/UNESCO legend are split into six soil 
units; and the Soils with latosolic B Horizons of the Brazilian scheme 
comprise five classes of Latosols which are subdivided at two lower cate
gories with 6 and t0 classes, respectively. It is thus improbable that taxa 
of one system can be matched with exact counterparts in another system. 

An analysis of the schemes suggests that six of the 26 higher 
category units of the FAO/UNESCO legend correspond closely to orders 
of Soil Taxonomy; e.g. Acrisols = Ultisols, Ferrasols = Oxisols and 
Podzols = Spodosols; but :.ot all Oxisols are Ferrasols, Plinthaquox are 
Gleysols. The re. aining 20 units are approximately equivalent to sub. 
orders or great groups; e.g. Rendzinas = Rendolls and Nitosols = pale. 
great groups of Alfisols and Ultisols. The lower category soil units are 
roughly equivalent to great groups and, in sonic cases, to suborders or 
subgroups; e.g. some flumic Ferrasols = ltumox, some llaplic Luvisols = 
Hapld-lfs, and some Dystric Nitosols = Oxic Palehumults. It is, therefore, 
impossible to correlate soil units of the FAO/UNESCO legend and taxa 
of Soil Taxonomy at a consistent categoric level. 

As regards the Brazilian classification, the high level classes of this 
system can, in most instances, be related to ordcrs of Soil Taxonomy and 
high category units of the FAO scheme. Lower category taxa of the 
Brazilian classification cannot be miatc0:cd unequivocally with classes below 
the highest categories of the two other systems. 

The main difficulty encountered in correlating taxa of the three 
schemes is that different criteria are employed in their definitions. Thus, 
in Soil Taxonomy udie and ustic soil moisture regimes are used as a dif
ferentiae at the high categoric level of suborder or great group. Neither the 
FAO/UNESCO scheme nor the Brazilian classification consider these 
criteria, although in the latter system phases of vegetation provide some 
Indication of it. 
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The FAO/UNESCO units and taxa of Soil Taxonomy are often 
thought to have a high degree of correlation because both schemes use 
similar or identical differentiae and definitions. However, additional cri
teria are applied in Soil Taxonomy, some of the same criteira, e.g. the 
natric horizon ,are used at different levels of generalization and the key 
to soil unit of the FAO/UNESCO legend is structured differently than that 
of Soil Taxonomy. Also, definitions are less precise in the FAO system. 
For example, Acrisols a:e defined as soils with argillic horizons having 
a base saturation of less than 50 percent (by NIt, OAc) in at least some 
part of the B horizon and Luvisols are other soils with argillic horizons. 
As Alfisols are only required to have a base saturation of more than 35 
prcent (by sum of cations) at 125 cm depth, sonic Alfisols, such as Ultic 

'ropudalfs, may actually be Acrisols, although customarily Alfisols are 
correlated with Luvisols. 

In the Brazilian classification, color figures prominently as a dif. 
ferentia in addition to criteria like iron content and parent rock which are 
not used in the two other systems. Cation exchange capacity is an 
important differentiating criterion in all system but is employed with dif
ferent numerical values in the Brazilian Classification. Bennmna (1966) 
has pointed out that the latosolic B horizon is, in many aspects, "similar 
to the oxic horizon of Soil Taxonomy .... the most important difference 
being that a latosolic B horizon can never include a textural B horizon, 
while an oxic horizon may include an argillic horizon". This statement 
cannot go unchallenged. First, an oxic horizon is, of course, exclusive of 
an argillic horizon. Second, the vertical increase in (lay in latosolic B 
horizons may be such that it meets the requirement for an argillic horizon 
if some clay skins arc present. Thus, some soils classified as Latosols may 
be and in fact often are really Ultisols rather than Oxisols.'/ 

With respect to the correlation of taxa, it is well to remember that 
the name of a taxon only conveys specific quantitative information about 
those properties which are differentiating criteria in its definition The more 
specific the definition of a taxon, the more specific statements can be made 
about its properties. Vice versa, a greater number of criteria have to be 
known to allow polsitive placement inspecifically defined taxa. The corre
lation of taxa has to be made on the basis of the information contained in 
its n2 me plus consideration of the position of the taxoii in the key. Three 
examples follow to substantiate these points. 

1. llaplorthox, as defined in Soil Taxonomy, are soils with oxic 
horizons, a CEC of between 1.5 and 16 mcq/10Og, of clay, and a base 
saturation of less than 35 percent. In the Brazilian Classification, Ha
plorthox therefore can be either one kind of taxon defined as "Latosols 
wiht a CEC of less than 6.5 weq/I 0o of clay and a base saturation of less 
than 50 percent" or another kind defined as "Latosols with a CEC of less 
than 6.5 meq/100 g. of clay". 

- In the FAO/UNESCO scheme, llaploxthox may be Rhodic, 
Xanthic or Orthic Ferralsols. In neither the Brazilian nor the FAO/ 
UNESCO system can ilaplorthox be accurately placed on the basis of the 

I/ Buol, S. W. pcrso.al communication 1973. 
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information contained in its definition because color, iron content, and type 
of parent rock are not diagnostic criteria. 

2. The Terra Roxa Legltima of Brazil is classified as a soil with a 
latosolic B horizon with a CEC of less than 6.5 meq/100 g of clay, a 
moderately or weakly developed A horizon, more than 18 percent Fe2Q., 
and colors of 2.5 YR or redder. These soils may occur as savanna phase, 
semievergreen forest phase, and semi-deciduos forest phase (Bennema, 
1966). Assuming that the semi-evergreen phase indicates a udic moisture 
regime, this class of soils corresponds with the Orthox of Soil Taxonomy 
and may be either Gibbsiorthox, Acrorthox or Haplorthox. If their 
moisture regime is ustic, these soils are Acrustox or Haplustox. In the 
FAO scheme, the Terra Roxa Legitima may quality for Acric, Rhodic ,ar 
Otrhic Ferralsols. Again, more specific placements are not possible because 
the criteria of the Brazilian classification are not the same as those of Soil 
Taxonomy and the FAO system. 

3. The FAO/UNESCO soil unit of Ochric Andosols comprises 
soils that, by definition, are derived from volcanic ash, have no mollic or 
umbric A horizons but have a smeary consistence. These soils belong with 
the suborder of Andepts of Soil Taxonomy. However, the information 
contained in the definition of Ochric Andosols does not allow a positive 
placement at the great group level. While they could be Cryandepts, 
Durandepts, Hydrandepts, Placandepts or Dystrandepts, they probably cor
relate with Hydrandepts because of their smeary consistence. The Brazilian 
dassi.ication in its present form does not provide taxa for soils developed 
from volcanic ash, as these are not important in Bazil. 

It is obvious that the three systems are not compatible in many 
aspects, and correlation of their taxa can, in most cases, not be achieved 
unequivocally. This writer disagrees with statements to the effect that the 
three systems "have a high degree of correlation ... and are fairly easily 
translated" (Buol, 1972). It appears that only the taxa of the highest 
categories of each scheme can be correlated with some accuracy (see 
Table 1). This is substantiated by a correlation of FAO/UNESCO soil 
units with Soil Taxonomy taxa prepared by Dudal and reproduced in 
Buol (1972). Although generally satisfactory and providing approximate 
equivalents, the table should not be used where exact correlations are needed. 
1Iis became evident, for example, in a recent effort to place all of the soil 
series of the State of Hawaii in the FAO/UNESCO scheme (Beinroth and 
Ikawa, 1973). While it is not possible to develop precise correlation 
tables that are valid in all instances, an individual soil can, of course, be 
classified into any of the three systems if those properties are known 
which are used as differentiae in the respective schemes. 

V CRITICAL CONSIDERATIONS 

Soil classification in Tropical America is made primarily as part of 
soil survey program that are carried out for purposes of agricultural 
development. This objective imposes certain specific requirements on the 
soil classification employed. Quoting from Smith (1965), such a das. 
sification should have the following attributes: 
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Tablel 1.--'Approximate Correlation of, Taxa 'of the ,Highest Category of 
U.S. 	 Soil Taxonomy, the Brazilian Classification and the; FAO/ 
UNESCO Legend. 

U.S. Soil 
Taxonomy FAO/UNESCO Soil Units 
(Soil Survy 
Staff, 1970) 

(FAO, 1970) 

Alfisols 	 Luvisolr, Planosols, Nito. 
sols, Podzoluvisols, Solo. 
netz 

Aridisols 	 Yertnosols, Xerosols, Solo. 
netz, Solonchaks 

tntisols 	 Pluvisol, Lithoso], Rqo. 
so, Gleysols, Arenosols 

Histosols 	 Hhosoli 

Inceptisols 	 Cambiols, Gleysols, An-
dosols, Solonchaks, Ran-
kers 

MollIsols 	 Chernozems, Phaeozen, 
Kaulanozems, Greyzems, 
Rendzinas, Gleysols,
Planosols, Solonchaks,
Solonetz 

Oxisols 	 Ferralsoli, Gleysols 

Spodosols 	 Pod.ohs 

Ultisols 	 Acrtsols, Nitosols 

Vettlsols 	 Vertisols 

Brasilian Classification
 
(Iennema, 1966)
 

Non Hydromorphic Soils with Textural 
B Horizons, CEC > 24 meq/loo g,
base saturation 	 > 35% (Class I11)
Soils with a Hardpan (Class VI)
Hydromorphic Soils (Class XII) 

Soils 	 with Soloretzic B Horizons 
(Class 	 IV) 
Soils 	 with a Hardpan (Class VI) 

Lithosols (Class VIII)
Regosols (Class IX) 
Red, Yellow and White Sands 
(Class 	 X) 
Hydromorphic Soils (Class XII) 

Hydromorphic Soils including Organic 
Soils (Class XII) 

Non Hydromorpsic Soils with Incipient
B Horizons (Class V) 
Hydromorphic Soils (Class XII) 

Non Illydromorphic Soils -wth Textural 
B Horizons, CEC > 24 me/l100 g, 
base saturation 	> 35% (Class Ill)
Hydromorphic Soils (Class XII) 

Soils with I.atosolic II Horizons 
(Class 	 I) 
Hydromorphic Soils (Class XII) 

Podzols (Class XI) 
Hydromorphic Soils (Class XII) 

Non Hydromorphic Soils with Textural 
B Horizons, CEC > 24 meq/100 g, 
base saturation < 35% (Class II)
Hydromorphic Soils (Class XII) 

Grumosols (Class VII) 
1Hydromorphic roils (Class XII) 

Note: 	 1) The table should be read from left to right. 

2) Italics indicate the predominant FAO/UNESCO correlatives. 
of the respective orders of Soil Taxonomy. 
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i .,. ! Defintions of taxa should be operational so that they carrey 

the same meaning to each user". 
2. "Differentiae should be soil properties that may be observed 

in the field or that may be inferred from properties observable in the field". 
2. "The classification should be a multi-categoric system and 

should have a large number of lower categories. These should be as 
specific as possible about a great many soil properties to allow transfer of 
experience. Higher categories are essential for comparisons of soils of 
large areas". 

4. "Taxa must be concepts of real bodies of soil". 
5. "The classification must be capable of providing taxa for all 

soils in a lanscape and not just selected pedons". 
6. "The classification should be capable of modification to f 

new knowledge". 

The three systems discussed meet these requirements to varying 
degrees. Soil Taxonomy is by far the most elaborate and most quantitative 
of the three schemes and is particularly precise in the definition of taxa 
in terms of soil properties subject to measurement by defined methods. 
Although, therefore, criteria and definitions are operational, considerable 
effort may be involved in their determination in some cases. For example, 
oxic horizons with a certain clay distribution become argillic horizons if 
day skins occupy more than 1 percent of the volume (Soil Survey Staff, 
1970). Considering the tedious and costly process of p;eparing thin-sections 
and the number of counts necessary to get confidence at the 1 percent level, 
this differentia appears to be unoperational from a practical point of view. 
Yet, a decision at the highest categoric level -Oxisols vs. Ultisols or 
Alfisols- may have to be based on this criterion. 

In general, a considerable amount of quantitative morphological, 
analytical, and climatological data are needed to allow a positive placement 
in the lowest category of the system. Many of these criteria, such as soil 
moisture regime and mineralogy class, are not directly observable or cannot 
be inferred conclusively in the field. This detail of information is, however, 
indispensable if taxa are to be established whicl are sufficiently specific 
to be us ful for transfer of experience. In the precision of definitions 
lies both the strenght of Soil Taxonomy and its limitations as regards 
applicability in places where laboratory facilities and financial resources 
are scarce. (The latter is, of course, not a fault of the system per se). 

With respect to item 5 above, it is important to realize that not 
all soils of the world can be classified satisfactorily in Soil Taxonomy. This 
reflects the fact that Soil Taxonomy is essentially a national system devel. 
oped mainly on the basis of detailed information on the roughly 10,000 
soil series found in the United States and Puerto Rico. Cline (1963) has 
pointed out "that the system is incomplete in terms of classes, criteria of 
classes and precision of definitions ... crudely related to the amount, 
validity ,and genetic correlations of data available". This is especially true 
for the class of Oxisols which is based largely on the 28 series of Oxisols 
occurring in the State of Hawaii and Puerto Rico (Soil Survey Staff, 
1972). For these soils the system provides satisfactory groupings, but 
Oxisols from other regions may not fit well into the scheme. A similar 
situation exists for those tropical soils derived from volcanic ash. This 
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would constitute a serious defect if Soil Taxonomy were to be a universal 
system, which it is not. It should be noted that while the "7th Approxima
tion" was called "A Comprehensive System", the system is presently named 
"Soil Taxonomy of the National Cooperative Soil Survey".

The new U.S. system has been subject to much criticism, more often 
than not merely a reflection of improper understanding. More substantial 
criticism, particularly from outside the Soil Conservation Service, was voiced 
concerning the fact that the system underwent constant changes. Thus, 
the definition of Mollisols, e.g., was changed to exclude those having
isohyperthermic temperature regimes and COLE -values of more than 0.09, 
necessitating a shift of some Puerto Rican Mollisols to Inceptisols. Although
in most cases the changes did not affect high- level criteria and were 
t.ws less disruptive, the continuous modifications discouraged pedologists 
outside the U.S. to use the scheme. With the forthcoming publication of 
Soil Taxonomy this drawback will be eliminated. It will be used in this 
form for some time, but periodic revisions are intended to accomodate new 
knowledge, particularly about soils from outside the United States. 

As regards the application of Soil Taxonomy in tropical America, 
its general use is not advocated because it likely is not the best adapted 
system for the kinds of ongoing soil survey programs and their purposes.
Proper classification in Soil Taxonomy depends heavily on quantitative
data which it may not be possible to obtain in soil survey activities carried 
out under time pressure and wvith limited funds. Where Soil Taxonomy
is used in lieu of a national system, it should be adapted to provide for any 
of the soils tha tare not properly identified in the scheme. It is, however, 
recommended that Soil Taxonomy be used as a system of reference for 
international communication, especially in technical papers. The Brazilian 
classification is still too far from completion to be thoroughly and objectively
evaluated. In its preient form, some criteira are not operational, e.g.
definitions do not say exactly what a "weakly developed A horizon" is. 
Also, the use of type of parent rock as a differentiae is not beyond cri
ticism because on old geomorphic surfaces pedogenesis is freciuently multi
cyclic and the parent material may or may not be derive from the under
lying bedrock. Further, there is no key provided to ensure mutually
exclusive classes. In addition there is a tendency to concentrate on selected 
pedons considered representative of certain sets of genetic factors for the 
abstraction of differentiae (Van Wambeke, 1973). The structure of the 
system, however, permits the addition of new taxa. Although this clas
sification has been designed for use in national soil survey programs, it 
appears that it is not always completely applied. Thus in the recently 
published "Soils of the Transamazon Highway" (Falesi, 1972), Yc.low,
Latosols are distinguished while such a class is not recognized in the 
published scheme (Costa de Lemos, 1968). 

The usefulness of tlhe lowest taxa of the Brazilian classification for 
purposes of transfer of agrotechnology cannot be assessed properly at this 
time. Although detailed information is collected for the pedon typifying 
a soil unit, the units on the maps at scales of 1:500,000 or 1:1,000,000 
are not necessary taxonomic units and individual soils included in the 
map unit may diverge considerably from the typifying pedon. Whereas 
these maps are very useful for broad regional planning, maps where map. 
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ping units more closely correspond to the lowest taxonomic units are
needed to test if the lowest taxa carry suffiicent information for recom.
mending management practices at the farm level. 

The 	FAO/UNESCO legend has not been designed as a taxonomic
classification sensu stricto and should, ther'fore, not be judged on the
criteria mentioned above. The main merit of the FAO scheme is that it willrovide a vehicle for the comparison of well -defined, mutually exclusive,
but by necessity rather broad groups of soils on a world- wide scale once
all the sheets of the Soil Map of the World have been published. 

Altogether 104 units delineated on maps at a rcale of 1:5,000,000
however, cannot provide an effective basis for determining soil management
requirements or to transfer experience. If the American, the Soviet and all 
other experiences are a guide, a classification system with a number of
categories and more precisely defined lowest taxa are required for this 
purpose (Smith, 1965). 

VI 	 APPLICABILITY TO THE AGRICULTURAL DEVELOPMENT
 
PROCESS
 

It is an important function of soil classification to provide a frame. 
work for a systematic land resources appraisal based on soil surveys. Anequally important function of soil classification should be to facilitate the
transfer o7experience gained with a given kind of soil in one place to a
similar kind of soil in another place. 

The bulk of the world's research on soil management has been
carried out in temperate regions but the transfer of this experience into
the tropics has met with varying success. Thcr.fore, the transfer process
should be primarily within tropical regions. While this may be a reasonable statement of principle, its application is difficult. First, although
an appreciable body of information about soil management in the tropics
has been accumulated, experience is still lacking, particularly for "problem
soils". Yet, in view of demographic pressures and limited financial recour
ces, many countries neither have the time nor the funds required to build 
up thiough experimemntation the body of agrotechnological knowledge
that modern agriculture needs. Second, the mechanisms of' transferring
existing experience within the tropics have not been studied in detail. It 
appears that principles can be transferred among regions but their appli
cations commonly cannot. 

There are indications, however, that soil classification and in parti
cular the U.S. Soil Taxonomy can play a significant role in this transfer process. Because classes of Soil Taxonomy are defined in terms of soil,
properties and because soil behavior correlates with soil properties, taxa 
of the system should reflect behavioral patterns. As soil families are,
within a given subgroup, differentiated primarily on the basis of soilproperties important to plant growth and indicative of .oil-waterroot 
relationships, taxa of this category should have the greatest prediction
value. Soils classified into the same soil families should, therefore, havenearly the same management requirements and similar potentials for crop 
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production .This assumption was recently substantiated in a study of soils 
of the southern United States (DeMent el al., 1971). The study further 
showed that only general kinds of soil behavior van be predicted within 
dasses of the broader defined higher categories. This would indicate that 
taxa of the FAO/UNESCO and Brazilian schemes are less well suited for 
specific management predictions and recommendations, whereas the family
level of Soil Taxonomy should afford a better basis for transfer of 
technology. 

However, the validity of family criteria with regard to management
predictions at the farm level has widely tested soils.not been for tropical
Therefore, the Universities of Hawaii and Puerto Rico plan to initiate
parallel projects focused on research along these lines. It is hoped that 
these studies will either demonstrate the usefulness of the present criteria 
and/or indicate new o radditional parameters which better characterize 
some of the management problems peculiar to tropical soils, such as 
distribution of electrical charge, Al-toxicity, moisture stress in the growing 
seasons, etc. 

Independently of, but related to, this research an effort should be 
made to classify the soils of the mayor agricultural experiment stations of 
tropical America according to the family category of Soil Taxonomy. This 
would make possible specific comparisons of soils and experimental results 
at an international level. It would also generate compatible and standardized 
data on some benchmark soils of tropical America. 

Although a clear distinction has to be made between such soil 
identification analyses and analyses for agricultural purposes, these data 
would be extremely valuable for use in the soil data storage and retrieval 
system being developed by FAO (1971). 

Soil classification thus constitutes an important element in the
agricultural development process because it a) provides the frame-work 
according to which land resources are inventoried in soil surveys, b)
affords a basis for international communication of pedologists and agrono.
mists (if a generally known system is used), and c) should prove useful
in the exchange and transf-r of knowledge and experience among tropical
countries. 

VII CONCLUSIONS 

1. Soil classification is of central importance to the agricultural
development process in tropical America because it is used in soil surveys
made for systematic appraisals of land resources. 

2. The classification of Brazilian Soils, U.S. Soil Taxonomy and 
the FAO/UNESCO Legend are the systems most extensively used in tropical
America. These three schemes are unlike as regards structural organizaton,
precision of definition and number of taxa, choice of differentiating criteria, 
and nomenclature. 

3. Unequivocal correlation of taxa of the three schemes cannot be 
achieved with accuracy in many cases; only approximate equivalents of 
higher category classes can be established. 
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4. A multi-categoric system of soil classification with specifically 
defined lowest category taxa is a prerequisite for meaninfful transfer of 
agricultural experience.

:!) i5. The soil classification systems should be evaluated with respect 
to their suitability for purposes of agricultural planning and technology 
transfer. In particular, the validity of family criteria of Soil Taxonomy 
should be tested for tropical soils with the objective to test the feasibility 
of employing soil classification in the process of transfer of agro-technology. 

6. The U.S. Soil Taxonomy should be used as a system of reference 
for international communication. It is recommended that the soils of the 
main agricultural experiment stations of tropical America be classified 
according to this system to allow comparisons of soils and agronomic 
experience at an internaitonal level. 
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I 

Land Use, Classification in the Lowlands of Bolivia 
THOMAS T. COCHRANE 

INTRODUCTION 

It is interesting to reflect that at a time when concern is being 
expressed on the ability of the world to feed its rising population, there are 
many millions of hectares of arable lands in the lowland tropics, as yet
virgin and only partly explored. It is difficult to assess with any accuracy 
the total area of these lands but, in the South American continent alone, 
there are probably over 500 million hectares. This appears to be a paradox.

The reasons for the tardy development of thes2- lands are many
and varied. In the Amazonian regions of Brazil, Bolivia, Perit and 
Colombia, important factors include the collapse of the rubber industry
in the early part of this century, disease problems especially malaria, com
munication difficulties and years of political unrest. 

Looking to the future, a heritage of large areas of undeveloped
tropical lands may well prove to be a blessing. Provided that they can be 
used to produce marketable agricultural produce economically, the effect 
of production from these lands in expanding a country's economy could 
be considerable. Furthermore, there are immediate benefits to be gained by
settling undeveloped land in countries with poverty and unemployment, in 
that new jobs can be created and a new sense of purpose given to individual 
human beings. These factors are generally well appreciated.

During the last twenty five years, most countries left with legacies 
of sizeable undeveloped territories have made serious attempts to open them 
up for settlement. Unfortunately, for many reasons including a lack of an 
adequate appreciation of land and soil conditions, many of the attempts at 
colonization have failed. 

It is observed that there is inconsistency in the approach commonly
used in opening up virgin tropical lands in the South American continent. 
The normal procedure is to carry out a land use potential study; unfor
tunately, thic '. often confined to a local area considered suitable for set
tlement, and may cover only a small percentage of the available territory.
The result is that, as often as not, settlement schemes are implemented, 
leaving the question of further developnient to chance. 

The advantages of gaining aiconirehensive picture of the land use 
potential of a large undeveloped tract of country are many. Estimates can 
bemade as to the total areas available for the growth of specific crops. 
The costs of developing one part of the territory compared to another, can 
be assessed. Road networks can be aligned to best serve future transport 
of produce to markets and other types of infra-structure, including adminis. 
trative centres, hospitals, and agricultural stations, can be located on 
convenient sites. 
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Regretably, in the past one of the main reasons why land usepotential studies of extensive tracts of humid tropical lands have rarely
been carired out before attempts at development, has been the high costs
involved in terms of time, personnel and money. For example, in 1964,
less than 300,000 hectares of the lowlands of Bolivia had been covered byany type of land use classification mapping, although over US$ 3,000,0001/
had been spen in such endeavour. It was obvious that th..re was a need to 
develop relatively cheap and speedy methods for this work. 

II A BRIEF DESCRIPTION OF THE BOLIVIAN LOWLANDS 

The lowlands of Bolivia cover an area of 70,000,000 hectares, or 
a little under two thirds of the country's total land surface.

To the west, as shown Figure 1, are the forested low valley regionsand foot-hills of the Andes where the climate is tropical an dthe rainfall high.
foot-hills of the Andes where the climate is tropical and the rainfall high.
Further north and east is the wide expanse of the Bolivian sector of the
Amazon basin, spreading from the foot-hills of the Andes to the MatoGrosso of the Brazilian frontier. A vast savanna known as the "Pampas
de Mojos" covers the central portion of this region, where rainfall patternsare markedly seasonal. East of the "elbow" of the Andes, where they
change from a northwest to southeast to a north to south orientation, is the 
recent alluvial plain of the Santa Cruz district, the hub of agricultural
development in Bolivia. 

6North and east of the Santa Cruz district is the "Brazilian Shield".
This is gently rolling to broken countryside with lowish rainfall where savannas and forcsts ir-,ermingle. Finally, to the southeast of Santa Cruz 
lies the region of tl "Gran Chaco", covered by xerophytic forests.

In 1964 the writer was given fh, task, as a member of the British

Tropical Agricultural Mission 
 to Bolivia, of mapping and assessing land use potential in lowland Bolivia. The efforts made is a case history in the
development of a methodology. Some aspects could well be applied on a
broader front, and particularly to those countries containing the territories 
making up the Amazon Basin. 

III THE LAND SYSTEMS MAP OF CENTRAL TROPICAL BOLIVIA 

For the practical purpose of describing land, it is axiomatic that it
should be subdivided into units according to common parameters. In the case of the Bolivian lowlands, the question was asked, "which parameters
should be used to define land units?".

From a perusal of the literature it was noted that land units were
defined in many ways, the majority of which were sub-divisions of soil surveys, of debatable validity. However, one study was of special significance
to this particular problem namely, the "General Report on Survey of
Katherine-Darwin Region. 1946" by Christian and Stewart (1953). Thesescientists developed a new approach to the definition of land units whichthey termed "Land Systems" and defined neatly as "an area or group of 

1/ E.D. Hansen, USAID soil scientist, personal communication. 
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Figure' 1. Physiographic units of Bolivia. 
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areas 	 throughout which there is a recurring pattern of topography, soils 
and vegetation". The concept of Land Systems has been discussedin detail 
by Christian (1958). 

While Land Systems need not necessarily equate with land use 
potential and their definition may have degrees of validity dependant on 
the age of the landscape, the basic geology and the type of parent rock, the 
climatic regime and the vegetation pattern, the method was adopted as i'. 
offered a means of classifying land within the resources available in Bolivia. 
Further, it lent itself to programming in advanc. and relatively speedy
implementation. In fact, subsequent work showed that through the use 
of overall aerial photographic indices and mosaics, the selection of strips
of typical stereoscopic photographs for close study, and judicious ground
checking, Land Systems could be readily identified throughout the contrasting 
physiography of Bolivia. 

The delineation of Land Systems is now invariably used by the 
writer as the first phase of any project in assessing land use potential,
irrespective of the amount of final detail required. A lot of basic land 
information is collected which assists in the programming of future more 
detailed studies. For example, in carrying out the work on "A Land
Systems Map of Central Tropical Bolivia", (Cochrane 1967), see Figure
1 for the area covered), it was noted that there was a high degree of 
correlation between vegetation and certain soil properties, especially soil 
drainage. Furthermore, the type of vegetation followed differences in 
climate, particularly rainfall. In this context, Wright el al., (1959) in 
their study of "Land in British Honduras" have made comparable obser. 
vations. 

The Land Systems work was subsequently refined and developed, 
as is noted in section VI of this paper. 

IV 	 THE BOLIVIAN PIEDMONT STUDIES 

The 	values of a map classifying land in terms of Land Systems is 
indisputable. However, although such information is of considerable value 
in helping to formulate broad plans for a region, it is not sufficient for its 
detailed development planning. For example, the information needed for 
the Bolivian Government in order to initiate colonization in the Central 
Piedmont and Santa Cruz regions was: 

a) 	 Accurate maps showing: 

(i) 	 Soils :itable for crop production. 

(ii) 	 Sufficient topographic detail to illustrate the morphology of 
the area and thus, the practicability of providing infra. 
structure such as road communications. 

b) 	 Detailed predictions as to which crops might be cultivated on any 
one tract of land. 

c) Information on major soil limitations to crop production, 
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. In order to provide this information, a study was carried out which 
was recorded in the report "An Initial Assessment of the Land Use Potential
of the Central Piedmont and Santa Cruz Regions of Bolivia' (Cochrane
1968). 

To facilitate realistic predictions of the sui'ability of land for crop
production, an analysis was first made of major tropical crop and pastureplant requirements according to common environmental parameters of both 
climate and soil. Details have been recorded by the writer (1969).

In some cases it was difficult to define the type of environment 
most suited to the culture of a particular crop from information available
in the literature. It had to be remembered that crops are often grown innon-optimal environmental circumstances for economic reasons and, that
eultivars of many crops are adapted to varying conditions; typical examples 
are cotton, maize and tobacco. 

Nevertheless, it was possible to group major tropical crops accordingto certain common denominators; soil 	 and climatic factors were separated
for the purpose of scrutinizing the information. They are considered 
separately below. 

Soil 	conditions 

Most tropical crops can be grown on a wide range of soils differing
in origin and age, provided that: 

a) 	 There are no serious topographical limitations to their physical
cultivation, especially those that induce erosion and flooding. 

b) 	 Soil drainage and aeration are satisfactory or can be made so. 
c) 	 There is a sufficient depth of soil to allow plants to grow healthy

roots and there are no physical limitations in the soil such as hard 
pans or high water tables which limit the root system. 

d) 	 The fertility of the soil is adequate or, can be made adequate for 
specific crop requirements; soil pH falls within the range 4.5 to 
6.5 and there are no toxic factors. 

Certain crops, such as tea, (Camelia sinensis), or wet-land yute,
(Corchorus capsularis), demand specific soil requirements; other crops
such as avocado pear, (Persea americana), are grown more successfully
under certain soil conditions. 

In brief, it was seen that any study involving the assessment of land 
use 	potential must involve a clear appraisal of the main properties of the 
various soils that occur in a region. 

Climatic conditions 

Despite the seemingly exacting climatic conditions required bytropical crops, it was noted that within a given latitude, provided that average temperatures wvere in the range of about 180C to 300 C and winds 
were not too strong or could be overcome by shelter belts, altitude and thenature of the moisture regime were key parameters in defining land 
suitability for crops. 
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:a) 	 Altitude. A separation according to altitude into highland and
lowland crops could readily be made, although there was evidence 

to suggest a correlation between altitude and latitude. e.g. Arabica 
coffee is cultivated with a zeasonable degree of success in some 
lowland districts. For this reason, in defining highland as opposed 
to lowland crops it is advisable to state the latitudinal range over 
which predictions as to the suitability of land for crop production 
are to be made. 

b) 	 Moisture Regimes. It was feasible to group crops into classes 
according to their approximate minimal moisture requirements. 
For lowland crops a table similar to Table 1 was drawn up 
grouping crops into 5 classes according to their minimal moisture 
requirements; the terms used to describe these classes were, Wet, 
Very Humid, Humid, Semi-humid and Dry. Short term annual 
crops were largely confined to the Semi-humid class. Obviously, 
many crops allocated to one class would also grow well in a class 
with a more humid moisture regime. 

Whilst it was relatively easy to group crops irtc classes according 
to similarities in moisture requirements from an inspection of rainfall data, 
especially that indicating the seasonal distribution of rainfall, it was more 
difficult to define these classes in absolute values. Consequently, it was 
decided to define the moisture regime classes only for a specific region, 
rather than attempt to define classes for lowland tropical conditions 
generally. 

In the Piedmont studies moisture regimes were defined in terms of 
the length of the dry season. A dry month was defined as one in which 
the potential evapotranspiration exceeded the precipitation. Evapotranspira
tion was calculated using the Thornthwaite's method (1957). Unfortunately, 
Thornthwaite's evapotranspiration calculations do not necessarily correlate 
with actual measurements made in Tropical South America, as illustrated 
by Hargreaves, (1972a). Moreover, this early work did not take into 
account rainfall reliability, a very important factor in agriculture. Conse
quently, it has since been superseded by the methodology in the writer's 
recent work titled "The Agricultural Land Use Potential of Bolivia. A 
Land Systems Map" (1973), which is discussed in Section VI. 

A Further Note on Climate. Apart from altitude and moisture 
regime separations, the literature indicated some interesting climatic 
preferences and tolerances; fo rexample, citrus, (Citrus spp.), prefers high 
sunshine hours; pigeon pea, (Cajanus cajan), is photopeirodic and papaya, 
(Carica papaya), will tolerate mild temperatures. It was essential therefore 
to detail and carefully analyse climatic information in the study of land use 
potential. 

The $oil Studies 

The soils of the Piedmont were mapped to show enough topogra. 
phical detail to illustrate the accessibility of the region, to delineate im
portant soil differences, particularly drainage and land-form, and where 
practicable, to identify soil units. A soil unit was defined as "an area of 
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Table iI.-Moisture regime classes for tropical lowland crops and pastures.
Approximate "minimal" moisture regimes that will permit healthy
plant growth. Bolivian Lowlands. Less than 1000 m elevation. 

Moisture 	 Regime. 

Dry Monthr Moist Months 
Consecutive 

Name Consecutive Consecutive months with SUGGESTED CROPS, 
months with months with MAI greater GRASSES AND LEGUMES 
MAI* less MAI greater than 0.66
 
than 0.33 than 0.66 with months
plus MA! 

between 
0.66 and 0.33 

,Wet 0 to 3 8 to 12 9 to 12 	 Crops: Derris, lonchocarpus,
 
rubber,
 
Plus: Crops of the "very humid",
"humid" and "semi humid" mois
ture regimes (see below). 

Very 4 3 to 7 8 Crops: Bananas, cacao, cinnamon,
Humid clove, coconut, liberica coffee, ro

busta coffee, ginger, jute, nutmeg,
oil palm, pepper, tanie, yam. 
Grasses: Capin gordura, Capin
planta (para), guinea, pangola,
setaria. 
Legumes: Centro, green leafed 
desmodium, silver leafed desmo. 
dium, tropical kudzu, lotononis. 
Plus: Crops of the "humid" and"semi humid" moisture regimes.
(See below). 

Humid 5: 3 to 7 7 	 Crops: Avocado pear, cashew, ci
trus, mango, papaya, pigeon pea,
pineapple, soursop, sugar-cane.
Grasses: Elephant ("merkeron"), 
yaragua (Hyparrhenia rufa), rho
des. 
Legumes: Atro, glycine (Soype
rennne), stylo.
 
Plus: Crops of the "semi humid"
 
moisture regime. (See below).
 

Semi ' 7 2 .to .5 	 Crops: Cassava, castor bean, cot. 
Humid 	 ton, cousin-mahoe, finger millet, 

groundnut, kenaf, maize, rice, sim. 
sim, sisal, sorghum, soya bean, 
sweet potato.
Grasses: Bermuda, buffel, gram. 
ma negra (Paspalum notatum), 
dwarf guinea. 
Legunes: Townsville. 

Day .'ess than o to 4 less than 	 Note: Irrigation needed for satis. 
5 	 factory crop growth, but some pos

sibility for culture of drought resis
tant plant species. 

MAI Moisture Availability Index. 
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comparable soil suitable for the culture of specified crops". A collateral 
programme of soil analyses and pot trials supported the study. Every
effort was made to identify major soil conditions affecting plant growth. 

Accurate topographical maps were available for about 10% of the 
regions. Uncontrolled aerial photographs at a scale of approximately I to 
40,000 were available and mapping was carried out directly onto these 
photographs, referencing the checking and plotting of soil boundaries in the 
field to easily recognisable topographical features. Care was taken in the 
compilation of the final maps to preserve major topographical features, 
because of the paucity of ground control and base maps. 

Tile procedure called for a preliminary interpretation of the aerial 
photographs based on tbe information already gained in carrying out the 
Land System studies. It was necessary to plan field work in such a way that 
adequate transects of the typical features of land-form, topography and 
vegetation could be made in order to check the veracity of the preliminary
phot-interpretation and, if necessary, gain sufficient information for a 
repeat of modified photo-interpretation. 

Vegetation 

The preliminary studies for the Land System mapping showed that 
vegetation, as seen on the aerial photographs and in the field, was often 
related to soil conditions and could be used in helping to delineate soil 
boundaries. 

Where the virgin vegetation showed on the photographs in any 
one climatic zone, this could be used almost invariably as an indicator of 
soil drainage; by studying changes in canopy height and density of the 
vegetation, along with an estimation of the palm population, it was relatively 
easy to separate drainage classes. It was necessary however, to check the 
validity of the interpretation through field work before final separations 
were made. 

Differences in vegetation were observed from one climatic zone to 
another, although these were much more gradual than those associated with 
soil drainage. In many causes, differences in soil drainage masked vegetation
changes due to climate. 

It was found that the description of forest communities used by
Eyre (1963) i.e. Tropical Rain Forest, Evergreen Seasonal Forest, Semi-
Evergreen Seasonal Forest, Deciduous Seasonal Forest, Savanna, etc., had 
useful application in the Bolivian lowlands. Morever, within any one 
major class of forest, it was useful to identify sub-seres, principally on the 
basis of average canopy height and palm population, as these differences 
were usually induced by variations in the soil drainage patterns.

It was interesting to observe that minor vegetational changes, which 
generally could not be detected by photo-interpretation, often proved useful 
in helping to identify soil conditions in the fie'd. Refering to the Palacios 
river region, it was found that, where soil drainage was poor, the underbrush 
was almost exclusively patujucillo, (Alisma cordijolia); under conditions 
of somewhat impeded drainage woody shrubs such as "chocolatillo" 
(Erytroxylon brasilensis), were common; where soil drainage was good, 
ferns predominated in the shrub layer. 
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Geomorphology and Topography 

Aerial photbgraphs proved particularly useful in providing infor. 
mation on the geomorphology of a region. Old eroded terrace surfaces,
recently upthrusted plain surfaces and colluvial soils could readily be 
distinguished; these have characteristics which affect land use potential. 

Geology and Soil ParentMaterial 

A knowledge of the basic geology of an area can be of the greatest
assistance to soil mapping. For example, it was found that there were 
marked differences between soils developed in alluvium derived from the 
Piedmont foothills of Tertiary sandstone origin and those developed in 
alluvium deposited by the large river systems that penetrate well back into 
the Andean mountains and receive their silt loads from the erosion of a 
wide range of parent material. Large river systems (e.g. the Chapare river
of central Bolivia), often depusit considerable fans of mineral rich, silty
alluvium which contrasts markedly with the poor, sandy alluvium high in 
quartz particles, derived from the many minor rivers draining the immediate 
Sub-Andean arenaceous pediments.

In the past, the rich alluvial soils formed by the major rivers were 
considered typical of the whole of the Piedmont area and this led to a 
faulty appraisal of the region as highly suitable for settlement. Now,
however, it is clear that good settlement sites are confined to a few 
relatively small areas of well drained soils derived from the major river 
systems. 

Soil Examination and Classi/ication 

In collecting soil information in the field, standardized techniques 
were adopted to enable data comparison with other parts of the world. 

Soil profile pits were dug to at least a metre in depth on represen
tative sites and the soil examined, described and sampled. Additionally, 
numerous small inspection pits were dug to lesser depths, as this was found 
to be a faster and surer way of detecting soil changes than by using an 
auger; the need for digging pits was lessened by observing the natural 
disturbances of the soil due to activities of ants andanimals, and by noting
changes in vegetation. Soil descriptions followed the criteria specified in 
the Soil Survey Manual, USDA (1951).

For the convenience of carrying out field work and the subsequent 
computer analysis of data, soil information was registered on cards in a 
coded form. The cards were very convenient under tropical bush conditions 
where insects, heat and rain make normal methods of recording difficult.
It might be added that the FAO system for describing soils (1968), lends 
itself readily to coding, and the writer has subsequently (1969), coded this 
scheme onto cards. 

Analysing Soil Data by Electronic Computer 
Examples of the use which can be made of electronic computers 

in the statistical analyses of soil profile data has been recorded biy .the 
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writer (1969). The work was initiated in 1965 with the help of Dr. L. D. 
Swindale of the University of Hawaii. Effectively, providing field work
is carried out carefully, significant correlations can often be found between 
given sets of soil properties.

There are many possibilities for the use of the computer in analysing
soil survey data, the results of which can be applied with advantage in the 
planning of future agronomic investigations. For this reason, profile
description data should be assessed in as quantitative a manner as possible
in the field. The amount of data which can be analysed, and the complexity
of the analyses, will depend on the computer size but, as advances in the 
field of computers in rapid, there would appear to be a very interesting
future for this type of work. Provided that the initial soil survey program
me is well conceived, future soil survey work should include the compilation
of data for the more accurate appraisal of soil properties, by the computer.

Concerning the number of profile pits that can be regarded as 
minimal for the definition of any one soil unit with the objective of detailed 
comp.uter analysis, 15 to 25 might be suggested. Establishing this range
imlies that soil survey work can be carried out systematically, quickly and 
yield more information than was possible in the past. More detailed 
chemical and physical analyses can be justified and unnecessary profile pit
sampling avoided. 

Soil Laboralory Analyses 

The type of laboratory analyses carried out for the Bolivian work 
was predetermined, and the methodology followed very closely to that of 
a latter FAO publication, Soil Bulletin Ng 10, (1970). Routine soil analyses
included pH values, electrical conductivity, free carbonates, "exchangeable"
calcium, magnesium, potassium, and sodium, total exchangeable bases,
cation exchange capacity, phosphorus, (both the Truog and Olsen pro
cedures) and organic matter content. The interpretation of the analytical
data relied heavily on experience in the interpretation of comparable
analyses carried out elsewhere in the tropics, although a parallel programme
of pot tests was carried out, to provide a better local guide for data 
interpretation. 

Soil Classification 

Most of the soils in the Piedmont were geologically relatively young.
Parent material therefore, would be expected to have a considerable effect 
on soil properties. In reviewing soil survey work where parent material
has strongly influenced the delineation of soil boundaries and soil properties,
the work of Taylor and Sutherland (1936) on the soils of the northern part
of New Zealand was of particular interest. These workers illustrated the 
value of arranging soils according to "soil suites" as an aid to land usepredictions. The "soil suite" can be described as a type of soil devel. 
opment sequence, and has been discussed fully by Taylor and Pohlen 
(1962). 

Essentially, it transpires that if soils are arranged into suites, likely
properties of members of the suites about which very little is known can be 
predicted with some degree of confidence. 

118 



A modification of Taylor and Sutherland's technique was ,used iithe initial classification of soils in the Bolivian Piedmont studies, and it was found very useful in helping to organise data. Individual soil sequences
were not shown, but diagrams were drawn up which identified soils 
according to the: 

'a) 	 Relative age of the parent material of the soil.
b) 	 Position of the soils in the landscape, the topography and the 

land-form. 
c) 	 Drainage-. This often was proven to be a reflection of the position of 

the soil in the landscape. 
The soil suite approach has a restricted application. For example, in

the appraisal of the soils of the Brazilian Shield area, Map 1, the separation
of soil units on the basis of land-form would prove more useful. It is
true to say that the type of terrain will determine the techniques which
should be adopted to facilitate the collation of soil information in the most 
effective way.

The object of classifying soils is to enable comparison to be made of
soil wherever they may occur. In the case of the Bolivian Piedmont studies,
having described soils and classified then into suites, the task of grouping
soils according to other systems was very much simplified. Soils were in
fact classified in terms approximating those suggested for the preparation
of the third draft of the "Soil Map of South America" (FAO, 1967) and,
also, an attempt was made to classify soils in terms of the USDA "Compre
hensive Soil Classification" (1966). 

Pot Trials 

Pot trials were carried out, (Cochrane 1968, 1969) parallel to the
other studies to help with the interpretation of soil analytical data; at the 
same time they provided a preliminary picture of soil fertility, although
reservations must be made in transfering findings in pot trials to field 
conditions. The programme was supported by leaf analyses.
1 , Large pots, each containing a cubic foot of topsoil, using Dwarf 
Cavendish banana plants as "indicator" plants, were used. The trials werelaid out in small sheltered fields. Dwarf Cavendish banana plants were
chosen as indicator plants as they are found growing in many parts oflowland Bolivia. Experience showed that the trials were considerably easier 
to handle than the small glasshouse pot trials, although obviously, they
require large amounts of soil. Factorial designs, such as 2' using phosphorus,

potash, sulphur and magnesium, were used for the major trials. Additionally,

minor observation trials were carried out with 4 to 6 pots, that relied 
heavily on leaf analytical studies and the observation of visual deficiency
symptons. Visual deficiency symptoms showed in several of the pot trials. 

Visual Deficiency Symptoms 

The observation of visual deficiency symptoms of cultivated plants,providing due care is used, can often give a lead as to major soil defi
.ciencies. The Dwarf Cavendish bananas, seen growing in many regions
of lowland Bolivia, were particularly useful in this respect. 
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The Cost of Carrying out Mke Piedmont Studies 

The cost of carrying out the assessment of land use potential of 
the Bolivian Piedmont has been recorded by the writer (1969). The 
Piedmont project covered some 5,000,000 hectares of terrain and, as an 
extra, the Land Systems Map of Central Tropical Bolivia was made which 
covered 19,000,000 hectares. The combined costs of these projects, excluding
the pedologist's salary, amounted to US$ 26,950 over a 3 year, 3 month 
period. It can be claimed therefore that the assessment of land use 
potential can be carired out very cheaply. 

V DETAILED SOIL SURVEY AND AGRONOMIC WORK 

Having firmly identified the Santa Cruz district as the most 
promising region for rapid agricultural development, work was intensified
in that area. This included a more detailed mapping of soil resources (Pazel a!., 1970) and the laying down of regional fertilizer trials. 

The soil mapping paid particular attention to the identification of 
textural differences and water-table heights, in view of the findings of
previous work which irn.iicated their obvious influence on crops grown in
the district. 

The fertilizer trials, which used sugar-cane as a test plant, were
supported by soil and especially leaf analyses. Results from these trials 
are presently being published; in several instances, minor element limitations 
were identified through the use of leaf analytical data combined with
statistica! analyses. The technique involved the systematic sampling of
the Top Visible Dewlap leaf of the sugar-cane of individual plots during
the most vigorous growth phase. Complete chemical analyses were car
ried of the leaf nutirent levels and, where differences were noted between
plots, these were subjected to the same statistical analyses as "yield" data 
For example, in the case of an experiment which gave a large response to 
sulphate of ammonia applications (83 tonnes to 148 tonnes), with the
application of 500 kg of sulphate of ammonium per hectare, not only leaf 
nitrogen but also leaf manganese levels showed statistically very significant 
increases.
 

It is worthy to mention that with recent advances in quantitative
analytical techniques, especially the development of atomic absorption
spctometry, even small laboratories can provide a high volume, and in
depth, analytical service to support agronomic and soil investigations. 

VI THE LAND SYSTEMS MAP OF BOLIVIA 

Apart from the agronomic work, Land Systems mapping was con. 
tinued throughout lowland Bolivia. The work "The Land Use Potential
of Bolivia, A Land Systems Map" as published by the writer in 1973. 
This work provides an overall guide to agricultural possibilities in Bolivia,
and technically is a substantial modification on the earlier approach in 
mapping Land Systems. 
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A Land Systems was defined as a "unit of land with one or more
repetitive patterns of topography, vegetation, soils and climate". To facili. 
tate presentation and comparison of sysrtems, and following from a sug.
gestion,1/ Land Systems were classified into Land Regions. Land Regions
contain Land Systems with similar topography and under-lying rock. In 
turn, Land Regions were classified into Land Provinces, each of which 
contains Land Regions with the same gross geological structure. 
. The Land Systems map was produced by studying the existing aerial 

photographic cover, in the field checking, and by analysing past soil and
geological reports. Furthermore, soil technicians of the Bolivian Ministry
of Agriculture and the Agrarian Reform Institute, kindly contributed to the
study by supplying descriptions of soil profiles, particularly in the Bolivian 
Highlands.

The original map was made at a scale of 1 to 1,000,000 and 208 
Land Systems were established. Notes for individual Land Systems were
recorded under the following headings: Location, Area, Physiography,
Altitude, Geology, Hydrology, Climate, Soils, Vegetation and Agricultural
and Animal Production Potential. Some specific notes related to moisture 
regimes, soils and vegetation follow. 

Moisture Regines 

As indicated in section IV under the heading "Climatic conditions,
b) Moisture Regimes", the study incorporated technological advances for
the evaluation of water balance, as a result of work by Christiansen and 
Hargreaves (1969). Hargreaves collaborated with the study by computing
water balance figures from data collected from the 47 meteorological
stations throughout Bolivia. 

The method used was identical to that recorded by Hargreaves
(1972a, 1972b), and has two major advantages; rainfall reliability is taken
into account and Potential Evapotranspiration (ETP) calculations correlate 
with recorded data in tropical South America. 

Hargreaves defines the Moisture Availability Index, which is the 
dependable precipitation at the 75% probability level (PD75), or the
rainfall that in 3 years out of 4, will be equal or greater than the calculated 
figure, divided by the potential evapotranspiration i.e. 

PD75 
MAI = 

ETP
 

A MAI of greater than one implies that the soil has excessive
moisture and vice-versa. Nevertheless, field experience has shown that
there is little difference between crops growing in a MAI circunmstance of 
0.66 to 1.00, and consequently 0.66 was taken as an approximate moisture
sufficiency level. With decreasing MAI plants suffer more and more
moisture stress. At a MAI of approx. 0.33, they will usually suffer badly
from drought. 

1/ 1M. G. Bauden, Overseas Development Administration, U.K., personnal'
communication. 
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renp Coeficients 

A Table of Crop Coefficients prepared by Hargreaves which couldbe used to convert Potential Evapotranspiration to irrigation requirements.The Coefficients are ratios of crop water use to potential use. They varywith different plants because different plants vary in their ability to with.stand drough, in their form and leaf characteristics, rooting depths, plantdensities, heights and the time of year when growth is made. The CropsCoefficients were included to help agronomists determine moisture regimesand irrigation requirements, for any specific circumstance, more precisely.Nevertheless, many plant species that are short, dense, uniformly vegetatedand actively growing have approximately equal evapotranspiration ratiosproviding soil water is not limiting.
These and allied concepts, were borne in mind definingin theMoisture Regime Classes of the Major Tropical Crops in the Bolivianlowlands, Table 1. The regimes were defined in terms of both the numberthe number of consecutive dry months (with a of less thanMAI 0.33)and the number and intensity of consecutive moist months (withof consecutive dry months (with 

MAI 
a MAI of less than 0.33) and the numberand intensity of consecutive moist months (with MAI greater than 0.33 butless than 0.66 and greater than 0.66 respectively).

A Sketch map, Figure 2, was included in the study that providesan approximate idea as to moisture regime classes in terms of tropical cropsfor lowland Bolivia. This map also shows the number of months in theyear when the Moisture Availability Index is less than 0.33 in the Highlands
of Bolivia. 

It might be argued that Moisture Regime Classes are not definedvery accurately. This However, valueis s'.. the of method is inproviding basic data upon which, by careful 
the 

evaluation of all factors concerned (e.g. type and cultivar of crop, stage of growth, type of soil, etc.)it is possible to make a sounder prediction of the suitability of the MoistureRegime of any soil circumstance for any particular crop. Furthermore,
the method provides data for calculating irrigation need. 

Soils 

The soils were described in terms of those properties that affectplant growth, as indicated in section IV for the Piedmont Studies. 
Soils often varied considerably within any one Land System, and anattempt was made to describe key soils found on the varying phases of theland-form. Approximately 2,500 soil profile descriptions were examinedin compiling the soil data. Selected typical profiles with analytical data 

were appended. 

Vegetation 

This was discussed in terms of natural, introduced and cultivatedvegetation. The broad natural vegetation classes, as in the case of theBolivian Piedmont Studies, approximated those outlined by Eyre (1963). 
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Other No/le 

Apart from the notes on the individual Land Systems, the report
provides an overall orientation on the physiography geology and climate 
of Bolivia. Additionally, some specific observations related to the Bolivian
lowlands were made bccause oF the lack of knowledge concerning this
recently mapped terrain. For example, it was explained that there is a
considerable potential fo rthe development of the cotton, oil seed, sugar
cane, cereal, cacao, coffee, and cattle industries. The need to conserve
forestry resources was emphasized. Colonization prospects were considered 
in terms of priorities. Finally, suggestions were made for the location of a 
new road network to open up the region. 

VII SUMMARY AND OBSERVATIONS 

This disertation was written to give some brief insights into the 
spectrum of scientific disciplines used, and the development of methodology
in the assessment of land use potential, with special emphasis on the
Bolivian experience. Technology is never stationary, and no claim is made 
to having developed a "new system" for such work; rather, it is emphasized
that techniques should be employed according to the dictates of any specific
situation. 

It is cont,ccd that the assessment of land use potential on a broad
basis is fundamental to the development process in Tropical America. 
Further, it has been shown that by using advances in methodology and
modern techniques, this can be carried out accurately, speedily and cheaply,
and at virtually any level of intensity warranted by particular circumstance. 
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6Q Sil Petility Capability Classification 
STANLEY W. BUOL, PEDRO A. SANCHEZ, 

ROBERT B. CATE, Jr., and MICHAEL A. GRANGER 

INTRODUCTION 

Within the field of soil science there is a clear difference between
the subdisciplines of soil survey and soil fertility. Frequently these groups
compete against each other fi the dominant role in providing information
about the agricultural potential of a country. The soil survey faction
desires to produce maps which will inventory existing conditions, while
the fertility group evaluates the potential of the soil for crop production
through soil tests and field cxperiments. Both of these functions attain some degree of significance in shaping the agricultural plans of an area.

The roles of these two groups have tended to mutually excludeeach other and have resulted in different approaches in providing infor.
mation. The major difference appears to be one of emphasis. Most soil
taxonomic systems stress subsoil features as major diagnostic criteria in
the hierarchical grouping of soils and use the characteristics of the topsoil
only at the lower categories. 'The fertility group in general confines its
sampling to the plowed layer or the upper 20 centimeters of the soil.
Thus the two groups really see two different soils while examining the 
same pedon.

Until very recently, soil surveyors were strongly biased by theories
of soil genesis; they found the topsoil too easily modified by man to reflect
the genesis processes adequately. In present soil surveys, an eroded soilwould be classified like its uneroded counterpart at all but the lowest level
(or phase). This approach was followed because the subsoil had not
changed, even though the soil's productive potential had changed drastically.
The present concept of the "control section" in the U.S. Soil Taxonomysystem carried this bias down to the family level. Families thus classified
have uniform properties only in the subsoil. In North Carolina, for example,
70% of the crop yield variability due to soil can be attributed 
 to topsoil
properties (Sopher and McCracken, 1973).

Tlv two groups are further alienated because of the divergentnature oi their immediate, but not long-range, objectives. Soil surveyor-;
attempt to provide information that will serve the needs of all potential
land users over several decades, while the soil-fertility specialist attemptsto evaluate the fertility needs of a given crop for one or at most a few 
years; he will then reevaluate the soil. Thus the survey system attemptsto be the storehouse of those physical and chemical soil properties withquasistable stature; the fertility group deals with the less stable components.

The amount of information needed by soil fertility specialists Is
only a fraction of the data gathered by soil survey groups. It appears 
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desirable to design a soil classification system which is only concerned with 
criteria relevant to soil fertility problems. Such a system would be 
considered a technical system as compared to a natural system (Cline,
1949). 

The purpose of this paper is to present the concept of a fertility
capability soil classification system and to provide examples of how it 
could be utilized to bridge the gap between the sub-disciplines - soil survey 
and soil fertility. 

II CONCEPT 

As a technical soil classification system, a fertility-capability system
should be considered in the same class as the land capability grouping, the 
engineering classification, the wild life suitability, woodland suitability,
aad sentic tank buitabilit, soil classification systems. These groupings are 
found in any of the modern soil survey reports of the National Cooperative
Soil Survey of the United States. In no way does it replace or conflict 
with the various natural sy'.rtems of soil taxonomy in use in vairous parts
of the world. It is desigr.ed to group the soils of the world according to 
criteria that appear to have direct influence on the interactions of applied
fertilizers and closely related fertility managcment practices (Buol, 1972). 

There is a general tendency to overinterpret the usefulness of any
technical grouFing beyond its intended use. ,or that reason it should be 
pointed out that this system does no more than provide a framework within 
which all soils of the world are grouped according to a few of their 
characteristics that have been selected to reflect their relevance to soil 
fertility management.

It is important to keep a technical system of classification simple.
It has to be specific and concise enough to be easily understood. To this 
end ,only those factors recognized to play a direct role in the interaction 
of fertilizer and soil materials are included. Such factors as rockiness or 
slope, which are important to equipment operations or irirgations are not 
considered. 

There is often the tendency to use a technical system as the basis 
for soil mapping. This has generally proven to be false economy because, 
as the land use changes, questions are asked about other soil parameters 
not included in the criteria of the technical system; and duplication of field 
work is often required. This technical system can be used to interpret
soil survey maps provided certain basic soil profile data are available. 
Thus, the criteria in this system are so defined that soils can be grouped
from their existing taxonomic placement in the new Soil Taxonomy (Soil
Survey Staff, 1970) and from most other soil classification systems. 

Since it is anticipated that the primary use will be by soil fertility
specialists in extrapolating their results from one field to another, an 
attempt has been made to provide guidelines that can be determined either 
in the field or with a minimum of laboratory work. Since it is obvious 
that many of the criteria are mutually exclusive, it should be pointed out 
that it is impractical to expect that all of the criteria will need to be 
tested at each site. 
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[lUi; FORMAT 

rype and Substrata Type 

The system consists of three levels (Table 1). The Type is the 
highest category; it is determined by the average texture of the plowed
layer or upper 20 cm, whichever is shallower. USDA textures have been 
employed (Soil Survey Staff, 1951), and a field estimate of texture by
feel is I.:obably adequate in the absence of laboratory data. 

The Substrata Type is the texture of the subsoil that occurs within 
50 an of the surface. It is used if the subsoil texture differs from that of 
the surface (Type) within the defined limits. If no textural change of 
this magnitude is present, no Snbstrata Type designation is employed. For 
example, a sandy soil where the clayey or argillk horizon begins at 60 cm 
below the surface would be designated as S, whereas a similar soil with 
the argillic horizon beginning 40 cm below the surface would be designated 
as SC (sandy over clayey). On the other hand, if a sandy soil with a 
texture of sand in the surface has a sandy loam subsoil, it will be designated 
SL (sat.dy over loamy); if the subsoil is a loamy sand only S (sandy) is 
employed. 

Condition lodifiers 

Unless otherwise defined the condition modifiers, in general, refer 
to chemical or physical properties of the plowed layer or top 20 cm, which
ever is shallower. The modifiers indicate specific fertility limitations with 
different possible interpretations. Although the definition of these modifiers 
is written in rather specific terms in Table 1, it is not necessary to obtain 
the characterization with that degree of precision in order to make the 
system functional. 

Condition modifiers are used as lower case letters for coding the 
soils. The following discussion attempts to explain the rationale for each 
modifier vnd serves as a guide to air placement of soils when insufficient 
data exists. The lower case letters used have becn selected hopefully to 
provide easy association with the condition described. 

g: This modifier refers to a gley condition in the soil as an 
indication of the presence of a water-saturation within 60 cm of the surface 
during some part of the year. It should be indicative of soils that could 
benefit from drainage practices, or soils usually good for rice production.
It fits the Aquic soil moisture regime definition in the U.S. Soil Taxonomy,
but is not mutually exclusive of the "d" modifier (below) when strong 
rainy and dry seasons occur. 

d: This modifier refers to an annual dry season of at least 60 
consecutive days. It is defined to roughly correspond to Ustic, Xeric, Torric,
and Aridic moisture regimes of the U.S. Soil Taxonomy. Its significance
in fertility management is not fully recognized, but there are indications of 
several consequences regarding nitrogen response and planting date relation. 
ships at the onset of the rains following the dry period (Hardy, 1946). 
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'iabie .- ierttlity-capabllity dassification./ 

TYPE: 
Texture is average of plowed layer or 20 cm depth, (8") whatever is shallower. 
S = Sandy topsoils: loamy sands and sands (USDA). 
L = Loamy topsoils: < 35% clay but not loamy sand or sand. 
C = Clayey topsoils: > 35% clay.
 
0 = Organic soils: > 30% O.M. to a depth of 50 cm or more.
 

SUBSTRATA TYPE: 
Used if textural change or hard root restricting layer is encountered within 
50 cm (20"). 
S = Sandy subsoil: texture as in type. 
L = Loamy subsoil: texture as in type. 
C = Clayey subsoil: texture as in type.
 
R = Rock or other hard root restricting layer.
 

CONDITION MODIFIERS: 
In plowed layer or 20 cm (8"), whichever is shallower unless otherwise 
specified (*). 

*g = 	 (Gley): 
Mottles < 2 chroma within 60 cm of surface and below all A horizons 
or saturated with HO for > 60 days in most years. 

*d = (Dry): 
Ustis or xeric environment; dry > 60 consecutive days per year within 
20.60 	cm depth. 

e= 	(Low CEC):
 

< 4 meq/100 soil by Z bases + unbuffered Al. 
< 7 meq/100 soil by 2 cations at pH 7. 
< 10 meq/100 soil by 2 ca~ions + Al + H at pH 8.2. 

*a=	(Al toxic): 
> 60% Al saturation of CEC by (Z bases and unbuffered Al) within 
50 cm. 
> 67% Al saturation of CEC by (Z sations at pH 7) within 50 cm. 
> 86% Al saturation of CEC by (Z cations at pH 8.2) within 50 cm. 
or pH < 5,0 in 1:1 HO except in organic soils. 

h= 	(Acid):
10.60% Al saturation of CEC by (_Pbases and unbuffered Al) within 
50 cm. or pH in 1:1 H30 between 5.0 and 6.0. 

= (Fe-P fixation): 
% free FesOa/% clay > 0.2 or hues redder than 5 YR and granular 
structure.
 

x = 	 (X.ray amorphous): 
pH > 10 in IN Nal or positive to field Nal test or other Indirect 
evidences of allophane dominance in day fraction. 

1/Poposed Feb., 1974. 
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TALE.1.-(Continued). 

*v -(Vertisol): 
Very sticky plastic clay > 35%clay and .> 50 o,,.f 2:1 expanding 
clays; COLE > 0.09. Severe topsoil shrinking ridswelllng. 

c 	 (K deficient): 
< 10% weatherable minerals in slit and sandI fraction withrn 50 cm 
or exch. K < 0.20 meq/100 g or K < 2% of Z.of bas.es, if Z of 
bases < 10 meq/100 g. 

Ob (Basic Reaction): 
Free CaCO within 50 cm (fizzing withHCI) or H > 7.3. 

3 -- (Salinity): 
4 mmhos/cm of saturated extract at.250C within 1 meter. 

on --(Natric):
 
:> 15% Na saturation of CEC within 50 cm.
 

== 	 (Cat clay): 
pH in 1:1 HO is < 3.5 after drying, Jarosite mottles with hues 2.5Y 
or yellower and chromas 6 or more within 60 cm. 

e: This modifier refers to soils with very low cation exchange
capacities in the plowed layer. Three levels are indicated as diagnostic,
depending upon the techniques used for determination. Significant fertility
problems related to cation leaching could be inferred by this condition as 
well as its relationship to liming recommendations. 

a: This modifier refers to high concentrations of aluminum which 
may be toxic to most agronomic crops. It also implies a high degree of 
phosphorus fixation by aluminum compounds (Kamprath, 1970; Wood. 
ruff and Kamprath, 1965), and utilization of different soil test interpretation 
functions (ISFEIP, 1968). 

h: This modifier refers to a moderate level of acidity that would 
retard the growth of some aluminum sensitive plants (Evans and Kamprath, 
1970). Since both "a" and "h" conditions are often altered by liming or 
by the residual acidity of various fertilizer sources, the soil should be 
examined to a depth of 50 cm. Employment of these modifiers will reflect 
the severity of future lime requirements. 

i: This modifier is intended for those soils where phosphorus
fixation by iron compounds is of major importance. The iron/clay ratio 
criterion for this modifier given in Table 1 is frequently difficult to obtain 
and thus a color-structure criteria has been given for field use. It is thought 
that this modifier will be closely aligned with the Oxisol order. 

x: This modifier attempts to delimit soils with allophanc dominated 
mineralogy. We are primarily interested in the high phosphorus-fixing 

- 130 



IV 

:Apacity and low rate of nitrogen mineralization of such soils. Preliminary
ndications are that the simple NaF tests (Fieldes and Perrot, 1966)
,rrelate with the phosphorus fixation potential of such soils. 

may 

v: This modifier indicates clayey soils dominated by 2:1 expanding'lays. The fertility implications are for high permanent.charge CEC andlifficulties in water management and soil tillage. It is thought that this
nodifier will be closely aligned with the Vertisol order and some vertic 
ubgroups. 

k: Many soils have small quantities of potassium bearing minerals,and profitable responses to potassium fertilizers are expected. This modifier
attempts to delimit those soils where it is almost certain that potassium
will b needed in an agronomic fertility program. Criteria set forth inTable 	1 concerning mineralogy have been adapted from taxonomic limits(Soil Survey Staff, 1970) and the limits for soil-test potassium have been
adapted from several reports (Boyer, 1970). 

b: This modifier delimits calcareous soils or, more specifically,free carbonate within 50 cm and phosphorus fixation by calcium compounds. 
s: This modifier separates those soils with sufficient salinity topresent problems for most crops. It is based on general criteria developed

by the U.S. Salinity Laboratory (U.S. Salinity Laboratory Staff, 1954). 
n: Sodium is considered because of its effect on clay dispersion

and on moisture availability. This modifier is designed to delineate soilswith a sodium problem. The limits for both s and n modifiers are thoseset by the U.S. Soil Salinity Laboratory (U.S. Salinity Laboratory Staff,
1954). 

c: This modifier indicates the presence of acid sulfate soils and the
associated 	management problems (Moorman, 1963). 

To aid in grouping soils from existing soil surveys, a standardformat has been adapted. Table 2 shows a filled-in example of this format.
Such a work sheet will allow the systematic placement of profile informationin field plots where no survey information exists because it provides aformat for the researcher to record his soil observations. It is anticipatedthat, when certain conditions are suspected but not determined in the field, 

would be grouped according to this system. This was 

samples can be 
these samples. 

taken and classified upon laboratory characterization of 

RESULTS OF TRIAL GROUPINGS 

The first evaluation consisted of determining how soil profiles
tested at three levels: 

world-wide, national and local. 

.!lorld-Wide Groupings 

Published profile descriptions and analytical data of 244 soil profilesrepresenting a broad geographical and morphological range were grouped
according to this system. This sample consisted of the 69 profiles describedin the Seventh Approximation (Soil Survey Staff, 1960), most of which 
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Table 2.-Fertiity-cabability soil classification sample coding shcet, 
DATA SOURCE: Soil MaD of Afrka . D'Hoore 1964. 

LOCATION: Afficn DATE: 4-10-73. - INITIAlS: P.A_ 

Prm ,Tyle and Check List,__ __ 
1 2 3 4 - 3 6 7 8 9 

_Profle Profile identification Substrata Modifiers 10 11 12 1N __ types g d e •a h x v k b i n
 

2b Subdesert soil, N. W. Kenya SR dbn 
 x x x
 

4 Juvenile soil on volcanic ash, Tanzania S dx X 

7b Rendzina, Madagascar C dvb X 
 X X 

12b Podzol, undiff., Madagascar SR eak x x X 7 

!3 SoiLs lessives, S. Africa L X " 

16 Eutrophic brown soil, Congo S dx xx
 

17 Eutrophic brown soil on ferromagne- L ,_. .
 
SiuM rock, Ivory Coast L ... 

20 Ferruginous trop. soil, Senegal SC dek :X - X X 

21 Ferruginous trop. soil, A.gola LC d-1 X . 
--------------------------- --- -------------------. ,' •: , 

23 Humic ferrisol, Zaire C d K X -" 

26 Ferralitic, yellow br, Congo - 5 X X - " 



ate from the United States; ithe 33 profiles described in the South America 
volume of the World Soils Map (FAO-UNESCO, 1971), and the 36 
profiles appearing in the explanatory monograph of the Soil Map of Africa 
(D'Hoore, 1964). Also included are 46 profiles from the Philippines, 
40 from the Amazon Basin, and 18 profiles from the Southeastern United 
States with which the authors have personal experience. Although in some 
cases it was necessary to substitute judgment for missing data, it was pos
sible to group all soils according to the system.

Eleven of the possible 13 type-substrata type combinations were 
identified in this sample. Types L (loamy), C (clayey) and LC (loamy 
topsoil over clayey subsoil) and S (sandy) accounted for 92 percent of the 
population (Table 3). A totalof 117 type-substrata type-modifier combina
tions were identified. The frequency distribution of the most common 
modifiers are shown in Tabla 4. These 10 modifiers accounted for 51 
percent of the population. 

Many possible combinations were not found due to the mutual 
exclusiveness of the criteria. Five of the modifiers (v, n, s, x, i) never 
occurred alone, reflecting the fact that several of these fertility-related 
parameters occur together in many soils (Table 5). No profile characteristic 
produced the modifier "c"(cat clay) in this particular sample. 

Country Grouping 

The second evaluation was done at a country level, to determine the 
range in properties found within national boundaries. All of the 678 
profiles described in the soil survey reports of Brezil were classified 
according to this system. 

Table 3.-Frequency distribution of fertility-capability groupings in the 
world-wide survey. 

Type and Condition 
Substrata Frequency of Modifier 

Types Occurrence Combinations 

N9 C/ N9 

L 82 34 31 

C 72 30 31 

LC 47 19 24 

S 22 9 14 

4 1 4 
CL 3 1 3 

Others (3) 14 6 10 

Total o 244 100 117 
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Table4.-Mostcommon modifier combinations found in the world ,wide 
1r,
 

odifier Interpretation Freiency 

Aluminum toxicity 28 

Aquic, Al toxicity, K deficient 17 

Aquic, Aluminum toxicity 14 
Low CEC,'AI toxicity, K deficient 13 

- No limitations 12 

g Aquic 11 

Dry season .8 
8Aqulk acid 


db Dry season, calcareous 8
 

1vb Dry season, vertic calcareous 6
 

Table 5.-Occurrence of condition modifiers alone or in combination with 
others in the Brazil samples. 

Modifier Alone In 

a 

9 

44 

e1 

28 

11 

8 

3 

Ng of profiles 

b 

v 

n 

x 
. 

C 

h 

5, 

4 

0 

0 

0 

0 

0 

0 
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combinationwith others Total 

78 .106 

74 °85 

64 1.72 

70 73 
'39 An 

36 

20 3 

17 17 

13 

1111 

10 10 

6 

0 



rable 6.- Frequency distributionof. fertility-capabilitygioupins, found in
678!soils of; Brazil 

Sytatn of Conditions tata Fquenyof ModifierTypes Oire~,~ Combinations 

N' % No 
L 223 33 17 
C 195 29 19.
 
LC 112 16 14 
S. 93 14 12 
SL 39 6 9 
CL 7 1 4 
Othrs (3) 7 1 7 

Total 678 84t00 

Table 7.-Most common type-modifies combinations found in the Brazilian 
sample. 

CombinationsCondition Type.Substrata Types TotalModifier 

L C LC S SL Otier 

N9 of Soils
d 44 39 39 24 6 134 
dl 33 32 17 14 0 87 
dea 401'21 7' 19 4 ! 92 

Ai 
.da 

rdh 
I1 
20 

22 
321. 
.16 

1 
8 
1 

0 
i 

1 " 

, 

0 . 
' 

1 
1 
1 

27 
421 
0 

?dbV 8 -12 . 8 1 0 2 
dhl 10 8 8 0 0 1 51 
dehl 6 0-:. 0 9 0 0 1, 
deal 9 4 1 10 3 0 25 

9Toal 214 180 108 82 23 14 619 

- 13 



'V ,Nine out of the possible 13 type-substrata type combinations were
found in this group (Table 6). In striking agreement with the world
wide sample the L, C, CL and S classes accounted for 92 percent of thepopulation. A total of 84 type-substrata type-modifier combinations were 
round. Considering only the combinations that comprise at least 1% of the
population (9 profiles) this reduces the total to 23 combinations (Table 7).
These combinations accounted for 75% of the Brazilian soil profile samples.

The fact that such a large number of profiles can be grouped into
23 fertility-related combinations suggest that this system may simplify interpretations of fertility-related problems. The Brazilian survey did not include 
several modifiers which were simply not found in the profiles such as"v", "x"and "c". These local modifications undoubtedly account for the 
simplification in these groups.

The interpretation of this survey raises interesting points. A large
majority of the soils (78%) were either clayey, loamy or loamy over clayey
without root-restricting layers. About 20% of the profiles had only "d" or
'k" limitations. More than 35% of the profiles showed low cation exchange
capacities (e) on the surface in spite of their relatively fine texture. This 
observation reflects the relatively high stage of weathering of many Brazilian
soils. It is interesting to note that the "e"modifier almost always occurred
in combination with others (only 10 times alone). The survey also showed
that these soils are predominantly acid. About 27% are aluminum toxic
(a) and 28% have the "h" modifier. Only 5 percent were calcareous. 
The 'i' modifier (denoting high phosphorus fixation by iron compounds)
appeared in 27 percent of the samples.

The world-wide and Brazilian survey indicated that soils belonging
to the same taxonomic group (i.e. Paleudults, Latosol Roxo, etc.) exhibit 
a wide range in fertility, capability. Consequently, the natural taxonomy
cannot be directly translated into this technical system. The specific fertility.
capability parameters have to be evaluated independently of this taxonomy
on each individual soil. By definition, however, some direct extrapolation 
can be made. Most Oxisols will have the "i" modifier; all Vertisols will
have the "v"; most Andepts the 'x', and all aquic subgroups the "g"
modifier. 

Loca! Grouping 
The third evaluation consisted of determining the number ofgroupings found in a management area. The soil survey of Wake County,

North Carolina (Cawthorn, 1970) was used for this purpose. This county
soil survey report has 145 mapping units (soil phases) from 40 soil series.
When the soils were arranged by fertility capability groups, only six type
substrata type combinations and five modifiers were used. The 145 map.
ping units in this county can thus be reduced to 15 units for fertility
interpretation (Table 8). 

V RELEVANCE TO FERTILIZER RESPONSE 

The first test of the usefulness of the system in terms of fertility
response data was conducted on a series of 73 potato fertilization expert. 
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Table 8.-Fertlity-capabilitygr6upink of Wake; County',-Ndirth Cardlhii 
soils. 

Condition
Modifier Type-Substrata Types Total 

Combinations 

LC. C SC L SL Lit S 

N9 of Soils 

It :34.' 17 - 6 - 2 
a , 48 - .-. . . . . 4.8 

es . . . . 7 - 7 

4 2 - . . . . 6 
812 - - 3 - - 1 6 

gh 2 - - 2 - -  4 

Total 90 19 12 11 7 2 :2 143 

ments conducted throughout the Sierra of Peru by McCollum and Valverde 
(1968). The 73 experimental sites were grouped into five fertility.
capability units (Table 9). The average yield response to phosphorus
of the five groups is shown in Fig. 1. The response curves of the Lhd 
and Lad soils were completely different from the other three. The response
pattern of the Lbd, Lbxd and Cbd soils were essentially linear and not 
significantly different. Consequently for this case the response pattern of
73 experiemnts can be grouped into three categories, Lhd, Lad and Lbd 
soils. Fig. I also shows the dramatic difference in maximum and optimum
level for the other soils is probably beyond the range of rates studied. 

After these soils were grouped by fertility capability classes and by
soil test results, the gross returns to fertilizer applications were evaluated 
and compared with the gross returns to fertilizers when all the soils were
given a single blanket recommendation. With a blanket recommendation 
the returns to fertilizer was US$ 770/ha. When fertilizer recommendations 
were based on soil test results (phosphorus, pH and exchangeable soil 
potassium), the average returns were increased to about US$ 860/ha (Ryan
and Perrin, 1973). Estimation of optimum fertilizer rates from average
group response curves generated by grouping the soils into fertility capability
classes, showed that the gross returns to fertilizers at these rates would be 
on the order of US$ 920/ha. However when fertilizer rates were based 
both on soil test results and on fertility capability classes, the erturns to 
fertilizer applications further increased in about U.S.$ 965.1/ 

1/ 	 R. K. Perrin, Associate Professor of Economics, N. C. S. U., Personal Com. 
munication. 
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Table .9.--Cassification of soils in 1967-71 Peru potato trials. 

Number
 
of site$ Fertility.capacity classification
 

... 23 Lad (Loamy, aluminum toxicity) 
27 Id (Loamy, acid) 

Lba (Loamy, CaC0,)
 
Lbxd (Loamy, CaCO1, amorphous)
 
Cxl (Clayey, CaCO,)
 

40 =
 

U Lhd-

P0 

01x OM UM 

S I I I i I I "I. I ..
 

0 50 100 200 300 400
 

PHOSPHORUS APPLICATION (Kg P20 5 /Ha) 

Differential phosphorus response of different fertility,
capability groupings in the Peru potato experiments. 
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: .V 'This first agronomic evaluation shows promise for using this new 
technical system. Its complementary nature with soil test recommendations 
suggest that the use of both tools has a positive interaction. The relative 
contribution of fertility.capability groupings and soil tests is expected to 
vary with the degree of management intensity. In relatively extensive 
systems such as this example from Peru, fertility-capability groupings may
play a more sensitive role than soil testing. However, as fields develop a 
fertilization history, soil testing is expected to be a more sensitive parameter. 
Further testing is needed to fully evaluate its usefulness in other areas. 

VI CONCLUSIONS 

The proposed technical soil classification system groups soils according 
to criteria of significance to scientists in fertility, and soil testing. It provides 
a mechanism whereby either existing soils data from soil survey reports or 
on-site examination of an area, can be used to group soils into reasonably 
homogeneous classes for the purpose of extrapolating fertility data. In no 
way does it replace soil testing which is necessary to monitor annual changes 
in soil-fertility levels due to management practices. It does, however, pro
vide the "soil-tester" with somewhat uniform groups within which he can 
feel comfortable in extrapolating soil test information. The homogenizing 
effect brought about by the use of criteria significant to soil-fertility evalua
tion tends to further reduce the number of mapping units or soil series in 
a large management area to a relatively few working classes. 

Other potentiai uses appear probable. For example, analyses of 
economic returns from fertilizer use can now be examined by groups of 
soil expected to respond similarly to fertilizer. It may also lead to iden
tification of groups of soils with similar micronutrient requirements. 

In total, it provides a system of soil grouping that relates directly 
to one use of soil, that of managing soil fertility, and thereby should provide 
a basis for the areal extrapolation of fertility management techniques. If 
incorporated in soil survey reports it should offer a mechanism for the soil 
survey to be of greater value in soil fertility management. 

VII SUMMARY 

A technical soil classification system for grouping soils with similar 
fertility limitations is presented. Soils are grouped at the highest cate
gorical level according to topsoil and substrata textures. Thirteen modifiers 
are defined to delimit specific fertility-related parameters. Trial groupings 
of soil profiles in a world-wide sample showed the number of possible units 
to be 127. When applied to one specific country, Brazil, most of the 678 
soil profiles studied were grouped into 24 fertility-capability categories. 
A county soil map with 145 mapping units was reduced to 15 fertility
capability groups. When this system was used to group soils from field 
fertility experiments from the Sierra of Peru, the 73 sites used were 
grouped into five fertility classes. Each of them produced a different 
phosphorus response surve. When fertilizer rate recommendations were 
made by fertility-capability groupings, the net return to fertilizers increased 
significantly. When both soil tests and fertility-capability groupings were 
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used to'determine fertilizer rates ,the net return increased; further. The 
application of this system should bridge the gap between soil fertility and 
soi classification. 
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SECTION II 

SOIL- PLANT-WATER RELATIONS 



7 Soil-water Relations in Oxisols of Puerto Ric' and Brazil 

JAMES M. WOLF 

I INTRODUCCION 

In vast areas of the humid tropics soils are strongly leached and 
very acidic. Soil acidity is commonly associated with aluminum toxicity. 
These factors create a hostile soil environment which chemically limits the 
depth of rooting of aluminum sensitive crops. For example, rooting of 
corn and sorghum is effectively limited to a shallow zone of soil which has 
been reclaimed by soil amendments. This severely limits the amount of 
soil-water and nutrients which a crop can utilize. 

In the case of water, rooting limitations increase the likelihood of 
yield decreases when rainfall distribution is anything short of ideal. Many 
areas of the tropics, Puerto Rico and Central Brazil included, may be 
characterized by rainfall distributions adequate in total amount but irregular 
in distribution. For example, during December and January in Central 
Brazil, it is not uncommon to experience two weeks or more of rainless 
days often coupled with high solar radiation and highi potential evapo. 
transpiration. This is known locally as a "veranico". To asess the potential 
for successful cropping, information regarding climic conditions must be 
combined with data on depth of rooting and superimposed upon those soil 
physical properties which affect the water supplying characteristics of the 
soil. 

The purpose of this paper is to report on water supplying character
istics of certain Oxisols in Puerto Rico and Brazil and to illustrate how 
this type of information may be of value in assessing the potential for 
development in tropical areas. 

1I METHODOLOGY
 

The basic objective of the work in Puerto Rico and an ancillary
objective of the Brazil work was to determine how much water is stored in 
the soil and available for crops. For six locations, the relationship between 
soil-water content and tension, and available water holding capacities of 
selected soils were determined. In addition, bulk densities, capillary conduc
tivities, lateral water movement and infiltration were evaluated, the results 
of which will be reported at a later date. 

In Puerto Rico tensiometers were installed in 3 m x 3 m plots. The 
areas were flooded with water and then covered with plastic to present 
evaporation. Water movement during infiltration and drainage was moni
tored using the tensiometers. This instrumentation permitted calculation 
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of capillary conductivities and gave information on soil-water tension vs. 
time relations. Gravimetric determinations of soil-water contents werc made 
at selected tensions for correlation with water contents as determined indi
rectly using the tensiometers. 

A preliminary evaluation of appropriate methodology was conducted 
during the course of the studies in Puerto Rico. Moisture characterizations 
were obtained through standard laboratory techniques using both disturbed 
and undisturbed samples. In the tension range 0.3-4 bar, undisturbed soil 
cores were taken and run in the laboratory using Tempe Cells and pressure
plate apparatus. In the same range, the characteristics were determined for 
disturbed samples. Between 1 and 15 bars, disturbed and undisturbed 
samples were run on the pressure plate appartus. 

There techniques were compared and the following methodology was 
adopted: That undisturbcd soil cores should be used to determine water 
retention in the wet range (0-/4 bar), and that disturbed samples should 
be used to measure water retention in the dry range (1-15 bars). An 
overestimation of soil-water content will be made either by using disturbed 
samples on the pressure plate in the wet range, or by running undisturbed 
core samples on the pressure plate apparatus in the dry range. For example, 
at 1,/3 19% water when comparedbar, disturbed samples gave up to more 
with 1/ determinations undisturbed core samples. On the other3 bar on 
hand, undisturbed core samples at high tensions never completely dewatered 
due to low capillary conductivities and spatial considerations of the samples.

The importance of low tension determinations was underscored by 
the Puerto Rico work, in which the bulk of the water was released at less 
than 3Y4bar. Also, disturbance of "undisturbed" cores can affect accuracy. 
Therefore, in Brazil, we went to a system of in sili measurements. Tensio
meters and gypsum blocks were installed in growing crops and tension or 
resistance readings were correlated with soil-water contents determined 
gravimetrically. In addition, in the tension range 1-15 bars, disturbed 
samples were run on the pressure plate apparatus. Both in Brazil and in 
Puerto Rico percent soil water by weight was converted to percent by 
volume using bulk density factors determined in the field. 

While the methods for evaluation of data from this study are limited, 
they suggest that for Both accuracy and time considerations, in situ deter
mination of water release characteristics at tensions less than /4 bar is 

referred. Therefore I would recommend techniques similar to those we 
ave used in Brazil where relationships of soil-water content versus tension 

were determined in situ rather than in the laboratory. For Oxisols it is 
important to determine soil-water properties under the conditions of field 
structure which the plant experiences rather than under artificial laboratory 
conditions. This is especially crucial for Oxisols where, as we shall see,
the bulk of the available water is held at low tensions, and where, soil 
structure and not texture is ti2 overriding consideration in determining 
soil-water release. 

III RESULTS AND DISCUSSION 

Before reporting on how much water is available in the soils studied, 
it is first necessary to define the range of water availability. For a lower 
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limit of water availability, good correlation has been established between 
permanent wilting point and 15 bar percentage. Thus the latter may be 
taken to mark the lower limit of water availability. This is not to say that 
water is equally available to plants at these high soil-water tensions. For an 
upper limit of water avaiiability we have used a water content associated 
with a soil-water tension of 1/10 bar. This is the approximate tension to 
which these soils will drain after being saturated and allowed to drain 
freely in the absence of evapotranspiration (ET).

Fo rthe best estimate of an upper limit to water availability, one 
should determine soil water contents gravimetrically in the field after 2-3
days of free drainage, but no evaporation. In lieu of field determinations,
the data presented in Figure 1 indicate that the 1/10 bar percentage would 
be the most appropriate for fixing an upper limit to water availability on 
Oxisols, regardless of texture. 

Presented in Figure 1 are curves which show the effect of water 
loss by percolation upon soil-water tensions for two soils, a loamy sand and 
a clay. These data are for the 30-centimeter depth and are from plots 
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Figure; . The effect of water loss by percolation upon soil-water 

,'tension with time. (Measurements made in the field
f- at a depth of 30 centimeters in a plot covered to 

prevent evaporation). 
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covered to prevent evaporation. Soil-water tensions after 2-3 days of free 
drainage but no evaporation are in the range 1/15 to 1/10 bar. It took

1more than 80 days for soil-water tensions to reach 1 bar. During this 
time, tensions continued to change reflecting slow drainage. 

Figure 2 is a graph of the deep percolation with time occuring 
from a 60-centimeter profile on the Latosol Vermelho Escuro (LVE-
Brazil). Percolation at 2 days is as large as probable crop evapotranspiration 
(ET). Even after two weeks, percolation from the covered soil may be as 
large as 20% of crop ET, reflecting continued drainage of significant 
amounts of water. If changes in soil-water contents are to be the basis 
for determining crop water use, it will then be necessary to establish 
relationships between deep percolation and soil-water content and to subtract 
this internal drainage component from other soil-water changes which 
occur in the profile. 

The fact that substantial percolation occurs in these soils under 
unsaturated conditions may have othei important management implications. 

I.3 

t I 

' 1 6 8 10 12 111 

TrHE (days) 

P ure 2; -The relationship of the percolation rate with time 
from a 60-centimeter profile of the LVE. (Deter

- " a--natlons made in a covered plot under field con. 
..
"'ons).
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Miller el a., (1965) and others, have shown that ion movement is tre
mendously more efficient under unsaturated flow conditions. Since unsa
turated flow is substantial in these Oxisols we may expect large amounts 
of ionic transport and redistribution with time. For example, this can 
mean continued leaching and loss of fertilizer material many days after a 
rainfall or irrigation. Equally important, it suggests that liming mateirals 
may continue to redistribute with time. In these soils, deep lime movement 
may be a possibility without deep placement of the material. This possibility 
merits further study.

Presented in Figure 3 are soil-water release curves relating volumetric 
water and tension for three Oxisols. These have been developed for various 
depths in each soil but for simplicity only the 30-centimeter depth is pre
sented here. In general, curves for other depths in one profile are similar 
in Oxisols where horizonation is not pronounced. The similarity in shape 
of the curves is readily noted, in spite of the fact that two soils, Catalina 
and LVE are clays, and Pifia a loamy sand. One may say that clayey Oxisols 
simulate a sand in their water release characteristics, although the actual 
amount in storage between a clay and a sand may differ considerably.
In view of the fact that clayey Oxisols, like sands, have very high intake 
rates, one can also draw the analogy between water movement in the clay 
system and in a sand. However, the analogy is not complete because it is 
feasible to effect major changes in water release characteristics in clayey 
Oxisols by radical changes in soil structure which would be impossible by
manipulating a sand. 

The abrupt change in water release characteristics between a soil at 
tensions less than I bar and the same soil at tensions greater than 1 bar 
suggests that there may be two types of water conducting avenues res
ponsible for water movement. These avenues may be termed capillary 
pores, (micropores between soil particles) and non-capillary pores (macro. 
pores between soil aggregates). It might then be hypothesized that the 
major amount of soil-water movement in the wet range occurs between the 
surfaces of structurally stable aggregates (or in non-capillary pores), whereas 
in the dry range, water movement is in the capillary pores and is therefore 
much more tortuous. These results suggest thai: structural stability, type of 
structure and type of clay are more useful parameters than texture for 
characterizing water relations in these soils. 

Use of soil-water release curves allows calculation of water storage.
Presented in Table 1 and Figure 4 are measuiements of the amount of 
water stored in the soils studied. The amount of water (in millimeters)
stored in the top 30 centimeters of the soil profile was determined to be 
36, 50, and 60 mm for Pifia, LVE and Catalina respectively. This amount 
of water is very limited when one realizes that evapotranspiration can be 
6 millimeters per day or more. One can compare soil-water storage on 
Oxisols with similar figures determined for temperate soils. For example,
it is not uncommon in California clay loams to have 100 mm of water 
storage in a 30 cm profile. 

Figure 4 compares the water holding capacity for 30- and 60
centimeter rooting depths on 3 Oxisols. For the sandy Pifia soil, 75% 
of the available water is released at tensions between approximately 1/10
and 1 bar. On the LVE, 65% of the available water is released at less than 
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Table 1,-Amount of available water (in millimeters) stored in the soil 
profile at various tensions for three soils. 

',Available M-iO (ram) 
Soil Moisture 

Tension pil LVE Catalina 

bas 

'Approx. 
Approx. 

Approx. 

1/10 
1/10 

1 

36 

8 

0 

30-Centimeter Profile 

50 

17 

0 

60 

27 

0 

Approx. 1 65 97 117 

Approx. 11 53 
IApprox. 15 0 0 '0 

1 bar and on the Catalina the figure is 55%. Thus for all Oxisols studied,
the bulk of the water is released between approximately 1/10 bar and 1 
bar. Figure 5 compares water holding capacities for four Puerto Rican soils, 
two Oxisols and two Ultisols. In contrast to the Oxisols, water release in 
the Ultisols is more gradual and a high proportion of the water in the 
tropical Ultisols is only available at tensions above 1 bar. In relation to 
the Oxisols, the Ultisols may be considered droughty. 

IV IMPLICATIONS FOR DEVELOPMENT 

The narrow range of soil-water storage in Oxisols coupled with 
restricted crop rooting and less than ideal rainfall patterns can result in 
yields which will vary greatly depending on the rainfall distribution. Since 
management of these soils for production agriculture requires large fertilizer 
inputs, particularly phosphorus, it is risky for the farmer to sink large 
amounts in inputs without adequate assurance that each year yields will be 
sufficient to recover these investments. 

During the wet season in Brasilia, we have observed that corn will 
wilt after 6 days without rain. Yet we will experience 10 days or more 
without rain one year in two, and two weeks or more without rain one 
year in five. We are presently investigating wet season drought severity 
as measured by probability analysis and field experimentation on the 
Latosol Vermelho Escuro. In some years even one irrigation during the wet 
season may make the difference between a reasonable yield and crop failure. 
The joint research effort in Brasilia by North Carolina State University
and Cornell University, (with funding by USAID), and with participation
by the research wing of the Brazilian Ministry of Agriculture (EMBRAPA), 
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seeks answers to these and other basic soil fertility questions on Oxisolsand attempts to apply these answers to a broad spectrum of tropical soils.
Present management options for the farmer in Brazil's cerrado cantake one of two lines. He can work with crops or varieties which arerelatively tolerant to aluminum toxicity. Another approach is to workwith soil amendments which reclaim the soil root zone. However, liming

soil to a depth of more than 30 centimeters presently is not practical. Athird approach might be to work on improving soil-water-holding andrelease characteristics through green manuring or through incorporation
Df organic residues such as rice hulls, or by physical manipulation. 

On 	 these soils where costly economic inputs are necessary, moreresearch and intensive management will be required to reduce the prospects
)fyield uncertainty if agricultural development is to proceed. 

V SUMMARY 

1) 	 The low tension soil-water release characteristics of Oxisols should 
be determined in situ. 

2) For Oxisols, structure is more important than texture as an index to
predicting water release and other soil-water properties. Sandy and
clayey Oxisols have similar water release and soil-water properties. 

3) 	 In comparison to other soils, Oxisols contain a relatively small 
amount of water stored in the profile. The bulk of this water is
stored and released at tensions less than 1 bar. 

4) A relatively high level of risk is associated with a variable rainfalldistribution combined with limited water supplying capacity, parti.
cularly on soils where rooting depths are restricted. Since a high
level of inputs frequently are necessary on Oxisols to correct toxic
and/or nutritional deficiency conditions, this risk may be a severe
inhibitor of agricultural investment on these soils. 

VI 	 REFERENCE 

MILLER, R.J., J. W. BIGGAR and y D. R.NIELSEN. 1965. Chloride Displacementin relation to water movement and distribution. Water Resourses Research 
1: 63-73. 



'8 	 Soil-water Relations inSoils Derived From
 
Volcanic Ash of Central America
 

WARREN M. FORSYTHE 

I INTRODUCTION 

Soils derived from volcanic ash cover a substantial area of Central 
America. They are to be found associated with the chain of volcanoes that 
begins with the Barfi volcano in Panami and ends in Southern Mixico. 
Because of wtst-bound winds, most of the ash has been deposited on the 
Pacific slopes. Soils derived from ash are to be found mainly in the 
highlands and Pacif-. slopes of Chiriqui Province in Panam., the Centra 
Plateau of Costa raca, the area between Granada, Le6n and Chinande-a in 
Nicaragua, and :n the highland valleys and Pascific slopes of El Salvador,
Guatemala and Honduras. There are no volcanic cones in Honduras (Mar
tini 1969). Soils derived from volcanic rock, alluvial deposits with varying 
mixtures of sedimentary and other rock material, are to be bound associated 
some areas of Africa or Brazil, and this has been attributed to rejuvenation 
with soiis derived from volcanic ash. 

The purpose of this paper is to give a perspective of the information 
and research done in Central America on soil-water relations of these 
soils. Climate, soil water retention, infiltration, drainage, and erosion,
shall be considered. These subjects will be treated for the range of soils 
from fresh ash to ones in an advanced state of development and weathering,
considering the above-mentioned countries. 

II DISCUSSION 

Range of Soil Genesis 

The ideas of Fields (1955), Dudal and Soepraptohardjo (1960),
Besoaln (1969), Martini (1969), and Flach (1969), in relation to the 
development of soils derived from volcanic ash, may be summarized 
in Figure 1, and will be used to consider the soil-water relations of these 
soils. It appears that most of the Latosols in Central America derived from 
volcanic ash are Ultisols and are not as old (Oxisols) as those found in 
some areas of Africa or Brazil, and this has been attributed to rejuvenation 

Climate 	and Waler Balance 

In general, average annual temperatures range from about 25.30 0 C 
at sea level to about 220C at 600 m altitude on the Atlantic side and at 
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800 m on the Pacific side. At 2000 in altitude average annual temperatures
in Costa Pica are around 100C (Coen 1958, Vives 1971). Rainfall on the 
Pacific slopes range from 1000-2500 mm annually, occurring during 6 to 9 
months of the year, usually between May and December. Due to predo
minant winds from the East, the Atlantic slopes have more rainfall, which 
ranges from 2500 mm to 5000 mm annually, generally with no pronounced
dry season (Martini 1969, Repfzblica de Nicaragua 1970, Oficina de Plani
ficaci6n 1966). 

Table I gives rainfall, temperature and pan evaporation data for 
three areas of Central Amrica. In Costa Rica, Turrialba represents the 
beginning of the Atlantic climate, having just one month of a slight
moisture deficit (rainfall-pan evaporation) of 45 mm and eleven months 
of moisture excess ranging from 9 to 269 mm with a monthly average of 
137 mm, while Alajuela represents the beginning of the Pacific climate 
having five months of deficit ranging from 108 to 207 mm with a monthly 
average of 163 mam, and seven months of excess ranging from 65 to 206 
mm with a moithly average of 139 mm. Chinandega, in Nicaragua, repre. 
sents the Pacific coasta! climate with five months of deficit ranging from 
117 to 170 mm with a monthly average of 142 mm, and seven months of 
excess ranging from 10 to 190 mm with a monthly average of 175 mm. 
It is interesting to note that although the Pacific areas have a long period 
of strong water deficit, the months of excess are in general more intense 
than those of the Turrialba area. However, Turrialba represents the 
starting point of the Atlantic climate with an average annual rainfall of 
approximately 2600 mm. 

We should expect intense monthly rainfall excesses in the Atlantic 
zone where the average annual rainfall varies from 2500-5000 mm. For 
example, three years of rainfall data in the Santa Clara farm in Gufipiles, 
Costa Rica (Jaramillo and Jorge 1969), which is to be found on the 
Atlantic plains (100 m altitude, 100 13'N and 83 044'W), indicate an 
average annual rainfall of 1619 mm, with twelve months of excess ranging
from 68 to 428 mm with a monthly average of 277 mm. In this case the 
Blaney-Criddle formula was used to estimate potential evaotranspiration.
The rainfall excesses are more intense than those of Turrial a, Alajuela or 
Chinandega. The excess rainfall in the Atlantic zone suggests the need for 
drainage and water control. The Pacific zone experiences intense excesses 
and intense deficits of water, suggesting the need for drainage and water 
control on the one hand coupled with water conservation and irrigation 
on the other. There are several small irrigation projects in the Pacific 
area. 

Since very few weather stations in Central America have type A 
pans which are considered one of the most reliable indices of potential
evapotranspiration (Legarda and Forsythe 1972) it is important to find 
formulas to evaluate this quantity, that are accurate and that can use the 
information available from the modest weather stations in the area. Legarda
and Forsythe (1972) found that the formulas of Garcia-L6pez (multiplied 
by a factor of 1.23), Papadakis (multiplied by a factor of 1.22) and Van 
Bavel (multiplied by a factor of 1.78) had the best characteristics of cor
relation and agreement for the Central American and Caribbean area 
ranging from Costa Rica to Jamaica. It is important to point out that 
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Table 1-Monthly mean temperature in oC, rainfall and pan evaporation (USWB Type A) in mm for some areas ofCentral America (CATIE, 1973; Universidad de Costa Rica, Estaci6n Experimental 1970; Oficina de P
nificad6n, Nicaragua, 1966). 

Lcution Parameter 
J P M A M j 

MONTH
J A S O N D 

Turriall, C.R. Rainfall 176 148 79 135 225 285 270 234 250 249 2 " 
1944-70 249 283 348

602 m altitude,

90 53,N and Temperature 21.0 21.1 21,9 22.3 23.1 23.2 22.8 


_ 
830 28 W 1958-70 228 23.0 2 2 .8-22.1 L 

22 - 22 2"- IL 
Evaporation "97- 103 .123 126 120 106 96 o 037 >112 115, 85 -791968-73 

85 -7, 

UCR, Exp. Sta. Rainfall 4 15 4 63 8 -314 223 "23 132 31 -170 28Aiajuaa, C. R. 1961-69 2 3 315 
84 m altitade, Temperature230 2. 2. 242-2. 22510 0 01"N and 1961-69 23. 2- . 2.-2.5 23-2.0 22 22. 22. 2 -Evaporation 179' 217-- _211 187 -160:-14 107 1147117 116 .105 6 

1969-70 10 1 1, 16 0-: 6 

Chinandega, Nic. Rainfall 0 5 0 so 145 397 257 205 380 610 130 10
1958-65-- 50 15 37 25 2060 0 

90 m altitude,12 0 39N and Temperature 23.9 24. 26.4 27.0 26.8 26.2 26.6 -: 264 26.087 003"W 1958-65 257 25-2.,2 2 
.7 2t-Evaporation 152 117 170 167 135 125, 145 135 

1958-65 -2' 12 -2- 3 



Thornthwaite's widely used formula was considered unsuitable for use in 
this area, having poor agreement and correlation. Poor performance of 
Thornthwaite's formula was also found in another tropical area, Pasaje,
Ecuador (17 m altitude, 3020'S and 79050'W) by Hasan and Jones (1972).
It is interesting to note that the three most successful formulas found by
Legarda and Forsythe (1972) use relative humidity or try to evaluate it in 
their computation. Considering the data of Garcfa and L6pez (1970),
Legarda and Forsythe (1972) and Hasan and Jones (1972), it is the 
writer's impression that for a given location found in the tropical belt 
between 15ON and 150 S, variations in relative humidity play a dominant 
role in changes in evaporation and thus evapotranspiration. 

The Central American area experiences high rainfall intensities as 
can be appreciated in Tables 2 and 3. This means that rains can have high
erosive power and a formidable flood-producing capacity. During December 
1970 at Turrialba, Costa Rica, a rainfall intensity of 120 mm/hour was 
experienced for 10 minutes (CATIE, Turrialba, 1973). In El Salvador 
during August of 1936 a 10 minute rain with an intensity of 1800 mm/
hour occurred (Bourne et at., 1946). Needless to say, this country suffers 
from severe erosion problems. 

Soil Water Retention 

In Nicaragua, soils of recent ash and other Entisols are to be found 
near volcanoes such as Cosigiiina and Momotonbo. These soils have a 
gravelly, loamy-sand texture and their water holding capacity is extremely
low (Repfiblica de Nicaragua 1970). This is due to the presence of a 
small quantity of allophane. 

The Inceptisols, which include the sub-order Andepts, range from 
the young Andepts with a predominance of allophane in the clay complex
and low bulk densities (0.3-0.7 g/ml), to the old Andepts which tend to 
have a predominance of halloysite mixed with allophane in the clay complex
md bulk densities ranging from 0.7 to 0.9 g/ml. The young Andepts
fre found in areas of continuously high rainfall (3000-4000 mm) and have 
a high volumetric available water holding capacity (I/j-15 bars) of 20 to 
30% for samples conserved at field moisture before analysis (Forsythe et al. 
1969, Forsythe and Vizquez 1973, Luzuriaga 1970). Examples of this soil 
are the Birrisito and Cervantes series found between Turrialba and Cartago
together with soils found between Cartago and the Iraz6 volcano, and 
around the area of San Jos6 de ]a Montafia and Vara Blanca in Costa Rica. 
These soils generally are Dystrandepts. Their gravimetric water retention 
for samples conserved at field moisture range from 90-144% at 1/3 bar to 
50-85%7 at 15 bars suction. Their low bulk densities explain the resulting 
volumetric available water holding capacity of 20-30%. 

The old Inceptisols with a predominance of halloysite in the clay
complex are found in areas that experience a dry season. Colmet.Daage et 
al., 1968 and Forsythe et al., 1969 identified such soils in the Le6n-Chinan
dega coastal zone of Nicaragua. The Alajuela-Heredia area (Forsythe and 
Visquez 1973) of Costa Rica has similar soils. Available volumetric water 
retention ranges from 18-25% for samples conserved at field moisture. 
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' abl 2.-Rainfall intensities for the upper watershed of the Reventado 
river, Costa Rica. Pacayas Station. Annual rainfall 1456 mm, 
altitude 1735 m, 90 55'N and 83 0 48'W (ICE, 1965). 

RETURN INTERVAL OF 3 YEARS
 
Time (mirutes) 
 5 10 15 30 60 
Intensity (mm/h) 158 101122 77 50 

RETURN INTERVAL OF 10 YEARS 
Time(minutts) 5 .10 13 30 60 
Intensity (mm/h) 185 143 120 85 57
 

RETURN INTERVAL OF 50 YEARS 
Time (minutes) 5 10 15 30 60 
Intensity (mm/h) 275 180213 123 88 

Table 3.-Rainfall intensities of El Pito Chocoli, Suchitep&luez, Guatemala. 
Annual rainfall 3991 mm, altitude 830 m, 140 37'N and 910 
25W. (Data of E. Garcia Martfuez, 1965, reported by Neira, 
1970). 

RITURN INTERVAL OF 5 YEARS 
Time (minutes) 5 10 15 30 60 
Intensity (mm/h) 117 106112 94 75
 

RETURN INTERVAL OF 10 YEARS 
Time (minutes) S 10 15 30 60 
Intensity (mm/h) 122 117 98
ii 82
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When soil samples of Andepts for moisture retention studies are 
previously air.dried, a loss in moisture retention has been observed (Colmet.
Dasge and Cucal6n 1965; Forsythe et al., 1969; Forsythe and Vasquez
1973). A young Andept of Costa Rica (Birrisito series) with allophane
being the predominant clay mineral was studied by Forsythe and Vasquez
(1973) and was found to lose about 45% of its volumetric available water 
holding capacity, when the samples were previously air-dried. A more 
mature Andept with rnetahalloysite as the principal clay mineral (Alajuela
series) was tound to lose approximately 30% of its volumetric available 
water holding capacity. Colinet-Daage el al., (1968) found about a 20% 
loss of the available water holding capacity on airdryirng a similar soil 
close to the Masaya volcano in Nicaragua. llowever, soils in the Le6n-
Fhinandega area showed no loss in water retention. 

In the study of Forsythe and Visquez (1973) a logarithmic func. 
tion was found to provide a good fit for the plotting of soil moisture versus 
suction data. Thc losses of total porosity per unit mass on drying, which is 
also equal to the reduction in the bulk specific volume, can be used as a 
mechan.,sm to explain the loss of gravinitric water retention. Besides the 
magnitude, there is an interesting difference between the water loss of the 
Alajuela series and that that of the Birrisito series. Air-drying caused no 
significant loss in the 15 bar value for the Alajuela soil, whereas the 
Birrisito soil, which has allophane as the predominant clay material, lost
aproximately 36% of its 15 bar value. As a result of all these effects,
]orsythe (1972, 1974) has proposed a standard procedure for determining
soil water retention of soils derived from volcanic ash, using undisturbed 
samples 1 cm deep which have been conserved at field moisture. This 
procedure uses the standard pressure plate apparatus. 

There are older Inceptisols which have been considered as Latosols
because of their red color. Such soils as the Paralso and Colorado series 
(Gavande 1968, Macias 1969, Knox and Maldonado 1969) of Costa Rica, 
are examples Knox and Maldonado (1969) consider these soils as border. 
line cases between Humitropepts and Tropohumults. These soils have a
volumetric available moisture retention of only 11-13% in spite of a very
high clay content (Colorado 74-87% and Paralso 77-92%). Soils such as 
Dolega clay of Panami (Tirado 1970) and the red soils found 23 km 
west of Managua and in Nandaime (Colmet-Daage et al., 1968; Forsythe
et al., 1969) are probably similar to the above-mentioned soils. Red clay
soils are also to be found in El Salvador (Bourne el al., 1946; Rico 1964),
The young and mature Andepts previously discussed have a high total 
porosity whidi rangcs between 63-76%, whereas the older Andepts and 
incipient Ultisols have total porosities between 59-71%. As a result, these 
soils at field capaioty (i/. bar moisture) have abundant air space. 

Many soils dcrived from volcanic ash of Nicaragua have a hardpan
(talpctate) whose depth (an vary from 30 to 90 cm (Repfiblica dc Nica. 
ragua 1970). The shallow hardpans can restrict root development and thus 
the water storage capacity of the soil profile. Similar soils are found in El 
Salvador (Bourne ct al., 19,16; Rico 1964) and Guatemala (Simmons et ., 
1959). 
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rafthr'rdon 

Soils of recent ash and other Entisols found near volcanoes such as
Cosigilina and Momotombo in Nicaragua are reported to have rapid infiltra
tion (Republica de Nicaragua 1970). However, fresh ash fallen from
volcanoes that erupt hot ash tend to form crusts near the volcano, presumrably
due to heat cementation. The 1963 eruption of the Iraz6i volcano of Costa 
Rica produced such crusts which have restricted infiltration. The resuI..ig
watershed produces a high percentage of run-off, and this is considered 
one of the contributing factors to a disastrous rock and avalanchemud 
which occurred in Cartago in December of that year (ICE 1965). 

The Inceptisols of all ages except those with shallow hardpans show 
high infiltration rates. The Alajuela and Colorado series of Costa Rica,
mentioned earlier, have initial infiltration rates (by flooding) of between 
18-42 cm/hour and after a two hour time lapse, of between 10-12 cm/
hour. It is interesting to note that the Colorado series with 74-87% clay
had an initial infiltration rate of 42 cm/hour and a 2 hour rate of 12 &rn/
hour. 

Inceptisols derived from volcanic ash and mixed with other parent
material demonstrate the ash influence. The Buenos Aires and San Jorge
series in the Rivas area of Nicaragua have initial infiltration rates of 45-70
ca/hour and 2 hour rates of 7-21 ua/hour (Valencia 1961). Valley soils
derived from volcanic alluvium show a range of infiltration rates according
to age and topographic position. Mazariegos (1965, 1966) in his study
of the Valley of Asunci6n Mlita, Jutiapa, in Guatemala, has found soils
with 2 hour infiltration rates ranging from 9.9 cmr/hour to 0.4 cm/hour.

Vertisols are formed from volcanic ash alluvium 
 in mountain valleys and

coastal lowlands. In Nicaragua (Repfblica dc Nicaragua 1970) these soils
 
are described as having imperfect drainage. The soils with lower infil
tration rates found by Mazariegos in Guatemala are clay-textured and appear
 
to be Vertisols.
 

The high infiltration rate and deep profile of the volcanic 
 Incep
tisols easily gives them a classification of hydrological group A (minimum
infiltration rate 0.76-1.1,1 cmi/hour, a(ording Musgraveto and Iloltan
1964). This hydrological classification of the U.S. Soil Conservation 
Service rates the soil as having high water ahsorptioi, capat ities for U.S. 
rainfall intensities, and tus giving rise to relatively little run-off. Howevcr,
it appears that the very high rainfall and rainfall intensities experienced
in some Central Amcricin areas would justify a study of a classification 
for this area. 

When irrigation Ii considered another infiltration classification is
used. The U.S. Bureau of Re(lamatioi (1953) (onsiders a soil to be first 
class for flood irrigation if its !-hoomr infiltration rate varics from 2.0-6.4
cm/hour. Soils with slower or faster intake rates have lower ratings.
This is due to the difficulty of obtaining a satisfa(tory rate of advance of 
water on the soil surface with manageable water flows and the consequent
po~or distribution of water along tie furrows due to excessive intake at the
beginning of the run i.Thus, the high infiltration rates of the Inceptisols
makes flood irrigation difficult and inefficient. These soils arc suitable 
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for sprinker irrigation or flood irrigation with very short.furrows. ,The 
author has observed that some farmers in the area are using 25 m long 
furrows on these types of soils. However, the problem of inefficiency 
of application should be studied. The difficulties of irrigating this type of 
soil in Nicaragua were pointed out by Valencia (1961). 

Drainage 

The need for drainage during periods of excess water both on the 
Atlantic and Pacific zones can be appreciated from the weather data. Both 
surface and internal drainage are important. Because of the quantity and 
intensity of the rainfall, standing water is to be found on relatively flat 
soils (less than 3% slope) with 2-hours infiltration rates of 2-4 cm/hour 
(or less) under Turrialba conditions. This occurs principally during the 
months that have more than 150 mm of excess rain in relation to pan 
evaporation. Water accumulates and stands in the depressions of unsmoothed 
land, and crop growth is affected. Field observations indicated that beans 
(Phaseolus vuk'aris L.) were severely affected by standing water. This 
damage was always associated with root diseases. However, Forsythe and 
Pinchinat (1971) under controlled greenhouse conditions with fumigated 
soil, showed that one flooding of 12 hours duration per week is enough to 
lower bean yields of by 90%. 1iis was considered a direct effect of 
flooding, because no pathogenic diseases were recognized. An effective 
measure used to combat this problem has been cultivation on cambered beds 
of 6 to 12 meters in width. With this system the soil depressions can be 
smoothed out and quick surface drainage under the rainy tropical conditions 
of Turrialba is provided. 

Field observations in Turrialba have indicated that sweet potatoes, 
cassava, corn, sugar cane, and African stargrass, are also affected by 
standing water. 

Internal drainage is necessary in soils derived from volcanic ash 
during periods of excess water when a shallow water table is produced by 
the topographic conditions of mountain valleys or coastal lowlands. Under 
Turrialba weather conditions for a soil of the U.S. Conservation Service 
hydrological class C (2-hour infiltration rate of 0.38-0.13 urn/hour) a 
drainage coefficient of 8.7 amm/day has been estimated. For more infil. 
trable soils this figure for the sarme area will be greater. In the Atlantic 
and Pacific zones where monthly rainfall excesses are greater than that of 
Turrialba, the drainage eocfficief ts should be larger. The Inceptisols derived 
from volcanic ash are geucrally (Icscribed as of high permeability. The 
Baudrit series of Alajucli, Costa Rica (Chirinos 1957) studied by Wydler 
(1969) has a subsoil hydraimlic conductivity of 3 m/day, which may be 
considered high. The Old Vcga series in Guipiles, Costa Rica (Jimnez 
1972) was studied by Jaramillo and Jorge (1969) and its subsoil was found 
to have a hydraulic conductivity of 3.2 m/day. 

Inceptisols with harlpiaus have inmpeded drainage and permeabilit, 
and Vertisols are described as having impeded drainage and low permeabi. 
lity (Repfblica the Nicaragua 1970). 
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The high rainfall intensities observed in the Central American area 
indicate the strong erosive power that these rains have. Erosion has generally
been noticed in the Pacific area of Central America and is outstanding in
El Salvador (Bourne 1946) and the Pacific zone of Nicaragua (Rep6blica
de Nicaragua 1970). Erosion is also observed in the Central Plateau and 
Pacific zone of Costa Rica (Torres 1950). Deforestation, cultivation on 
steep slopes and the lack of (onservation practices contribute to this problem.
Soils derived from volcanic ash with shallow hardpans have been observed 
to suffer severely from erosion in Nicaragua due to their reduced infiltration 
(Reptblica de Nicaragua 1970). A quantitative study of the individual
factors which contribute to the problem would help in a rational planning
and evaluation of present conservation practices. Some of these factors are 
the erosive power of the rainfall and the crodability of the soils. In 
Panama extensive erosion has been observed on steep and rolling terrain. 
Sheet erosion has been noted on overgrazed land, and terrain burned-over 
as a result of slash and burn agriculture. It is also noticed where poor
farm practices have left the land exposed (Reptblica ie Panama. 1970). 

III CONCLUSION 

As the Central American population pressure increases, there is an 
increasing necessity to use more efficiently the exploitable soil-water 
resources of the area and to conserve valuable watershed and forest reserves,
which are threatened by population penetration. In the areas where there is 
water deficit, soil water conservation and irrigation contribute to increased
productivity of the land and in areas where there is an excess of water, 
drainage and water control has a similar effect on the land. There is a 
great opportunity to apply this technology more widely in the area. All 
the Central American countries have small irrigation projects and the 
number is increasing. There is a need to apply drainage technology more 
widely. A more extensive quantitative evaluation of the climatic, soil and 
water resources for the purposes of agriculture and conservation is needed 
in order to facilitate tchir efficient use. 

IV SUMMARY 

The Atlantic zone of Central America has intense water excesses 
(rainfall.pan evaporation) which require surface and internal drainage.
The Pacific zone has 6 to 9 months of intense water excesses and the rest 
of the year experiences intense deficits, requiring irrigation in addition to 
drainage. Rlelative humidity appears to be the dominating factor in the
evaporation of the area, and high rainfall intensities promote erosion and 
flooding. Young and mature Andepts have a high available water holding
capacity but its evaluation is lowered if samples arc pr !viously air-dried. 
Old Andepts, many, of whiI have been called I.atosols bicause of their red 
Color, have medium capacities. Inceptisols of volcanic ash without hard. 
pans have high infiltration rates and hydraulic conductivity. Water erosion 
is a problem in the Pacific zone. Stress is made on the need to apply Jl. 
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gation and drainage technology in Central America, and to carry out a more 
extensive quantitative evaluation of the climatic, soil and water resources 
for the purposes of agriculture and conservation. 
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9 Soil-water Relations in Upland Rice 

S. K. DeDATTA, F. G. FAYE and R. N.'MALLICK 

' I - INTRODUCTION 

Since upland rice is grown without irrigation, the intensity and 
duration of moisture stress often explain the low yields obtained at the 
farm level (Jana and De Datta, 1971; De Datta and Beachell, 1972).

The moisture stress effects on rice or any other plant result from the 
function of water within the plant. Low moisture supply and high water 
loss decrease the plant's water content and cause water stress. Therefore, 
moisture stress occurs frequently in upland rice because of uneven or 
inadequate rainfall and rapid drainage due to coarse soil texture or to rolling
topography. 

As early as 1935, Ueda in Japan reported that both grain yield and 
dry matter production of rice were highest in the submerged plots and 
they decreased with decrease in soil moisture content. 

Senewiratne and Mikkelsen (1961) and Gunawardena (1966) in 
evaluating the growth habits of upland and lowland rice, noted that plants
subjected to low-moisture treatment showed chlorosis, reduced leaf area, 
slow leaf development, and delayed internode elongation. Kato (1968)
reported that rice plants cultivated on upland fields required much more 
water than plants on lowland fields to produce equal weights of dry matter. 
He related the inefficiency of rice plants grown under nonflooded conditions 
in producing dry matter to the internal water deficit which hinders the assi. 
mifation and translocation of solutes. 

In the past, physiological processes and conditions of rice plants 
were mostly correlated with soil moisture content. Chakladar (1946)
observed that no rice plants grown under 33 percent saturation formed 
seeds, though sojae flowered, while plants grown under 75 and 50 percent
saturation formed seeds. 

There is a great deal of controversy on how much water the rice 
plant needs to produce normal yield. Briggs and Shantz (1914) in the 
United States remarked that rice needs about the same amount of water as 
do other cereals. Chandra Mohan in India (1965) stated, however, that 
the water requirement of rir. is larger than that of any other crop of a 
similar field duration and that it varies with soil texture, climate, cultural 
practices, and duration of the variety grown. According to Halm (1967),
rice performs better in submerged and in saturated soils than in soil at 
field capacity.

Even in humid upland rice areas, dry periods often occur during 
the growing season of the crop, at least in the upper portion of the soil 
surface. For example, during a stress period (45 to 60 days after emergen. 
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ce),",Krupp el al., (1972) observed that the upland variety Palawan con.tirued to produce roots while tiller production and leaf area development
were retarded. The above-ground portions of IR5 plants, on the other
hand, continued to develop althougii rooting was retarded.

Rice yields at field capacity under upland (aerobic) conditions
could be low due to iron deficiency on neutral and alkaline soils andmanganese and aluminum toxicity on acid soil (Ponnamperuma and Castro,
1972). Part of the yield decrcase reported by Ponnamperuma and Castro(1972), however coti!d be due to moisture stress because to keep the soil
aerobic, soil moisture tension may rise to 15 centibars (cb) or more whichis enough to reduce the grain yield of rice by 1 t/ha (De Datta el aL.,1973a). The question is how much yield reduction at low soil moisture
tension (around 15 cb) is due to moisture stress in the plant and howmuch is due to deficiency of nutrients such as nitrogen and iron at that 
tension ? 

With lowland rice, we reported earlier (De Datta el al., 1973b) 
a distinct interaction between soil moisture tension and nitrogen status ofplant and soil. At most soil moisture tensions, the grain yields were higher
with higher nitrogen levels, and they were much higher with improved
varieties (1R20, IR22, and IR24) than with traditional varieties (Peta,
Sigadis, and Intan).

Since moisture is more limiting in upland than in lowland rice ,thenitrogen statu, of soil and plant in upland rice (or in upland crops) is
closely associated with the moisture regime in Whenthe soil. moisture
supply is low, nitrogen supply is also low, since nitrogen is present closeto plant roots and enters the plant's conductive systems chiefly through
the water uptake system (Fried and Shapiro, 1961; Barber, 1962; Barberel al., 1963; Bartholomew, 1971). It a low soil moisture level, the soluble
nitrogen close to the root zone is not absorbed by the plants grown underupland conditions But soil moisture conditions around the loot zone and root
activity greatly influence nitrogen uptake by plants unrer upland conditions
(Bartholomew, 1971). Occasional rainfall during dry weather thecauses
upland crop to look greener and morc vigorous, a response generallyattributed to an increase in the supply of moisture and soil nitrogen. A
much higher percentage of tracer nitrogen recovered by cornwas when the
rainfall was high during the e-:perimental period. On the other hand,
when the soil moisture content decreases, the ratio of nitrogen uptake to
 
water uptake may also decrease (Bartholomew, 1971).


Tisdale and Nelson (1966) stated that uptake of cations and anions

increases as soil moisture tension is decreased from the permanent wilting

percentage to field capacity. Water held at moisture tension above the
wilting point can but would notcontain nitrate transport it to the roots;thus, in some soil systems a large amount of nitrogen becomes unavailable to
the plants. Soil water is therefore the most important single factor for 
nitrogen absorption. 

Recently, Jana De Datta reported theand (1971) that optimumsoil moisture condition for high grain yield and nitrogen response appeared
to be between the maximum water holding capacity and the field capacity.

Field and greenhouse experiments were conducted to study the directeffects of moisture stress and moisture-stress-induced soil problems in 
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growth characteristiss, nutrition, and grain yield of upland rice. In othe 
words, moisture stress effects would be categorized as effects in the abseno 
and effects in the presence of soil and nutritional problems. 

II MOISTURE STRESS EFFECTS IN THE ABSENCE OF 
NUTRITIONAL PROBLEMS 

A field experiment was conducted under simulated upland conditior 
at the IRRI farm during the 1973 dry season to study the moisture stres! 
effects on upland ricc. Figure 1 shows the moisture retention curve for thi 
Maahas clay soil. Table 1 shows other important physical and chemica 
properties of the soil. 

Table 1.-Physical and chemical characteristics of Maahas clay soil ir, 
upland rice, experimental area at the IRRI farm. 

PHYSICAL 

Sand (%) 27.67 
Silt (%) 35.16 
Clay (%j 37.17 
Textare class Clay loam 

CHEMICAL 
pH (1:1 soil water) 5.8 
CEC (me/100 S) 37 
Total N (%) 0.13 
Organic matter (0) 2.63 
AvaiLble P (ppm) 0.72 

Three moisture treatments were imposed on 48 varieties and exper
imental lines 14 days after germination. The moisture treatments were (1)
continual saturation throughout crop growth, maintained by adding 5.5 mm 
of water daily, (2) early stress, soil moisture tension of 75 cm maintained 
during the first 60 days after seedling establishment, after which soil was 
kept saturated for the rest of the period; the plots were irrigated with 8.25 
mm of water whenever the soil moisture tension reached 75 cb, (3) late 
stress, continual saturation maintained during vegetative stage, and soil 
moisture tension of 75 cb maintained during the panicle initiation stage and 
harvest; plots received 8.25 mm of water in response to soil moisture 
tension of 75 cb. 
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Plant characiers 

Varieties and lines differed greatly in the reduction of plant charac
ters such as height, tiller number, and dry matter production due to early
and late stress treatments. Among the upland varieties tested, two from 
Africa, E-425 and Moroberekan, showed no significant reduction in plantcharacters due to stress treatments at either the vegetative or reproductive
stage (Table 2). The reduction in vegetative growth was significant in the 
upland varieties M1.48 and OS6 and the experimental line IR1487-372-4. 
The reduction in growth during the vegetative period has been attributedto auxin imbalance in plants (Senewiratne and Mikkelsen, 1961; Guna
wardena, 1966). Among the experimental lines which did not show signi.
ficant reduction in plant characters, IR1646-623-2 was the best for drought
tolerance at both vegetative and reproductive stages (Table 2). Other
lines selected as promising for drought tolerance were IR1661-1-170,
IR1531-86-2, IR1544-238.2, 1R1561-149-3, and IR1721-11-6. IR5 showed 
no significant reduction in plant height and tiller number due to early
stress, but at harvest its dry matter production was significantly reduced 
(Table 2). IR5 showed significant reduction in plant height and dry
matter production due to stress during the reproJuctive stage confirming 
our earlier finding that IR5 is highly sensitive to noisture stress during the 
reproductive stage.

Plants subjected to moisture stress at the reproductive and ripening 
stages, showed various symptoms of moisture stress. Older leaves died
prematurely and the younger leaves and flag leaf wilted. Although the 
two upland varieties, E-425 and Moroberekan, were good for drought
tolerance, being very tall and low tillering, they are not suitable for high
yield (Dc Datta and Beachell, 1972). On the other hand, the improved
lines, such as IR1646-623-2, which looked promising for drought tolerance 
are shorter than what we want for upland rice culture. Among the drought
tolerant promising lines, only IR1531-86-2 had the plant height under
upland culture (about 100 cm) which we believe is desirable for the low 
moisture and fertility conditions that prevail in most farmers fields during
dry periods. 

Grai yield 

Under saturation, the highest grain yield (635 g/m 2 ) was obtained 
with IR1529-677-2 which had earlier been reported to be a promising line 
for upland rice (De Datta el al., 1974). The Philippine upland variety 
Dinalaga produced the lowest grain yield (198 g/m 2).

With the early stress treatment, IR5 produced the highest grain
yield (456 g/m 2), confirming our earlier results. It is one of the best 
varieties for drought upland conditions (Dc Datta, 1970) if stress is 
relieved before panicle initiation (De Datta el al., 1973b). Dinalaga once
again produced the lowest yield (156 g/M 2). Among the '6 varieties or 
lines tested, the African upland variety OS6 ranked 25th (325 g/m2) which 
was, however, the highest among the upland varieties. All the top-yielding
lines were from the JR1I general breeding program. IR442-2-58 once 
again ranked as one of the best under upland conditions (576 g/m2). 
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Tabl 2.-Pbnt height, tiller number and dry weight at harvest of some selected rice varieties and lines uide Icon
tinual saturation and percent reduction of the same growth characters due to soil moisture stres (75 cb) 
during the vegetative or xproductive stage. IRRI, 1973 dry season. 

Plant height TllMers Dry weight 
Reduction i ' Reduction 1% C Reduction (M)VWitb*i1zCOtnUI tal Continual Lt Early Late Contnual Eorly:nuae 

S azt,on E -l Later~o Ear1,- L-ate saturto Earllrab
(str) tess (nosaturation s$tsi stress (gil- o ) s"s S 

WA4S 105 18** 2 77 21 4 156 33*0 11 
Dinalap 124 6 15** 90 26 7 205 34*S 16 
E-425 108 4 2 95 14 1 155 16 -5 
OS6 110 220* 15" 119 17 1 242 50*0 38** 

109 4 4 75 32 3. 145 28 10 
C22 123 4 18* 131 2 -2 236 38"* 17 
115 113 5 13"* 224 3 17 486 36** 48° 0 
n166-1-170 66 0 0 197 10 13 162 21 11 
R93&35-2 69 6 1 232 11 2 99 240 9 

111 4S7-372-4 77 17" 14 208 2 10 177 24 U 
11529-430-3 76 5 9 215 2 2P -3 180 2 0 

111529-677-2 77 1 100 215 6 14 211 14 16
M11529-680-3 82 20 17 209 4-1** 1 203 450** -1 
FR1531-86-2 100 -3 7 156 17 -4 196 31 9. 
1I1l-44-23s-2 64 0 2 218 17 9 136 32 16 
M11561-149-5 67 10 3 247 10 4 140 21 3 : r 

IR1646 623-2 7i 1 0 180 14 -12 146 21 -18 
I!121-6 76 -1 5 238 12 5 165 20 7 

" 0"icwt at 5% and 1%. wveai'P*. 



For the late stress treatment (Fig. 2), both ]R5 (201 g/mI) and 
JR442.2.58 (123 g/ml) gave poor yields similar to those of upland rice 
varieties OS6 (196 g/m2) and MI-,8 (147 g/m ).

The average grain yields and the physiological growth stage at 
which moisture stress was imposed w:re negatively related (Fig. 3). The 
later the stress treatmncta the preater was the reduclion in grain yield,
indicating the vulnerability of rice during the reproductive and ripening
stages. More varieties were siisceptil)lc to high sil moisture tension at the 
reproductive and ripening stages than during the vegetative period. Data 
averaged for all vaiieties and linsC showCI that late stress resulted in poorer
performance than did early stress (Fig. 3).

To .stablish the effei(t of stress at various growth stages of rice, 
the concept of crop stsimeptiblity factor was used, It provide a quantitative 
means of determining the susceptibili ty of the trop to a giveon stress level. 
Crop susc.pti)ility factors were (akulated ith tie formula proix)sd by
I-iler and (lark (1970). 

X NI, 
(CS 

% x 
where CS is the crop susceptibility factor as a funtion of variety (t,) and 
growth stage (m), 'X Is thc yihld where no stress was imposed throughout 
crop growth, Af is the yield when sIrcss was imposed at a particular growth 
stage. Crop susceptibility values inereiscd at later stages of growth (Fig.
3). In other words, as crop suseptibility values increascd! at I ter stage of 
growth, the grain yield dceraseid linearly (Fig. 3).

T'he variet andhInc were (lassitied into four group-s according 
to crop susoeptibility: (I) .aritics aidIlics sust-eptiblc too both vegetative
and reproduc tis - strcs, (2) li(s tohrant to vcg tative st ites but suscptible 
to reproductive strss, (5) lincs tolerant to both vecetateie. an reproductivc 
stress, and (4) lis iesidant (buame of (ombintd tolerance and avoidance 
of moisture stres) to Idi ,ptative ;inl rc;'rmlutive.tIs.

In this cxlt riolcit, lI(,616-62 ,., Ihi- h yielded sigifocantly less 
than the top yi l[hvr, hR1721.11.6 ind 11W 12-I1 -2 in all treatmntts was 
found most toklralit to nisto re stress at all grwm i stagcs, Therefore, 
drought tolcrareu should not bc ljuatcd t-ntirdly with grain yield, since 
many toil and un tittiouihl prhim af t th. oeraill peforame of the 
rice variety uthr sioioitimal iiure, Ievcs. The crop suiseptibility
factor appearit highly Pir<nmimng in csa.thating a ,'airet' s capafbi ity to recover 
from drought. 

Ill MOISTJIE SThlS, IF(TS IN TIHE PRIESENCE: OF 
NUTRITIONAl. iITPOI I1IIMS 

Soil probleri 

A greenhouse exlernient was conducted to study the varietal 
response to various levels of relatively constant soil moisture tension 
Imposed cotitinually throughout the growing pcriod. Maras (lay soil was 
collected, air dried, and ground to pass through a 2.mm sieve, Plastic pots 
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Soo 
GRAIN YIELD (g/m 2 ) CROP SUSCEPTIBILITY FACTOa
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Fiaure 3. 	 Grain yield and crop susceptibility factor as affected 
by %oil moisture tension during vegetative (EarlyStress) and reproductive (Late Stress) stages of rice
xrowt2h (Average of 48 varieties or lines). Stress " 
75 cb, IRRI, 1973 dry season. 

(30 cm in diameter and 30 an long) were filled with 850 g of this soil.
Based on surface area, 150 kg/ha N and 180 kg/ha 11,0 were applied. Ni.trogen was applied in three equal split doses. The phosphorus and the first
dose of nitrogen were mixed with the soil. Two additional doses of nitrogenwere 4pplied the first at maximum tillering and the second at panicle
initiation stages. All treatments had three replications. Ten seeds of 75rice varieties and lines were dibbled in pairs in a circular pattern about 3 
cm deep. Enough water ('400 ml) was added daily to ensure good germina.tioin. hen the seedlings were 10 days old, they were thinned to fiveplsnts per pot. When they were 14 days old, they were subjected to soil
moisture treatments, as follows: 0 cb (saturation), 17 cb, 33 cb, and 75 cb.Tet siometc'rs were installed in one replication at 10 cm soil depth.

In the saturation treatment, water was added daily to maintain athin film of water. For the 17- and 33-cb treatments, 400 ml of water wasApplied whenever the soil moisture tension in a givcn pot reached those
tensiovs. For the 75 cb tension treatment, the tensiometer was disconnected 
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tot 48 hours when the soil moisture tension reached 75 cb, then water was
added and the tensiometers were reconnected.

Iron deficiency symptoms occurred on plants in the saturated as well as in the stressed treatments. The degree and expression of symptoms
differed between treatments and varieties. The symptoms varied even amonglins from the same cross. On the basis of grain yields and susceptibility

deficiency, varieties wereto iron 75 or lines tested classified into five 
groups: 

1) Eleven were tolerant to soil moisture stress and moderately
resistant to iron deficiency; they showed some iron deficiency symptomsalthough iron content in plants was above the critical level. IR,1,12.2-58 
belonged to this group. 

2) Six were tolerant to moisture stress and moderately susceptible
to iron deficiency; they showed iron dCficiency symptoms but tile ironconcentrations in plants were just above the critical level. IR5 and IRI'16. 
131-5 belonged to this group. 

3) Ten were tolerant to moisture stress and susceptible to irondeficiency; they showed iron deficiency symptonls and iron concentrations
in plants were below the critical level. I1 15.11-76-3 was in this group. 

4) Thiirty-two were susceptible to moisture stress but resistant to
iron deficiency; they showed no iron deficiency symptoms and the iron
concentrations in plants were above the critical level. lhe Philippineupland variety MI-48 and the African upland variety OS6 were in the 
group. 

5) Sixteen were susceptible to moisture stress and susceptible to
iron deficiency; they showed iron defcicncy symptoms and iron concentrations in plants were below critical. IR151.IA-I666 behiged to this 
group, Table 3 shows data for grain yield and iron, man-anese, and

pehosphorus concentrations in rice 
 straw at harvest, as atfected by various
lvels of soil moisture tension. According Yoshida t/ a ., (1971), rice

plants suffer from iron deficiency when the concenlration of iron in the
straw is below 70 ppm. The upland varieties, such as M I-18 and OS6,accumulated the largest amount of iron at saturation (0 cb) (Table 3).

Similar results were obtained! by Ponnamperunm and Castro (1(972).


In 1R11416-131-5, iron concentration was lower and deficiencyirot 
symptoms were greater at higher moisture level, Iron toncentration instraw was innreascd with increased soil moistore tension. As result ofa
higher iron availability, tle grain yield increased with iucrcascd soil 
moisture tension. 

A few lines, such as 11W1.12-2-58, had iron con(entration in tile 
straw above the critical level and produced fairly well at all stress levels.

The extremely low concentraitons of iron in the straw at saturation
in JR1541-76-3 (group 3) and in IR1514A.E666 (group 5) were reflected 
in their grain yields (Table 3).

We believe that manganese concentration in plant tissue aggravatediron deficiency in plants. Although they may not cause manganese toxicity
in rice, high manganese concentrations reduce the iron uptake by rice 
plants. 
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Table 3.-Plat analysis of some selaeed varx-ties and lines of the vurious groups as azzectied by difermt leves ofsoi moisture tension. IRW, 1972. 

Grain V'ucld (&,i.Jtl Fe (pp) Ma Vn0 Ch 17 Cb 33 cb P M%0 cb 17 cb 33 cb 0 Cb 17 Cb 33 d 0a Cb 176 336 

GROUP 111442-2-58 23 19 19 112 99 90 793 773 722 0.17 0,14 03 

GROUP 2 
is i58 24 76 108 141 573 470 215 0.9 o o,14131416-131-5 7 17 71 80 120 725 233 290 0,14 014 013 

131541.76-3 GROUP 310 18 i6 52 147 75 585 620 225 0,29 0,22 0,18 
t13541-763 

GROUP 4 
O(Z 
 7 9 165 161 17 320 565 730 0,11MI-48 4m 0rg20 7 6 182 165 115 445 440 600 0.12 014 OW 

GROUP 5IR15!4A-E666 i1 13 6 22 221 36 1260 845 650 0,10 0,10 012 



Thus, the reduction in grain yield resulting from Increased soil 
snosture tension may be caused by soil moisture stress alone or by soil 
problems, such as iron deficiency, induced by moisture stress or by a 
combination of both. Moisture stress and soil problems should therefore 
be considered together in evaluating the suitability of rices for upland 
culture. 

Results further indicate that iron deficiency occurs in upland rice, 
even on acid soils of p 58. This contention is further substantiated by 
our field experiments in farmers' fields in Batangas, Phili, pincs, where a 
large number of rice varieties and experimental lines showed iron deficiency
!ymptoms in upland rice grown on acid soils (pl 5.1 to 5.8). Earlier, 
ronnamperuma and Castro (1972) reported iron deficiency to be a prob
lem on neutral and alkaline soils. Our results show that iron deficiency 
in upland rice occurs widely on acid soils and is closely associated with the 
moisture status of soil. 

Ntltritionalproblems 

The relationships between soil moisture level and nitrogen nutrition 
In upland rice were studied in two field experiments on Maahas clay at the 
IRRI farm (Table 1) with the early maturing semidwarf 1R747B2.6 3 as 
test variety. 

In the experiment conducted during the 1971 wet season,a split
block design was used with water regime on the maiu plots and N leveon 
the subplots. Plots were separated by 25-cm wide metal bands paced in 
the soil to a depth of 20 cm. 1ach trcatintnt had two replications, Nitrogen 
as ammonium sulfate was applied 16 days after germination at 0, 75, and 
150 kg/ha. Tensiometers w-:re installed to measure soil moisture tension 
at 15- and 30-cm soil depths. Suppleen.tal irrigation was applied in low 
(3 cm), medium (1 tin), and high (5 cm) amujits. 

The experiment was r(peated during the 1972 dry season under 
simulated upland cornditions with the %ame oI)jectivus. The rates and N 
source used were the same as those used in the wet season expcriment 
except that they were applied in tmso split docscs, Fifty and t00 kg/ha N 
were applied a weck after gc'rinination of rk(, arid tfzc rei0aiilig 25 kg/ha 
N was topdressed at panic e iniitiatio,, Soil moisturc tensions were recorded 
at 10-, 20-, and 30-(ln -)ildpths.

)etaile I agitinoni data dolh, iii expe-riments.wet ted both Ex. 
changeable Nil I aid No i vAcic ,kturmini (Jaksoi,, 1958) from 
soil samples collretd from o- to 15-(Idehpth. Tolal nitrogens ini plant
samples was determnicd by the prmc'dre dectlbed by YoShiila et 41., 
(1971). 

lI the wet-season cxprrimeiit, the highest grain yield, 1.6 t/ha, was 
obtained at 150 kg/ha N, with 170 nu of supphmental irrigation (Fig. 4). 
Although grain yields increased significantly with the application of nitrogen 
and water, the interat'ion was not sigiifirant. ihe increase in grain yield 
was primarily due to added nitrogen and to a lesser extent to a higher 
amount of supplemental water (Fig. 6). Panicle length, percentage of 
unfilled grains, and 100-grain weight did not vary significantly with varied 
nitrogen and moisture regime. 
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Figure 4. Grin yield of 1R747J1,-6-3 rice at three nitrogen levels 
ASaff"cted by three levels of supplemental irrigation 
IRRI, 1971 wt season. 

The soil moisture tension was close to 33 cb for most of the growing 
seon; only for 25 days did moisture tension at 15 cm soil depth rise beyond 
33 cb (Fig. 5). 

Nitrogen efficiency, as measured in kilogram of rice per millimeter 
of water, was highest at the highest nitrogen and moisture regime. 

In the 1972 dry season experiment, the increase in grain yield was 
highly significant at all soi moisture regimes and nitrogen levels (Fig. 6). 
At higher soil moisture levels -- at saturation 0 (b and at 33 cb tension
significantly higher grain yiclds were obtained with 125 kg/ha N. This 
confirms the earlier finding (Jana and l)e Datta, 1971 ) that the response 
to N increases with increase in moisture regime of the soil. 

The grain yield of 3.3 t/ha was obtained with 125 kg/ha Nat 17 cb 
soil moisture tension, which was similar to 3.5 t/ha grain yield obtained 
at 0 cb, but with 75 kg/ha N. In other words, at lower moisture supply, 
it higher amount of nitrogen produced similar yield as to that obtained at 
higher moisture supply but waih less nitrogen fertilizer. 

The grain yield at saturation (at 0 cb) increased by 31 percent
without nitrogen fertilizer, by 30 percent with 75 kg/ha N, and by 52 
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percent with 125 kg/ha N over that at 33 cb. However, the yield increase 
over that at 17 cb was 13 percent without fertilizer N, 22 percent with 75 
kg/ha N, and 24 percent with 125 kg/ha N.

Although results were similar to those of experiments conducted
in Japan (Matsuo, 1957) and in the U.S. (Senewiratne and Mikkelsen,
1961) no quantitative data were available on the level of moisture supply.
In the 1971 dry season experiment, the soil moisture tension closely fol
lowed the moisture treatments (17 and 33 cb).

Soil and plant nitrogen were greater with increased nitrogen level.
With greater moisture supply, nitrogen 	 content in the plants increased,
suggesting lower nitrogen supply at higher soil moisture tension causes 
greater response to fertilizer.

These results demonstrate that increased supply of fertilizer nitrogen 
can save part of the yield that would be lost from increased moisture 
stress, since reduced nitrogen st,ply in soil is one of the changes causedby increased soil moisture te.ision. Conversely, if moisture supply is
adequate, the rate of nitrogen fertilizer could be reduced without signifi.
cantly reducing grain yield. 
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Flpu'e 5. 	 Soil moisture tension in centibar (cb) at 15 cm soil
depth during the vareous stages of rice (IR747Bs-6.3)growth. IRRI, 1971 wet seascn. 
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IVi%: SU'MMARY 

Field and greenhouse experiments were conducted to separate the 
direct effects of moisture stress from effects of soil and nutritional problems
induced by moisture stress in upland rice. 

In the first experiment, the rice varieties or lines were classified 
into four groups according to their resistance or susceptibility to moisture 
stress at the vegetative and reproductive stages of crop growth. IR1646. 
623-2, which yielded significantly lower than the top-yielding lines 1R1721
11-6 and IR1542-43-2 at all moisture tensions, was most tolerant to moisture 
stress at all growth stages. Furthermore, the drought tolerant variety may 
or may not have high yield potential. Drought tolerance should therefore 
not be equated entirely with grain yield alone since many factors affect the 
yielding ability of a rice variety under sub-optimal moisture level. 

In the second experiment, conducted in the greenhouse, 75 rice 
varieties or lines were subjected to three soil moisture tensions imposed 
continually throughout the growing period. The rices were classifie into 
five groups according to their resistance or susceptibility to moisture stress 
and iron deficiency. Only eleven varieties or lines out of 75 were found 
tolerant to moisture stress and moderately resistant to iron deficiency. 
JR442-2-58 was in this group. 

Additional experiments were conducted in the fields to study the 
relationship between soil moisture regime and nitrogen nutrition in upland 
rice. In one experiment, the grain yield of 3.3 t/ha was obtained with 125 
kg/ha N at 17 centibar soil moisture tension, which was similar to 
3.5 t/ha grain yield at 0 cb tension (saturation) but with 75 kg/ha N. 
Results demonstrate that increased supply of fertilizer nitrogen can reduce 
the yield losses due to moderate moisture stress. Conversely, in the presence 
of adequate moisture supply, the rate of nitrogen fertilizer could be reduced 
without significantly reducing grain yield. 

Finally, our results clearly demonstrate that the reduction in grain 
yield due to increased soil moisture tension may be due to the direct effects 
of moisture stress, to moisture-stress-induced soil problems, such as iron 
deficiency, or to a combination of both. Therefore, moisture stress and 
soil problems should be considered together in evaluating the suitability 
of rices for upland culture. 
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J On-farm Water Management 

A. ALVIN BISHOP 

INTRODUCTION 

I think it is a good idea for those concerned with agricultural devel
opment to exchange ideas occasionally in examination of the various com
ponents of agricultural production. I like to think of the agricultural 
production system as being composed of six major subsystems: water, 
soils, climate, crops, inputs (fertilizer, chemicals, etc.) and management. 
You will note that I have placed water at the top of the list which reflects 
my bias and my rating of the most important production input. I have 
made better on-farm water management my crusade for the past 30 years 
or so and especially in the last 2 years when I have been working for AID 
as their water management specialist. So my bias is quite firmly entrenched. 
As you all know, without water nothing happens. Soil scientists may argue
that without soil nothing happens and this is also true. However, I will 
continue to rate water as number one and the most important single factor 
in agricultural production. The purpose of my paper is to highlight the 
on-farm water inag(ment facet of agricultural production and encourage 
soils scientists to pay greater attention to the complex and powerful water. 
soils relationships. 

I suppose that because 90%/, of the agricultural crop land of tile 
world is non-irrigated there is a tcndency for fainmers, erhaps even soil 
scientists to consider that water is an unmanageable production in put to be 
taken at natures' discretion. What I am s:iying is that most people do not 
realize that water is a manageabl,, resource. To some extent this attitude 
of unmanageability prevails even where irrigation water is available. At a 
recent symposium (oncerned with "On-Farm Water Management-Research
and Implementation" some of the reaso,,s why farmers do rot realize that 
water is a manageable resource wert ,iv'ussed. One of the chief reasons 
mentioned for irrigated lands is that many of the options for management 
decisions have bten eliminated by the time the water is delivered to the 
farm. The institutions responsible for water delivery are not always com
pletely in tune with the faimers drsires or tile crop requirements. There is 
also a tendency for the engineers managing the canal systems to feel that their 
responsability is dicharged if tile water is delivered to the farms on an 
equitable basis. Thus the timing a,,d the amount of water Ielivery may 
have very little relationship to the actual crop water needs. There are a 
large number of problems related to on-farm water management both on 
irrigated lands and on the rain fed lands. Perlaps at this point, a definition 
an a concept of on.farm water managemen. is in order. 
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I WATER MANAGEMENT DEFINED 
# In a recent paper before the First World Congress on Water 
Resources, water management was defined by the writer as follows: "water 
management is the space-time-quantity-quality alternation of the water 
resource in and between various water uses to meet societal goals". Within 
this definition the specific concerns for on-farm water management are 
implied. Some time ago I developed a concept for on-farm management. 
TIs concept has been discussed with several groups, however, for the 
purpose of summarizing a philosophy concerning on-farm water management 
I would like to present it again hire. The concept follows: 

"Modern 'On-Farm Water Management' is a complex combi. 
nation of art and science requiring the application of our best know
ledge of water, soils, climate and crops and their interactions, 
togp.:hcr with inputs of nutrients, pesticides, capital, power (energy) 
and management for agricultural production, It extends from the 
production of water as precipitation (either in the watershed or at 
the farm) to the disposal of the remnants after use. It gives 
emphasis to timely and sufficient delivery of water to the farm 
including the conjunctive use of surface water and groundwater 
and the re-use of irrigation return flow or the sequential use of 
waters reclaimed from industrial, municipal or other uses. It includes 
the preparation of the farm land to enhance its efficiency to receive 
and store water. It employs the necessary water removal systems 
(drainage works) to control the water table, provide leaching
requirements and dispose of unwanted water whether coming from 
excessive precipitation, excess irrigation or otherwise. It involves 
the design and construction of devices and structures for the efficient 
application of water to tile land such as field ditches, pipelines, 
furrows, borders and sprinkler systems. It involves the design and 
construction of complicated engineering works such as dams, 
reservoirs, canals and appurtenances for control and modification 
of tile space-time availability of natural water supplies so delivery 
and app ication to the farmland can be made ol a timely basis. 
In modern society the need for proper concern for the environincn, 
erosion, pollution, water quality and factors affecting the quality of 
life are also recogni7ed. Apparent also .sthe knowledge of and 
need for institutions, organizations, legisiatmcn, laws and regulations 
providing fcr Rn orderly and acceptable development and use of the 
water resource to meel societal goals". 
This concept was developed primarily for irrigated lands to convey

the idea that when water is confined to a particular irrigation system it 
should be completely manageable. The on-farm water management options
in a rain fed agriculture, however, are a little bit different and involved 
different practices than those specifically developed for irrigated lands. 

The conditions for on-farm water management generally fall into 
three major categories. These are: management of natural precipitation, 
water application (irrigation), water removal (drainage). The basic purpose 
of water management under these three conditions is to optimize crop
production by employing as a production input is a major agricultural 
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concern, I will briefly discuss some of the concepts and pactic , related 

to these conditions. 

III MANAGEMENT OF PRECIPITATION 

Since the major part of the crop land of the world today is non. 
irirgated the management of the water resources on this land has the 

reatest potential. lowever, it is on these lands where water management
is almost totally disregarded and water management, such as it is, is 
probably more inidvertent than planned. This may be overstating the 
neglect for water management. I'm sure the importance of water is 
realized by most ever)one. However, there seems to be vcry little being
clone about it. The general feeling seres to be that the water is taken for 
granted, conies with the capricious whims of nature and there is little that 
can be done about it. At this point in time the possibility of turning
precipitation on and off like you would a water tap is somewhat remote. 
Nevertheless it is possible to develop the hydrologic probabilities of preci
pitation and droughts for a given area or region. The probability of 
storms of given intensity and total amount as well as the length and 
severity of droughts can be categorized. With this information the selection 
of the agricultural crops and related cultural practices can be tailored to 
utilize the available water more efficiently. I call this water management
-the adoption of tillage and cultural practices to harvest the moisture that 
nature provides, the management of the soil so that infiltration and moisture 
storage is given a high priority - the timing of planting to obtain maximum 
benefits from the natural precipitation occurance during the growth cycle
of the crop, the selection of those crops and varieties that are best
adapted to withstand the drought stresses that are indicated for in the area. 
You might argue that traditional farming has achieved these agricultural
goals and I would agree that within the technology available to the tradi
tional farmer he has selected and maintained those crops and varieties 
that best suit what he has and the risks he is willing to take. However,
there is additional technology which requires adaptations 'to the developing
countries in order to better harest and utilize the water resource. 

Water management for rain fed agriculture might be depicted as 
an open ended hydrologic system as shown in Figure 1. 

As shown in Figure I not all of the precipitation from a given storm 
reaches the soil surface. Some of it evaporates from the vegetative cover.

The water that reaches the soil surface may infiltrate, runoff, 
evaporate or be stored in surface depressions to later infiltrate or evaporate.
Water infiltrated may be stored in the soil to be transpired by crops or

ercolate bcyond the root zone to feed the groundwater resource. From the 
ydrologic system model it is evident that the useful portion of the precipi.

tation so far as the crop is concerned is that which is transpired. If the 
transpiration requirements are always satisfied the major is withconcern 
runoff, to control it and prevent erosion. If the transpiration requirements 
are not satisfied, then in the water management emphasis should be toward 
increasing moisture available for transpiration by preventing runoff and 
increasing soil moisture storage by working on these segments of the 
system which reduce the water available for crops. 
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Figure 1.-Hydrologic System for Rain-Fed Agriculture. 

It is not uncommon to observe surface runoff from agricultural
lands during storms of even moderately low intensity. Runoff of rirecipi
tation is perhaps the greatest water management problem on rain fed lands 
because the water resource is lost from that particular crop land where
runoff occurs. Perhaps even more damaging, however, is the erosion that 
surface runoff causes to the land. Water management practices to prevent
runoff need to be emphasized. These practices include bench terraces,
retention terraces, drainage terraces, contour furrows, contour farming,
strip croppings contour listing and crop residue mulching. Special tillage
work such as chiseling, ripping, dccp plowing and other similar practices
have been found to be effective in increasing the infiltration rate and 
improving the moisture storage for crop production. The strategy of
managing natural precipitatici is to alter the physical systcl so as to
minimize runoff, minimize evaporation and eliminate water consumption
by unwanted vegctation in order to utilize all of the moisture where it
falls for crop prod-uction. It is generally considered that applicationwater 
(irrigation) is not an option on rain fed lands. lowever, supplemental
irrigation should not be overlooked when it can be provided. For even in 
areas of high rain fall damaging drou~ght and stress conditions in the
plants resulting in reduced yields frequently occur. During those periods 
a single irrigation may sustantially increase yields sufficient to economically
justify irrigation. In fact many portable irrigation systems have been
installed in areas considered to be to humid for just this purpose. With
supplemental irrigation farmers can plant varieties and population for 
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maximum yield, manage and fertilize accordingly. Deficiencies in ,,aturalprecipitation can be made up by irrigation thus minimizing periodic crop
failures or near failures. 

IV WATER APPLICATION - IRRIGATION 
Where irrigation water is available it is possible to optimize all of 

the production inputs in the agricultural production system, provided, of 
course the water can be managed. The hydrologic system for water applica
tion (irrigation) is ill, strated in Figure 2. 

PIECIPITATION EVAPORATION
 

TRRICiATION ! 
WATER EVAP O-TRANSPI PATION 
DELIVERED By CROPS 
TO TWE 

FARM LEACHING 
REQUIREMENT 

RUNOFF FROM CROPPED ARFA 

PERCOLATION TO WAT.R TABLF 

SEF.PArF
 
FROM FARi! 
DITCHFS 

Figure 2. Hydrologic system for irrigated land. 

The major part of water supply for this system is provided either 
from surface or groundwater supplies that have been developed and are
subject to management controls. A small, but sometimes an importantamount, is provided by precipitation. In some cases an important part of 
the useable supply may come from uncontrolled groundwater sources such 
as lateral movement of groundwater from sources outside the farm boundary 
or by upward movement from a water table. The water management
strategy is to have the major portion of the supply disposed of by transpi
ration through the agricultural plants keeping the remaining disposal streams 
as small as possible consistant with the specific water quality and farm
requirements. As shown, in Figure 2 for most systems, not all of the water 
delivered to the farm is applied to the land. Some of it seeps from the
farm distribution system or evaporates from it. For open ditch systems used 
intermittently the water required to fill the system may not be recovered and 
evaporates between fillings.

The major farm losses are represented by runoff from the cropped 
area and percolation of water to the water table. These losses can be
minimized by proper system design, choice of the right ir;igation parameters
and good management. For example, pump-back irrigation or exactly level 
land can practically eliminate runoff and the percolation losses can be
greatly reduced by the selection of the proper "size of stream - length of 
run relationship". The leaching requirement has only recently been recog.
nized as a necessity and in many cases it is overlooked and considered as 
a loss being combined with percolation to the water table. 



In the on-farm water management concept presented earlier it wasstated that the water management is complex. This complexity is duepartly to the fact that irrigation usually Involves a community societalor
effort. The resource must be shared. The facilities must be shared. A joint
effort is usualy required to construct the needed irrigation works and theinstitutions that became involved often provide the farmer with foregone
decisions or options difficult or impossible to implement. There are two
basic water concerns, those having to do with the physical system by whichthe space-time quantity and quality alternaion of the water resource is
achieved and the institutional system through which the societal controls 
are exerted in order to meet societal goals. A brief discussion of thephysical and institutional components of irrigation water management
follows. 

V PHYSICAL COMPONENTS 

Water Supply 
Knowledge of the resource is an integral part of management. A

hydrologic data base containing information on the timing, amount and
dependability of the supply from precipitation, rivers, lakes, reservoirs
and ground water is indispensible in any management plan. Unless the 
extent and nature of the resource is known there is little opportunity formanagement. This fundamental need for good hydrologic data is a con
tinuing requirement in water management. The international efforts in
this regard are represented by the 'International Hydrologic Decade and 
World Meterological Organization". 

Methods of WVater Application 
The physical application of water to the land presents number ofalternative methods. 

a 
The choice of the method of irrigation is not just thesimple choice of one method vs. another. A number of factors must be

taken into consideration in the selection. For example, the nature of the 
water supply, timing, and quality soilits amount characteristics, labor,
available energy and the availability of technical assistance to design the 
more sophisticated systems all influence the choice of the method ofapplication. The type of crop is also important as is the personal preferences
of the farmer. In most cases any of the methods could be used at a particular site but for specific site conditions, one method Mill have advantages

over the other. For example, if labor is limited and automation is desired,

sprinkler or trickle irrigation may be preferred. If energy and capital are
limited surface methods will probably be best. The point is, most of the
methods of water application could be made to work but there arespecific conditions that would operate one 

site 
to favor niethod for that parti

cular sit !. 
At the present time, most of the irrigated land of the world isirrigated by surface methods. It is more labor in.ensive thethan more 

recent developments of sprinkler and drip irrigatimn and over the years
through the process of trial and error the farmer has developed a workable
system for the particular land he is cultivating. Surface irrigation, as with
all methods of water application, can be greatly improved with the inputs
of recent advances in science. A farmer can level his land using trial and 
error processes over a period of years observing what happens to the water,
delineating the high spots and depressions and finally achieve the precisiongrading desired. He will not be able to obtain the benefits of uniform 
water application, uniform stands, better utilization of fertilizer, less weeds 



and increased yields resulting from precision land grading until the job is 
finished. With trial and error tlhe job seldom gets done. With modern 
land leveling and irrigation technology the farmers are able to have the 
field surveyed and stakes set as a guide for the earth moving and do the 
land grading in one complete operation, often without losing a crop. He 
can a so incorporate a modern land leveling design with the proper length 
of run - size of stream relationships. This requires an input of technology 
beyond the capability of most farmers. The engineering for land leveling 
along with the propcr design of the onfarm irrigation system for the parti
cular soil, crop and method of application employed could all be combined 
to give the farmer a modern and efficient irrigation system. It is doubtful 
that even after years of the trial and error process that the best system 
would evolve without an input of technology. The services required to 
provide this technological input have only been available to the farmers in 
the developed countries during the past 25 to 30 years and are not yet 
available in many of the developing countiies. The hydraulics and other 
requirements for sprinkler irrigation and trickier irrigation, are of even 
more recent origin and equipment and theory are still being developed. 

IVater Requirements of Crops 

Tile water requirements of crops has been the subject of considerable 
research during this century and especially over the past two or three 
decides. At the present time, there are nearly 20 equations proposed by 
various researcher around the world that are recgnizcd as having con
siderable accuracy for estimating crop water requirements. These equations 
use either solar radiation or temperature with other climatic factors along 
with crop coefficients to compute the evapotranspiration. Although the 
climatological and other data necessary for estimating consumptive use 
are available to the scientists, these data are not available to the farmer. 
The farmer usually makes the decision of when to irrigate and how much 
water to apply based on his experience and his powers of observation of 
water stress ,wilting) in tilecrop. More often than not the irrigation 
scheduling has been established with some arbitrary timrc rotation plan 
("turn" every 10 days, two weeks, etc.) often having no relationship to 
the consumptive use or the crop requirements. In isolated cases a modern 
irrigation scheduling service utilizing computers is now available to 
farmers but this is not yet in widespread use, even in developed countries. 
Extending scientific water scheduling service to all irrigated areas has 
great potential. 

Water Delivery Methods 

Other physical considerations in the onfarm water management mix 
include the water supply and the degree of control that can be exercised 
by the farmer over it quantity and timing. If the farm is located within a 
large irrigation system, the method of water delivery will influence the 
method of water application as well as other on-farm decisions. For exam
ple, for sprinkler irrigation or trickle irrigation continuous flow is usually 
essential, whereas surface methods require demand delivery or rotation for 
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most farms, For ease in operation of the delivery system serving the farm 
the irrigation organizations (water companies, canal companics, irrigation
districts, etc.) usually prefer rotation or continuous flow or combinations of 
these methods as the demand method usually imposes other requirements 
on the system such as storage, larger canal capacity, measurement, etc. 

Water Delivery System 

Other physical components, usually beyond the farmer's influence, 
are the major works, the dans, reservoirs, canals and control structures. 
These also require a community effort with specialized jobs and equipment. 
Too often the operation of these facilities for the utilization of water at 
the farm level is given a lower priority than the hydraulics of tile operation
of other non-agricultural issues related to the system. Fortunately, the 
situation in this regard is changing, but there is a long way to go before the 
full potential of water utilization on the farm is realized. 

Instilulional Problens 

The institutional aspects of on-farm water management deal with the 
organizations o restablishments which exert control in one way or another 
over the parameters of water management on the farm. Within this category, 
the social, economic, anti political systems are included. Included also is 
the legal framework related to water laws enacted by national, state, or 
local bodies which delineate the water rights of the user or set forth the 
manner in which the management institutions (water companies, water 
districts or water users associations) can be organized. The water user's 
organizations themselves and other infrastructure supports are a part of 
the institutional framework. The local customs, mores, as well as religious
affilations and beliefs may also impinge upon the manner in which water 
may be used or managed. 

VI DRAINAGE 

The removal and disposal of unwanted water is a necessary facet 
of onfarm water management. It is a component of both rain fed and 
irrigated agriculture. The unwanted water may come from precipitation, 
irrigation, snowmelt, overlandw flow from adjacent lands, floodwaters or 
waters applied for microclimate control or leaching. Whatever the source 
of the water its safe and timely removal is important in maintaining high 
agricultural productivity. On rain fed lands during storms of high intensity 
or any intensity for that matter where the infiltration rate of the of the 
soil is exceeded, surface water may accumulate that must be drained away. 
Prevention of erosion and safe disposal of the surface runoff is required.
It is noted that the hydrologic systems shown for both irrigated and rain 
fed agriculture possess a surface runoff fraction. These systems also show 
fractions contributing to sub-surface water (disposal streams including (feel) 
percolation, seepage, leaching). These sub-surface fractions may cause 
high water table (water logging) which inhibits crop growth. Whether 
the water removal system is designed for surface waters, sub-surface waters 
or a combination of both, it is a vital facet of water management. 
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The provisions for water removal systems have most of the physical
asd Institutional considerations outlined for water application systems. It 
Is true also that provision for drainage has not usually been included in the 
plan for mater application systems. Although the severity of the sub-surface 
problems are difficult to predict and the solutions are obscure until the 
need for drainage develops, advanced planning for outlet drains and other 
needed facilities is now standard practice. It is readily apparent that 
management and disposal of drainage waters is not easily solved on an 
individual farm basis and the mutual efforts of all concerned farmers of an 
area or watershed is required. 

VII SUMMARY 

The overall problem of "on-farm-water-management" is discussed. 
Farming systems completely dependent on irrigation and others dependent 
on precipitation and complementary irrigation are considered. The large 
potential utility of complementary irrigation is pointed out. The need for 
adequate drainage systems is also pointed out. 
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SECTION III
 

SOURCES AND USES OF NITROGEN
 





:Potential Significance of Nitrogen Fixation in 

Rhizosphere Associations of Tropical Grasses 

JOHANNA DOBEREINER and JOHN M. DAY 

I INTRODUCTION 

Soil management and fertilization in tropical agriculture is usually 
directed towards relatively low investments applied to large areas because 
land is available, labor relatively cheap and returns commonly small. While 
high fertilizer prices and inevitable leaching losses inhibit the use of high 
rates of minerarnitrogen fertilizers, it seems wise to develop new agricultural 
systems to avoid, from the beginning, pollution problems. In more advanced 
agricultural systems based entirely on mineral nitrogen, pollution is reaching 
alarming dimensions. 

This can be achieved by rotations using legume crops and pastures, 
a practice generally recognized as indispensable for high level lowcost 
protein production, be it through grain crops or indirectly through animal 
production. A variety of legume species are now available for tropical 
regions. There is, however, increasing interest in the possibility of growing 
nitrogen-fixing grasses, especially the tropical grasses with their much more 
efficient CA dicarboxylic acid photosynthetic pathway. Several research 
lines have been suggesi!,d to increase productivity. The incorporation of 
NIF+, genes into microorganisms which are (iominant in the rhizosphere 
(Dixon and Postgate, 1972), or into the plant cell itself (Cocking, 1973) 
are examples. A more concrete and immediate possibility seems to arise 
from recent findings which demonstrate substantial nitrogen fixation on 
roots of tropical grasses associated with free living N, - fixing bacteria 
(Rinaudo, 1970; Rinaudo el al., 1971; Balandreau el al., 1973; Dobereiner 
et al., 1972 and Day, 1973). 

In this present paper, these findings are reviewed and the potential 
of this new nitrogen source is discussed. 

II MATERIAL AND METHODS 

A general description of the methodology used in these studies seems 
essential for better understanding and interpretation of the data to be 
presented. It has been known for more than a decade that tropical grasses 
enhance multiplication of free-living N. - fixing bacteria in their rhizo
sphere (Dbbereiner, 1961, 1966, 1968, 1970), but the breakthrough for 
estimates on the actual activity of these organisms came with the introduc
tion of the acetylene reduction method (Dilworth, 1966; Schullborn and 
Burris, 1966). This method is based on the characteristic of nitrogenase 

197 



to reduce CsH, to CH,instead of reducing N, to NH3 when CH is sup
plied to an actively Na - fixing system. Ethylene can be measured easily
and very precisely by gas chromatography utilizing a flame ionization
detector and one of several different kinds of Poropak column supports.
With this method it is possible to measure nitrogen fixation 1000 times 
more precisely than that by the more expensive use of 'IN. coupled with 
mass spectroscopy. The major limitation of the acetylene reduction test is 
that the activity of the enzyme at the time of the assay has been measured 
and not the amount of nitrogen fixed. 

The acetylene reduction test, apart from enzyme preparation, was 
first u:.ad for legume nodules (Koch and Evans, 1966) and lake and soil
samples (Stewart et al., 1967; Hardy et al., 1968). Some modification 
was necessary for its application to rhizosphere associations. Roots removed 
from soil reduce acetylene, after a lag of 8 to 12 hours. This has not yet
been satisfactorily explained (Rinaudo el al., 1971; D6bereiner el al., 1972;
Yoshida, 1971). All attempts to eliminate this lag, for example, by removing
the root system under N2 , by addition of phosphate buffer or CO, in vairous 
concentrations as well as different acetylene and oxygen concentrations were
unsuccessful, although intact soil plant systems reduce acetylene without lag
and are independent of the pO, of the gas phase above the soil (Fig. 1).
Roots removed from the soil are inactivated in air, showing maximal N2 -ase 
activity at pO, 0.04 atm. (Fig. 2). For all these reasons, field samples
which cannot be assayed in situ have been prepared in the following way:
Whole plants are removed from the field, shaken free from soil (rhizos.
phere soil) and immediately washed in water to avoid drying and excessive 
oxygen access. About one grain portions of roots are distributed into 50
100 ml vials which are closed with serum caps, evacuated and the gas

to 

phase replaced by a N,:O, mixture with P0 2 0.04 atm. These vials are
preincubated without acetylene overnight, then 1% (0,,) and 10% C. H, is 
injected and reduction rates determined after two to five hours. 

When soil cores with intact soil plant systems are required, they may
be taken in inverted Leonard jars (glass bottles with the bottom cut off)
which are placed into larger jars c,.Itaining some water (5 cm from bot
tom). These jars also should be left for at least 24 hours to equilibrate,
then the bottle neck is closed with a 'subba" seal and 10% acetylene injec
ted. Measurements of C2J1 production after one hours are usually satis
factory and after the gas sample has been removed for assay, the bottle 
neck is opened again and the cores can be used repeatedly after intervals
of at least 5 hours. Intact systems of small seeded plants can also be
obtained by growing the seedlings in test tubes and fitting "subba" seals to 
the tubes for the assay.

In it studies are performed by introducing into the soil 30 cm
wide steel cylinder fitted with transparent plastic domes (Balandreau and 
Dommergues, 1972). Instead of injecting acetylene, -nall amounts of
CaC, and water can be used. Limitations to this method are difficulties of 
acetylene and ethylene diffusion, especially in heavy moist soils (Balandreau 
el al., 1973; Day'/). 

I/ Day, 1. M. 1973. Personnal communications. 
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III RESULTS 

Fiel data are now available from several tropical comntrifs (Table
1) for the major forage grassei and for rice. As expected, largc variations 
occur between sites but the ,!,igher values indicate the potential of such 
systems. These data also show that most of the nitrogenase activity is 
situated on the roots with very little found in the soil. Washing the roots 
actually increases nitrogenase activity (Dbbereiner, 1973). 

To integrate the nitrogenase activity it is necessary to know more 
about daily and seasonal variations. Figure 3 shows typical results of the 
day-night cycle of intact soil- plant systems, very similar to that observed 
with sorghum seedlings grown in test tubes (Dbbereiner and Dart, 1973). 
Balandreau and Villemin (1973) observed such two peak curves during
in situ measurements on Andropogon and Hyparrhenia in Ivory Coast 
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Table 1.-N-fixation potential in 
values recorded). 

Plant svecies Country 

Andropogon gayanus (C-4) Nigeria
Andropogon spp. (C-4) Ivory Coast
Brachiaria mutica (C-4) Brazil 
B. rugulosa (C-4) Brazil 
B. brachylopa (?) Ivory Coast 
Bulbostylis aphylanthoides Ivory Coast 
Cynodon dactilon (C-4) Brazil
Cynodon dactilon (C4) Nigeria
Cyperus sp. (?) Brazil 
Cyperus sp. (?) Nigeria
Cyperus obtusiflorus (? Ivory Coast 
Digitaria decumbens (CA) Brazil 
Hyparrhenia rufa (C4) Brazil 
Hyparrhenia rufa (C-4) Nigeria
Hyparrhenia dissoluta (?) Nigeria
Hyparrhenia dissoluta (?) Ivory Coast 
Melinis minutiflora (C-4) Brazil 
Panicum maximum (C-4) Brazil
Panicum maximum (C4) Nigeria
Panicum maximum (C4) Ivory Coast 
Paspalum notatum (C-4) Brazil 
Paspalumn comersonii (?) Nigeria
Pennisetumn purpureum (C-4) Brazil 
itnis,turn purpureum (C-4) Nigeria
Zea malz (C-4) USA 
Zea maiz (C-4) not stated 

Oryza sativa (C-3) Phillipines
Oryza sativa (C-3) Ivory Coast
Rye grass (C-3) France 

a - Based on 50oo kg/roots/ha.

b - Based on 2 x 106 g soil/ha.
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savannas. Rice and rye grass which are C-3 plants, apparently do not show 
the night peak (Balandreau et al, 1973). The nitrogenase activity of intact 
soil plant systems can be compared with that of the same roots removed 
from the soil and preincubated overnight the same way as the field samples
(Fig. 3). This probably indicates that field data obtained as those in 
Table 1, underestimate whole day activity. 

Seasonal variations for two forage grasses can be observed in Fig. 4. 
High nitrogenase activity in Elephant grass seems restricted to active 
growing plants while very little activity was found during the cooler season 
when the growth of this tropical species is limited, although temperatures
would seem adequate for microbial activity (15 to 250 C). Soil humidity 
during this season decreases but analysis of the data showed that it was not 
the only reason for the decline in activity. When a large number of samples 
were taken during the summer, humidity was highly significantly related 
to nitrogenase activity in Rothamsted soil (Fig. 5). 

Once the potential of nitrogen fixation in grass association has 
been demonstrated, the identification of conditions which permit high 
fixation rates seem of major importance. Agricultural practices which would 
be expected to interfere are numerous, but nitrogen, phosphorus and Mo 
should be given first rank. It can be seen that the application of 20 kg 
N/ha every two weeks did not affect nitrogenase activity of Elephant grass 
or Pangola, even after seven applications (Fig. 4). Balandreau et al., 
(1973) observed increased nitrogenase activity up to 40 ppm of added 
NH,- N in rice systems (Fig. 6), but the activity of field grown maize 
was reduced to one third by the application of 45 kg N/ha (Balandreau 
and Dommergues, 1972). In soil plant cores with Paspalum nolatum, 
nitrogenase activity ceased two hours after application of 10 ppm NH+4 
- N and four hours after supply of the same amount of NO- - N, but 
after one week these effects were negligible (Fig. 7). No data are available 
on the effect of phosphorus and minor elements, but the highest activities 
recorded in Table 1 were all obtained with high phosphorus fertilizations. 

One of the mostp-, nising research areas seems to be plant breeding
directly to increase nitrogenase activity on roots. Table 2 shows sign
ificant differences between ecotypes of Paspa!'um notatum and P. purpu
reum cultivars,. Native forms of P. notatum (batatais grass) are the most 
efficient N2 - fixers, compared to the improved diploid Pensacola types 
which were probably bred for response to high mineral nitrogen fertilizer 
levels. 

The main question about the fate of fixed nitrogen might be 
answered partially by the data presented in Table 3. These grasses growing
in vermiculite with nitrogen free nutrient solution behaved practically as 
legumes. At no time did they show signs of nitrogen deficiency and after 
two months most of the fixed nitrogen was found in the plant. While this 
study suggests the transport of fixed nitrogen from the bacterium to the 
plant, more precise studies will have to be performed with 1'-N.to confirm 
the bacterium-to-plant transfer of nitrogen. 
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Table 2.-Differences between cultivars and ecotypes of P. notatum and 
P. purpureum in relation to nitrogenase activity on their roots.* 

Paspalum notatum Pennisetum lurpureum 

or ecotype n-moles CH/ Cultivar n-moles CaHSCultivar g roots/h g roots/h 

"Batatais" Km 47 39.8 Taiwan A-143* 33.6 

"Batatais" Mat5o 21.n Taiwan A-144** 60.2 

Pensacola Florida 10.3 Puva Napier N O 1 15.8 

Pensacola Argentine 12.2 Gigante de Pinda** 93.3 

Typhen hybrid 11.4 Elefante dce Pinda 33.2 

Pensacola hybrid 6.7 

Diff. significant at p=0.05 Diff. significant at p=0.01 

0 Nitrogenase activity determined on extracted roots obtainer in field experiments. 

40 Cultivars which had not started flowering yet while all others were in flower. 

Table 3.-Nitrogen contents and nitrogen gains in the Paspalum notatum . 
Azotobacter paspali grown in pot cultures. 

Two months after transplanting 
At transplant 

Dead plantss Growing plants" 

mg N/pot 

Vermiculite 13.05 40.80 64.40*** 

Plants 5.47 3.28 63.87 

Total 18.52 44.08 128.47 

N: fixed - 25.54 109.75 

Mean of 6 tots with dead plants. 

, Mean of 33 pots with actively gtlwing plants. 

* Included many fine roots which were impossible to separate from the vermiculite. 
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IV DISCUSSION 

Regardless of the potential for N. - fixation in tropical grass asso
ciation ,the enigma arises why N2 - fixation appears to be more important
in this plant-microbe association compared to others previously investigated.
Earlier it was pointed out that the rhizosphere of tropical grasses is a site
where most probably substantial nitrogen fixation by free living N2 - fixing 
bacteria should be found (DIbereiner, 1968). In addition, constantly
high temperatures, higher light energy input and the stimulating effects of 
a number of tropical grasses on Azotobacter or Beijerinckia have been 
observed as factors influencing growth of tropical grasses. Liter is was 
shown that the grasses (except rice) which enhance the development of 
nitrogen-fixing bacteria in the rhizosphere all posses the C-AI dicarboxylic
acid photosynthetic'pathway (Hatch and Slack, 1970; Oliveira et al., 1972). 
This property enables the plant to convert higher light intensities more
efficiently with net assimilation rates twice as high as C-3 plants; although,
the relative growth rates are similar (Fig. 8). Nitrogen fixation on grass
roots is closely related to plant photosynthesis (Fig. 3). Lowest activities 
are observed in the early morning, and two to three hours after sunrise 
there is a steep increase of activity which reaches its maximum at midday
and decerases towards sundown. The second peak at midnight was attributed 
by Balandreau and Willemin (1973) to hydrolization of the starch accu
mulated in the chloroplasts of C-4 plants during the day. By comparing
nitrogenase activity of intact systems with that of roots reov-d from the 
soil, it seems that the latter represents a residual activity maintained by root 
reserves while the additional activity during the day and possibly that at 
night are directly dependent on plant photosynthates. 

The amount of energy necessary for the fixation of nitrogen, even in 
C-4 grasses could hardly be supplied in root exudates, if one accepts the 
usual ratio of 1 g glucose for 10 mg N fixed. However, several factors 
can be suggested which have been shown to increase efficiency of nitrogen
fixers and which might differentiate the rhizosphere environments from 
laboratory environment of monocultures. These factors include low oxygen
tensions which can triple fixation (Parker, 1954), low concentrations of 
carbon compounds which are used more efficiently, especially when all 
traces of excreted fixed nitrogen are removed, and the observation that 
nitrogen fixation by root organisms might not be growth linked (Dbereiner,
1974). Generally, measurements of root biomass tend to underestimate 
total roots. However, if nitrogenase activity is integrated over a 21 hour 
cycle and root biomass is assumed to have a mean value of 5000 kg roots/ha
(Thronghton, 1957) and a conversion factor of 3:1 for CH2 :N2 is used, 
then values of 1.5 kg N fixed/ha/day are possible in grass ecosystems. 

While these high values were reached only during the most active 
growing season and under specifically favorable conditions, they show the 
potential of such associations for nitrogen accretion. The challenge of 
identifying the conditions under which such high nitrogen fixation occurs 
and of directing agricultural research towards this goal will hopefully 
attract many research workers in the near future. 

- 207 



LeO 

35 
 * RGR = 0.41 

30 -

U 

25
 

E- s-
 L.pe renne 

~15 
 RGR = 0.38
 
10
 

5
 

500 1000 15 20 25 30 35 
 40 45 50 55 6000
 

VISIBLE FLUX DENSITY (Im.ft-2
 

Figure 8. Net Photosynthesis and visible radiative flux densityfor Paspalumdilaiatmm and Lolitm perenne. (Cooper, 
1966). 

208
 



V SUMMARY 

Recent findings on nitrogen fixation associated with crops or pastures 
of tropical grasses, as evaluated by the acetylene reduction method are 
reviewed. Nitrogen fixation potentials of several important forage grasses 
seem of considerable economic importance with values of up to 1 kg N, 
fixed ha/day estimated. Research lines to define the conditions which leac 
to such high fixation rates are indicated. 
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I 

2 Soil - Plant - Rhizobium Interaction 

in Tropical Agriculture 

PETER H. GRAHAM and DAVID H. HUBBELL 

INTRODUCTION 

Cultivated plants vary in their requirements for combined nitrogen

ranging from 380 to 750 
 kg ha- 1 yr-1 (Date, 1973). lven unimproved
 
savanna may require up to 160 kg ha-1 yr-I (Dahlmann el al., 1969).

Two processes, nitrogenous fertilization and biological nitrogen fixation,
 
are significant in balancing these requirements. Production of fertilizer

nitrogen continues to increase and now approaches 25 AMM tons yr-1
 
(Hardy et al., 1971). Unfortunately most of this fertilizer is used in
developed countries, especially under systems of incnsivc agriculture. Thus

in the USA and the Netherlands nitrogen fertilizers arc applicd at a rate
equivalent to more than 17 kg/person /iycar, while in India thc proportion
is only 0.7 kilos/person 'ycar. (Nislihust in and Shihoikova, 1969). This 
imbalance is unlikely to change in the near futurc. Even Nohere N - fertili. 
zers ar eavailab c their m:,ast, the difficultits of transpi,rtat ion, or the level
 
of application necessary, can render then cco Iinically inacteptable. 
 Thisis common with certain system of bcef prodt.ltion (Nuthall and Whitcmann,
 
1972).
 

Global estimates for biological nitrogcn fixation vary betwcen 100

and 500 MM tons yr I (Donald, 1960; VincTt, 1972; l)ate, 1973). Free

living 
 soil organisms such as (osr/,l/iw ;aid AIzooialctr contribute 
relatively little tothis figurc (l)elwicle and Wlper, 1956, Parkcr, 1957),
though there is now steadily accutmnulatinug . vidC e of signifiCant fixation in 
some rhizosplherc associations ( NI)ercicr ft ;.. 1973; ci al),/luer4isa!.,
1973; Yoshida and An(ajas, 1973). 

The legume - Rhizbiiuw symbiosis is prob.ahly the ma'jor source of 
fixed nitrogcni. 1'hotIgh estitautes .1ry from iless kt,,ha I yr-'
to more than 610 kg ha yr I (Table I), l)atc (1973) sutrgcsts an average
fixation betocen 1oo and 20( kg ha' yr 1. This would be equivalent
to applying more than 500 kg (NIl,). SO ha I yr 

Under tropical conditions the manipulation of host, RIizobium,
and soil factors needs careful management. Consequently, this review
will concentrate on four aspects: 

I) Host-Rhizobiun, Interaction.
 
2) Soil pH.
 
3) Soil Temperature.
 

4) Soil Nutrition. 
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I 

Table 1.-Levels of nitrogen fixation by some representativc legume 
Rhizobium Associations. 

LEGUME 	 N3 Vixud Kglh REFERFENCE 

Glcine max, 33- to /growth q-.c lard)' C/ 1., 1971 

G)cine max, 10-120igrotIli tyc Sundara Rao, 1971 

Glcine max. 10-80 /annum rrdman, 1959 

Trifolium suietr,anem I00-200/annum Frdman, 1959 

SoIosanthct guyanenuis -100/annum 11anst-I1 & Norris, 1962 

De'modium mtortui -303/annum Whitney, 1967 

Afedic.o satira I50-160/annum Mishuliivi & 
Shilnikova, 1969 

Afedi,,tgo sjita 90-220/annum Bell & Nutmn, 1970 

Table 2.-Effectiveness sub-group 	 among the cowpea miscellany. 

NON SPImlC: ARACIIIS, CAJANUS, CROTALARIA, CA. 

LOPOGONIU.M, DOI.ICIHOS, P. ATROPUR. 

PURETS, P. AITIUIS, . LATI YROIDIS, 

PUFRARIA, "I RAMN 'S, VI(NA 

2. H116IILY SPECIFIC: 	 GLYCINE MAX, l.O'INONIS, LliUCAIiNA 

3. 	 INTERMEDIATE: DESMODIUM, CI.NTROSEMA, STYLOSAN. 

THiS, LUPINJS 
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II HOST-RHIZOBIUM INTERACTION 

Though most tropical legumes form nodules when inoculated with 
rhizobia from the so-called "cowpea miscellany" group, differences in 
effectiveness are common. 

Three broad effectivcness groups can be delineated as shown in 
Table 2. Each of these presents different problems to the soil microbiologist. 
Species such as Vigna, Calopogonimn, Arachis ant Pzueraria nodulate freely, 
usually establishing effective symbioses. (Allen and Allen, 1939; Bowen, 
1956; Norris, 1972); even with the native soil microflora (Norris 1972). 
As a result inoculation will often fail to improve yields (Norris, 1972; 
Lopes ct al., 1970; lDate, 1973), as the native Rhizobia compete with and 
limit the number of ,nodules produced by the inoculant. It is dangerous to 
assume that such species will not respond to inoculation. Cowpea group 
rhizobia, occur widely in the soils of the Llanos Orientales, but because 
of the extreme acidity few are able to form nodules. Thus inoculation or 
liming of the soil is essential for adequate nodulation (Fig. 1). 
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Figure 1. Response of Vigna sinensi! to inoculation and seed 
pelleting in Carimagua soil (from Morales el al. 1973). 

- 213 



The second group of legumes, have specific Rhizobium requirements, 
ie. Soya (Hamatova, 1965) or Lolononis (Norris, 1958). For these 
species, legume inoculant quality is of particular importance. At present 
only three or possibly four countries in Latin and Central America produce 
inoculants of reasonable quality. The remaining areas either do not use 
inoculants to any extent, or else import them from countries such as USA 
or Australia. Long ocean voyage:; and prolonged storage in customs can 
often be a cause of lowered viability and inoculation response (Table 3). 
Varietal and photoperiod differences can also influence the efficacy of 
imported cultures. To overcome such problems each country or economic 
region needs to develop expertise in inoculant testing and use. 

Table 3.-Nodule number per plants in soybean inoculated with various 
brands of inoculants. 

ECUADOR. 1970*INOCULATED 
BRAND BOICHE PORTOVIEJO 

NITRAGIN 31.00 23.35 

E. Z. 22.80 26.00 

URBANA 12.50 12.80 

LEGUME AID 1.00 5.20 

NOCTIN 1.20 0.20 

DORMAL 0.50 0.50 

NO INOCULATION 3.00 0.00 

* Data provided by INIAP. 

Between the two groups already mentioned lie those legumes such 
as Centrosema, Desmodium, and Stylosanther species which nodulate with 
many soil rhizobia, but often ineffectively (Bowen, 1956, 1959 a,b; Bowen 
and Kennedy, 1961; Diatloff, 1968; Date, 1969; Souto el al, 1970). In 
this group, species differences in nodulation behaviour are common. 
Thus while Desmodium intortum and Desmodium barbalum are freely 
nodulating, Desmodium uncinatnln is often nodulated only slowly and 
ineffectively by native Rhizobium strains (Allen and Allen, 1939; Diatloff, 
1968). Desmodium heterophyllum will nodulate normally only with 
rhizobia isolated from this species. 

With these legumes competition for nodulation sites between 
inoculant strain and rhizobia already present in the soil could a be major 
problem. The phenomenon of strain competition for nodulation has been 
extensively studied in Australia (Ireland and Vincent, 1968; Date, pers. 
comm.) a typical result being shown in Fig. 2 
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The approach to soil competition problems encountered by CIAT 
research group will Jave 3 branches: 

i) To look for the strains of greatest efficiency and competitive 
ability for each important legume species. CIAT hopes to develop germo
plasm capability for tropical strains of Rhizobiutm, and to act as a major 
preservation and distribution centre for them, (Graham, 1973). As many 
commercially important legume cultivars are of South American origin 
(Henzell, 1967) CIAT's location is ideal for this purpose. 

ii) To determine rhizobial populations in a range of tropical soils 
and to assess whcther tHwy are equally effective with the commonly grown 
legume varieties. Effectiveness differences with particular hosts could 
justify the planting of certain legumes in preference to others. 

iii) To study host-Rhizobi,m interaction and how it could be used 
to limit competition from native rhizobia in soil. Table 4 shows time of 
first nodule formation in 4 Stylosanthes cultivars. Strain 56 nodulated all 
cultivars rapidly and if used as an inoculant, could perhaps outcompete 
the native population. A cultivar, slow to nodulate with soil strains, but 
which would nodulate rapidly with particular inoculant strains is desirable. 
That such varieties exist is evident in the studies of Souto el al (1970) with 
the Stylosanihes variety 1022, and in the known specificity of D. hetero
phyllum and Slylosanthes hamniaa. 

Table 4.-Time to first nodule formation in 4 varies of Stylosanthes as 
influenced by inoculant strain.* 

VARIETY 

Strain l.a Libertad David 217 Subscrlcea Jtamata Strain means 

79 18.3 18.4 14.2 13.6 16.1 

278 22.2 23.5 12.2 14.8 18.2 

28 19.6 18.3 14.7 17.3 17.4 

315 21.0 17.5 18.2 13.2 17.4 

56 14.5 13.5 12.9 16.0 14.22 

297 15.0 17.6 15.0 16.3 16.2 

VARIETY 
MEANS 18.4 18.1 14.73 15.2 -

Mean of 15 replications 

F (strains) - 19.78***; 

IF (varieties) - 42.80*** 
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III SOIL ACIDITY AND ITS EFFECTS 

This paper will consider only those aspects important to nodulation 
and Rhizobiumt survival in soil. 

Like plants, rhizobia differ in their resistance to pH Medic rhizobia 
are being most susceptible, and 'cowpea" group rhizobia relatively resistant 
(Loneragan, 1972). It is generally assumed that strains behave similarly in 
media and in soil, though colloidal and organic material in soil may have 
some protective action, and aluminium and manganese a limiting influence. 
In soil of pH 5.5 or less medic, clover and bean rhizobia do not persist, 
as is evident in Fig. 3. (Danso, pers. comm.). The critical pH for slow.
growing root - nodule bacteria in soil is between pH 4.3 and 4.9 (Norris,
1959; Morales et al., 1973). 
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Figure 3. Influence of soil conditions on survival of R. phaseoli
strain 57 in Carimagua soil (from Danso, Pers. 
Comm.). 

In temperate legumes where nodulation follows root - hair pene
tration (Fahraeus, 1957) one of the steps in nodule formation is acid
sensitive (Munns, 1968, 1970). Thus lucerne plants maintained at pH
4.5 do not nodulate, but those pretreated at pH 5.5 for 2-3 days prior to 
exposure to a pH of 4.5 nodulate well. Apparently the pretreatment period
allowed for multiplication of rhizobia in the rhizosphere and the subsequent 
initiation of infection. 

Strain selection can help to overcome nodulation problems due to 
acidity (Lie, 1970; Norris, 1972a). With Leucaena leucocephala, strains 
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CB 89 is much more resistant to acidity than is NGR 8 (Norris, 1973; 
Morales et at.; 1973), (Fig. 4). Plant varieties may also differ in the extent 
to which they promote Rhizobium multiplication in the rhizosphere, and 
hence nodulation at low pH (Fig. 5). 

8-

Ip 

1 2 3 4 5 6 

CaCO3 APPLIED (Ton/Ila) 

INOCULATED U CIAT 59 -

LIME PELLETED V CIAT 42 

Figure 4. Response of Leucaena leucocepbaa to inoculation with 
two different Rhizobium strains in Carimagua con. 
ditions. 

Pelleting of leguminous seed with substances such as CaCO. or rock 
phosphate has long been used as means of protecting rhizobia from acid 
soil conditions (Loneragan el al., 1955; Hastings and Drake, 1960; 
Brockwell, 1963). The advantages of the techniques are summarised by 
Brockwell (1963) while Date (1970) and Norris (1971a,b; 1972) and 
Graham el al., (1974) provide technical details of stickers and pelleting 
substances to be used. 

Some controversy exists as to when to employ a limestone pellet, 
and when rock phosphate. Limestone appears preferable for plants such 
as clovers, medics or beans, whose rhizobia are likely to be most acid sen. 
sitive (Loneragan el al., 1955; Date, 1965, 1970). A typical response to 
lime pelleting is shown in Fig. 5, with Phaseolus vulgaris as the host plant. 
(Morales, et al., 1973). Norris (1967) reviews other plants benefiting 
from lime pelleting. 
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Norris (1967) also distinguishes between lime pelleting as a means 
of overcoming soil acidity and for the preinoculation of leguminous 
seed. While acknowledging that lime pelleting can be beneficial under 
circumstances of acid soils with toxicity problems (Dberciner and Arano. 
vich, 1965) Norris suggests that the acid resistant tropical rhizobia will 
not normally benefit from this treatment. At pH 5.2-5.9, the range in 
which Norris worked, this assumption is probably valid. At lower PH 
values, as found in the Llanos, tropical species can respond to lime pellettng 
(Morales et al., 1973). However, this could be a nutritional rather than 
an acid sensitive response. 

J5
 

0 .2.0 

LINE APPLIED (Ton/1n) 

LINE 32 INOCULATEDl 

GUALI *PELLETED WI71 aC 

Figiure 5. Influence of lime amendment, variety and inoculation 

on nodule number/plant in Carimagua soil. 
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Norris (1967, 1971a,b, 1972b) also criticises the use of lime in 
the preinoculation of tropical legumes seeds suggesting that slow -growing 
root- nodule bacteria survive poorly when in direct contact with lime. 
In contrast (Date and Cornish, 1968), working with Phaseolus alropur. 
pureus could show no significant difference in Rhizobium survival when 
secdswere rock -phosphate or lime pelleted. As rock phosphate is certainly 
an adequate pelleting material for slow -growing root- nodule bacteria 
it is probably safer to use this substance even under conditions of Al or Mn 
excess, and to await further studies comparing the substances and clarifying 
the reasons for the differences in response obtained so far. 

IV TEMPERATURE EFFECTS 

Three aspects of temperature are important to the legume - Rhizo. 
bium symbiosis. 

i) Maximum temperature for survival of rhizobia in peat or in soil. 

ii) Temperature effects limiting nodulation. 

iii) Temperature requirements for fixation. 

In culture rhizobia grow best from 28-320C (Allen and Allen, 
1950) with Rhizobium meliloti least affected by rising temperature, as 
shown in Table 5 (Bowen and Kennedy, 1959). In soil survival varies with 
conditions, being markedly influenced by soil type (Marshall and Roberts, 
1963; Marshall, 1964), duration of elevated temperature (Brockwell and 
Phillips, 1965; Wilkins, 1967) and Rhizobium strains (Chatel and Parker,
1973). Rhizobium survival in peat is also affected by strain, peat source 
and temperature (Graham et al., 1974). 

Norris (1970) highlights this aspect of tropical microbiology pointing
out that in many areas soil temperature at 2.5 - 5.0 cm depth can range from 
40 to 45 0 C for up to 6 hours a day (Bowe, and Kennedy, 1959; Phillipots, 
1967; Graham unbublished). In several instances temperature has been 
reported to be limiting factor in Rhizobium survival in soil (Marshall, 
1964; Phillipots, 1967; Diatloff, 1970). 

Table 5.-Maximum temperature for growth in 3 species of Rhizobium. 

STRAINS 
SPCIS Testcd I.owest Highest Mean 

R. AIELILOTI 8 36.5 42.2 41.0 

R. TRIFOLII 9 31.0 31.4 33.2 

R. S. 68 30.0 42.0 35.4 
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There nave been few detailed studied related to the effects of
temperature on nodulation and fixation of tropical legumes. Tropical pasture
legumes nodulate poorly at 180 C with most having optimum nodulation at
30 0 C (Table 6). Dart and Mercer (1965) obtaine[ optimum nodulation 
of Vigna sinensis at 270C, while with P. tlgaris, the optilnun temperature
varies between 28 and 320 C depending upon variety and strain (Graham,
unpublished). Under high soil temperature regimes increased rates of ino
culum can be of value to enhance nodulation. 

Table 6.-Mean nodule number 15 days after inoculation with strain CB
756 and grown at 4 root temperatures with a 14 hr light period
and 30/250 C shoot temperature regime.* 

ROOT TEMPERATURE (CC) 

SpcCies IR "1 30 36 

GLYCINE WIT}ITI 0 2.1 8.1 0 
DESMODIUM UNCINATUM 0 9.10.6 0.3 
DESMODIUM INTORTUM 1.1 8.9 10.2 1.5 
STYLOSANTHES HUMILIS 9.2 5.50 13.7 
PHASEOLUS ATROPURPUREL'S 0 14.2 17.6 13.5 

After Gibson 11971 . 

N.. fixation appears less sensitive to temperature than nodulation.
 
Dart and Day (1971) 
 demonstrated considerable fixation at 350 C in both
soybean and cowpea. Hardy et al., (1968) studied fixation in soybeans as
affected by temperature, showing diurnal va:nation, but there are no com
parable results relevant to tropical conditions or pasture species.
 

V NUTRITIONAL FACTORS AFFECTING THE SYMBIOSIS 

Hallsworth (1972) cited four factors essential for successful studies
of nutritional requirements for nodulation and nitrogen fixation in legumes.
These were: 

i) Nutrients applied must be in an available form and at levels 
adequate for both plant and nodular systems. 

ii) Plants must be able to obtain, either from the native population 
or by inoculation, effective Rhizobium strains. 

iii) Seed should be selected to avoid carry over of trace metals 
from one planting to the next. 

iv) Trace elements and inoculants must be supplied by a suitable 
and standardised method. 
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Failure to consider one or more of these criteria has weakened many 
of the legume nutrition studies undertaken in tropical America. 

Phosphorous is emerging as the element most limiting growth of 
legumes in tropical and subtropical environments (Loneragan, 1972). The 
difficulties of supplying phosphorous to the plant illustrate the first point 
made above. Phosphate deficiency is widespread in tropical soils, but addi
tionally many soils arc capable of fixing large quantities of applied P 
fertilizer. A typical result is shown in Figure 6 where applications of up to 
900 kg/ha rock phosphate failed to increase phosphate levels in the plant 
above 0.18% P, a predetermined deficiency level. In the same soil, yields 
increased with superphosphate application up to 900 kg ha- 1. Influence on 
nodule dry weight per plant is also shown in Figure 6. As superphosphate 
in Colombia currently costs columbian pesos 2,700-3,000 per ton, its use 
with all but band application to grain legumes appears prohibitive. For this 
reason we have begun studies on vesicular-arbuscular fungus, and their 
possible use in improving phosphate availability to the plant. The possible 

0 ROCY PHOSPHATE 

0.5 SPRHSH~ 

90 

4.0 

0 300 600 900 

APPLIED PHOSPHATE (KS/Ha)
 

Figure 6. Influence of form and level of Phosphate on bean 
development in Popayan soil. 
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need for a dual inoculation of leguminous seed, with vesicular-arbuscular
fungi of the Endogene type and with Rhizobittm would complicate an already
confused picture.

Calcium, serves various functions in legumes. While these include
pH changes and aluminium and manganese neutralization, only Ca - nodula
tion interactions will be considered here. 

In temperate legumes, pH values below p-I 4.0 (subterranean clover)
or 4.8 (Lucerne) completely inhibit nodulation. Above pH 5.6 plants
nodulate well when levels are limitingexcept calcium (Lowther, 1970;
Munns, 1970). Between these pH limits increasing calcium, increasing
pH and increasing inoculation rate replace one another in their effects on no
dulation. As Loneragan (1972) states, the nodulation of temperate legumes
in moderately acid soils is clearly delicately balanced, and is easily changed by
H+ ion, calcium and or to a lesser extent magnesium. No equivalent studies
have been undertaken with tropical legumes, but since the mechanism by
which rhizobia gain entry to the roots of such plants appears different
(Hubbell and Napoli, 1971) such studies would certainly be warranted.

Since molybdenum is an essential component of the nitrogenase 
enzyme (Hardy et al., 1971; Burris, 1972), and is least available under
acid soil conditions (Hallsworth, 1972), it also is likely to be limitinga
factor in many tropical situations. Fertilizer mixes, containing Molybdenum 
as used in many other countries are not common in the tropics. Various
authors have tried to apply molybdenum mixed with the inoculant (Giddens,
1964; Burton and Curly, 1966) or on the pelleted seed (Date and Hillier,
1968; Gartrell, 1969). In these instances nodulation has often been depressed. Molybdic oxide can be incorporated on phosphate pelleted Siratro seed,
at rates up to 100 g/ha without deterioration in Rhizobium viability. Sodium
and ammonium molybdate give less satisfactory results. (Graham and Mo
rales, unpublished). Seed applied Mo is much more effective than fertilizer 
dressing. (Reisenauer, 1963). 

VI SUMMARY 

Tropical legume microbiology is at the crossroads. Results of recent
rhizobium legume studies tend to argue against intensifying efforts in
field. However it is our contention that legumes will have to play 

this 
an im

portant part in limiting critical protein shortages in the tropics (Dawson,
1970). It is possible that two approaches will have to be adopted, one
tailored to the large land holder, the other to the campesino. For the latter,
poorly educated and with holdings too small to justify the purchase of
noculant, preinoculated pelleted seed may for the first time realbe of
value. The large land owner will probably mantain and improve on
existing practices. However, an effective legume-rhizobia symbiosis will
still require careful management, which will go beyond the manipulation
of the host, the infecting agent and the moderation of adverse soil conditions. 
Strain and variety selections need to be matched to the production site.In addition more care needs to be taken in both the production and testing
of inoculants. Other management processes which will require improvement,
include such simple steps as inoculation and in planting and fertilizing
seeds. 
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3 Nitrogen- Fertilization' and :ManagementGrain Legumes in Central America 

RUFO BAZAN
 

I INTRODUCTION 

The term grain legume is a very broad one and involves various 
species, which constitute the basis of the daily diet of a great percentage 
of rural and urban population in various countries due to its high protein 
content, The common bean (Phaseolus vulgaris L.) is the most common 
species in Central America, with numerous varieties of different charac
teristics in regard to color, size, shape and nutrient value. 

Consequently, the term grain legume in Central America is almost 
synonymous with the common bean. Thus, this paper emphasizes this spe
cies, regardless of different considerations that could be made on varieties. 
In such a broad area like the one we are considering, the bean is cultivated 
in various ecological regions, from dry tropical and dry sub-tropical, to low 
mountain humid tropical conditions where the crop is produced. In many ca
ses, temperature and precipitation conditions are far from ideal, these being: 
temperatures between 180 to 240C (Critical maximum 48.8°C and minimum 
30C), precipitation from 300 to 100 mm during crop growth (10). Soils 
in the Central American area are very variable in their chemical, physical, 
and microbiological properties since their development involves highly dif
ferent conditions, especially in regard to climate. 

Soils in the Pacific Coa3t are characterized by hot-dry climate and 
are subjected to more recent additions of natural volcanic materials. Soils 
in the Atlantic coast are affected by a hot-humic climate, having less 
influence from recent volcanic materials, and a high annual rainfall 
(>3000 mm). 

II RESEARCH ON GRAIN LEGUMES 1N CENTRAL AMERICA 

The organization of research on grain legumes in Central America 
probably deserves consideration. It is being conducted in cooperation and 
with exchange of information and materials between the countries of the 
area under the guidance of the Central American Project for the Improve
ment and Producstion of Bean and Other Grain Legumes (PCMPF), which 
is a branch of the Central American Cooperative Project for the Improve
ment of Food Crops (PCCMCA) organized under the auspicies of the 
Rockefeller Foundation in 1954. Later, in 1965 and up to the present, the 
Regional Direction for the Northern Zone of the Interamerican Institute 
of Agricultural Sciences (IICA) has been in charge of the coordination 
and technical support of the PCMPF. 
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Research on grain legumes has had from its beginning the goal of 
searching for alternatives to the problems limiting their production and of 
reducing the protein deficiencies in the nutrition of the Central American 
population, as the bean constitutes a basic part of the diet for a great part 
of the rural and urban population. 

III IMPORTANCE OF BEANS IN CENTRAL AMERICA 

For the Central American population in general, the bean constitutes, 
after corn (Zea mays), the most important food. It is a principal part of 
the diet for low income groups, and is, for them, the main source of protein 
that in any other case would be very difficult to obtain. The bean provides 
approximately 33% of the protein consumed. 

Statistical information supplied by the Secretaria de Integraci6n 
Econ6mica Centroamcricana (18) for the 1965-69 period (Table 1, Fig. 1) 
indicated that bean production for the region has an increasing tendency,
growing from 158,400 tons in 1965 to a total of 183,40 tons in 1969. 
In terms of area cultivated, it can be seen in Table 2, Fig. 1, that the area 
had an increase from 310,800 hectares in 1965 to 328,900 hectares in 
1969 or the equivilent of a 1.4% annual increase. 

In can be concluded from this information that the yields (Table 3, 
Fig. 1) were quite uniform; 510 kg/ha in 1965 and 588 kg/ha in 1969. 
In general it can be seen that El Salvador appears to be the country that 
shows an evident development in terms of total production and yield per 
hectare while the cultivated area remained more or less uniform. The case 
of Costa Rica calls attention because of its low yields. 

The net availability of bean (Table 1) is approximately 11 kg/ 
capita/year, which compared with the minimum requirement, (20.4 kg/ 
capita/year) recommended by INCAP gives a deficit of about 9.4 kg/
capita/year. These figures show that except in the case of Nicaragua,
whose availability is next to that recommended, all the other countries seem 

Table .- Bean production in Central America 1965-69 (thousands of tons). 

Country 1963 1966 1967 1968 1969 Mean 

Costa Rica 12.9 7.1 4.2 6.0 9.3 7.9 

Nicaragua 39.0 42.0 4,1.0 44.0 47.7 35.3 

El Salvador 16.5 15.5 17.5 21.3 26.2 19.4 

Honduras 40.0 41.4 42.9 44.5 47.7 43.3 

Guatemala 50.0 44.0 46.0 65.0 55.5 

Total 158.4 150.0 154.6 181.4 184.4 165.8 
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Table 2.-Area planted to beans 1965-69 (thousands of hectares). 

Country 1965 1966 1967 1968 1969 Mean 

Costa Rica 35.3 19.3 11.6 16.2 15.2 21.5 

Nicaragua 52.0 56.0 68.0 57.6 59.2 58.6 

El Salvador 23.5 26.4 28.4 31.7 32.8 28.6 

Honduras 57.0 64.7 65.9 67.1 72.9 65.5 

Guatemala 143.0 126.0 144.0 152.0 138.8 140.8 

Total 310.8 292.4 307.9 324.6 328.9 312.9 

Table 3.-Bean yields 1965-69 (kg/ha). 

Country 1969 1966 1967 1968 1969 Mean 

Costa Rica 366 366 366 365 365 365.6 

Nicaragua 750 750 758 766 753 755.4 

El Salvador 702 587 616 671 798 674.8 

Honduras 702 640 650 663 663 662.6 

Guatemala 350 349 319 421 418 373.4 

Total 510 510 500 554 558 526.4 

Table 4.-Bean availability for human consumption 1965-69 (kg person/ 

year). 

Country 1965 1966 1967 19(,8 1969 Mean 

Costa Rica 9.0 6.9 14.1 11.5 9.4 10.2 

Nicaragua 19.1 19.5 21.0 19.0 18.9 19.5 

El Salvador 10,5 8.3 8.4 10.3 7.3 9.0 

Honduras 6.8 9.5 9.0 6.5 10.3 8.4 

Guatemala 10.0 8.1 7.7 11.5 9.3 9.3 

Total 10.7 9.8 9.8 12.8 11.1 10.8 
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to be meeting a critical situation as the availability levels per capita just 
cover from 35% to 55% of desirable consumption. 

IV NITROGEN AND ITS EFFECTS ON BEAN PRODUCTION. 

The low yields obtained in the area, plus an increasing need for
food, has lead to an increase in research. In some countries (Table 1) the
increase in production, i.e., El Salvador, is due to an increase of cultivated 
area rather than to an increase of the yield per area. 

It is evident that under adequate management, fertilizer use permits
larger increases per area, but apparently in the Central American regions
fertilization is not commonly practice. Specialists from PCCMCA affirm
that "more than 90% of the area cultivated to beans is not being fertilized".
We do not exaggerate if we add that in a great part of the 10% fertilized area, fertilizers are not being adequately used in terms of rates, methods of 
application, or soil characteristics. 

From the reported data of PCCMCA, research on the relation of
fertilizers to bean yield in Central America is very limited. Experimentation
in the area has been oriented to: breeding, diseases and pests and fertil.izer use. Consequently, the number of trials on fertilizers distributed by the
countries during tle period of 1966-71 is relatively low (13). 

Costa R ica ................................................................ .. 12
 

Nicaragua ............................. 16
 

El Salvador ................................ 
31 
Hond uras . ..................................................................... 2 7 
Guatemala .............................. 26 

Total .................................. 
112 

In general, the existing information refers to trials with NPK, with
nitrogen levels between 0 and 200 kg/N/ha, phosphorus between 0 and 
400 kg P2 ,O/haand potassium between 0 and 200 kg K20/ha. 

In turn, the results show a great variability, possibly due to differences in ecological conditions (climate and soils), varieties and management.
Except in a few cases, the yields obtained in experimental plots are above
those yields obtained at a 'commercial" level by 100 to 200%. 

The experimental results show that the responses to nitrogen are very variable, to phosphorus are generally significant, and to potassium 
are very scarce. Consequently, in Central America there is a tendency to use fertilizer mixtures with medium to low nitrogen content, high inphosphorus, and without potassium. The most common are 12-34-0, 19-27
0, 19-19.0, 18-46-0, 20-20-0 and others at rates which allow the appli
cation of up to 100 kg N/ha, and 300 kg/P.O,/ha. The data from Table 5 
clearle shows this tendency. 

- 232 



Table 5.-Fertilizer recommendations for beans by country (kg/ha). 

Country 	 Author Year N PIOA K:O N:PmOs:KO 

Costa Rica 	 Echeverria 1960 100 140 0 1:1.4:0 

Chac6n 1961 100 150 0 1:1.5:0 

Iglesias 1964 50-100 140 0 1:1,4:0 

Anonymous 1965 45 45 45 1:1:0 

LizArraga 1966 45 90 45 1:2:1 

Anonymous 1969 12 33 0 1:2.75:0 

Anonymous 1969 19 27 0 1:1.4:0 

Anonymous 1969 19 19 0 1:1:0 

Nicaragua 	 Rodriguez M. & 

Rodriguez L. 1967 45 90 0 1:2:0 

Rodriguez M. 1968 22.5 45-90 0 1:2.4:0 

Anonymous 1969 12 24 12 1:2:1 

Anonymous 1969 18 46 0 1:2.5:0 

El %alvador 	 Anonymous 1956 40 0 0 1:0:0 

Anonymous 1958 33 0 0 1:0:0 

Lizlrraga 1966 45 90 45 1:2:1 

Anonymous 1969 20 20 0 1:1:1 

Salazar 1970 40 40 0 1:1:0 

Honduras 	 LizArraga 1966 45 90 45 1:2:1 

Guatemala 	 Lizirraga 1966 45 90 45 1:2:1 

Masaya 1968 40 40 0 1:1:0 
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The additional information referring to climate and soil in the 
experimental areas general does not allow validis very and conclusions 
on the possible causes influencing the variable response to nitrogen. 
However, such responses could be expected if one takes into account that 
the bean needs high amounts of introgen, compared to that of phosphorus 
or potassium. Fassbender (5) states that needs are adjusted to the fol
lowing relation: 1:0.22:0.70 N, PO,, and K20 respectively.

Other studies on crop conditions in hydroponic solutions confirmed 
the high absorption of nitrogen by the bean plant, compared to other 
nutrients (6, 9).

One of the reasons that could explain the low responses to tile 
application of nitrogen fertilizer under field conditions in Central America,
would be to assume that since the beans is a legume, it has the capacity to 
fix atmospheric nitrogen. However, experiments conducted in Costa Rica 
(4, 7, 14) demonstrate that the inocculation of bean seeds with Rhizobium 
(Nitragine D) is ineffective. Furthermore, the addition of nitrogen fer
tilizer and innoculation tend to diminish, in many cases, the number of
nodules in the root of the plant. Salinas (16) working with soybeans
(Glycine max) under greenhouse conditions showed that the innoculation 
with Nitragine (4 g/kg of seeds) and the application of nitrogen on 
fertilizer (62 kg N/ha) together is necessary to obtain optimum yields.
However, he made no observations on the effects on the nodulation. 

Observations made by Bazin show that: 
1. Under the soil and climate at Turrialba, the bean plant (var.

27-R and Turrialba-4) shows an irregular capacity of nodulation, in the 
numbef as well as in the size of the nodules. No specific studies have 
been made on nodulation and fixation of N of grain legumes. 

2. Since the bean is an early maturity species (2-3,5 months) it 
is possible that even though the plant shows a capacity for nodulation, this 
would not be fast enough to satisfy crop demand. Furthermore, if we take 
into account that the crop demand is larger in the first 30 to 40 days of 
the life of the plant.

3. Beans respond positively to increasing applications of N fer.tilizer. 

The results obtained (Figs. 2, 3, and 4) show tendencies that in
the period of 1971-72, the highest applied level (130 kg/ha of N) has not
reached maximum yields, even though the increase from 0 to 130 kg
N/ha is 8%. The results obtained in 1972-73 show evidence of this pos
sibility, because tile increase in yield with the application 650 kg/ha of 
N was 29% compared with the control. However, application beyond 400 
kg N/ha could bc detrimental to tile crop.

It is possible to speculate tha tthe occurance of a long dry spell
during most of the vegetative cycle of the crop during 1972-73 could have 
caused the yield to be relatively low by decreasing the efficiency of the 
applied fertilizer.

In Central America the response of beans to N applications seem 
to liicrease in the presence of phosphorus, while additions of potassium
fertilizer tend to decrease it (12). 
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Soil characteristics, for example, high or medium-high in total N 
(0,3-0,2%), low to extremely low in available phosphorus (<10 ppm) 
and high to very high in exchangeable K (>0,35 meq/100 g soil) could 
be responsible for the detected responses to the fertilizer applications in 
soils for beans. However, Martini (8) states that "Tile more N and P is 
applied to soils and the higher tileplant density, the better are the 
probabilities of obtaining responses to K". 

In this respect, the results obtained at CATIE show that the belief 
that beans do not respond to K applications cannot be negeralized because 
that depends on experimental conditions. 

Bazin (2) found that at low levels of N and P (62 kg N and 83 kg 
P,,O,/ha) there was a linear yield increase at increasing levels of potassium 
(34 to 276 kg K20/ha) in the order of 5.5 kg of dry grain for each kilo 
of potassium added (Fig. 5-a) while the decrease in yields was 0.9 and 
1.6 kg of dry grain for each kilo of N and of P added. 

Increasing levels of nitrogen, however, tend to produce increases 
in the yield in the presence of increasing phosphorus levels and decreasing 
levels of potassium (Figure 5a,b,c,d and e). 

In such diametrically opposed results, the cost/benefit ratios will 
be the deciding factor of which fertilizer to apply. Under the present
circumstances of the high cost of nitrogen and phosphorus fertilizers, the 
combination of low nitrogen, low phosphorus, and high potassium ,vill 
be preferable to high nitrogen, high phosphorus and low potassium. 

Also, contrasting situations, and even contradicting situations, like 
the ones presented here, confirm the belief that the responses to nitrogen 
in grain legumes in Central America are irregular and inconsistent. 

V NITROGEN AND THE MANAGEMENT OF LEGUMES 

The knowledge of the growth habits of a plant determine the best 
guide for the fertilization in the management of crops. Masaya (9), and 
Furlan (6) working in nutrient solution found that the period from 30 to 
45 days after seeding is the one of greater absorption, especially K, P, N, 
and Ca (Fig. 6). That age corresponds to the time of flowering through
the initiation of the grain formation. The absorption of N in the first 12 
days of age was approximately 5% of the one detected in tileperiod 
34-40 days. 

These results suggest that the application of nitrogen fertilizers 
in field conditions and at the time of planting, could result in a low 
efficiency caused by the non-immediate utilization by the plant, and, con
sequently, predispose losses by volatization and leaching.

In Central America, the usual practice is to apply the fertilizer at 
planting time. Without much doubt, that is one of the basic reasons for 
the irregularity observed in fertilizer responses by beans. 

In field experiences, at CATIE, Bazin (3) showed that the split
application of the nitrogen fertilizer, 50/o at the planting and 50%f at 15 to 
20 days after planting, increased the bean yield by 10% compared to all 
applied at planting (Fig. 7). The author does not know of other similar 
experiences in Central America. 
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Figure 7. Effect of timing of N application on bean production. 

VI CROPPING SYSTEMS 

From the management point of view, beans in Central America can 
be considered in too categories, involving different degrees of technology: 

1. Monocultures 

a. Rudimentary technology
b. Intermediate technology 
c. Advanced technology 

2. Intercrops 

a. Intermediate technology 
b. Advanced technology 

Monoctdlmres 

This system involves various degrees of technology: the "tapado"
(covcred) beans is the technique used by the small farmer and is charac
terized by a slight alteration of the medium. Seeds are broadcast directly 
on the woodland without other cultural practices! 
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The application of minimal cultivation practices, like the planting
by "espelue" (planting stick) without a previous soil preparation, repre
sents an intermediate technique. .Practices such as seed bed preparation, 
use of fertilizers, constitutes the more advanced technique. 

Intercropping 

In this type of system, the degree of tecnology also defines the 
character of the crop. Among the crops with which bean is normally 
associated, we have maize, sorghum, tobacco, and coffee. 

The achievements obtained in technological advances of bean cultiva
tion leads towards the monoculture with advanced technology. However, in 
practice, the bean producer in Central America shows the characteristics 
of the small farmer, using rudimental to intermediate technology on his. 
crops. He has difficulty to obtain financing and, in general, has a low 
standard of living. The impact of research advances on this type of farmer 
has been low to nil. 

In this sense, the Central American farmer dedicated to bean culti. 
vation is a typical one. Reports from PCCMCA (15) show that in the 
majority of Central American countries, bean cultivation is concentrated on 
small or medium size farms, most of which use traditional croppings
methods. In Guatemala (15) the average size of farms involved in bean 
production is 1.7 hectares. 

Furthermore, statistical data shows that bean, usually planted with 
maize, and other crops, uses approximately 61.9% of the cultivated area in 
Guatemala. In El Salvador in 1971, 15,000 of the 39,000 hectares planted
with bean, were intercropped with maize or another crop (19). For Cen
tral America, census data show that more than 50% of the population is 
found in the rural sector and the great majority of the farmers own small 
production units of 5 hectares or less (Table 6). It has been mentioned 
that maize and bean are the most important crops in Central America. A 
study (17) on the capacity to generate labor by the different crops, based 
on the number of production units and their size, shows that evidently,
maize and bean are two of the manual labor generators (Table 7). These 
data indicate that bean and maize can be considered the most commonly 
planted in small farms either as monoculture or intercropped.

These facts leads us to think that a great part of our research 
efforts on nitrogen use and in the management of legumes is related to 
production techniques which have little impact on the type of producer who 
is the main contributor of bean production of these .ountries. 

According to Paez (11) the trend at present, is the traditional 
approach of physical-biological research, and that recommendations derived 
from the individual trials are translated into small technological packages 
wich constitute the optimum in the judgement of each researcher. Then the 
arithmetical sum of the small packages obtained under the most diverse 
circumstances and conditions is made,and the result is a bulky technological
package, which is projected to the market with the consequent adverse 
reaction of the consumer. This reaction is due to the ineffectiveness of the 
recommended package and to its excessive cost, which is not in accord with 
the general profit level of the production unit. In terms of biological 
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sciences; the arithemetical addition of small packages is not equal to a bigtechnological package that can be launched to the consumer like the pres
cription to solve his problem. Many times the big package includes unnecessary components and excludes a fundamental ingredient or a critical factor.
It is evident that in the case of grain legumes, research should consider
this crop as an integral part of the production system. 

Table 6.-Production units in Central America. 

Number Estimated 1972 
Country Farm Size Ha Area Numberof farms TotaTotailSurface 

la 

1972TotalNumber 
of farms 

Guatemala Small 0-5 14.60 80.33 
Medium 3-20 14.96 14.61 
Large >20 70.44 5.06 
Total 3.893.178 463.251 

El Salvador Small 0-5 15.64 85.19 
Medium 5-20 13.67 9.92 
Large >20 70.69 4.89 
Total 1.878.014 251.854 

Honduras Small 0-5 9.79 59.98 
Medium 5-20 18.40 27.32 
Large >20 71.81 13.70 

Total 2.735.333 197.968 

Nicaragua Small 0-5 3.12 42.06 
Medium 5-20 5.86 25.88 
Large >20 91.02 32.06 
Total 4.315.463 113.443 

Costa Rica Small 0-5 2.18 45.75 
Medium 5-20 7.38 24.92 
Large >20 90.44 29.33 
Total 3.020.068 108,549 

Central America Total 15.842.057 1.135.065 
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Table 7.-Relative Importance of the main crops as sources of work in rural 
areas of Central America. 

Guate. El Sal. linndu. Nica. Costa
 
Crop 
 ma i vador ras ragua Rica Average Rank 

Corn i.o 1.5 1.0 1.0 1.5 1.5 1 
Coffee 2.0 2.5 2.5 4.0 2.0 3.0 2 
Bean 2.5 3.5 2.5 4.0 4.0 3.6 3 
Bananas 8.5 4.5 4.5 3.0 6.5 4.8 4 
Rice 8.0 5.5 7.0 7.0 4.0 5.5 5 
Sorghum 6.5 7.0 4.5 5.0  5.7 6 
Sugarcane 6.5 6.5 6.0 8.0 6.5 6.7 7 
Fruit Trees 5.0 9.0 11.5 7.0 6.0 7.4 8 
Tubers 7.0 - 8.0 9.0 8.5 7.5 9 
Cotton 4.o 7.0 9.5 6.o 13.0 7.9 10 
Cacao 4.5 15.0 11.5 -  10.3 11
 
Wheat 13.5 14.5 
 - 11.5 7.0 11.1 12
 
Vegetables 11.5 - 10.0 
 12.5 12.0 11.2 13
 
Tobacco 12.0 12.0 9.0 14.5 11.0 11.5 14
 
Henequen 13.0 9.0 - 13.5 - 11.8 15 

Oil Palm  - - - 12.0 12.0 16
 
Sesame 14.0 12.0 13.5 10.0 
 15.0 12.7 17 
Other Crops - 0.0 - 15.5 - 12.7 18 
Sisal - - - 13.0 13.0 19
 
Peanut 14.o 14.0 14.5 16.0 14.0 
 14.5 20 

- Without information. 

In Central America CATIE has taken the initiative to begin research 
on this subject. Such experiments will lead to new concepts on integral
and interdisciplinary research, which eliminates the traditional crop or dis.cipline oriented research. It has the advantage of maintaining criteria
uniformity on treatment effects, uniform management, homogenity on 
reports, which will finally be assessed according to agronomical, economical 
and social criteria. 
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VI SUMMARY 

The effect of fertilization with N, P, and K of beans in Central 
America is discussed. Emphasis is given to the scarcity and diversity of 
information existing and to the need of rewriting the research in the field, 
to satisfy the needs of small farmers responsible for the majority of the 

production. The importance of growing beans as part of a mixed cropping 
system is indicated and CATIE's work on this line presented. 
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Effects of Solar Radiation on the Varieltal
14 Response of Rice to ,Nitrogen on the 

Coast of Peru 
PEDRO A. SANCHEZ, GUILLERMO E. RAMIREZ and 

CARLOS PEREZ Y. 

I INTRODUCTION 
Northern Peru is one of the highest yielding rice growing areas in 

the world. The average grain yields of about 100,000 has. were in the 
order of 4 tons/ha when the tall, traditional, late maturing varieties were 
in widespread use. When short-statured varieties were introduce five years 
ago, the average yields of farms using the new varieties and cultural 
practices increased to about 6 tons/ha (3). In experimental plots, replicated 
grain yields haive reached 12.5 ton/ha at 14% moisture without border 
effects (9). This area is blessel with a tropical desert climate with mean 
annual temperatures of 22 to 27 0 C, relatively low night temperatures, high 
solar radiation, negligible rainfall and low relative humidity. This climate 
is considered almost ideal for rice growth (4). Intermittently flooded 
lowland rice is growni in relatively fertile calcareous alluvial soils, which 
are only deficient in nitrogen when used for rice (1). 

Previous investigations have shown that the response of rice to 
nitrogen is quite different in this region from humid tropical areas. The 
tall, traditional, lodging-susceptible varieties respond positively up to 160 
to 240 Kg N/ha, before decreasing yields due to lodging. The shortstatured 
varieties respond positively up to 300 or 400 Kg/ha and do not lodge
(10). Growth duration was found to be often more important than plant 
type in determining nitrogen response curves. Varieties of intermediate 
maturity (160-180 days from seeding to harvest) yielded more and respond 
to highc, nitrogen rates than varieties of shorter or longer growth duration, 
regardless of plant type (8, 10). This observation is quite different from 
the experience in humid tropical areas where plant type rather than growth 
duration is the dominant plant factor affecting nitrogen response (2). 

These differences have been attributed to the much higher solar 
radiation levels and the lower night temperatures found in the coast of 
Per6i, as compared with humid tropical areas such as the jungle of Perd 
or the Southeast Asian rice belt. The average daily solar radiation during the 
growing seasin is in the order of 188 langleys, which is about 46% more 
than the average for the rainy season and 19% more than the dry season 
average in Los Bafios, Philippines (2, 10). The purpose of this investiga.
tion is to test the hypothesis that the high solar radiation levels at Lam. 
bayeque, Peri are responsible for the higher yields and different varietal 
response observed. 
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II PROCEDURE 

Field experiments were conducted at the Vista Florida Stationthe Centro Regional dc Investigaciones Agrarias del Norte located in the
of 

center of the Lambaycque Valley (60 42S 790 47'W, 24 m above sea
level) during the 1971-72 and 1972-73alluvial soil is classified growing seasons. The calcareousan Aridic Haplustoll, fine loamy, mixed, isohy
perthermic with an aerobic pH of 8.0, 2.4% organic matter and 31 meq/
100 g of cation exchange capacity. The experiment consisted of a split
plot design with two solar radiation levels as the main plots, five nitrogen
rates as subplots and four varieties as sub-subplots. The 2 x 5 m plots were 
arranged in a randomized complete block design with three replications.
The solar radiation differential (100 vs 57% possible) was accomplished
by installing a shade of plastic mesh screen (Fabric NQ 5182102, Chicopee
Manufacturing Co., Cornelia, Georgia) calibrated to provide a .13% shade 
without interfering with air circulation. The nitrogen rates were 0, 100,
200, 300, and 400 kg N/ha as urea. Half the rate was applied close to
the rice rows 30 days after transplanting and the other half at panicle
initiation. Four varieties were selected to provide the desired combination 
of plant type and growth duration. Chiclayo is a tall-statured, early maturing
variety. Chancay is a recently released short-statured variety from the
selection IR 930-31-10 with the same growth duration as Chiclayo. CEL
895 is a tall-statured local variety of intermediate growth duration. The 
short-statured IR 8 variety is also of intermediate growth duration.

Pregerminated rice seed were sown in ordinary seedbeds on October 
25, 1971 and November 2, 1972. Rice seedlings were transplanted at 25 x
25 cm spacing at 416 and 40 days after seeding, respectively. The experi
ments were kept constantly flooded shortly after transplanting to about 
two weeks before the harvest of the intermediate maturity varieties. Height,
and tiller number were measured at 30 days transplanting, at panicle initia
tion, 50% flowering and at harvest. Yields were measured a 5 m2in 
central area devoid of border effects and corrected to 14% moisture. Yield 
components, grain:straw ratios, dry matter and nitrogen content of the 
grain and straw were measured at harvest. 

III RESULTS AND DISCUSSION 

Grain Yields 

The grain yield response to nitrogen applications for the two experi
ments appear in Figs. 1 and 2. At full solar radiation, the four varieties
produced different response patterns. The semidwarf varieties 8IR and
Chancay, produced the classic curvilinear response curve with optimum
rates in the order of 200 to 300 Kg N/ha. The later maturing variety,
IR 8 consistently outyielded the earlier maturing Chancay by more than 1
ton/ha. JR 8 produced the highest grain yield of 11.6 ton/ha at the rate of
300 kg N/ha in the second experiment.

The two tall-statured varieties showed a sharp positive yield response
to the first 100 kg N/ha increment and a negative response afterwards,
associated with lodging. Like the other plant type, the later maturing
variety, CEL 895, produced a larger positive yield response of about 1.5 

- 247 



100% SOLAR RADIATION 57% SOLAR RADIATION 
I~f IO 

9-9- 1 0 - 1 08 0 IRS 
0 CHANCAY 

08 - CEL 895 

7 d%7- V CIIICLAVO 
a 

-5 

44 

2 000 200 300 400
 

NITROGEN APPLIED (kg N/ho) 
Figure 1. Effects of solar radiation on the varietal response tonitrogen applications. 1971-72 season. 

ton/ha higher than the earlier maturing Chiclayo. It is interesting to 
note that yields of about 9 ton/ha were obtained with the tall-statured CEL895 variety. In the first year CEL's highest yields were not significantly
different from IR8's and definitely superior to Chancay's optimum yields.

When solar radiation was sharply cut down by shading, these
relationships completely changed. The differences due to growth duration
within a plant type essentially disappeared. The short-statured varieties
responded positively to the first nitrogen increment and remained constantwith plateau yields in the order of 5 to 6 ton/ha. The tall-statured varieties
responded negatively to nitrogen, attaining their highest yields when no
nitrogen was applied. The response curves with shading closely resemble
the well known varietal response in humid torpical environments during
the rainy season (2).

These results show that a low level of solar radiation accomplished
by shading (about 280 langleys/day) limits the yield potential of rice inthis environment to about 6.5 tons/ha, while with full solar radiation
(about 490 langleys/day) the yield potential increased to about 10 to
11.5 ton/ha. The overall effect of decreasing solar radiation to 57% of tie
original by shading was to decrease the average yields of the experiment
by 59% (3.8 vs 6.0 ton/ha) in the first experiment and by 58% (4.3 vs7.4 ton/ha) in the second experiment (Tables I and 2). These figuressuggest that the high overall average yields obtained in Lambayeque are 
directly related to solar radiation levels. 
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Figure 2. 	 Effects of solar radiation on the varietal response to 
nitrogen applications. 1972-73 season. 

Plant Characteristics 

The following parameters were also measured in order to ascertain 
what the varietal response differences are due to; plant height, tillering, 
grain:straw ratio, and dry matter production. The main effects of varieties 
and solar radiation appear in Tables I and 2. The ratio of grain to straw 
at harvest is a useful parameter for estimating the efficiency of plants to 
concentrate their energy in producing grain (8). Fig. 3 shows the grain: 
straw ratios of the different treatments for the 1971-72 experiment. The 
1972-73 results were essentially the same. Fig. 3 illustrates very vlearly 
the differences in plant type. lR 8 and Chancay's grain:straw ratios averaged 
1.40 while the tall-statured CEL and Chiclayo averaged about half, 0.69 in 
the two experiments. In all instances, grain:straw ratios decreased with 
increasing nitrogen rates but the effect was more marked in the tall statured 
varieties. Decreasing solar radiation, decreased grain-straw ratios significant. 
ly but by a small amount (Tables I and 2). This was somewhat surprising 
as other investigations suggests that solar radiation improves the plant's 
ability to produce more grain with the same straw base. 

- 249 



Table 1,-Main effects of solar radiation on grain yields and plant growthparameters. 1971-72 season. Mean of N rates. 

Variety Solar GrainRadiation yields Grain:straw Total dry Plant heightratio matter at harvest 

% of max. ton/ha ton/ha cm 
IR s 100 7.48 1.64 12.74 86 

57 1.82 1.35 8.65 82 
Chancay 100 7.17 1.57 11.73 81 

57 4.87 1.47 8.23 79CEL 895 100 6.31 0.98 12.86 145
 
57 
 2.64 0.75 6.18 135
 

Chiclayo 100 4.77 
 0.71 11.67 151 
57 2.55 0.69 6.45 144 

Mean 100 6.43 1.22 12.25 116 
57 3.78 1.06 7.38 110 

LSD.oa 0.63 0.15 1.40 3 

Table 2.-Main effects of solar radiation on garin yields and plant growthparameters. 1972-73 season. Mean of N rates. 
Variety Solar Grain Grain:straw Total dry Plant height 

Radiation yields ratio matter at harvest 

% of max. ton/ha ton/ha cm 
IR 8 100 9.67 1.40 16.57 90 

57 6.16 1.19 11.51 87 
Chancay 100 7.91 1.35 13.87 87 

57 5.05 1.30 8.96 84 
CEL 895 100 5.97 0.59 16.42 153 

57 3.30 0.49 10.08 150Chiclayo 100 5.72 0.75 14.09 151 
57 3.13 0.58 8.41 151 

Mean 100 7.37 1.04 15.32 118 
57 4.29 0.90 9.76 117 

LSD.. 0.58 0.08 1.31 1 
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Figure 	3. Effects of solar radiation, varieties, and nitrogen rates 

on grain: straw ratios. 1971-72 season. 

The effects of these variables on total dry matter production at 
harvest is shown in Fig. 4. At full solar radiation, the two tall-statured 
varieties produced significantly higher dry matter (up to 18 tons/ha) at N 
levels of 100 anti 200 kg N/ha, than the short-statured varieties. At higher 
N rates, the tall varieties suffered very sharp decreases presumably due to 
lodging. The short-statured varieties responded in a curvilinear fashion 
with maximum production at 300 to 400 Kg N/ha. lhis indicates the 
absence of lodging in these varieties. 

At 57% solar radiation, dry matter production was sharply depres
sed with no varieties reaching 10 ton/ha. The tall-statured varieties had a 
negative nitrogen response due to lodging, while the short-statured varieties 
reached a plateau at 100 kg N/ha and remained constant. The overall 
effects of decreasing solar radiation to 57% of the original was to decrease 
dry matter production by 60% in 1971-72 and 64% in 1972-73 (Tables 
1 and 2). 

No differences in plant height at panicle initiation, flowering or at 
harvest due to solar radiation were observed in these two experiments. All 
varieties increased in height with nitrogen applications but the tall statured 
varieties reached a maximum of about 160 cm while the short-statured 
varieties went up to 90 cm. The nitrogen rate means, appearing in Tables 
1 and 2 show the absence of differences due to solar radiation. This is 
unexpected since it was generally assumed that as solar radiation decreases, 
plant height increases. Indeed, CEL and Chiclayo, when grown in the 
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Figure 4. Total dry matter production as affected by solar radia.tion varieties and nitrogen fertilization. 1971-72 season. 

jungle of Peri with low solar radiation and high temperatures reach 
heights of over 200 cm, lodge before flowering and produce essentially 
no yields (7). When examining a date of-planting study from the Philip
pines (2), no differences in plant heights were observed between the dates 
with highest and lowest solar radiation. 

Nilrogen relations 

The nitrogen contents of the grain and straw at harvest increased 
in an approximately linear fashion with rates of application. The varietal 
means or nitrogen content in the grain ranged from 1.3 to 1.6%, without a 
consistent trend due to plant type or growth duration (Table 3). Decreasing 
solar radiation had a marked and significant increase in the N content of the
grain as shown in Table 3. The total nitrogen uptake at harvest (grain
plus straws) is illustrated in Fig. 5. Under full solar radiation ,the two 
tall-statured varieties accumulated up to 180 kg N/ha at their optimum
yield rates. Their nitrogen uptake sharply decreased at higher rates, presu.
mably due to lodging. The two short-statured varieties accumulated nitrogen 
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Table 3.-Main effects of solar radiation on nitrogen content, uptake and 
recovery from fertilizer 1971-72 season. 

Variety Solar N content Total N Ararent 
Radiation in grain uptake fertilizer 

N recovery 

C/% N kg N/ha %
 
IR 8 100 1.28 154 43
 

57 1.55 130 35
 
Chancay 100 1.29 146 46
 

57 1.50 121 36
 
CEL 895 100 1.27 130 40
 

57 1.32 67 -7
 

Chiclayo 100 1.43 135 44
 
57 1.69 89 17 

Mean 100 1.32 141 43 

57 1.51 101 20
 

LSD.a 0.09 19 14
 

linearly with maximum of 210 kg N/ha rate. This figure illustrates the 
inability of the tall-staturcd plant types to make use of higher N rates. 

At 57% solar radiation, nitrogen uptake was sharply decreased but 
the short-statured varieties produced a positive response with maximum 
levels in the order of 150 kg N/ha. The tall-statured varieties were more 
affected by decreasing solar radiation than the short-statured ones. 

The overall effect of decreasing solar radiation to 57% of the 
possible was to decrease nitrogen tptakc to approximately 10%, in spite
of increasing substantially the N contcnt of the grain. Under low solar 
radiation, the plants apparently could not take advantage of the higher 
nitrogen contents. 

Calculations of the apparent recovery of added nitrogen, based on 
uptake differences are shown in Table 3. The recovery of added N 
decreased with increasing N rates as previously observed, but this decrease 
was more marked in the tall-statured varieties. The mean recovery by the 
four varieties at full solar radiation was not sinificantly different among 
themselves. The average recovery 13% is much higher than previously 
reported for this area (10) due to the fact that this experiment was 
constantly flooded, thus eliminating large denitrification and leaching losses 
due to alternate flooding and dryring. At the lower solar radiation level, 
the recovery by the short statured varieties dropped to about 35%, while 
that tall-statured varieties became essentially negative. The overall effects 
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Figure 5. 	 Nitrogens uptake at harvest as affected by solar radia. 
tion, varieties, and nitrogen fertilization. 

of reducing solar radiation was to cut the recovcry of added nitrogen by 

more than half. 

Yield componets 

In order to attempt to explain the specific reasons why yields 
decreased due to lower solar radiation, they yield components were examined 
(Table 4). The number of panicles per m2 decreased with lower solar 
radiation but only tho 88% of the full solar radiation levels. Tiller produc
tion at panicle initiation, 50% flowering and at harvest showed no signifi
cant differences. The number of filled grains per panicle decreased signifi
cantly in all varieties but Chancay with lower solar radiation. The weight 
of 100 filled grains decreas.d significantly with lower solar radiation only 
in the Chancay variety, while the others showed no significant trends. 
The overall differences in grain sterility shed no particular light. Conse
quently, decreases in yields due to lower solar radiation were associated with 
decreases in the number of grains per panicle and the 100 grain weight, 
but not in a clear enough fashion to guarantee a firm conclusion. 
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Table, 4.-Main effects of solar radiation on grain yield components at 
harvest 1971-72 season. Mean of N rates. 

Vatley Solar Panicles Filled grains Weight SterileRadiation per m2 per panicle 100 grains spiklets 

% No. No. 9
 
IR 8 100 309 86 2.80 15
 

57 250 65 2.80 23
 
Chancay. 100 69 19
479 2.30 

57 424 65 2.07 23 
Ci9L 895 100 297 83 2.9.3 16 

57 264 70 2.78 13
 
C Ihcayo 100" 301 90 2.65 
 13 

57 275 74 2.54 14 

Aucrage 100 346 82 2,67 16 
57 304 69 2.55 18
 

LSD. 
 70 12 0.14 6 

IV CONCLUSIONS 

These experiments have demonstrated that the high grain yield
levels obtained in the northern coast of Per6 are intimately related with 
the high solar radiation level of the area. It also exolains the high nitrogen
rates needed due to the large quantities of nitrogen'taken up by rice plants
in this environment. The plant parameters associated with yield increases 
due to solar radiation seem to be primarily increases in total dry snatrter
production and smaller increases in grain:straw ratios, filled grains per
panicle and in one instance the 100 grain weight. This experiment also 
shows that the interaction between plant type and growth duration exists 
only at high solar radiation levels and disappears when solar radiation is 
decreased. 

This type of work has several implications to agricultural develop.
ment. It shows the dramaticaily beneficial influence of solar radiation in
increasing rice yields and tlhe efficiency of fertilizer nitrogen utilization. 
It seems safe to assume that similar relationships may take place in other 
crops. Although man cannot increase solar radiation per se, he can manage
this parameter by selecting planting dates that coincide with periods of 
higher solar radiation. Montafio et al. (6) have shown that this produces
higher economic returns in the Philippines. 
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There is a tremendous range in solar radiation levels in Tropical
Latin America. This can be gleaned at a large scale 	from Landsberg's data(5), but at a more specific level from local meteorological stations ejuiped
with a phyrheliometer. There is also a marked seasonality in solar radiation,
usually ascociated in inverse proportion with rainfall. In many areas, supplemental 	 irrigation might be necessary to take advantage of higher solar 
radiation but in others relatively minor adjustments in planting date mayprovide the same effect. Tropical agronomists should pay more attention to
measuring 	and evaluating this crucial parameter to crop production. 

V SUMMARY 

Two shading experiments were conducted in two consecutive years
in the Lambayeque valley of northern Per6 in order to determine whether
the higher yields and nitrogen response rates needed were caused by thehigh solar radiation of this tropical desert climate. The experiment alsoattempted 	 to determine whether the effects of growth duration on nitrogenrespo ,se were associated with high solar radiation levels. Tile results
indicued that when solar radiation was reduced to 571%c of the possible,
the overall rice yields decreased to 58 and 59% in each experiment. Highsolar radiation markedly increased optimun yields (as high as 11.8 ton/ha)
which required higher nitrogen rates. The interaction between plant typeand growth duration in nitrogen response was only observed at full solar
radiation. When solar radiation was reduced the introgen response curves 
were essentially similar to those obtained in low solar radiation, humidtropical conditions. Increasing solar radiation doubled dry matter production
and the recovery of added fertilizer nitrogen. It also prevented lodging
of tall-statured varieties at rates of 100 Kg/ha. Plant height, tillering,panicle production and grain sterility were not affected by solar radiation.
Grain:straw ratios, the number of filled grains per panicle and in one
variety, the 100 grain weight, significantly decreased with decerasing solar 
radiation. 
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SECTION IV
 

MANAGEMENT OF ACID SOILS
 



5 	 Lime Response of Corn and Beans In Typical
 
Ultisols and Oxisols of Puerto Rico
 

FERNANDO ABRURA, ROBERT W. PEARSON and 
RAUL PEREZ-ESCOLAR 

I INTRODUCTION 

Acid-soil infertility is a major cause of low crop yields throughout 
the humid tropics, where world's greatest potential for meeting its future 
food requirements lie. Specific factors responsible for low yields on acid 
soils include Al and Mn toxicity and deficiencies or imbalances among the 
basic cations. Sometimes other unidentified factors or interactions between 
factor appears to be operating. 

Nitrogen is often the most critically limiting nutrient for crop 
production il the hunlid tropics, and heavy applications are required for 
maximum yields of many non leguminous crops (McCollu and Valverde, 
1968; Vicente-Chandler ti al. 1967, Berger, 1972). Il fact applications of 
over 100 kg/ha of N are generally imdicated for grain crops and potatoes, 
while applications of around 6oo kg are required for intensive grass forage 
production. In Puerto Rico, extensive areas of the steep, niountailouS 
interior are not suited to pro(uction of clean cultivated cr s hut can, with 
proper gcmn t, produce hi glh yiehIs of ilk an )('cf oiIheavily 

fertilized grass pastures (Caro-Costas ci a,, 1972 it; 1972 1)). Siow the 
cheapest and most easily availaible N sources are tesidually acid, the natu rally 
high soil acidity inl much of the humid arc,. of ile Island is intcnsified 
by the required fertilizer applications. For xaniple, Pearson ct al., (1961) 
showed that soil pil could be reduced by more th: a 1,1I ,lnit ill well 
buffered .oiis in only 2 years 1)y apriication of 900 k tuha of N annually 
as ammoniu.a ,;ulfate to grass past.re. Under th(se onditinis even (rops 
not usually considered to bc acli sensitive soon require liming for satisfac
tory yields. Thus, Abri-fiar l !1., (1961) reportcd a slarp nspllse to lime 
by 3 heavily fertilizcd trpi al grasses. In te:rnis of Napier grass yik.lds, 
surface application of the limestone was as effctive as incorporation in the 
0-6" zone and one ippl ation -.vas as cfcfttise as the same quantity split 
into 2 at 2 year intervals. In this study Napier jrass yield on a strongly 
acid Oxisol w .s doubled by liming and those of Guinea, Napier and Pan
gola groir.g on an [11ltisol w.rc incrcased arolind 3()(,. i'rigressive and 

rapid d-.elopmeint of yield respi,|isc to liming was clearly shown over the 
first I1years of this study. 

In other experimi-nts in Pterto Rico yields of stugar cane on an 
Ultisol after 7 years of heavy N fertilization of grass pasture increased 
from lcs than I ton/Ia where no lime was used to over 40 tons at the 
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highest rate of liming (Abrufia and Vicente-Chandler, 1967). While this 
represented extreme conditions, with soil pH ranging from about 3.8 in the 
unlimed plots to only 4.8 where 20 tons/ha of lime had been applied 7 
years earlier, there was a straight-line relationship between yield and soil 
pH over this range. Exchangeable Al essentially disappeared at the highest 
liming rate, but yield appeared to decrease with each increase in exchangeable 
Al throughout the range occurring in these treatments. Neither foliar com
position nor sucrose content of the cane were affected by liming. 

In still another study (Abruoia el al., 1970) yields of cured tobacco 
on 3 Ultisols in Puerto Rico increased with liming up to somewhere around 
pH 5.0, ana there was a highly significant relationship between yield and 
exchangeable Al. Tobacco yield on an Oxisol increased sharply with the 
first increment of lime but very little beyond that, even though soil p1-I was 
still well below 5.0. Only traces of exchangeable Al were found in this 
soil even at the original pAl of 4.4. However, leaf composition indicated 
that Mn toxicity was probably responsible for the depressed yields at the 
lowest pit levels. With the exception of Mn content, foliar composition did 
not seem to be appreciably affected by lime treatment of any of the soils. 
In an intensive study of one of the Ultisols evidence was obtained that 
tobacco root development at pill restricted by Allevels below about 5.8 was 
toxicity and below plI 5.0 additional restrictions due to Ca deficiency 
appeared. 

The purpose of this paper is to present recent observations of the 
effect of soil acidity on yield and foliar composition of corn and beans 
growing on Ultisols and Oxisols in Puerto Rico believed to be typical of 
vast areas of the humid tropics. 

1I MATERIALS AND MIE.THODS 

Some soil characteristics at tile beginning of the experiments are 
show in Table I. All the soils had p1I's below 5.0 and several were 
extremely acid ranging in p11 from 3.9 to 4.3. Such low p1l values were 
tile result of past fertilization with (NI1) 2SO4. The Oxisols had much 
lower ClC values than the Ultisols. Also, exchangeable Al amounted to 
only around I me or less per 100 g in all 3 Oxisols whereas it ranged 
from 7 to 10 me/lOO g in the Ultisols. Easily reducible Mn was very 
high in both (lay member. of the Oxisol group. 

One crop each of corn and beans were grown in that order on each 
soil. With corn satisfa torV experiments were carried out at each of tile 8 
sites, but with beans extrcme drouth conditions on the Piias s.and and 
disease problems tl.,: experiment results.in Ctalina clay invalidated For 
this reason data for only 6 Ocan experiments are reported. 

Experimental sites were divided into 30 to 60 plots of 4 x 4 meters 
arranged in a complctely rand4 fnized design. In(rements of an agricul
tural grade of alhitic limestone .''re added as required to provide tile 
desired range in soil acidity, and the limestone was thoroughly mixed with 
the upper 15 centimeters of soil. The soil in all plots was sampled for 
analysis 6 months after liming. Twelve cores were taken in each plot at 
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Table .--Some characteristics of the soils at 8 liming experiment sites. 

Easily
Classification reducible 

pyre 


Humata day Typik Tropoahmult 120 


Cocza day Aquic Tropudult 210 


Coozal day (level phase) 1/ 


Corozal clay (eroded phase) 1/ 


Los Guinwc day Epiaquic Tropohumult 40 


Coto Clay Tropeptic Haplorthox 700 


Catalina clay Typic Haplorthox 638 


Piiais sand Typic Haplorthor 144 


1 L t dNe 

Om. 

PPM~~ibo 

3.0 

4.0 

4.7 

2.5 


81 


2.0 

2.3 

0.5 

Soil 
sail 

p,1 


3.9 

4.3 

4.6 

4.2 

4.3 

4.2 

4.8 

4.6 

CEC 

me/iCO £ 

15 


19 


19 


16 


16 


5 


11 


2 


. 

wl X 


me./l00 a 

9.4 

14.2 

15.4 

LO 


9.6 

3.3 

5.0 

1.0 

Al
 

=n AlHMno 

me100 g 

6.3 

9.9 

5.5 

6.9 

4.5 

II1
 

0.9 

0.4 



0 to 15 	 cm depths, composited, air dried and passed through 20 meshasieve. Cation exchange capacity was determined by the NH4OAc extraction
procedure und by sum of cations. Calcium and Mg were determined byversenate titration, K was determined by flame photometer and Mn was
determined colorimetrically after oxidation with periodate. Exchangeable
Al was extracted with normal KCI and determined by the titration method(McLean, 1965). Easily reducible Mn was determined by reduction withhydroquinone as described by Adams (1965). Soil p11 was measured with 
a glass electrode pH meter using 1:1.5 soil-water suspension. 

The corn variety used, Pioneer X-306, was developed specifically for
the humid tropics and appears to have a yield potential of about 6,500kg/ha. 	 Green beans of the Bountiful variety was used. The crops
managed in accordance with 	

were 
the intensive management techniques recorn

mended 	 by the Puerto Rico Agricultural Experiment Station and were
harvested at the optimum stage of maturity. Leaf samples were taken ineach plot using accepted methods of sampling for the specific crop and
analyzed 	for P, K, Ca, Mg and Mn using standard procedures. 

Yields were related by regression analysis to the several measured 
soil properties and to foliar composition. 

III RESULTS 

Soils 

Results for several of the soils presented in Figure I show that
percent 	 base saturation calculated from CEC determined by NHOAc
increased from around 20% at p1i levels below 4.0 to near 100% as pHapproached 5.5. This is consistent with known behavior of Al, which
essentially disappears from exchange positions as soil 	 pH is raised toaround 5.5. The more highly weathered Coto and the Corozal soils tended 
to have lower percentage base saturations at pH levels between 4.0 and 
5.0 	than the llumatas.
 

,onsid.rable variation was observed between the sum 
of exchange
able cations and IEC b NI-I OAc among plots in the same experiment due 
to effect of pil dependent charge. As suggested by Coleman and coworkers(1959) a more satisfactory basis for reporting percentage base and Al
saturation seems to be the use of sum of exchangeable cations. Although a
definite and relatively close relationship exists between values for Al satura
tion based on CEC by sum of exchangeable cations and by NHIOAc for a 
given soil, the slope of the lines may be considerably different for differentsoils, as indicated by l:igure 2. Data for percent Al saturation used in this 
paper are, therefore, based on sum of cations. 

The close relationship between soil pH and percent Al saturation in
all the soils of this study is shown in Figure 3. Al made up about one halfthe exchangeable cations in these soils when p1l wis around 1.5 and there were still readily measurable amounts of Al in some of the soils at pHlevels as high as 5.4. These characteristics are ii agreement with those
reported 	by Brenes and Pearson (1973) 	 for similar soils. 
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Crop Retsponje 

Corn.-Despite the lack of an adapted, high-yielding hybrid,
reasonably high yields of corn were made in adequately limed treatments 
of all the experiments (Table 2 and Figure 4). Highest yields at the dif
ferent sites ranged from 2.79 tons/ha on the Piiias sand where water was 
frequently limiting to 5.34 tons on the Humatas clay. Yields at the other 
sites ranged from about 3.7 to 4.8 tons/ha. The striking effect of lime onl 
growth and appearance of the corn is illustrated in Figure 5. 

Although yield of corn growing on the Ultisols increased progress.
ively with increasing soil pH (Fig. 6), there were rather wide variations 
in relative yield among the soils for a given pH. However, when yield 
was plotted against percent Al saturation of the soils a much closer rela. 
tionship emerged (Fig. 7). Yields decreased sharply with increasing levels 
of Al throughout the range found in these soils and the presence of even 
small amounts of exchangeable Al coincided with a decrease in yield and 
when Al accounted for as much as 15% of the exchangeable cations yields 
were distinctly reduced for the Ultisols as a group. As would be expected
from the reciprocal relationship of exchangeable bases and Al, corn yields 
on the Ultisols varied directly with this characteristic, increasing progress
ively with increasing percent base saturation (r=0.77). 

Corn yield was depressed much less by a given level of soil acidity
in the Oxisols than in the Ultisols (Table 2 and Figure 8). Although
there was a response to lime in two of the three soils (Pifias and Coto) it 
barely reached the level required for significance at .05 probability. In 
two of the three soils good yields were made at p1l levels below 5.0, and 
there was no significant relationship between percent Al saturation and 
ield on the Oxisols as a group. Thus, there was no clear relationship 
etween any of the measured soil characteristics and corn yield on the 

Oxisols. 

Composition of corn leaves at the various soil pll levels (Table 2)
offers little help in rationalizing the difference in lichhMor of the 2 groups
of soils. Magnesium, P or K did not vary consistently with lime application.
Manganese was piesent at less than 20 ppi in corn leaves from all the 
Ultisols except G rozal clay (level phase) where it approached only 100 
ppm. While the Mn content of plants from the Oxisols was somewhat 
higher it never approached values generally associated with phyto-toxicity, 
nor did it vary consistently with soil pll. These observations lead to the 
conclusion that Mn toxicity was not a primary (ause of aid-soil infertility
in the Oxisols. Calcium content was related to yield within a soil type, as 
illustrated by Figure 9, but the relationshi l did not hold when alIsites 
were considered simultaneously. For example, leaf-Ca content at maximum 
yield was 0.57% for ttumatas clay, 0.47% for Corozal (eroded) and 0,33 
for Catalina clay. Further, maximum yield was made on Catalina at a lower 
Ca content than minimum yield on Humatas clay. Thus, it appears that the
data at hand are not adequate for rationalization of the observed differences 
in yield response of corn to soil pi variation in Oxisols as compared to 
Ultisols. 
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Table 2.-Effect of soil acidity on corn grain yield and leaf composition. 

Soil Al Corn Composition (f corn leaves 
pH saturation yield Ca MR p K Mn 

% ton/ha % % ppm 

Humatas clay
3.9 66 1.15 .36 ,11 .34 1.78 
4.2 44 2.80 .42 .11 .35 1.85 
4.5 36 4.09 .49 .12 .37 1.89 20 
4.7 17 4.42 .51 .10 .36 1.95 
5.3 3 3.34 .57 .11 .36 2.00 -

Corozal clay
4.3 68 0.42 .33 .10 .42 1.94 
4.6 39 2.23 .41 .09 .49 1.66 
4.7 i 2.91 .41 .09 .48 1.64 20 
1.4 2 4.17 .48 .10 .46 1.37 -

Corozal clay (level phase)
4.6 35 2.35 .28 .07 .47 2.16 97 
4.7 14 3.14 .28 .12 .45 2.13 98
5.2 5 3.79 .31 .10 .47 2.03 92 

Corozal clay (eroded phase) 
4.2 63 0.65 .33 .12 ,41 1.85 
4.3 52 0.95 .33 .11 .37 1.75 
4.6 33 2.25 .40 .10 .43 1.75 20 
4. 15 2.55 .41 .10 .43 1.68 -. 
5.4 4 3.57 .47 .10 .43 1.35 -

Los Guincos (lay
4.3 47 1.77 .27 .12 .43 2.17 40 
4.7 27 2.65 .28 .12 .46 2.77 3 
5,5 - 3.73 .30 .11 .44 2.68 31 

Coto clay
4.2 53 4.05 .59 .10 .19 1.89 114 
4,6 19 4.15 .40 .09 .21 1.84 75 
4.9 13 4.50 .39 0.9 .21 1.83 113 
3.3 5 4.79 39 .09 .21 1.73 69 

Pilias sand 
4.6 40 1.71 .41 .15 .42 1.96 121 
4.7 36 2.76 .48 .14 .43 2.06 121 
4.a 28 2.95 .55 .15 .42 1.90 103 
3.5 - 2.79 .58 .16 .44 2.00 so 

Catalina clay
4.# 1 4.40 .29 .09 .42 2.12 104 
5.2 - 4.93 .10 .08 .41 2.07 66 
5.3 - 5.15 .31 .08 .42 2.14 a6 
1.6 - '.58 .33 .10 .43 2.23 74 
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Brdn Yield.-Snap beans were grown on 6 of the experiment sites 
following corn. Beans were not grown on Pifias sand because its poor 
moisture holding capacity made this soil especially unsuitable for beans. 
Catalina was not included because of a severe rust infestation that killed 
the crop. T1hie yield and foliar composition results are presented in Table 3 
and Fig. 10. Excellent yields were made in all the experiments with adequate 
rates of lime a~pplication, ranging from around 7 tons/ha on the lIumatas 
and Coto (lays to nearly H, tons on the Ls Guineos clay. Again, the 
Oxisols gave the smallest response to lime cvcn though .hc unliined soil 
pl I was amnnlig the lowest of the ,lt ire rO)up of soils 

The I rogressive incirease in bean yield as soil 1I1 was raised 
throughout the range ( vcred in this study is shown in Fig. jo. The r 
value of 0.91 is (fear indication of the (lose rdatioiship over this range, 
ani tle shape of the individual soil rLsvnse curves indicated that, in 
general, niasi um yield was appro.mhed by about 111 5.3, even though 
yield was in(reased by the last 1i (reimiclt of linle. 

A ilghly signifi(ant iNvcrsc rclhtiuoiship buwttcon bean yield and 
lpercta Al saturation was found, as illustraitcd in Fig. II. As in the case 
of corn yield, On ly more dcarly defincd, any inCrease in Cxtlangeable A 
from tile zc)r lvel :: mp anicd i in Whenwas i by reducttion yield. Al 
saturation reached abomt ' )r ,, bean yiel, were reduccd by aboo t one half. 

Foliar tOmposition varied with linme application in s. cral respects. 
As with torn, ( a (Oitcit ilitreis'3 re.gularly with increasing so,)il pl but 
varied widely aniong the difftr. ut soils. No clear relationIship (ouhbl be 
found betwo'e leaf-Clia (ontlc't and yied, but when thie ratio of Ca:Mn, 
expressed ill terms of (hIni.Al e'ivallts, is ounsidtrcd tolr.ethei' with 
yield a strikinjgly do,, rclatin shi etllrges (Fig. 12). In view of the 
extremCely wide r.an:,.e. in easily rtducible Mn .ontvnit anong these soils and 
the differenes i, excliangeable Ca, the rdationlip showimi in Fig. 13 is 
not believed to be forthuitous. It iS ah, (oiupaiable widi r sults of other 
researd re',)wed b)y Ja(kson (1967) shiich showed (lcarly 1he existence 
of a re(ivio(il relationshlipl bttw,..n Ca and Min in plant shoots even at 
toxic lvv'els of Mo. Thus, the data pr:scited in this piaper suggest that in 
the ease (of beans )oth Al -ird Mn \\cre yikhd limiting factors at soil pll 
levels blohw 5.0 aid that a Ca:Mn ratio iii the leaf of around 225 would 
be required for nlaxilmt.n bean yild. 

These results w'u, beans on ils su i as Coto appear to be related 
to earlier b,,rv.atiO,,, of M tox i, ty and its (rret ton in coffee growing 
On hil,h-Mn s,iIs i, tl'urtoh eiC. It was noled that very severe Mn toxicity 
5Yll)tnifs r.si ,) even in ,defoliationi (f tile (offee trees developed (il
these soils af,.r relpeated ;11,pli(atiols 'of residually atid N sourc s when fini.m 
was not (, ,(iurrently vued. Y't eve i aftcr tcveloieent of cxtrene acidity 
througl-,ut the root zone, suta(e application of une to the ,rees v, ithout 
atter, pted incorlio,ation restulted ill coinplrte rrovery. j (tual measurements 
.;);,,wed that at least 9t)% of the root 3wtemn was stil! exposed to highly acid 

,,."soil anti therefore to hip (oncentratioiis of soluble Mn. Also, leaf analysis 
indicated little chainge iii Mn content after liming even though the toxicity 
symptorns had disappeared. It thuis appears that the presence of adequate 
levels of available Ca is in itself effective in overcoming deleterious cffects 
of excess Mn in plants. 
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Table 3.-Effect of soil acidity on bean yield and leaf composition. 

Soil Al Nsn Compiition of on ItAves 

pH saturation yi¢Id MR P N Mn 

% ton/ha % % '%I' 

lumta (lay 

3.9 66 !.81 1.10 .23 .49 6.55 210 

4.2 44 312 1.26 .21 .36 5.95 190 

4.5 56 4.87 1.49 .21 .44 5.94 160 

4.7 17 5.61 1.56 .25 .34 5.76 160 

3.3 3 6.93 1.83 .27 .36 5.75 It0 

Corozal day 

4.1 68 4.31 .95 .27 .32 6.70 114 

'4.6 39 8.13 1.45 .24 .31 6.52 169 

4.7 18 8.89 1.57 .29 .30 6.11 132 

3.4 2 11.17 2.18 .34 .35 5.87 121 

Corozal clay (Ievel phase) 

4.6 3l 5.56 2.41 .25 .20 5.76 266 

4.7 14 8.40 2.92 .23 .18 5.37 234 

3.2 5 9.12 3.08 .21 .21 5.29 165 

Corozal (lay (,rodcd phase) 

4.2 63 3.63 J48 .25 .30 6.78 137 

4.3 32 5.34 1.07 .21 .30 6.25 130 

4.6 33 8.76 1..t1 .27 .30 6.28 132 

4.8 15 9.83 1.61 .36 .32 6.14 123 

5.4 4 11.70 2.00 .33 .31 5.97 122 

Lo' Guincos clay 

4.3 47 10.12 1.31 .46 .16 5.33 149 

4.7 27 12.76 1.72 .40 .16 5.62 124 

3.3 - 13.60 2.39 .31 .17 5.79 30 

Coto clay 

4,2 33 4.69 1.63 .29 .30 5.28 267 

4.6 19 5.73 1.77 .3$ .50 3.13 265 

4.9 13 6.31 1.90 .30 .31 5.09 245 

3.3 5 6.89 2.12 .30 .52 3.14 211 
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IV SUMMARY 

There was a strong corn yield response to lime application on 5 
Ultisols in contrast to the weak response obtained on Oxisols, which was 
significant at only I of 3 sites. 

The Ultisols contained on the average around 1O times as much 
exchangeable Al as the Oxisols, but the percent Al saturation at a given p11 
level was similar in the 2 soil categories. 

There was a close relationship between corn yield and percent Al 
sattiration of the Ultisols, but no apparent relationship in the Oxiiols. 
Al toxicity was most likely the primary cause of acid soil infertility in the 
Ultisols. 

Foliar composition gave no (lear evidence of a specific cause of 
lime response by corn. Ca content increased with increasing yield, probably 
reflecting increasicng root system ,-xtent and effectiveness as Al level in the 
soil decreased. However, Ca Jct'icienC, was not likely at the leaf levels 
found. Mn toxicity was not indicated by foliar composition. 

There was a marked response of green beans to lime in the 5 
Ultisols and I Oxisol included in this series of experiments. In contrast to 
the results with corn there was (lose relationship between yield and both 
soil pH and percent Al saturatiou in the Oxisol as well as the UIltisols. 

Thcre was a close relatiinship between Ca :Mn ratio and bean yields 
among all the soils, maximum yield occurring at a ratio of around 225 on 
a chemical equivalent basis. 

Thus, yield of both rn anl ,rrt. bean,, on 5 IJlti:;ols of beans 
on I Oxisol was clearly ,e!ated to r.r(cert Al U,,,tiiration over the entire 
range studied (0-68r). Limii,'; Ic a pIf of 5.0 to 5.5 on these soils 
satisfied the needs of both crops with regard to Ca requirements and (or
rection of Al and Mn toxicities. There was no indication of overliming 
injury even though many times the amount of lime theoretically required to 
neutralize exchangeable Al was applied in a number of the experiments. 
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16 Liming Soils of the Brazilian Corrado 

WILSON V. SOARES, EDSON LOBATO, NRIQU, GONZALEZ 
and GEORGIE C. NADERMAN, Jt 

I INTRODUCTION 

The predominant vegetation covering the great plateau of (Central 
Brazil is known as "(crrado". This vegetation has a xnro)norpliich :ppearance 
with tortulOus trk.(-saind shrubs distributed iI N.r) log dliiiiti s i\ %ra (O\Tring 
of grasses and small Ntrooy and iiehrbkcus laiite. ]iten (1972) Ila% 
repoited that (trradn vcgetation oiicurs only in uiplrld arn,i. oInsoils \sliiiei 
havc excelllt intciial drainage, ill/AIA-(.1 w(n1tr,'st %kitl tliL il1.lJOlty Of 

ii part of S,uth Av,inatural illvanna,the iiortlirn Ai . 

According to (.altiargo (19(9), crrat lo ,r Oil)'nlInI ,nit lilliate 
with at least o(e relaLtiv\ly lot, tropji(JI ( 1 btrpdl rainy Suso,,,.(,oil
tinuous occhurrcii.' of tis \(,;getatilli frm tile liiitlicrii ilttof M.lrihao 
(5°S) to withhil proxilolty of il l(jit ()i(,ajriior (,,vS ) ia's iweun 
observed. Witjii arca thiinm.iI (ImI I, i I(i,6OOthis r rainftall i~cs t)O} to 
nio, mostly ott urrji dlring thmc imntlihs of ()tobkr tiirolghi Aptil, al 
with inc na ial t clnp (t mlli rLs vd ryi g l i t 19'a ini u r ii "t i !((t 

Mlaps mi dsoil stir(y r(ports jprodit.id by the Ministry of Agri. 
. c)41. lh.culture ( e (o l i'i-11(i C I: i c i Silu,, I)(6; I)im.ao (iV 

J'cdologia e kIttlid..iuc i 'So),19((; Ja((lirc, 19( 9) hae r-eahld that 
latosolic soils mI,t, i mj .u wiinl r ((riiit \ itm niti. ')t i tpat,Ilttps
within tile Ii-;IM 1.111,oll (jlas"11i .11( Im~auseatioll %'tklll L lv"jt11111)(0ta11t 

of area of w,(curm-e: )ystrophi, l)aik llmd [iatosi, .id thc i).strophic 
Red-Yellow |.atoil. math of thic t. (,a.tli. ,lild iiiih i i iil rs of' ther(e5 
great groups Ilajistix ald Ativlox tilW )S(t(rt4 ill tiii 11S. 'iil olii(ily 

(Cline and Buol, 1973). 
These soils atV usually ,i.tp,and Irn(mclitly with iLy or indiIlm 

texture. 'hey have str(rm.,, yrantilar %tilil(lirtu Iiialkiii thllll %cry pirous. 
Ingeneral, the terrado area has piitly riiling t,frll w\himh is alorable tio 
development of 1Iiialehaiztd an intcsic ,cttiii1111u, alld iumlltlo)ftIis area 
isalready served by a reasoiably p,o ), sysft)fload s. in 

Ce'raio {tm.di)ll llit; .li *Ipr\illlro cate (if I.H On1lliollM. da 

suarc kilonctirs, whili refreSeLlls ilearly ouiitntllth of tile (0011 ry (O.ill/mii, 
1971). 'T'his vast expansc of land is sitilut bdwec.i the well dceslopcd 
and popilous soithi-central part (if lrazil and the Uinjpptiuhaleud Anazon 
region with th'vFederal Capital hltatcd almst Iltits o,1)a4ihic (.'liter, 

Events in recent years have giv.n in(reatd ilnpirtalce to tile (errado 
area. The construction and growll of ibrasilia has b(eei accotmipanied by 
significant development of the infrastru(ture, especially roads and transpor. 
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tatlon facilities. With increasing agricultural and industrial demand for 
land, land prices in the southern part of the Brazil are extremely high.
The potential of the cerrado area for agriculture, and the incentives offered 
by the govcrnmnvnt have induced companies from the south to move to the 
central states. This cald transform, perhaps in the near future, an area 
presently characterized by extensivC rai]itliig into a great area of intensive 
agriculturc. 

It is thus imperative to hntcnsify researth efforts and identify the 
problems of this agritultural fronticr in or(r to offer more adequate
solutions to tilefarm..rs who propoise t)( itivlte the vxtL-ilsive area prc-sently 
ovured by ((rraho. 

Ilic (,bjec Iive (Ifthis papicr is to smunmarize resilhs of lime expert 
mets comidmted ilithe v)uiit)' of Irasila from I ,.,to the pr-(cilt. This 
work was done at thw. Itrasilia )IxIs(rill)eitStatioln and at other (ooperating 
institutions within the Federal I)Ditriht. 

II CIIIM( Al. (IIARATI:RIST S OF TllE SOILS 

In a revi.w;,of' (hiarat-riti(s (if I(.rrado soils, Ronz aroi ("9,;1) con
cludei that th( the' ph I ii(r<i with dlpthl, fromill lStosi, ases ranging
4.0 to 5.o in li" surfai( htr 1 ,1 .o t (i., ii deepeln.r horizons. He 
alo found that (atioii (x Iat (lap.i(tty dtreass skitldepth, ranging from 
3.0 to I ,.(miiq/l(i) r of %il i th(' surface liori/oiis aiil I.ing less than 
4.0 meq/1i ,gin du(lr h ri, ,ins'II bas. sat uration i% g(.irally less 
than 201 ;, 

Amalytii l dat.a for tlir., s(IIs of the Brasilia xPperinivnet Station 
arc given in 'i.ih 1. 'hw lels (,I ixihoapc.abh. b.ises anid .ivail.ihle I 
are vury low (,nily' ahoiit nr-th ,lprlibh.f (ritoi(.l I t.s ). The. soils 
are highly a( 1 aii( iiilall,' hi.,mmore' thinl 70'1 ;alimmini .siuration. A 
Uifiil oiiij'..alis OiI)o(evrl.i~tt of' soils .irecentlyt~ido %.s 
reported by (line anil lijo (197). 

Thle o-ffelts of sarioIn rates of hone .11ipliiatiin uipn 11111,exdnange. 
of t-x( II.Ing(.illi. ( ., d Mg stid-d. 

mentld iofIiis for hii ral,-sinlih i,il hisc %.irilt si fuelshat iII ii( it yarl.
Until I ut I( )(.05 .os niinii dcsil to ( ertain 

able Al, and thw 11i11 a ha .tbcN ,ele r(,on. 

p. Ii %%,(lmiis iflton.his 
p11 Irvels, A i if4t ihiatrins f,,r.ini.ilyis (f farllers' solil S',innples 
was establishC.d by I. Ministry of Aprm, uhtre in (oo)p(ration with the 
]nternatiina! soil I (ltility I s.ihiait n.i,ii m, of Northiipu lioi-.in 
Carolina Stat. IJiV(i"rity. 'Ili(wt I.tilIat(,rie,, ia iigelthe dmthod (iflime 
re(onll atit- -id x(hi<Ii-gahl. Al is,hobh.d by Kam.%I Iit-hiit ha ojll 
prath (1967). I1,.uisc' t li' hitli :nii in satiuratli ;1I,)l,,w estllnge
Capa(ity (of lh(%(s.,d , this. i,.rs I b(:a ,asliable ftthi,,. 

|%ase' upon11 Ih1 i' ji(1,,ts,A Pit .xPEri1i(.li to study th efectis of 
Ii ling was ,iihiledat tIhri4ih.i lxpur'cniuit Srati', uwih hc three 

"luht SIX hvc % ,atlr( .( (),were ajyhJiedsoils dev.1im d ill I. sf ail).tol 
to 'ath of the %sils,Tliie lev,s (onsisihd of the qilility of CuiiO,
chemically vt'tivl.ilt h)IOw txeei paupible Al ilit- rI e lsh millsinmulti
plied by faltors of o, 1.I 2, 3, and 4,with tilelte rails txpr.ssd in 
tons per heotarc. An application of OaCO, (hemi(ally equivalent to I meq 
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Table 1,-Some chemical characteristics of three soils at the Brasilia Experi. 
ment Station. The soils are Dark Red Latosol of clay texture 
(LE), Red-Yellow Latosol of clay texture (LV), and Red-Yellow 
Latosol of medium texture (LVm). Analytical procedur s by 
Vettori (1969). 

Soil Al 
Identification Al C + Mg K P A 

4 
1:2.5 mCq/lOO g prm % 

LE , 4.2 1.9 0.3, /25 1 A6 

LV 	 5.2 0.7 o/ 29 1 / 70 

LVm / 	 5.2 0.9 0.3 28 1 73 
/ 	 / 

peg 	 %AL.(l'lJ)SATIV 
IOO
 

so 

6.5 	 pH 70 

11111 	 6D 

s so 

Ae 	 40 

4.0 20 

S AIAXINUPI 	 SURJATION I01

0 AS 0.9 1.8 2.7 3.6
 
L!Mr(C CO3) - t11
 

Figure I. 	 Relationships of pII and percent aluminum lituration 
to lime rate for surfaice soil of the Red.Yellow Latosol 
of medium texture at the Brasilia Experiment Station. 
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of exchangeable AI/0o0 g corresponded to 1 ton/ha. Pots with 2 kg of 
soil were used with four replications. A basal fertilization including P, K. 
Mg, and micronutrients was also added, and corn was grown in the pots for 
nearly two months. At that time soil samples were taken from the pots
and analyzed. Tlie results for each soil are summarized in Figures I, 2, 
and 3. 

pH %AL 
(I.2,S) GAT'N 

too 

90 

so 

6S 
70 

6,0 60 

$S SO 

53 s0 

45 ) 

4.0 20 

L I0 
A- qll T.ATUPAT! 0o~ 

0 035 0J 1.4 1 J 

Figut' 1. Rclationshi, of ,I j.., pt fvirlt Miu lnnli ll Saturationwt 
of L inum t Ilt( it the Iraihih. ;.x rimcvt Sition. 

to litte r,ci ,,r ,- f , soil 4, , t-I.:Rcd.Ydllw Latosol 

The Red-Ydlow I.ato,,I (If IPlml1o t.xtorc (l.In) shown in Figure
I has a weak buffcrming cp'l 1 i , ini sonso mth the other soils (Figures 
2 and 3). At tlhe ratu of 3 t iul, nmoa(i ( a(O., (.I x Al) the II reachcd
6.5. At the rate of LS tO||i/h1.1 2 x Al h c(lt( .m'fc AI t£crcasedto 
zero lhi h tCsiult ,I i II f :0hm t 5.5. 

lor tic l. d-Y(Ilw L.tl(,s, of dlay t,:xttirc (IN) the rate of 2.8 
tons 'ha ( x Al) rmCdmLkil the cx( hmgtablc Al in the soil to zero but only 
raiwId the p1 t, 5.2 (Figure 2). 
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The Dark Red Latosol of clay texture (LE) required the highcst 
rat, of CaCO, to eliminate clialngeiable Al. Ior tht pot experilliet, the 
rate of 6 tonsiha (3 x Al) reduced exdiaiageable Al to zero and prodilcul 
a pH of 5.5 (Figure 3). Similar results from a field experimnt on the 
same soil are also shown in Figur, 3. The a.ilys's of samples taken front 
the field experinment almost fi'c ycars after a single limestone application 
indicate that the ret of i toils hia \as suffticlit to in.iillt.1ii tie ahiiu16mn1 
saturation at less than lo('. 

Ial 

2.5 	 90 

7.0 	 80 
L pH - field 

6.5 	 exrmrt,nt" 70 

6.o 	 - 60 

5.5 	 .5 

5.0 .	 40 

4.5Z -	 30 

4.0 .	 20 

Aluminu _ 1 alumtinu aiaturaitton 
o aturatlon 	 fcj experiment 

_.. I_1__.L .1 	 0___0 
0 1 2 	 4 5 , 10 

1, 1 r : ;.,c O - t 

igure it. iatln i l ,s if . Itp tiiil AhitnililSt ni ;l.ih ill 
T Jit) rintci forl l ll draw,i ( f litth io).r Ik, ,li dhool~Cw E~xpcrinlt'jit 
Atnalytilal al'.o frr slit ilNiluhs wil 
oif daiv tct'iillc itl Jliasi il Mtiiiii 

pl%(ji m 
licitly five . trs if:tir lilnltNIolic. a.ip[plilltilli, inl ;I fidh 
CMlc ntn I %ho, 1F. J. Kai~lfilr li 1971, 

~t( 
lil tilt

ru/,i, In, I t,,,,) 
, 

The general coluhsi lAy bel.drawni Jiolli lguw'; 1, 2, and 3 that 

aluminun saturation may be reduced to less than l(,0%, a Colh!ition whicll 
is satisfactory for tie majority of cultivilteid plants, by the application of 
1.5, 2, and 4 t liflCstonile/ a (cqiii\.ilcit to 1.5, 3, and 2 tilows exchangcablc 
Al) for the LVm, LV, and l.l soils, rcspectively. 
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III CROP RESPONSES TO LIMING 

Preliminary studies with cerrado soils in Slo Paulo and Goils reported
by McClung et al., (1958), revealed the special importance of liming thesoil for certain legumes. Freitas et al., (1963) found that yields of cotton,
corn, and soybeans were strikingly increased by limestone additions, with 
cotton showing the geratest response in three soils in the state of Slo 
Paulo, Verdade (1971) summarized the reports of vaiious workers andreported a response to liming in cotton, peantts, sweet potato, sugar cane,
beans, corn, and soybeans. For rice, wheat, and potatoes, however, the 
responses were inconsistent. 

Field experiments conducted in five localities within the Federal
District were reported by Freitas t/ al., (1971). The soils at tile experi.
mental sites have not yet been mapped but these are possibly varieties of
the Dark Red Latosol. The Mg (, tent of the limestone used in theseearly trials was ,not known. liherefore, the basic fertilization applied to allplots in these expcriments inuluded Mg in the form of MgSO 4 to avoid
yield limitations dume to Ng deficiency, and to assure that the measured 
response was (hle to the effects of Ca(CO:,. Some of the results of theseexperiments are summarized and presented in Tables 2, 3, and 4, and in 
Figures 4 and 5. 

From Tables 2, 3, and .I it is apparcnt that the rate of 5 tons/ha of
lime was sufficient to raise the p1- to the range of 5.7 to 6.4. Figure 4
shows that this intermediate rate coincided with the best corn grain yields.Within this pHt range all of the exchangeable Al was probably eliminated.
The latter supposition is reinforced by the conclusions of a more recent 
experiment shown in Figure 3 in which 5 tons/ha of limes was sufficient 
to reduce the aluminum saturation to less than lor' and raised the pH
between 5.3 and 5.6. 

Table 2.-Effects of lime applications on certain soil chemical characteristics 
and corn grain yields at the Colegio Agricola de Brasilia. (Freitas 
et al., 1971). 

Limestone PHl MgCa Shelled corn yields
at 16 moasture 

(Vha) (1:2.5) meq/100 g soil 1965/66 Kg/ha 1966/67 
0 4.3 0.5 0.08 4.517 4.895 
5 5.9 6.0 0.69 3.560 6.207 

10 6.5 10.4 1.32 4.940 3.769 

Linear effects 0 * a 0 0 

Quadratie effects 0s n,v. n.$. 
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Table 3.-Effects of lime on certain soil chemical characteristics and yields 
of corn and soybeans at the Torto farm in the Federal District in 
1965-66 (Freitas et al., 1971). 

SobenCa ShelledLimestone pit Mg 16% moisturecorn Soybeans 

(t/ha) (1:2.5) meq/OO g soil Kg/ha 

0 4.9 1.1 0.16 4.732 3.003 

6.4 4.8 o.64 6.652 3.221 

10 6.8 7.3 0.90 6.232 3.196 

Linear effects n.s. n.i. ni. 

Quadratic effects * , 0 • n.s. 

Table 4.-Effects of lime on certain soil chemical charactcristics and yields 
of corn and soybeans at Vargem Bonita, in the Federal District 
1965-66. (Freitas et al,, 1971). 

Limestone nil Ca Mg Shelled Corn Soybeans
 
Lieson a g16% moisture Syen
p! 

ton/ha 1:2.5 meq/OO g soil Kg/ha 

0 4.5 0.5 0.12 3.205 714 

5 5.7 4.5 0.62 3.74|0 1.253 

10 6.3 6.8 0.73 3.142 1.503 

0 * * * Linear effects * * 


Quadratic effects n.s. n.s. n..
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2000Figure 4. Responses of shelled corn yield (16% moisture) to
limestone rates at several locations and different years
in the Federal District. 
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Figure 5. Responses of soybean yield to limestone 
 rates at two

locations in lthe Federal District. 
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Table 5.-Influence of lime and phosphorus applications on corn yields for 
a Dark Red Latosol clay texture at the Brasilia Experiment Station 
in 1966-67. 

Limes (tons/ha) 

(kg/ha) 55 10 

P103 Corn yields (Kg/hia) 

0 

150 3578 4225 4380 

300 3990 5020 4990 

450 4665 5440 5550 

lsd (.05) - 428. 

Id (.01) - 606. 

Table 6.-Response of grain sorghum to limes and phosphorus applied 
during the previous crop year, on a Dark Red Latosol of clay 
texture at the Brasilia Experiment Station in the 1967-68.1/ 

Phosphorus Limestone (tons/Ia) _ 

applied in 
previous year 0 3 10 

(kg PsO/ha)' Kg/ha 

0 294 1294 1600
 

150 1619 3294 3666
 

300 1675 3508 3850
 

450 1,180 3536 3916 

lad (.05) - 311 

lad (.01) - 430 

I/ Grain sorghum was planted to follow the corn crop reported in Table 5. 

2/ In addition to the residual phosphorus from the previous crop, three levels of banded 
P were applied for the sorghum crop. The otiginal plots were subdivided with appli. 
cations of 75, 150, and 225 kg P2Os/ha in binds below tie seed. Sinte there was no 
signific.ant diffcrctice due to the ba.ided applications, the yields above are means for 
the three Irscls of bandd phosphoius. 

3/ All limestone was applied during the previous crop year. 
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On the other hand, it should be noted that yields tended to decrease 
when lime applications increased to 10 tons/ha. The exception to this is 
shown by the curve identified as EEB-66/67 in Figure 4 in which the corn
yield increased slightly, though not significantly, as the lime application
increased to 10 tons/ha. Although these yield decreases with the highest
limestone rate, these yield changes wvere generally not significant, the 
consistency of this occurrence suggests the possibility that for the soils 
studied there was some cd trinicntal effct from the application of 10 tons/,
ha of lime (which producd a pHl of 6.3 to 6.8). For example, a reductioni 
in available Zn, B, Fc, Min, or Cu could have occurred under such cir
cumstances. 

Tie soybean crop did not benefit as gmreatly from liming as did corn 
(Figure 5). On one site there was a small but significant response to 5 
tons/ha, with no further response at 10 tons/ha. In the other case, there 
was a yield response to 5 tons/ha with a slight additional response to 10 
tons/ha, although in the latter case all the )'iCls were relatively low, sug
gesting that other uncontrolled factors may have been involved. These 
results agree with those obtained by 'reitas cl al. (1963) in which soybeans 
responded less than did cotton or corn to limestone applications. 

I ° 
2000 

S1000 

0 10 

Limestone - t/ha 

Figure 6. Response of grain sorghum yield to limestone rates at
the Brasilia Experiment Station. 

Figure 6 indicates the response of grain sorghum to limestone in a 
Dark Red Latosol at the Brasilia Experiment Station. The grain yields
increased from 1480 in the control to 3536 and 3916 kg/ha as the rate 
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was increased to 5 and 10 tons/ha, respectively. This yield increase from 
the addition of 5 tons/ha was significant at the 1% level, while the 
additional yield response to 10 tons/ha was significant at the 5r%level of 
probability. 

We may conclude from the results discussed above that for the soils 
in the Federal District, tile increased grainapplication of 5 tons/ha of lime 
sorghum yields by 1.0% and increased corn yields from 15 to 10%. For 
soybeans, the yield increase in rcsponse to 5 tons/ha was only about 7% 
with yields of about 3 tons/ha, but was about 75( with lower yields 
around 1 tons/ha. 

The information given in Figure 7 and Table 7 present the results 
of an experiment with St) laoianhes gu/.aunen.ris at the Brasilia Experiment 
Station. For tile first three cuttings there was a siglnificant increase in dry 
matter in response to the application of 5 tons ha and there tended to be a 
reduction in yield at 10 tons/ha. Inl the fourth and fifth cuttings tile dry 
matter yields tended to be greater with the original application of 10 tons/ 
ha than with 5 tons/ ha, altoutIi this yield incri'ase was not significant by the 
Duncan test. A review of this cxperinitlit. howes er, ha.ssmgCstcd the 
possibility that this apparent resp o ,s to 10 to ls, ha was caused by a yield 
limitation due to K deficiency because of griatcr total 1Ktiptake at the lower 
limestone rate. Several preliniif ary obs rvatiows by thc iufIihrs have indi
cated that K nutrition it) this species miy ruaidily bc.'nic Iimitinl, tunder 

these conditions. N,verthlors, for the total dry natt'r rlrolt tioi over the 
five cuttings, there was a reduction in yield ass ciated \\itlh a lime appli. 
cation of 10 tons/ha incomparison with tlh-rate of toils/'ha. 

A combination of the informat i. nIlntioino. albovc w ith the 
analytical rc tIts fr,i samls takcn bY K mprath from the above field 
experiment (Figure 3) supports the (olnchusin that for these soils, a 
limestone application deeigned to reduce exchaingc-able Al to abo lt 10% 
saturation (1)II of 5.6) is a more reasonable approah than an application 
to attain a jill of 6.6. FIrthcrmiore, it ,tsobsrvcd that the' application of 
5 tons/ha iiireased the conc .ntratioin of Ca in the plant tissoe by nearly 
30%,, while there was practically no further incrcase in (a ol cntration 
when the rate was raised to 10 tons 'hia. It is thus apparecit that satisfactory 
Ca nutrition for Slain plants is supplied by the interinediate level of 5 
tons/ha. This (olchsiln is also in agrcemcnt with the data discussed 
previously for other crops. 

IV IMPORTANCE OF I)EPTII OF IIME PLACEMENT 

Experiments conducted in the ste of Sio Paulo and reported by 
Mikkelsen e/ al., (1963) showed a favorable response t(,the incorporation 
of limestone to greater depth. The application (of 2 tons/ha if lime incorpo
rated to 10 eni b)y disking resulted in only 2()(1, of the yield of cotton 
obtained by incorporation of the same quantity of limes to 25 cm depth. 
This latter incorporation was achieved by applying half the limestone prior 
to plowing with the remainder applied after plowing and incorporated by 
disking. 
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Table 7.-Influence of lime on dry matter yields from five cuttings of 
Stylosantbe.r guyanensis on a Dark Red Latosol of clay texture at 
the Brasilia Experiment Station. 

First cut Second cut Third cut Fourth cut Fifthcut Total
Lime of fiveJan. 68 May 68 Jan. 69 June 69 March 70 cuttings 

t/ha Kg/h a 

0 3700 A 1 4100a 32361 2400a 3400 168.10 

5 5210b 5980b 4637bc 3013a 36502 22490 

10 4010a 4810a 3886ac 31872 4637A 20530 

1/ 	Mean yieldsfnllowed by thesame do notdiffer atthelevclof
 
5% probability.
 

letter significantly 


In Central Brazil the occurrence of dry periods, known as "verani. 
cos", during the rainy season is common. A recent review of rainfall data 
for a period of 40 years from a city near Brasilia indicates that ,on the 
average, in every other year there will be at least 10 continuous days
without rain during the rainy season.'/ Although less probable, periods
without rain may extend to more than 15 days. 

A severe "veranico" during the 1970-71 crop vear cattsed the loss
of nearly all grain production in a series of corn experiments at the Brasilia 
Experiment Station. In these experiments the lime had been incorporated
only to a depth of 15 cm, Observations of root depth and soil moisture 
status were made during the dry period while the plants were severely wilted. 
It was noted that the root system WNas limited to the zone of lime incor
poration. The available inoistUrc hadIbeet exhausted from this root zone, 
although cotsiderabl it isture was apparent below this depth. These 
observations led to the d(ecision to study the rclatioslhip bctwecn depth of 
lime incorporation and root dcvcloptneitt as an approach to better utilization 
of soil moisture. 

Experimental work to study this problem was recently initiated at 
the Brasilia Experiment Station on a l)trk Red Latosol of clay texture. 
The work forms part of the North Carolina State University (AII)/csd
2806) - Cornell University (AIl)/csd 2490) program at Brasilia. 

In these studies lime was ittorporatcd at two de lths by a technique
involving disking and rotovation. The effectiveness of this incorporation 
was shown by soil sampling, estimations of root length per unit of soil 
volume, moisture extraction patterns, and corn production. The results of 
three crops have indicated significant yield increases of corn in response to 
line incorporation to approximately 30 cm depth as compared with appli. 

1/ J.M. Wolf, personal 'communication. 
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cation to about 15 cm depth. It has been observed that even with limestone
incorporation to 30 cm deph, the roots of a vigorous corn crop at thetasseling stage are almost completely limited to 45 cm depth. The incor
poration of limestone and elimination of toxic levels of aluminum saturation 
to 30 cm depth approximately doubled root growth per unit of soil volume 
in the depth range of 15 to 30 cm. This additional root development
permits more effective moisture and nutrient absorption at that depth.

An additional treatment including Mg as a nutrient without limestone
showed a great response of corn yie:d to the presence of this element. 
This indicates that Mg fertilization by some means is also very important.

Although this experiment has provided evidence of the need for
Al neutralization to greater depth, no practical method is known to achieve
this to depths greater than 25 to 30 cm. Natural downward movement of
liming materials in soils of this typc would be most helpful. Very little
information exists, however, regarding the redistribution of Ca and Mg
applied as liming mateirals to these kinds of soils. Gargantini (1972)
worked with soils from the tate of Sio Paulo and concluded that Ca and
Mg movement o(,urred to a maximum depth of 40 cm. ie attributed the
changes in Ca ani Mg levels within the profile to applications of limingmateirals to the plots five years before the samples were taken. He noted 
that the movement of Ca and Mg was more pronounced in the more coarse
textured soil as compared with a clayey soil. 

V AVAILABILITY OF LIMESTONE 

Reports of detailed studies of limestone reserves of the cerrado 
region of Central Brazil have not been found. However, the existence of numerous deposits in nearly 30 municipalities of the states of Minas Gerais
and Goias has been reported (Ministry of Agriculture - USAID, 1964).Within the Federal District there are two limestone deposits currently being
exploited. For large portion region, least,a of this at limestone is now
readily available commercially, although the material is most frequently 
calcitic. 

VI IMPLICATIONS FOR DEVELOPMENT 

Considering that the soils associated with cerrado are generally
acid with levels of aluminum saturation toxic to man, crops, that limestoneis available in much of this area, and that the development of a modern
and more intensive agriculture in this region is likely to occur, the use of
limestone should become increasingly common and important. 

Research results to date have given valuable information. More 
work involving rates and methods of limestone application, similar to thestudy recently initiated at the Brasilia Experiment Station, is needed. Studies
regarding the quality of limestone from various sources should be initiated. 
Economic levels of limestone application for the crops considered to havehigh priority in the development of cerrado regions should be sought
through persistent, long-term research, under the various environmental 
conditions of Central Brazil. 
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VII SUMMARY 

The dominant vegetation of Central Brazil is known as "cerrado" 
and has certain xeromorphic aspects. This vegetation covers nearly 20% 
of the country. 

The soils associated with cerrado vegetation are generally deep and 
well drained, with very low (less than 20%) base saturation, high (greater 
than 50%) aluminum saturation and very low available P. These soils are 
classified as latosols in the Brazilian system and would be mnembe,' of the 
grea groups Hlaplustox andl Acrustox in the Soil Taxonomy. 

Studies with three of these soils have shown that the application 
of limestone based upon neutralization of exdhangcable Al is a reasonable 
approach. lowever, the quantities requircd to achie this may be influen
ced by soil texture, organic matter, and the nature of the mineral fration. 

The quantities of CaCO:, which Could be recommcndcd for tile Red 
Yellow Latosol of medium texture (I.Vm) , the )ark Rd Latosol of clay 
texture (LE), and the Red Yellow Latosol of (1a) textirI (IN) are 
chemically equivalent to 1.5, 2, and 3 times the exChaigC,labl Al in the 
respective soils. These rates are approximately equal to I.,1, 3.8, and 2.1 
tons CaCO.,/ha 20 cm for the soils studied. For the I.F soil, the above rate 
has given satisfactory production of sorghum, corn, soybeans, and Slylo
santhes. 

Field experiments with several crops grown on Dark Red Latosols at 
five locations in the Federal District showed that a rate of 5 tons/ha of 
limes resulted in the following benefits: 

1. Aluminum saturation was reduced to less than 10%, and the 
soil pH was increased to the range of 5.3 to 5.6. 

2. The produLction of grain sorghum was increased by 1,1'), corn 
by 15% to ,t0,% .nd soybeans by 7(rr to 75%. The principal causes of 
variability were related to different experimental sites. 

In comparison with the rate of ') tons /ha, the application of It tons/ 
ha of tended to decrease corn yields slightly. In each of the first three 
cuttings of a long-term field experinient with S/)losai/wr guy, eufis on 
the LE soil, the dry natter yields from 10 tons/ha lime were less tha from 
the rate of 5 tons/ha. 'here was some response of soybeans to the apph 
cation of 5, tons'ha of lime and in one expcrim nt with grain sorglhum 
there were yicld responses to both rates of ') and I0 tons/ha. 

It appears advisable to incorporate lime as dleeply -.s possible fo 
non-irrigated crops sensitive to water stress. In ;n experiieit presently 
underway at the Brasilia Experimnent Station, lime incrporated by rotovatiori 
to 30 cm reduced exchangeable Al to this depth and resulted ill the devel
opment of a root system which was effective in absorbing more water during 
occasional periods of dry weather. These etfects were reflected in greater 
corn yields as compared with incorporation to 15 im d epth. 

The existence of limestone deposits in much of the cerrado region is 
an imlportant resource for development, since the soils of this area require 
liming for production of many crops. Further studies should include com
parisons of quality of limestone from various sources. The Mg content of 
limestone applied to these soils is an important consideration in view of the 
high cost of adding other Mg fertilizers. 
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Further studies are needed regarding economic benefits of various 
methods of limestone incorporation. Additional studies of possible inter.
actions of acidity, limestone applications, and nutrient availability with plant
species and varieties should also be encouraged. 
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17 Residual Effets of Liming a Latosol in 

Sao Paulo, Brazil 

LUIZ M. M. DE FREITAS and BERNARDO VAN RAIJ 

I INTRODUCTION 

Liming is a mandatory agricultural practice for the extensive areas 
of soils covered by cerrado vegetation in the central part of Brazil. 

Examples of positive effects on crop production due to liming acid 
soils of the cerrado can be found in the papers of Freitas el al., (1971); 
McClung el al., (1961); Mikkelsen et al., (1961) and in a reiiew paper 
by IKmprath (1972). 

. The effect of liming acid soils is expected to last for several years. 
The question is: how many years will lime last in highly weathered soils of 
the humid tropics? 

In the temperate regions, leaching of applied lime should be of less 
importance than in humid tropical areas. In a review by Weeks and Lath
well (1967), they describe results of Griffith, Feuer and Musgrave in a 
rotation experiment with alfalfa (AIcdicago sativa) trefoil (Loins corni
culatus) and timothy (Phleum pralense). The residual effect of only 2 
tons/acre lime was still appreciable 14 years after application. 

As an example on the other extreme, in a tropical region, Mahilum 
el al., (1970) found that 5 tons/ha were almost completely lost 5 years 
after application to a volcanic ash soil of Hawaii. 

A long-term liming experiment in Brazil was established by Schrae
der (1959). Using from 10 to 30 tons1/ha shell-lime on a lowland soil, an 
important residual effect was detected in all levels of lime applied, 11 years 
after application. 

In this paper, the results of a liming trial conducted during 6 years 
on a Red Yellow Latosol are presented, with emphasis on residual effects. 

II MATERIALS AND METHODS 

The experimental site was located in the Mato farm of the IRI 
Research Institute, in the State of Sio Paulo, Brazil. The soil, Red Yellow 
Latosol with a sandy clay loam texture with about 25% clay an(d 1% organic 
matter in the surface horizon, was originally covered with "cerrado" 
vegetation. 

The experiment consisted of four rotation systems x four fertility 
treatments. The rotation systems consisted of continuous corn, corn-soybean 
rotation, soybean-corn rotation, and corn-soybean-cotton-peanut rotation. The 
treatments consisted of liming to pH 6, fertilization, liming and fertilization 
and a control without liming and fertilization. 
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Large size plots of 35 m x 20 m were used to permit the use of 
ordinary farm implements and to minimize contamination between plots.
Each rotation system was arranged as a block with four treatments. The 
three replications were planted in consecutive years and are represented by 
the letters A, B. and C. For example, the first replication of the continous 
corn was started in 1962, the second in 1963, and the third in 1964. It was 
expected that variations due to climatic conditions would influence less the 
interpretation of the residual effects. 

Dolomitic limestone was applied once at a rate of I0 tons/ha, an 
amount found to be adequate to bring the p14 the soil up to about 6. The 
fertilizer applied yearly at planting time, in kg/ha, was 10 of N, 100 of 
P2O.r, 50 -f K,,O, 50 of S, 5 of Zn, 1 of B, and 0.1 of Mo. For corn and 
cotton, 75 kg N/ha was sidedressed about six weeks after planting. 

The experiment was i'nitiated in 1962 and was planned fir 10 years. 
However, for financial reasons it was discontinued in 1967. 

Soil samples were taken periodically. In 1964, foliar samples of 
corn, soybeans, and cotton vere analyzed for macro and microclements. 

III RESULTS AND DISCUSSION 

The yields of the four crops obtained with fertilization and liming
plus fert'!ization (Table 1) are considered very good, being of the order of 
2 to 3 times the Brazilian average. Liming in the absence of fertilizer had 
little effect on yields and for this reason the results are not presented. 

Yield increases due to liming in the completely fertilized plots, 
are given in Table 2. They were not very high during the first years of 
the experiment, but increased with time. 

The reason for the small responses to lime during the initial years
of the experiment may perhaps be found in the satisfactory aluminum 
saturation, of the order (,f 3(),, for the unlimnCd Soil (Table 3). Evans 
and Kamprath (1970) obtained yield increases due to lime for corn when 
Al saturation was greater than 70(%r and for soybeans when it was greater
than 30t/( . DLIIing the latter years of the experiment, Al saturation of the 
unlimed plots increased and this was probably the reason for the larger 
differences between yields of the limed and unlimed plots (Table 3). 

No conclusion was drawn on the influence of the rotation systems 
upon the effect of liming. Neither was it possible to establish it the yields 
obtained were at the maximum of the response curve due to liming, since 
this practice might depress yields. In fact, Kampratli (1971) warns against 
the potenial detrimental effects from liming highly weathered soils to 
neutrality and recommends liming to neutralize exchangeable aluminum 
only. However, there is large difference between liming to neutralize the 
aluminum only and liming soils to neutrality. For example, Reeve and 
Sumner (1970) found that the amount of lime necessary to neutralize 
exchangeable aluminum in Natal Oxisols was approximately one-sixth of 
the amount required to raise the soil p11 to 6.5. When the experiment
described here was started, the Lriteria of liming to pH 6 used, whichwas 
would be somewhere between liming to neutralize aluminum and liming 
to neutrality. 

301 



Table 1.-Effect of fertilizers and initial lime application upon yields of corn, soybeans, cotton and peanuts grown on a Red 

Yellow Latosol in rotation systems. 

Replication A Replication B Replication C 

Rotation Plant Control Fcrtil*z Fertilizer ControlFetlzrFertili=e Fertilizer control Fertlz- Lime -Pertilizei 

Xg/ha Kg/ha Kg/ha 
Continuous com 1962 600 4185 4890 - - -

1963 70 3310 3670 95 3020 2480 - -
1964 
1965 
1966 
1967 

20 
30 
0 

15 

4980 
3615 
2845 
4470 

5915 
3735 
3900 
5675 

50 
150 
30 
50 

4720 
3210 
3070 
3240 

4750 
2880 
3530 
4445 

1890 
1280 
830 
440 

6550 
4800 
4810 
5170 

6095 
5275 
5280 
5950 

C y 1962 330 4280 4695 - - - -
1963 190(s) 1255 1515 30 2690 3055 - - -
1964 
1965 
1966 
1967 

60 
O(s)
0 

70(s) 

4660 
1575 
3155 
1840 

5795 
2665 
4760 
2720 

.70(s) 
100 
35(s)
70 

1805 
3555 
1360 
3150 

1980 
3710 
1610 
4935 

1000 
510(s)
970 
70(s) 

5930 
1415 
5445 
1335 

5300 
1670 
5230 
1640 

Soybeans-com 1962 190(s) 1230 1310 - - - -
1963 
1964 
1965 
1966 
1967 

410 
180(s) 
170 
100(s) 
40 

3345 
2150 
3080 
1730 
2750 

3775 
2515 
3450 
2825 
5405 

Lost(s) 
640 
300(s) 
450 
25(s) 

Lost 
5874 
2145 
4160 
2435 

Lost 
6370 
2655 
4275 
2740 

-

305(s) 
620 
170(s) 
585 

1400 
4130 
1180 
6510 

1640 
4460 
1565 
6630 

Com-soybeans- 1962 310 3795 4540 .... 
cotton-peanuts 1963 Lost(s) Lost Lost 260 3365 3570 - - -

1964 
1965 
1966 
1967 

0(c) 
560(p) 
50 
45(s) 

14!5 
2560 
4065 
2090 

2220 
3200 
4970 
2785 

350(s) 
380(c) 
720(p) 
590 

1850 
1380 
2925 
4740 

2310 
1715 
3470 
5265 

110 
240(s) 
10(c) 

590(p) 

4195 
1320 
1720 
3490 

5490 
1730 
1880 
3405 

(s). (c) and (p) stand respectely for soybeans. cotton and peanuts. 



Table 2.-Yield increases obtained during the 6-year rotations due to application of lime in the first year. The results, given in"kg/ha, correspond to completely fertilized plots. 

Corn-sobean Soybean-corn Corn-soybean-cotton.peanutrotation rotationSeqnoe rotationcrops Year Repc. Connof Corn Soybean Soybean Corn Corn Soybean Cotton Peanut 

First Yea crovs 1962 A 705 415 80 745 
1963 B -540 365 Lost 2051964 C -460 -630 240 1295Average - 98 50 160 748 

Second year crops 1963 A 360 260 430 Lost1964 B 30 175 495 460
1965 C 475 
 255 
 330 
 410


Average 288 230 418 
 435 
Third year crops 1964 A 935 1135 365 805
1965 B -330 155 510 
 3351966 
 C 470 -215 385 160
Average 358 358 
 420 
 433
 
Fourth year crops 1965 A 120 1090 370 


B 460 250 115 
640
1966 

1967 C 780 305 120 
545 

Average 435 548 
-85 

202 
 367 
Fifth year crops 1966 A 1055 1605 1095 
 905
 

1967 B 1205 1785 
 305 
 525
Average 1130 1695 700 715 
Sixth year crops 1967 A 1205 880 6952655 




Table 3.-Effect of lime on soil characteristics. The results are average 
values for samples taken before planting time, from plots of the 
four rotation systems. 

Soil with fertilizer Soil with lime + fertilizer 

Year Repl. p1 Al Ca + Mg pH Al Ca + Mg 

meq/100 ml meq/100 ml 

1962 A 5.7 0.6 1.4 - - 

1964 A 5.1 0.8 1.2 6.2 0.1 2.4 

B 5.3 0.7 2.2 6.5 0.0 3.7 

1965 A 5.4 0.8 1.1 6.5 0.1 2.9 

B 5.5 0.6 2.0 6.4 0.0 3.7 

C 5.9 0.3 2.4 6.6 0.0 4.1 

1967 A 4.5 1.3 0.7 5.7 0.0 3.0 

B 4.7 1.0 1.4 5.6 0.0 3.4 

C 4.9 0.8 1.9 5.7 0.0 3.7 

Ten tons per hectare may be considered a very high rate for a 
Latosol with only 25% clay and 1% organic matter. However, the results 
reported here show that with adeqLace fertilization including micro. 
elements, high amounts of lime for similar types of soils may not be 
detrimental. Microelements need to be included in fertilization of soils 
of the cerrado as shown by Mikkelsen et al., ('961). 

Analysis of leaf samples in 1964 showed that manganese, zinc and 
molybdenum were affected by liming, and other elements were not (Table4). 

It is certain that aluminum played a role in the negative effect of 
soil acidity in this experiment. This can be seen in Figure 1, showing the 
relationship between corn yields and exchangeable aluminum for plots that 
received fertilizers but not lime. Productions were lower for higher Al 
contents in the soil. 

Besides the residual effect of liming on yields shown in Table 1, 
the results of Table 3 dearly point out a definite residual effect of lime in 
the soil, 6 years after the application. The results also indicate that the 
residual effect would probably last for several more years, if the experiment 
had continued. 

It is hard to arrive at accurate values for leaching losses of lime from 
the results of Table 3. Considering the unlimed plots, the losses of 
Ca+Mg are of the order of 0.25 meq/100 g each year for the years between 
1964 and 1967. This would amount to about 250 kg calcium carbonate per 
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hectare per year, a conservative figure, considering it to be similar to the 
minimum losses estimated for British soils (Cooke, 1967). Furthermore, 
the figures given in Table 3 for the limed plots are far too low to account 
for the 10 t/ha lime that was applied, leaving the suspicion that consider. 
able leaching has occurred. To complicate the analysis, part of the lime 
was still reacting during the last years of the experiment, as is shown by
the almost steady values of Ca + Mg for differente years, which hindered 
any further attempt to calculate leaching losses of the divalent cations. 

Thus, two opposite aspects seem to be involved. First, intensive 
leaching must have occurred, removing part of the lime applied. Rapid 
leaching of lime in few years have been demonstrated to occur in soils of 
the humid tropics by Amaral el al., (1965) and by Mahilum et al., (1970). 
Second, part of the leached divalent cations were at least partially replaced 
by cations dissolved from the unreacted lime. The slow * 2action of lime 
lasting several years, expected for soils of temperate region (Adams and 
Pearson, 1967), also occurs in soils of the tropics, especially for the coarser 
particles. 

It may be concluded that lime will have a significant residual effect 
for many years in highly weathered soils of tropical regions, and this should 
be taken into account in economic considerations. Leaching losses of applied
lime do occur and are important, but quantitative and phenomenological 
detailes on the process are lacking. 

Table 4.-Leaf nutrient composition of corn, soybean and cotton as effected 
by liming. Samples were taken from crops planted in 1964. 

Corn Soybean Cotton 
Nilement Fertil. Leu + Lime + rt Lime +

Fertil. Fertil. Fcrtil. Feertil. 

N, % 2.27 2.29 4.18 ,4.28 3.25 3.39 
P, % 0.185 0.190 0.227 0.253 0.233 0.248 

K, %/ 1.87 1.65 1.99 2.02 1.47 1.46 

Ca, % 0.38 0.47 0.60 0.68 1.05 1.24 

Mg, 0 0.21 0.38 3.30 0.36 0.29 0.39 

Fe, ppm 115 105 91 94 62 57 
Mn, ppm 51 27 87 47 196 54 

Cu, ppm 7.5 8.3 9.4 10.9 5.6 3.3 

Zn, ppm 26 22 67 44 54 22 

B, ppm 20 20 79 78 57 54 

Mo, ppm 0.09 0.38 0.16 0.25 0.05 0.12 
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Figure 1. 	 Corn yields vs exchangeable aluminum levels in the 
soil as a function of time. 
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IV SUMMARY 

In a six-year experiment, a positive effect of the application of 10 
t/ha lime to a Red Yellow Latosol with a sandy clay loam textare was 
obtained for corn, soybeans, cotton and peanuts in four rotation systems.

With time, the difference of yields between the limed and unlimed 
plots tended to increase. This was explained by the gradual acidification 
of the unlimed plots, in which exchangeable aluminum increased with 
time. 

Six years after the application of lime, the content of exchangeable 
Ca+Mg was about 1 meq/100 g higher than the value of Ca+Mg+AI 
of the unlimed soil, indicating that the residual effect of liming would 
probably last for several years more. 
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I 

ig Differential Species and Varietal Tolerance18 to Soil Acidity In Tropical Crops and Pastures 
JAMES M. SPAIN, CHARLES A. FRANCIS, 

RHEINHARDT H. HOWELER and FABIO CALVO 

INTRODUCTION 

Most acid and infertile soils of humid tropics can be readily modified 
with lime and fertilizers and made quite productive for any climatically 
adapted crop. 

Many of these soils have excellent physical properties, are well 
drained and are found in land-scapes daracterized by smooth to gently 
rolling topography. None the less, agricultural production in such soil 
areas continues at a low level and they contribute very little to the devel
opment process in Latin America. This is doubtless due to man)' geogra
phical, historical, cultural, social and above all, economic factors. The costs 
of fertilizer and lime on the farm are high and crop prices are low because 
of distance to market and lack of adequate transportation arteries. Inputs 
will always be costly until market infrastructures are developed. 

How can the ever increasing demand for land and employment; for 
more and better food for rural tropical families and exploding urban 
populations be met? One approach to the problem of low soil productivity 
which does not requi'e excessive lime and fertilizer is through the selection 
of species which are better adapted to the native soil environment and 
requh? a minimum of high cost inputs. Many species are well adapted 
to extremely acid soil conditions and are also efficient at absorbing native 
soil nutrients. Mango, citrus, cashew, brazil nut and rubber are among the 
more acid tolerant tree crops. There are many acid tolerant forage grasses 
and legumes and a number of long season, starchy food crops such as 
cassava, tropical yams and certain plantains. Tropical farmers have made 
use of these species for centuries, both for subsistence and commercial 
production. There is, however, a general shortage of cereal grains and food 
legumes as a basis for adequate diets. 

In recent years a number of annuals, inc!uding cereals and legumes, 
have been shown to vary markedly between varieties and cultivars in regari 
to acid soil tolerance. However, no systematic effort has been made to 
screen tropically adapted species for agronomically acceptable material nor 
for sources of germ plasm for crop improvement programs. There is no 
other region in the world where such varietal and species difference could 
be more important than in the humid tropics of the Americas. 

The CIAT soils program in cooperation with CIAT co.nmodity 
programs initiated a screening program in 1971 at Carimagua, an ICA 
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(Instituto Colombiano Agropecuario) experiment station in the savannah 
covered eastern plains of Colombia. The Station is located at 40 30'North 
latitude and 71 0 30'West longitude, at an elevation of 150-175 meters above 
sea level. The mean annual temperature is estimated at 270 C. The rainfall 
distribution from June of 1972 to September, 1973 is shown in Figure 1. 
The trials, including cassava, field beans, maize, rice, and cowpeas have 
been conducted on an Oxisol with the characteristics shown in Table 1. 

Large plots were established with lime levels of 0, 0.5, 2, and 6 
tons/hectare. The 0.5 ton level is sufficient to supply calcium and 
magnesium as nutrients but does not greatly alter pH nor exchangeable 
Al levels. The 6 ton level is sufficient to neutralize most of the Al and 
raise the pH to approximately 5.3. The intermediate level neutralizes 
30-35% of the Al, while raising the pH to 4.7 (Figure 2). 

In addition to annual crops a number of forage grasses and legumes 
are under study as part of a search for economically feasible solutions to the 
problem of extremely low levels of livestock production on natural savan
nahs under present management. There is no doubt that the majority of 
the allici/ soils of the tropics will remain in pastures for a long time to 
come, thus justifying much greater efforts than are at present being made 
in the area of pastures and livestock management in the tropics. 

II METHODS AND RESULTS 

The methodology of the first year of screening for acid soil tolerance 
are summarized in Figure 3. There was sufficient genetic variability in 
mhost species screened to warrant further tiials. The results of these trials 
have been summarized for 1972 and 1973 and are presented below for 
maize, rice, grain legumes, cassava and forage species. Other species in
duding peanuts and sorghum have received only limited attention and are 
not included in this report. 

III RESULTS WITH MAIZE 

Initial screening of maize at Carimagua was carried out at all four 
lime levels. There was little or no production without lime, and near-normal 
growth with 6 tons/ha. The extremes were eliminated in succeeding tests 
and the 0.5 tons/ha level is now used to indicate tolerance to low pH and 
high aluminum levels, and the 2 tons/ha level to show genetic potential at 
about the h;ghest economically feasible lime treatment for this zone, given 
present freight costs and crop prices. 

The step-wise selection procedure is based on open-pollination, 
partial selection pressure on the male pollinators, and a minimum input 
or profesisonal time due to the distance of the Carimagua experiment 
station from CIAT's headquarters in Palmira. Two hundred lines, varieties, 
hybrids, or single ear selections are planted each season under the two lime 
levels in the introduction phase, with no replication (Phase 1). These 
include new introductions from outside, progeny from the CIAT or other 

1/ Allic soils are those in which alumirnum is the dominant exchangeable cation. 
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Figure 1. Precipitation and temperature In Carimagua from June 
1972 to September 1973. 
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Table 1.-Characteristics of an Oxisol from Carimagua, Llanos Orientales, 

Colombia (0-20 can). 

pH O.M. Bray II P Al Ca Mg K ECEC Texture 

% ppm mcq/100 

0.5 0.3 0.08 4.5 Clay4.3 5 3 3.5 
loam 

Al ++" 

pH mglOO g91 
3.0 

5.5 
Al +-+ 

2.0 
5.0 

pll
 

1.04.5 

4.0 I 

0.5 	 2.0 6.0 
LIME (T/Ha) 

Figure 	2, The effect of lime on pH and AI+++ in the Carl. 
magua Oxisol. 
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breeding programs, or single ears selected from the previous cycle in Cari
magua. Fifty of the best among these introductions are planted in the 
following season in single-row plots, two replications, at the 2 tons/ha
lime level (Phase 2). From this replicated yield trial, the five best entries 
are selected for semi-commercial testing (1/10 ha) on the station at 2 
tons/ha lime level (Phase 3). The best white and best yellow variety
from this semi-commercial test are distributed in the zone as experimental
materials for on-farm testing of yield potential. (Phase 4). 

1500 COITPEAS (7) 

' d BLACK BEANS (6)
<1000 -

$00.
 

FIELD BEANS 

0 0.5 2.0 LIM (T/Ha) 
6.0 

Figure 3. The effect of lime on the grain yields of species
screened in 1971 at Carimagua. The number in 
parenthesis indicate the number of entries of each 
species. 

Selection criteria in each phase include vigor and plant growth
potential on these soils, resistance to cutworm (Spodoplera sp.) and stalk 
borer (Diatraea spp.), resistance to foliar and ear diseases, and final yield. 
Where possible, selection pressure is placed on all fields by detasseling
undesirable individual plants previous to anthesis, to prevent their genetic
contribution to the next generation. Seed for each phase is harvested from 
selected plants in selected rows or plots, even though there is no hand 
control of pollination. Orientation of plots in the field relative to prevalent
winds assures pollen flow from more s-dected material (Phase 3) toward 
the introductions (Phase 1).

fhese four selection steps are carried out concurrently in each 
season; 2 cycles per year, with germ plasm moving through the four steps 
as quickly as possible. During the second season of 1973, for example, the 
varieties selected from phase I to plant in phase 2 ranged in yield from 
3.3-6.0 tons/ha, based on the single row plots (2.8 m2). The best yellow
and white varieties selected in phase 2 for planting in phase 3 produced 
about 3.7 tons/ha (plot size 28 m). The best yellow variety in phase 3 
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during the second semester produced 3.2 tons/ha, in a semi-commercial 
field of 500 m2. Seed of this variety will be tested on farms as an exper
imental material and compared to the white brachytic selected and distributed 
after the 1972 tests in Carimagua. (Figures 4 and 5). 

PHASE No. VARIETIES 

Introduction 200 (2 Lime levels)
 

II I 
Evaluation Trial 50 (2 Replications)
 

Semi-Commercial 5 (1.000 m
2 /plot)
 

Trial
 

IV On-Farm Testing (CIAT-1974)
 

Figure 4. Crop improvement scheme. 

oo
 

N( 

....- N . 

Figure 3. On-farm testing of several food crops. 
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IV RESULTS, WITH RICE 

In 1972, two semidwarf varieties, (CICA-4 and IR-8), and two 
traditional, tall varieties, (Monolaya and Blue Bonnet-50), were seeded
in a lime x phosphorus experiment at Carimagua. The tall variet;s res
ponded to the first increment of 0.4 tons/ha lime, but there was no positive 
response to higher lime applications. 

Yields of the semidwarf varieties were essentially nil without lime. 
There was a very marked response to 0.4 and 4 tons/ha and slight response
to 16 tons/ha. (Figure 6). Figure 7 summarizes the results of a similar 
trial conducted in 1973 with Colombia I and IR-5 replacing Monolaya and 
CICA-4. IR-5 is mucho more resistant to blast under Llanos field conditions 
than CICA-4 or IR-8. The negative effect of higher levels of lime on
yields of Colombia 1 is due primarily to increased lodging and bird damage. 

In order to identify Al-tolerant varieties, nearly one thousand lines 
from the IRRI collection and CIAT's advanced breeding lines were screened
in the field at Carimagua in 1973 at lime levels of 0.5 and 6 ton/ha, while 
nearly 40% of the varieties were also screened at 0 and 2 tons/ha. At
about 6 weeks of age they were visually evaluated for resistance to soil 
acidity and blast, (Pyricularia oryzae). One replication was harvested at 
maturity for grain yield. 

Since field screenings are time consuming and their final results 
are affected by soil variations, differential resistance to blast and bird 
damage, a rapid greenhouse screening test for Al-tolerance was developed.
Rice seedlings are grown in nutrient solutions at two Al-levels of 3 and 30 
ppm. At three weeks of age, root lengths arc measured, and the ratio 
of root length at 30 ppm Al ove rthat at 3 ppm Ai is used as an indication 
of Al-tolerance. This ratio is called relative root length (RRL). The
varieties were grouped into four classes of Al-tolerance according to thcih 
RRL-value. At present, the screening of 850 varieties in the greenhou;e is
nearly completed. A correlation analysis of RRL-values of 2-10 varieties 
with their respective grain yields, obtained in a field screening n 1972,
resulted in a correlation coefficieit of 0.64 as shown in Figure 8. Since
grain yields were affected by many factors other than soil acidity, such as 
blast and bird damage, the correlation of field results and the greenhousetest seems very good. A correlation analysese of RRL vs. plant height gave 
an r=value of 0.49 indicating that in general tall varieties were more Al
tolerant than short-strawed varieties. The same has been observed in the
field. The rice varieties commonly used in Colombia can be arranged in the 
following order of decreasing Al-tolerance: Colombia-l, Monolaya, Blue
Bonnet50, IR-5, IR-22, IR-8 and CICA-4. The arefloating rice varieties 
more tolerant than IR-5, while CIAT's brec'ing lines 1 and 8 are similar 
in tolerance to JR-8. 

V RESULTS WITH GRAIN LEGUMES 

A preliminary trial of beans (Phaseolus vulgaris L.) and cowpeas
(Vigna sinenfis) in 1971 indicated a very large difference in tolerance to
soil acidity between cowpeas and beans and between black and non-black 

-314



3.0 BLUE BONNET-SO 

3.42.0 2.0MONOLAYA 

• ClCA-4 

0 

Figure 6. 

3 

-.4 .8 12 

LIME (Ton/Ha) 

The effect of lime applications on the grain yields of 
four rice varieties grown under upland conditions in 
Carimagua in 1972. 
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beans. Figure 3 summarizes the results. Following this lead, a collection
 
of 50 varieties of black beans, 2 soybeans,, and 20 cowpeas were screened
 
in 1972, The collection was seeded at the same four lime levels of 0, 0.5,
 
2and 6 tons/ha.
 
: " 
 Figure 9 shows the average response of the species to lime appli
cations, It is clear that all species responded to liming, but the black beans 
and soybeans responded up to 6 tons/ha, while the cowpeas responded 
significantly only to the first increment of 0.5 tons/ha. 

2.0 

SBLACK BEANS (50)
 

. 

U COUPEAS (20) 

• 1.o 

0.5 

0.5 2.0 

LIME (Ton/Ha)
 

Figure 9. The effect of lime applications of grain yield of three 
legume species grown in, Carimagua. Number in 
parentheses indicate number of collections tested. 

A collection of 100 non-black beans, 125 black beans and 45 cowpeas 
was screened in Carismagua at 0.5 and 2 tons/ha lime levels during 1973. 
The results of the harvest, just completed, are very similar to the 1971 
and 1972 results. Very few entries of non-black beans show any promise 
of aluminum tolerance. 
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1";'- 'Cowpeas are of special interest as a source of high quality protein
drygain) for human d small animal diets as an excellent vegetable.

In'addition to their tolerance to soil acidity, they have a high yield potential.Several cultivars have yielded over 2.5 tons/ha in small plots; one cultivat
yielded over 3.0 tons. Figure 10 compares the yield of an outstanding
black cowpea of Indian origen to the average of 20 entries. 

Soo 	 P1354-725
 
(INDIA)
 

V	 3i20 ENTRIES 

1001d 

0 0.5 2.0 LIME (Ton/Ha) 	 6.0 

Figure 10. The effect of lime on Cowpea Grain yields at Carimagua, showing the average for 20 entries and the
highest yielding individual entry. 

VI RESULTS WITH CASSAVA 

In 1972, 138 cultivars werc screened, primarily for acid soil tolerance.The entire field was seriously affected by a number of diseases including 
super elongation, cercospora, and bacteriosis. However, initial development
was normal and plants remained essentially disease-free during the first 
three months.

The following observations were made during this early period
before differences were masked by disease symptoms: 

1. Most of the cultivars responded visually to lime up to 2 tons/ha. 
2. Some cultivars performed equally well at 0, 0,5, and 2 tons/ha. 
3. Most of the cultivars were very adversely affected by the 6 ton

level of lime and some even by the 2ton level; this was thoughtprobably due to lime induced micronutrient deficiencies. There 
were, however, exceptions; some cultivars were not affected by
the high level of lime, perhaps indicating differential varietal
tolerance to low micronutrient levels. 
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At four months after planting, samples of the first fully expanded
leaves were taken from four cultivars, two of which were severely affected 
by lime levels of 2 and 6 tons/ha and two of which were apparently
unaffected by the higher levels of lime. It was though that leaf content ofnutrients would help identify the cause of the negative lime effect observed. 

. The results of foliar analysis showed a very marked effect of lime 
on mineral content of leaves. The very large positive effect of the first
increment (0.5 tons/ha) on Zn, Cu, Mn and K was followed by an even
larger negative effect at levels of 2 and 6 tons. The role of lime at low
application rates appears to be more as fertilizer thana as a soil amend
ment; a source of calcium and magnesium. At higher levels, its effect as asoil amendment becomes evident as pH is increased and leaf content of
Mn, Zn, Cu, and K is decerased. These results are different from those
observed with forage legumes in the greenhouse primarily at the first level
of lime where Zn and Mn content of forage was lowered even at 150 kg/ha
level of lime. This can be seen by comparing Figures 11 and 13. 

The final root yields of most cultivars in the 1972 trial were low 
because of disease. However, the effect of lime was very marked as can be 
seen in Figure 12. It is interesting to note that each of the four varieties
sampled for foliar analysis responded in a different way to lime. CMC
169 responded to lime like many other crops, with maximum yield at 6
tons/ha. CMC 198 responded very little to lime at any level, CMC 87responded slightly to the first increment but yields dropped to essentially
mir with six tons/ha. CMC 128 yielded almost nothing without lime;
responded very markedly to 0.5 tons/ha after which yields dropped to the
original level at 2 tons/ha and there was no yield at 6 tons/ha. 

VII RESULTS WITH FORAGE LEGUMES AND GRASSES 

A series of greenhouse experiments was conducted in 1973 at CIAT,Palmira to determine optimum levels of lime for four legumes and three 
grasses on a Carimagua Oxisol. Lime levels were 0, 150, 1000, 2000 and
4000 kg/ha of CaCO3 equivalent, using the oxides of Ca and Mg and
maintaining the same Ca:Mg ratio (10:1) used in most of our limingexperiments. Figure 13 shows the results of the first cut for the four
legumes. Maximum yield was achieved for all four at 150 kg lime/ha.
The shape of the curves is most unusual; probably reflecting various functions of lime. The first response is likely a nutrient response to Ca and/or
Mg. The effects of lime treatment on the Mn, Zn, P and K contents of the
forage are shown in Figure 14. The effect of 150 kg equivalent of CaCO3on Zn and Mn is surprisingly large. 

The depression in yield at 1000 and in some cases 2000 kg/ha issimilar to results obtained on the same soil with cassava in 1972. The high
yields at 4,000 kg/ha are difficult to explain. 

The negative effects on dry matter yield of the 1,000 and 2,000kg/ha lime applications were not observed in the second cutting. As in
the first cutting, maximum, or nearly maximum yields, were achieved with150 kg/ha. Figure 15 shows the effect of lime on dry matter yield of the
four legumes averaged for all harvests. 
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Figure 12. The effect of lime applications on fresh root yields 
cassava cultivars 9 months after planting. Carima. 
gua, 1972. 
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Figure 15. 	 The effect of lime on dry matter production of four 
legumes, Carimagua soil, average of 2 and 3 cuts as 
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I The response curves for grasses are quite different from those 
observed for legumes for the first cutting but quite similar, for the sub
sequent cuttings as can be observed in Figures 16 and 17, 

SGORDURA
 

10 

PUNTERO
 

150 O00 200o 	 4000 

CaCO 3 EQUIVALENT (Ke/l1a) 

Figure 16. The effect of lime on dry matter production of three 
grasses grown in a Carimagua oxisol, first cutting, 

to 	 0 Gurdura X 3 Cuts 

PuntrroX 3 Cuts 

I'ara 2 Cuts 

IS0 1000 200 4000 

CaCO 3 Equivalent (Kg/Ha) 

Figure 17. 	 The effect of lime on dry matter production of three 
grasses, average of 2 and 3 cuts as indicated. 

The effect of liming on the chemical composition of the four 
legumes and three grasses is shown in Table 2. It is clear that the effect is 
much less pronounced with the grasses than with the legumes. 
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Table 2.-The effect of lime applications on forage nutrient content offour tropical legumes and three tropical grasses, grown in anoxisol from Carimagua, Colombia, 1st harvest. 

Species Lime N P K Ca Mg Mn Zn Cu Blcvel C/ C C % ppm ppm ppm ppm 

Sylosa1tnst 0 2.6 0.13 1.5 1.2 0.29 213 103apyamenrh 5.0 24150 2.3 0.16 1.8 1.5 0.26 119 65La Iibertad 1000 2.6 0.14 6.0 281.9 1.6 0.26 90 38 7.3 24
2000 3.3 0.19 2.2 1.9 0.244000 2.4 0.13 1.3 2.1 

79 38 8.7 200.30 57 17 4.7 21 x 2.6 0.15 1.7 1.7 0.27 112 32 6.3 23 
Conrisuma 0 2.3 0.12 1.0 0.8 0.17 136ptdebs,,sr 63 5.7 16150 1.4 0.16 1.1 1.1 0.17 126 43 9.8 201000 2.0 0.19 1.2 1.2 0.18 115 39 10.7 222000 1.8 0.16 1.1 1.3 0.18 104 32 10.74000 2.0 0.15 1.0 1.4 0.20 83 26 10.2 

23 
24 x 1.9 0.15 1.1 1.2 0.18 113 41 9.6 21 

Putraari: 
 0 2.6 0.16 1.4 0.9 0.22 222phaeololdes 70 6.7 33150 1.9 0.20 1.4 1.4 0.25 201 63 7.01000 1.8 0.15 1.3 1.4 41
0.20 170 47 6.0 332000 2.6 0.14 1.3 1.3 0.21 147 37 6.74000 2.0 0.13 1.1 1.5 0.29 120 22 

30 
6.0 29 

x 2.2 0.15 1.3 1.3 0.23 172 50 6.5 33 
Dermodium 0 3.3 0.20 2.0 1.0 0.29 172 120 4.0iulorlum 21150 2.2 0.14 1.3 1.3 0.28 167 110 3.3 221000 2.6 0.15 1.6 1.3 0.29 127 72 3.7 212000 2.5 0.16 1.6 1.4 0.26 134 52 3.3 214000 __ 2.7 0.17 1.5 1.5 0.28 107 35 4.0 21 

x 2.7 0.16 1.6 1.3 0.28 141 78 3.7 21 
Hy errh/aI
,Ufa 4 0 1.8 0.09 1.0 0.4 0.29 166 35 7.1 16150 1.8 0.10 1.4 0.4 0.19 115 28 7.6 141000 1.5 0.08 1.3 0.5 0.24 136 23 6.6 162000 1.9 0.10 1.4 0.6 0.21 126 21 8.0 124000 2.1 0.10 1.1 0.6 0.22 114 19 8.0 11x 1.8 0.09 1.2 0.5 0.23 131 25 7.5 14 
Mll,,): 0 1.1 0.07 0.6 0.3 0.27 110min,£tif oa 73 8.0 7150 0.9 0.07 0.7 0.3 0.30 108 58 6.9 7(leaves only) 1000 1.0 0.07 0.6 0.3 0.34 113 49 6.7 72000 1.0 0.07 0.7 0.3 0.33 97 47 6.0 74000 1.0 0.07 0.6 0.4 0.45 106 48 5.0 8 

x 1.0 0.07 0.6 0.3 0.34 107 55 6.5 7 
Brachtarki 0 0.9 0.08 0.5 0.1 0.07mutca 150 0.7 

31 41 10.7 50.08 0.4 0.2 0.08 33 44 10.01000 0.7 0.08 50.5 0.2 0.11 42 33 9.3 52000 0.7 0.09 0.6 0.2 0.12 44 34 9.3. 24000_0.8 0.08 0.5 0.3 0.15 34 35 10.7 5 
x 0.8 0.08 0.5 0.2 0.10 37 38 10.0 4 
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It appears that lime is required primarily as a source of Ca and/or
Mg for the tropical forages included in these trials. Many trials reported
in the literature use 1 ton of lime as a first increment. It may be that 
the most beneficial range of lime applications has often been completely
bypassed.

In practice, sufficiente calcium as a nutrient may well be applied in 
the form of phosphate fertilizers. Simple super phosphate contains about 
20o Ca; triple super phosphate about 15%. Colombian basic slag (from
Paz del Rio) contains 45-60% CaCO3, equivalent to 18-24% Ca. In all 
trials involving low levels of lime or calcium, a non-calcium source of P 
has been used. 

VIII CONCLUSIONS 

High quality food crops can be economically produced on many
allic soils with minimum lime requirement. 

Cowpeas appear to be the most tolerant food legume; black beans 
are intermediate while the non-black beans (both are Phaseolus vulgaris) 
are the poorest. Rice is the mc,-:t promising cereal grain crop. Within each 
species there is considerable genetic variability as regards acid soil tolerance. 
In the case of upland rice, there are traditional varieties such as Monolaya
that barely respond to the first increment of lime while many of the new 
semi-dwarf varieties respond strikingly to lime and produce practically
nothing in its absence under upland conditions. Soil acidity is normally not 
a problem with flooded rice since pH increases markedly as the soil is 
reduced. 

Crops that are tolerant to soil acidity are also likely to be more 
efficient at recovering applied as well as native plant nutrients than sus
ceptible crops even when the latter are grown on limed soils. It is almost 
impossible to effectively lime the subsoil; as a result, susceptible crop roots 
are often limited to the plow layer even after liming. Tolerant crops can 
develop wider and deeper root systems and thus exploit a larger volume of 
soil for needed nutrients and moisture. 

The response of many species to small applications of lime when 
grown on Oxisols emphasizes the importance of Ca and Mg as nutrients 
in soils with high exchangeable Al levels relative to exchangeable Ca and 
Mg. The calcium content of phosphorus fertilizers may be sufficient to 
meet the nutrient requirements of many crops. 

It is clear that some cultivars of crops that have evolved in the 
tropical allic soil environment are extremely sensitive to over-liming. Most 
of the 138 cassava cultivars screened at Carimagua were adversely affected 
by 6 tons of lime/ha and the yields of many were depressed by only 2 tons 
of lime. It has also been observed that liming of cashew trees may be very
detrimental at rates as low as 1 ton lime/ha. However, most acid soil 
tolerant species and cultivars we have observed are surprisingly tolerant to 
a wide range of lime rates (up to 16 tons/ha). 

A tentative listing of food crops suitable for allic soils is given
in Table 3, along with lime requirements for the more tolerant cultivars.
All indications are based on experience at Carimagua on an Oxisol with the 
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characteristics shown in Table 1. The list is not meant to include all acid
soiltolerant tropical species. It is drawn from personal experience and
observations of CIAT's staff, primarily in the American tropics. 

Table 3.-Food crops suitable for allic soils with minimum lime rejuire
ment. Lime requirement figures are for acid soil tolerant cultivars. 

CROP LIME REQUIREMENT 

Upland rice 1/.1/ T 

Cassava -/ T
 
Plantain (topocho) 
 1/-2 T* 

Cowpeas (vegetable) 1/ 1 T 
Cowpeas (grain) 1/2 1 T 

Peanuts 
 -2T
 

Corn (vegetable) 1.2 T 
Corn (grain) 1-2'T 

Black beans 2 T
 
Sesame 
 .2T*
 

Sorghum 1.2 T 

Fruits and tree crops.: 

Mango .1/z T* 
Cashew 1/4.1/2 T* 
Citrus . T*
 
Pineapple -V, T* 

Tentative. 

The most promising forage species for acid soils include stylosanthes
(S. guyanenjir), desmodium, kudzu and centrosema among the legumes
and molases grass (Mlinis minutiilora), puntero (Hyparrhenia ru/a),
brachiaria (B. dectimbens) and pasto negro (Pspdum plicallurm) among
the grasses.

The results of our work, although preliminary in nature, clearly
emphasize the importance of teams of researchers made up of breeders,physiologists and soils specialists working together on problems of low 
crop an pasture productivity on the acid soils of the humid tropics in 
order to affect a more efficient and rational development of these regions. 
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IX SUMMARY 

The differential tolerance to soil acidity of various important food 
crops and pastures was studied. Many species and crop varieties were 
screened for acid tolerance and results are given for maize, rice, grain 
legumes, cassava and some forage species. Maize varieties doing best with 
a 2 tons/ha lime treatment produced over 3 tons/ha in semi-commercial 
fields. Traditional rice varieties responded only to 0.4 tons/ha of lime 
while the semidwarf varieties responded markedly up to 4 tons/ha, A 
greenhouse method is proposed to test rice varieties for Al tolerance by 
measuring root growth in nutrient solutions with different Al concentrations, 
and comparing values for 3 and 30 ppm Al. 

It is reported that while field beans and soybeans responded up to 
6 t/ha of lime, cowpeas only responded significantly to 0.5 tons/ha. 

IFor cassava very large differences between cultivars were observed. 
However, most of them responded visually to lime up to 2 tons/ha and 
were adversely affected by 6 tons/ha. Foliar mineral content was strongly 
influenced by liming even at the lowest lime rates. 

For grasses lime apparently is required primarily as a Ca source 
with positive results for 150 kg lime/ha and yield depressions can occure 
already at 1 ton/ha. 
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9 Mcronutrient Limitations ini 

Acid Tropical Rice Soils 

FELIX N. PONNAMPERUMA 

Micronutrient problems in tropical soils were recently reviewed by
Cox (1972) and Drosdoff (1972). The wider aspects of micronutrients
in agriculture were extensively covered in a recent publication (Morvedt, 
Giordano and Lindsay, 1972). But these publications hardly mention rice,
which is widely grown under both upland and lowland conditions on 
tropical acid soils. 

The main micronutrient limitations to the growth of rice on acid 
tropical soils, as we know them, are iron deficiency and manganese toxicity 
on upland (aerobic) soils, iron toxicity in submerged (anaerobic) soils, 
and zinc deficiency in continuously wet soils. 

II IRON 

Iron deficiency 

Iron deficiency was one of the first micronutrient disorders of rice 
to be recognized. In solution cultures, it was corrected by acidifying the 
solution (Gile and Carrero 1916), by frequent addition of Fe (Gericke
1930), or by adding a complexing agent (Lin 1946). In fact, as early as 
1930, rice was known to be more susceptible to Fe deficiency than other 
cereals, and its apparent Fe reouirement was known to be greater than that 
of other plants. Submerging the soil (Gile and Carrero 1920) or raising
the water table (IRRI 1962, 1963) prevented Fe deficiency. 

The content of water-soluble Fe in most aerobic soils is so low that 
it is almost chemically undetectable. Plant roots extract Fe by first reducing
insoluble Fe3+ to the more soluble Fe2 + form (Brown, Holmes, and Tiffin 
1961; Ambler, Brown, and Gauch 1971). Because in mesophytes the flux 
of oxygen decreases from the bulk of the soil to the root surface, their 
rhizosphere tends to be reducing. This facilitates the uptake of Fe. The 
rhizospheres of both upland and lowland rice, however, are oxidizing 
because oxygen flows from the shoots to the roots (van Raalte 1944; Arikado 
1959; Armstrong 1970), and the greater the flux of oxygen, the smaller is 
the uptake of Fe (Armstrong 1971). This explains why the apparent Fe 
requirement of rice is higher than that of other plants, and why rice suffers 
from Fe deficiency in well-drained upland soils. The severity of Fe defi. 
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ciency increases with the PH of the soil (IRRI 1963), so Fe deficiency is 
the most serious limiting factor on aerobic neutral and alkaline soils that are 
not under water stress. But if the redox potential (Eh) of an upland soil 
falls below 0.2 v at pH 7 because of temporary waterlogging, or if the 
subsoil is saturated and anaerobic, Fe deficiency many not occur even in 
alkaline soils. 

Acid tropical soils, except perhaps bleached sands, are well sup.
plied with Fe, so Fe deficiency is rare in upland crops with their reducing
rhizospheres. But rice can suffer from Fe deficiency on aerobic soils with 
pH levels as low as 4.7, as we found in greenhouse and field experiments.

In one greenhouse experiment with two soils (Table 1), we studied 
how flooding the soil or adding certain chemicals such as iron chelate,
dicalcium phosphate, and silicic acid, affects the growth, foliar symptoms,
yield, and iron content of the plant. The soils were mixed with 50 ppm
N, P, and K as ammonium sulfate, triple superphosphate, and muriate of
potash . The chemical treatment consisted of adding 50 ppm extra P as 
CaHPO, and 250 ppm Si as silica gel with the fertilizer, followed after
planting by the daily addition of 5 ml of a solution of FeEDTA containing
5 ppm Fe. The soils were placed in 16 liter pots fitted with drainage tubes. 
In the aerobic treatments, the soils were brought to field capacity and
mainatined at this moisture level by daily frequent watering with demineral
ized water; in the others they were submerged to a depth of 2 cm. The 
treatments were replicated four times. Two-week-old seedlings of the rice 
vairety Chianung 242 were planted in each pot. At panicle primordia
initiation, the pots were topdressed with an additional 50 ppm N. 

In Luisiana clay (an Oxisol) the addition of the chemicals and sub
merging the soil prevented Fe deficiency and markedly increased the yield
of grain. It raised the Fe content, but depressed the manganese content
of the active center leaf (Table 2). In Maahas clay (an Inceptisol), Fe-
EDTA was apparently ineffective, for it did not increase the Fe content of 
the leaf, nor did it prevent iron deficiency. 

The late appearance of the symptoms (Table 2) suggested either 
that the rice plant was more susceptible to Fe deficiency and manganese
toxicity in the reproductive stage of its development, or that the availability
of these elements in the soil had changed. If aerobic soils go through a 
period of intense biological activity during the first 10 weeks after moiste
ning (during which organic Fe ligands are probably formed), followed 
by a lull that persists, then Fe deficiency could be due to reduced availability
of Fe in the soil, rather than to the plant's inability to extract sufficient Fe. 

To settle this question, we conducted another experiment. Ten
kilogram portions of air-dry Luisiana clay were treated with 0.15 percent
of a 1:1 mixture of chopped straw and Glyricidia sepium, along with 50 
ppm each of N,, P, K, as ammonium sulfate, triple superphosphate, and 
muriate of potash. The soils were moistened and kept at field capacity for 
12, 8, 4, and 0 weeks. A parallel set of soils was similarly treated and kept
flooded for comparison. During the growth of the rice plants, the premols.
tened soils were kept at field capacity and the presubmerged soils were 
kept flooded. All pots received 50 ppm N as urea at 8 weeks after 
transplanting. 
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Table 1--Soil properties. 

Sol pH. 'C . . N b/ Exch.' Active, '..ActiveCEC '"bases Fe 

(%) %) (meq/100 a) %) %) 
Luisiana clay 4.7 1.9 0.13 23.3 9,7 3,3' 0.048 

Maahas clay 6.6 ' 1.2 0.19' 29.7 23.1 2.2 0.i63 

Oxisol (Taiwan) 4.8 0.9 0.09 9.7 1.5 2.1 0.012 
Oxisol (Colombia) 4.5 2.2 0.17 11.6 0.9 1.3 0.005 

Sulfaquept soil (A) 4.3 1.7 0.17 30.1 17.8' 1.1 0.006 

Sulraquept soil (B) 3.6 5.6' 0.27 23.0 8.1 0.08 0.001 

Sulfaquept soil (C) 3.4 3.3 0.18 30.3 12.3 1.9 0.040 

a/ 1:1 in water.
 

b/ Cation exchanee CaPacitY.
 

c/ By the method of Asaml and Kumada (1959).
 

Table 2.-Influence of chemicals and the water regime on the yield, and 
Fe and Mn contents of the active center leaf, and on the foliar 
symptoms of Chianung 242. 

Treatment Straw Grain Fe Mn oliarsymptoms 

(g/pot) (ppm) 

Luisiana clay (pH, 4.7; organic matter, 3.2%) 

Field capacity (PC) 87 21 79 7770 Fe def.a/ 
Mn toxicityb/ 

FC +,Fe + P + Si 132 91 109 4570 Mn toxicityb/ 

Submerged 55 45 125 1240 None 

"lMahas clay (pH, 6.6; organic matter, 2.0%) 

Field 'capacity 79 43 63 53 Fe def.a/ b/ 

FC'+ Fre+ P + Si 95 67 58 46 Fe def.a/,/ " 

Submerged 143 131 100 856 None 

a/ At panicle Initiation.
 

b/ At flowering.
 



,.Premoistening of the soil markedly depressed vegetative growth 
but did not appreciably affect grain yield (Table 3). The plants at field 
capacity with no pretreatment produced excellent vegetative growth: the 
yield of 149 g/pot was, in fact, the highest among all treatments. This 
means that both water and nutrients were adequate and injurious substances 
were absent during the first 8 weeks after the soil was moistened and the 
rice seeds were planted. Why then was the grain yield so low (36 g com
pared with 100 g for the same soil flooded) and no different from that 
of the premoistened treatments in which vegetative growth was so poor? 
Figures 1, 2, 3, and 4 show that low pH and high concentrations of nitrate 
and Mn retarded growth in the premoistened soils. These retarding factors, 
which operated throughout the period of growth begn to exert themselves 
in the non-premoistened treatmcnt only 8 weeks after transplanting. Low 
pH brought about by nitrification and absorption of NH4+ from fertilizer 
(NH4 ),SO4 made Mn more soluble compared to iron. This increased the 
concentration of Mn and depressed that of Fe in the plant (Table 3). The 
high concentrations of NO 3- probably enhanced the uptake of Mn and 
further depressed that of Fe (Table 3). Tanaka, Patnaik, and Abichandani 
(1959) and Senewiratne and Mikkelsen (1961) have shown that NO,
increases the uptake of Mn by rice, and Drosdoff (1972) has referred to 

s0 

--0week 

&.0
 

'45 4 week
3.5 

4.0 

12 weeks. 8 weeks / 

3.5I I I I I
 

0 Z'4 .6 8 10 12 14 16' 

Weeks after transplanting 

Figur1. Kinetics of pH inpremoistened Lulsiana clay at field 
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; "/ - 4 weeks 

40 

:" " 0 week 

0 2 4 6 8 10 12 14 16 

Weeks after transplanting 

Figure 2. Kinetics of water-soluble Mn In premolstened Luisiana 
clay at field capacity. 

are 
soluble Mn. Fe deficiency and Mn toxicity, as well as aluminum toxicity, 
occurred in the non-premoistened soil only after the loth week. Hence the 

the possibility that Fe deficiency occurs on acid soils which high in 

grain yield was low in spite of prolific vegetative growth. Apparently 
chemical kinetics of the soil, rather than some physiological change which 
affected the mineral nutrition of the plant, injured the plants in the repro
ductive stages of their development. Figure 5 shows a high positive cor

the correlation isrelation between the Fe content and the yield of straw; 
negative for Mn. In this connection Nagai's report (1958) that the straw 
from productive upland rice soils contained more Fe and less Mn than 
that from unproductive soils is noteworthy. 

Iron deficiency in rice can be corrected if the redoc potential of the 
soil can be lowered to < 0.2 V at pH 7. Below this potential the availability 
of Fe is dramatically increased, for Fe3O4.nH.O which forms below 0.2 V 
is far more soluble than FeO,.nHO, the stable species above this potential. 
The simplest way to lower the potential is to submerge, saturate, or even 
partially saturate, the soil. In an outdoor experiment in 55-gal. drums, 
Luisiana clay with the water table 20 cm below the surface yielded as much 
straw and almost as much grain as did the submerged soil (Table 4). 
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I00
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Weeks after transplanting 

Figure 3. Kinetics of water-soluble Mn in submerged Luisiana 
clay. 

Table 3.-Influence of duration of prenoistening before planting on the 
yield and the Fe and Mn contents of IR 5 on Luisiana clay. 

Weeks Straw content 
premoistened Straw GraFe Mn 

(a/pot) (g/pot) (ppm)
 

8 71 30 28 3170
 

4 95 37 41 2950
 

0 149 36 57 2660
 

Flooded 133 100 254 980
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Figure 4. Kinetics of NOs- in premoistened Luisiana clay at 
field capacity. 

Table, 4.-Influence of depth of water table on the yield of rice on Lul
siana clay. 

Mean yield for 2 seasonsDepth from
surface Straw Grain 

(cm) (g/drum of 4 hills)
 

-10 382 398
 

+20 381 359
 

+4o 344 243
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Figure 5. 	 Correlation between the yield of straw and the Fe and Mn content in the straw 
inLuisiana dlay at field capacity. 



Since little water control is possible on upland soils on which rice 
is grown, the use of varieties that resist Fe deficiency may be the only 
practical solution. MI-48, CAS 209, and the line IR1561-228-3 may be 
good sources of resistance to iron deficiency while Peta (one of the parents 
of IR8) may pass susceptibility to iron deficiency on to its progeny. 

Iron toxicity 

Within a few hours of flooding, the redox potential of most soils 
falls below 0.2 V at pH 7, and Fe comes into solution as Fe2+. The con. 
centration of Fe2+ in the soil solution increases with time, reaches a peak, 
which may be sharp or broad, and usually declines (Fig. 6). The rate ot 
formation of water-soluble Fe 2+, the peak height, and the subsequent rate 
of decline depend on pH, the organic matter content of the soil, the nature 
and content of Fe (III) oxide hydrates, and the temperature (Ponnamperu
ma 1972). Strongly acid Ultisols and Oxisols build up Fe + concentrations 
which exceed 300 ppm within a few weeks of submergence (Fig. 7), while 
acid sulfate soils may build up concentrations as high as 5,000 ppm 
(Fig. 8). 

Ponnamperuma, Bradfield, and Peech (1955) suggested that a 
widespread nutritional disorder of lowland rice known as "Mentek" in 
Java, "Penyakit Merah" in Malaya, and "browning disease" in Sri Lanka 
(Ceylon) might be Fe toxicity. Their greenhouse studies indicated that the 
symptoms of Fe toxicity -reddish brown spots onl the older leaves fol
lowed by the entire leaf first turning reddish brown and then drying up
appeared when the concentration of Fe in tle soil solution exceded 350 ppm. 
Later work showed that the symptoms varied with the variety (Ponnam
peruma and Castro 1972) and the soil (Tanaka and Yoshida 1970). The 
discoloration of the leaves ranges from light orange, through orange and 
brown, to purple. The leaves of some varieties rolled markedly while those 
of others rolled little. The symptoms varied even within the same cross. 
For example, the line IR759-79-2 had light-orange leaves while IR759-54-2 
had purple leaves; IR790-28-5 showed severe leaf scorch while IR790-54-1 
exhibited severe bronzing. 

Tanaka and Yoshida (1970) in their survey of Fe toxicity in 
Asia reported that the symptoms varied with the variety and location. Some 
of the soil factors involved were the potassium and phosphorus contents 
and the base status of the soil. 

Iron toxicity is now recognized as one factor which limits the yields 
of rice on strongly acid Oxisols and Histosols in the tropics. It has been 
recognized in Sri Lanka (Ponnamperuma 1959), India, Thailand, Malaysia, 
and the Philippines (Tanaka and Yoshida 1970) and, according to some 
reports, in Colombia (IRRI 1971) and Liberia as well.'/ It is also con
sidered a serious obstacle to the growth of rice on acid sulfate soils (Nhung 
and Ponnamperuma 1966; Tanaka and Yoshida 1970). The main features 
of soils on which Fe toxicity occurs are low pH, a low cation exchange 
capacity, a low base status, a low supply of Mn, a high content of organic 

1/ Ou. S. H. Personnal communication. 
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Figure 6. Kinetics of water-soluble Fe in four submerged soils. 
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matter, and poor drainage. In such soils, Fe concentrations exceeding 400 
ppm In the soil solution persist for several weeks (Figs. 7 and 8). Plants 
which grow exposed to high concentrations of Fe contain more than 800 
ppm Fe in the straw, compared with about 150 ppm for normal plants.

Among the treatments that have alleviated Fe toxicity in pot
cultures are liming, drainage, presubmergence, late submergence, midseason 
soil drying, application of manganese dioxide, and avoidance of organic 
matter (Ponnamperuma, Bradfield, and Peech 1955; Nhung and Ponna.
peruma 1966; IRRI 1970). Of these, only liming has been tested under 
field conditions and it was found to be satisfactory (Ponnamperuma 1959; 
Tanaka and Yoshida 1970). Since liming may not often be economically 
feasible, the use of varieties that resist iron toxicity is desirable. In pot test, 
Cadung Phen R-92, Cadung G,) Gung 1601, H4, Pokkali, and Pelita 1/2
resiste iron toxicity while many upland varieties succumbed to it. 

III MANGANESE 

Manganese deficiency 

Although Mn is much less abundant than Fe in soils, Mn deficiency 
in acid tropical soils (except, perhaps, bleached sand) is uncommon. This 
is because the concentration of Mn in the soil solution of normal oxidized 
acid soils is always higher than that of Fe, its closest nutritional competitor; 
besides, its uptake is favored by NO,-. When a soil is submerged, large 
amounts of Mn (with larger amounts of Fe) enter the solution phase. Thus 
Tanaka and Yoshlida (1970), in their survey of nutritional disorders of rice 
in Asia, observed no symptoms of Mn deficiency. But they did not exclude
 
the possibility of Mn deficiency on bleached sandy soils and on soils
 
producing plants low in P and high in Fe.
 

Manganese toxicily 

Plants growing on aerobic acid soils may suffer from Mn toxicity.
Rice is no exception. We have shown that Mn toxicity is one factor 
retarding the yield of rice on aerobic acid soils (IRRI 1963, 1966, 1970). 
Submerging the soil prevented Mn toxicity, in Luisiana clay apparently by
depressing the concentration of Mn and increasing that of Fe in the plant 
(Table 2). 

The symptoms of Mn toxicity in rice are similar to those in other 
ceerals. But in our experiments, the symptoms appeared in the reproductive 
phase of the plant's growth. Chemical kinetics of the soil (see section on 
iron deficiency) suggested that it may be due to the increase in the con. 
centration of water-soluble Mn in the soil brought about by soil acidification, 
combined with the presence of NO.- derived from the nitrification of 
fertilizer N (Figs. 2 and 3). But because Al toxicity symptoms appeared 
before Mn toxicity symptoms, we investigated the effects of acidity on 
manganese toxicity. 

Luisiana clay was terated with the appropriate amounts of dilute 
H, S04 or Ca(OH) 2 to give the following pH levels: 3.5, 4.0, 4.5, 5.0, 
and 5.5 (the actual pH ranges are in Table 5). Two weeks later' the soils 
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were mixed with 50 ppm each of N, P, and K and six germinated seeds of 
eacli'f three varieties (1R8, M1-48, and Peta) were planted in the moist 
aerobic soil in each pot. The soil solutions (obtained by displacement with 
water) were analyzed for pH as well as for Al and Mn contents. 

Three weeks after seeding, symptoms of Al toxicity appeared in 
all plants at pH 3.5 and t.0, they were mildest in MI-48. A week later, 
half of the 1R8 and Peta plants at pH 3.5 were dead. The concentration 
of Al in the soil solution at this time was 39 ppm. The Al concentration 
then declined (Table 5) and the surviving plants recovered. But there 
were no symptoms of Mn toxicity in spite of high concentrations of Mn 
in the soil solution in the seedling stage (Table 6). Only at flowering 
did the symptoms begin to develop, and only in one variety. 1R8. At this 
stage the Mn content of the plant was 3,090 ppm (Table 7). Either Al was 
retarding the uptake or Mn became toxic through a cumulative process, as 
suggested by Vlamis (1953). 

Table 5.-Influencc of pH on the kinetics of water-soluble Al in soil 
solutions of Luisiana clay at 0 to 12 weeks after seeding. 

At (opm) in soil solvationSoil solution 
(pH) o wk 2 wk 4 wk 6 wk 8 wk 10 wk 12 wk. 

3.4to 3.8 46 32 39 40 19 17 14 
3.8 to 4.5 1.9 2.0 6.7 5.5 5.1 1.6 0.8 
4.3 to 5'.0 0.3 1.2 0.6 0.1 0.2 0.1 0.1 
4.8 to 5.2 0.3 1.0 0.7 0.1 0.1 0.1 0.0 

4.6 to 5.3 0.2 o.6 0.4 0.1 0.2 0.0 0.0 

Table 6.-Inluence of pH on the kinetics of water-soluble Mn in soil 
solutions of Luisiana clay at 0 to 12 weeks after seeding. 

Soil solution Mn (on) in soil solution 

(pH) 0 wk 2 wk 4 wk 6 wk 8 wk 10 wk 12 wk 

3.4 to 3.8 415 384 390 482 262 278 226 

'3.8 to 4.5 131 134 122 112 124 27 17 

,4,3 to 5.0 51 79 47 7.3 1.8 2.3 2.1 

0.64.8 to 5.2 38 58 48 4.0 0.5 1.1 

4.6 to 5.3 21 31 15 1.3 0.2 0.2 0.1 
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!, The Mn content of the plants growing on the non-flooded acid 
soils was extraordinarily high (Tables 2, 3, and 7). Apparently rice can 
tolerate large amounts of Mn in the plant. It can also tolerate high concen
trations of Mn in the soil solution if the concentration of Fe is also high 
(Nhung and Ponnamperuma 1966; Tanaka and Yoshida 1970). But about 
20 ppm Mn, in the absence of a detectable amount of Fe, proved toxic to 
rice (see section on Fe deficiency). 

Table 7.--Influence of pH on the Mn content of three rice varieties at 
two intervals after seeding. 

1R8 MI-48 Peta 
pH I wk 12 wk 4 wk 12 wk 4 wk 12 wk 

Mn (pprm) in plant 

'3.4 to 3.8 n.d. 2450 1890 1440 2100 2080 

3.8 to 4.5 1550 3090 1400 2170 1700 2250 

4.3 to 5.0 1660 2590 1580 1720 1700 1700 

4.8 to 5.2 n.d. 1825 1430 1140 1600 950 

4.6 to 5.3 11.80 1250 1400 700 1200 750 

In their survey of nutritional disorders of lowland rice in Asia, 
Tanaka and Yoshida (1970) found no Mn toxicity They attributed this to 
the high resistance of rice to excess Mn. 

Manganese toxicity of acid soils can be adverted by liming (Abrufia-
Rodriguez et al., 1970), by submerging the soil (RRI 1963), or by using
resistant varieties (Ponnamperuma and Castro 1972). We have found that 
some varieties grow better than others on acid aerobic Oxisols. Such varieties 
apparently resist Fe deficiency and Al and Mn toxicities. Among them arc 
MI-48, Monolaya, Colombia 1, 1R24, 1R127-80-1, IR661-1-170, 1R1008
14-1, and CAS 209. 

IV ZINC 

Zinc deficiency 

Zinc deficiency was one of the earliest micronutrient deficiencies to 
be recognized and was at first associated with high pH soils and soils high
in organic matter. There is evidence now of Zn deficiency in corn, cotton, 
and coffee on the highly weathered acid Oxisols of Brasil (Iguc and Gallo 
1960; McClung et al., 1961), Puerto Rico (Hernndez and L6pez 1969),
and in rice on continuously wet soils, regardless of pH, in the Philippines 
(Katyal and Ponnamperuma 1974). 
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Zinc, deficiency has not been reported in upland rice. But it is 
regarded as a major facstor limiting the yield of lowland rice on about 2 
million hectares in Asia.'/ Lowland rice is more susceptible to Zn defi
dency because flooding a soil depresses the availability of Zn (IRRI 1968,
1970). Organic matter aggravates the deficiency (Yoshida and Tanaka 
1969; IRRI 1970). 

The symptoms of Zn deficiency in lowland rice are stunted growth, 
interveinal chlorosis of the emerging leaf, a reddish brown speckling or 
discoloration of the older leaves, delayed maturity, low yield, and, in 
severe cases, death within 4 to 6 weeks after transplanting. Zinc deficiency 
symptoms were observed when the available zinc concentration (by the 
method of Trierweiler and Lindsay 1969) was 1.5 ppm or less, and when 
the Zn content in the dried 50-day-old plant was less than 15 ppm (Katyal
and Ponnamperuma 1974). 

Although Zn deficiency is usually associated with high-pH soils, 
we observed deficiency symptoms on continuously submerged soils with 
air-dry pH values as low as 4.8 (IRRI 1970). The application of ZnCI2
corrected the deficiency. 

We observed marked varietal differences in resistance to Zn defi
ciency. IRS, IR20, and H4 survived on a Zn-deficient soil on which 29 
other varieties died (IRRI 1971). Upland varieties suffer more than 
lowland varieties in submerged soils that are deficient in Zn (IRRI 1973). 

Zinc deficiency in transplanted rice is easily corrected by dipping
the roots of the seedlings in a 2% suspension of ZnO in water before 
planting. In direct-seeded rice, the application of 50 kg/ha of ZnSO,.7H20 

as prevented zinc deficiency. 

Zinc toxicity 

Zinc toxicity has not been encountered on acid tropical soils but it 
Is common in Japan on soils contaminated with acid mine wastes. Flooding 
the soil alleviates Zn toxicity.'/ 

V COPPER, MOLYBDENUM, BORON 

Information on the effects of Cu, Mo, and B on rice on acid tropical
soils is meager. Yamasaki (1964) has reviewed work in Japan, but much 
of it is with solution cultures. 

Our studies on thc kinetics of Zn, Cu, Mo, and B in submerged 
soils indicate that the concentrations of Zn and Cu in the soil solution 
decrease, the concentration of Mn markedly increases, while the concen. 
tration of B remains more or less constant (Table 8). 

1/ Yoshida, S. Personal communication, 
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Table 8.-Kinetics of water-soluble Cu, Zn, Bi and Mo In submerged 
i"" Luisiana clay. 

Concentration (ppm) in soil solution 
Micronutriente o wk 1 wk 2 wk 5 wk 4 wk 

zn 029 0.20 0.25 0.10 0,05
 
Cu 0.14 0.12 0.09 0.04 0.03
 
B 0.24 0.22 0.24 0,27 0.25
 
Mo 0,01 0.02 0.18 0.39 0.47
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VII SUMMARY 

The literature on micronutrients limiting rice production in acid 
tropical soils was reviewed. For iron, one of the most limiting elements, 
deficiency and toxicity problems were also studied in the greenhouse. It 
was shown that the deficiency is a complex phenomenon and that many
factors like Mn and NO3 - concentration, contribute to the development
of this deficiency. The literature on the minor element problems in field 
condition in Asia is also presented. A short discussion of Mn deficiency
is given followed by a review of its more common toxicity. For Zn literature 
of its deficiency is reviewed, and work on other minor elements is indicated. 
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SECTION V
 

SOIL MANAGEMENT SYSTEMS
 



I 

IManagomont: Implicationsi.of Soil Mineralogy 

GORO UEHARA anqJ JOHNNY KENG 

INTRODUCTION 

Minerals which commonly occur in soils can be categorized into 
two distinct groups. The first group includes those minerals in which 
surface charge density (and therefore cation exchange capacity) is a 
constant and permanent quantity. The second group of minerals includes 
those whose surface charge density and the sign of the surface charge are 
pH-dependent. Most soils contain mixtures of minerals from both groups.

In general, inorganic soils of the temperate regions contain minerals 
from the first group. Sniectite, vermiculite, illite, and chlorite posses per
manent, negative surface charge which arises from ion substitution in 
lattice interior. For soils containing minerals which are predominantly of 
this group, wellestablished soil management parameters, based on surface 
charge, and ion exchange, have been developed and applied successfully. 

However, as we move from the northern latitudes, where the bulk 
of soil research has been conducted and tested, to regions near the equator, 
we discover that minerals from both groups occur with about equal fre
quency. In the tropics, one can no longer assume that soil minerals will 
be of the permanent charge type. The tropical Black Earths (Vertisols),
for example, represent soils which contain minerals which are predominantly 
of the permanent charge (smectite) group. On the other extreme, the 
Oxisols contain minerals whose surface charge density is almost entirely 
pH-dependent. 

Vertisols and Oxisols are frequently heavy textured, but the physical
and chemical behavior of these extreme mineralogical end members are 
markedly different. Use of Vertisols is rendered more difficult because of 
poor soil physical conditions. In Oxisols this is generally not the case 
and the limiting agronomic variable is most frequently soil fertility. The 
Mollisols, Inceptisols, Alfisols, and Ultisols have soil management require
ments which are intermediate between Vertisols and Oxisols. 

In the Soil Taxonomy developed by the United States Department
of Agriculture, mineralogy appears in the family level of soil classification. 
The soil family, which also includes information on soil temperature and 
texture, is the category which explicitly provides soil management infor. 
mation. 

The purpose of this paper is to present a brief summary of the 
properties of soils containing minerals whose surface chemistry is pH. 
dependent . In order to characterize soils with these minerals, it is hepful 
to use several descriptive equations. The first is the Gouy-Chapman equation 
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in which go is the surface charge density, n is the concentration of the
equilibrium solution in number of ions per 'cms, z is the valence of the 
counter ion, e is the dielectric constant of the medium, k is the Boltzman
constant, T is the absolute temperature, and 0o is the surface potential.

For low surface potentials (0o < < 25 mV), equation 1 reduces to 

Ke
O'o -" - 0' 
47r 

where K is the reciprocal of the double layer thickness, and depends on 
salt concentration. 

For minerals with permanent charge, such as montmorillonite, addi
tion or removal of salt from the soil solution (change in K) causes a pro
portionate change in 0o since surface charge ao (cation exchange capacity)
is a fixed value. 

For minerals with pH dependent charge, the same variations in 
salt concentration will bring about changes in go, if surface potential is
held constant. Examples of minerals which respond in this manner are the
crystalline and non-crystalline oxides and hydrous oxides of iron, aluminum,
titanium and manganese, quartz, amorphous silica, kaolinite, halloysite,
allophane, and organic matter. For these materials the potential 00 can be 
hel constant by holding pH constant. 

The relationship between surface potential 0o and hydrogen ion 
concentration H+ for these minerals is: 

RT H+ 
0 =- In (3)

F H+o 
where R is the gas constant, T is absolute temperature, F is the Faraday
constant and H+, is the hydrogen ion concentration at which #o = 0. 

Equation 2 and 3 can be combined to give 

Ke RT H+ Ke 
o= In - = - (0.059) (ZPC-pH) (4)47r F H+ 47r 

I 
where log  is the pH at the zero point of charge (ZPC). Equation 4H+0 

describes the dependence of cation or anion exchange capacity (go) on pH.
Figure 1 illustrates how go will vary as K (salt concentration) and pH are 
changed.


From equation 4 or Figure 1, one can readily see that when 
H+ = H+o or ZPC = pH, go = 0. This situation is represented by the
intersection of the ro - pH curves. When a soil is at this pH, go and pH 
are independent of salt concentration. 
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C2 Ct 

C1 C2 (ZPc) 

PH 

Figure 1, Relationship between surface charge Oo, salt concentra
tion C, and equilibrium pH for colloids for which H+ 
and OH- are potential determining ions. When o,
is positive, pH increases with increasing salt concen. 
tration (C,>C1 ). The reverse is true when o0 is 
negative. 

In some subsoils samples from Oxisols, the pH measured in water 
and in N KCI is the same. The field pH of such a material is equal to the 
zero point of charge. This material has low affinity for monovalent ions 
such as NH+4 or Cl-. Leaching losses of fertilizer can be a serious problem 
in such situations. 

A few ZPC values of soil materials have been measured, and they 
generally fall between pH 4-5. In most cases the pH at the zero point of 
charge shifts to higher values in the subsoil. 

It follows from equation 3, that if the soil pH is higher than the 
pH corresponding to the ZPC, the soil material will have a net negative 
charge (cation exchanger) and the pH in N KCI will be lower than that in 
water. The reverse will be true when the soil pH is on the acid side of the 
ZPC, and the soil is an anion exchanger. When a soil material is an anion 
exchanger, the pH in N KCI will be higher than the pH in water. 

The cation exchange capacity determined with N NHOAc at pH 
7 is clearly not as useful in soils with pH-dependent charge minerals as it 
is in other soils. The useful soil management parameter for soils with pH. 
dependent charge minerals is the ZPC. ZPC's can be determined by a 
method described by van Raij and Peech (1972). The method involves 
addition of acid (HCI) or base (NaOH) to soil suspended in 1.0, 0.1, 
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0,01 and 0.001N NaCI solution. The pH of these suspensions are measured 
after a prescribed equilibration period and the results are plotted as me ofH+ or OH- adsorbed per gram of soil as a function of pH. It is not 
necessary and probably preferable not to wash the sample with acid prior
to ZPC analysis as was done by van Raij and Peech. 

Figures 2 and 3 shows results of this type for a Dark Red Latosol 
and a Yellowish Red Latosol from the Central Plateau of Brazil The zero 
points of charge correspond to the pH's were the titration curves for 
several electrolyte concentrations intersect. The shift in ZPC to higher pH
values with depth is, in part, related to decreasing organic matter content. 
In most horizons the curves intersect at a common point and a well-defined 
ZPC is evident. In the surface horizon of the Yellowish Red Latosol and 
the deepest horizon of the Dark Red Latosol, the curves for the highest
electrolyte concentration do not intersect at the common point. This is 
related to displacement of adsorbed aluminum ions and exposure of surface 
charge formerly balanced by them. Under acid soil conditions, adsorbed 
aluminum ions can effectively block negative charge sites. 

If a soil is washed free of extractable aluminum with N NaCI, 
N CaCI2 or N Na.SO the ZPC shifts to lower pH's (Figure 4). This 
clearly indicates that strongly adsorbed cations shift the ZPC to higher pH.
Strongly adsorbed anions, on the other hand, shift the ZPC to more acidpH's. It should be clearly understood that neutral salts can generate charge 
on oxide surfaces even when the oxide has no permanent charge. A neutral 
salt which does not affect the ZPC of a material is called an indifferent 
electrolyte. Sodium and potassium nitrate or chloride are examples of 
indifferent electrolytes. When NaCl causes the ZPC to shift as in Figure
4, it is doing so by displacing strongly adsorbed aluminum ion and thus 
exposing permanent charge.

Salts such as GaCo and NaSO4 , on the other hand, are not indif
ferent. They will shift the ZPC of oxide systems (Breeuwsma, 1972).

Analyses of pH-dependent charge on soils from the Llanos of 
Colombia are presented in Figure 5. Quite clearly, the linear plot in Figure
1, which comes about from the use of equation 4, does not occur in real 
soils. Fortunately, the experimental ao - pH curves are quite linear in the 
range (pH 4 to 6) which is most common to these soils, so that equation
4 may in fact be more useful than is expected. 

II CEC OF MINERALS WITH pH-DEPENDENT CHARGE 

There are two factors which cause low CEC in soils. Low CEC is 
most commonly associated with coarse textured soils. A low CEC in heavy
textured soil is another matter. If CEC of a heavy textured soil is deter
mined at a pH value very near the ZPC of the soil material, the CEC value 
will be low. If, on the other hand, the pH is adjusted to some value much 
higher than the ZPC, the CEC will be correspondingly higher. The change
in CEC with increasing pH differs among soils depending on texture and 
mineralogy. The higher the clay content (higher surface area) and the 
greater the oxide content, the greater will be the increase in CEC for a unit 
change in pH above the ZPC. For most soils with pH-dependent charge 
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minerals, the increase in CEC per unit change in pH is greater when the pH 
is far away (on alkaline side) from the ZPC (see Figure 2 to 5). In 
addition, at a given pH above the zero point of charge, more calcium ions 
will be adsorbed than sodium or potassium ions (Keng and Uehara, 1973; 
Tardos and Lyklema, 1969). 

It is also clear from equations 1, 2 or 4 that when CEC is determined 
at a given pH, the charge and therefore CEC will decrease as excess salt is 
removed, and will decrease even more if the excess salt is removed with a 
solvent of low dielectric constant such as alcoholl (van Raij and Peech,
1972). Before laboratory ion exchange determinations can be used as soil 
management parameters, the laboratory method must take into account the 
effect not only of pH, but the additional effects related to changes in salt 
concentration and dielectric constant. The method described by van Raij 
and Peech (1972) for determining net charge on soil colloids is recom
mended for soils which are known to contain significant amounts of p1-I. 
dependent charge minerals. 

III LIMING AND SOIL pH 

In some heavy textured soils, particularly in Oxisols and Ultisols, 
an ,nordinate quantity of lime is required to raise soil p1I from an initial 
value near 5 to a final value of 7. In such soils, lime is consumed to 
develop surface charge. The crystalline and non-crystalline oxides and 
hydrous oxides of silicon, iron and aluminum can develop very high surface 
charge densities (Breeuwsma, 1972; Tardos and Lyklema, 1969). 

The slopes of the o - pH curves give a good indication of the 
buffering capacity of a soil. If o, is expressed as me/100 gram soil, the 
slopes will be steeper as percent clay increases. For a given clay content, 
the slopes will be steeper as the oxide content increases. 

Soils with step (,,, - pl-I curves and ZPC values below pH 5, 
generally do not need to be limited above pH 6. As acid tolerant crops are 
selected or bred for the tropics, it may become possible to grow crops under 
very acid conditions, but the pH should be maintained at values higher 
than the ZPC to reduce leaching losses of nutrient cations. 

IV SUBSOIL ACIDITY 

In Oxisols it is frequently noted that the p1l is higher in the sub
soil than in the top~soil; yet root development is severely restricted in the 
subsoil. This is often associated with subsoils high in aluminum, low in 
calcium, and pH very near or below the zero point of charge. Such a 
subsoil will adsorb only trace amounts of calcium, magnesium, or potas
sium because of low negative charge density. 

When lime is added and mixed with the topsoil, most of the lime 
is consumed to create negative charge. The negative charges in turn are 
balanced by calcium ions at the site of lime applications, so that very little 
lime moves to the subsoil. Correcting subsoil acidity remains a serious 
problem in the tropics. 



V ANION EFFECTS ON ZPC 

In addition to lime, the other major limiting agronomic factor is 
phosphorus nutrition. Phosphorus and lime, in some ways, have similar 
effects on soils. Both increase net negative charge, and precipitates 
aluminum ions. Lime increases net negative chargE by increasing pH, and 
phosphorus increases net negative charge by lowering the pH corresponding 
to the ZPC. Each millimole of adsorbed phosphorus increases CEC by 
about 0.8 m.e. (Mekaru and Uchara, 1972). 

Calcium silicates, in some cases, may be superior to calcium carbonate 
as a liming material. Calcium silicate not only increases pH and adds 
calcium and soluble silica to the soil, but can also lower tile ZPC through 
anion adsorption effects. In most instances, however, calcium silicate, 
even when it is the waste product (slag) of industry, is too expensive and 
frequently not as effective as ordinary limestone. 

In any case, lime experiments in Latin America should include 
calcium silicate as one of the test materials. When poss;ble basic slag from 
local industry should be tested. 

The strong amendment effects of anionic fertilizers, especially 
phosphate fertilizers, often result in unexpected field results. In high 
oxide soils, better crop response to phosphorus fertilizer is sometimes 
obtained when P is broadcast than when it is banded. 

VI REDUCING LEACHING LOSSES 

It is common practice to apply nitrogen fertilizers in several appli
cations over a period of time, In heavy textured soils with soil pH very 
near the zero point of charge, it may be practical to apply potassium fertilizer 
in the same way. While frequent, light applications of fertilizer reduce 
leaching losses, this practice required additional labor which may render it 
uneconomical. Leaching loss of potassium can be reduced by using potas
sium sulfate. Ayers and llagihara (1953) showed that while potassium 
applied as KCI leached rapidly from high oxide soils, leaching was signifi. 
cantly reduced by using the sulfate or phosphate salt of potassium. Strongly 
adsorbed anions tend to increase net negative charge in soils with pH
dependent charge minerals. Potassium silicate may have the same effect 
as a slow release potissium fertilizer. The same arguments should apply to 
magnesium and calkium. 

VII ORGANIC MATlFR 

The shift in ZPC to higher plt in subsoils (see Figures 2 and 3) 
Is partly related to decreasing organic matter content with depth (van Raij 
and Peech, 1972; Keng and Uchara, 1973). Increasing organic matter 
content of the subsoil through increased roct proliferation is desirable, but 
the unfavorable environment of the subsoil makes this difficult. 

Even when nitrogen fertilizer is inexpensive and soil physical 
conditions are ideal, green manures can benefit high oxide soils by 
Increasing cation retention capacity. 
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VIII DEEP PLOWING 

Soil physical conditions are not mayor limiting factors in infertile,
through deep tillage. Deep tillage has a pronounced beneficial effect when 
lime, fertilizer or organic matter is incorporated into the subsoil. The 
beneficial effect is related more frequently to improved chemical environ. 
ment and less often to improved soil physical conditions. 

The effect of deep plowing with incorporation of nutrients and 
amendments to the subsoil is most pronounced in dry seasons. Soils which 
permit deep root proliferation can help a crop weather periods of drought.
Subsoil management should be an integral part of the total management 
program and should be viewed as a means to enlarge the efefctive rooting 
volume. Results of planting density and irrigation trials can be expected 
to be strongly influenced by subsoil conditions. 

IX SOIL-WAITR RELATIONS 

The soil-water relation of well-aggregated kaolin-oxide soils can be 
markedly different from that in soils with permanent charge minerals. 
Heavy textured kaolin-oxide soils have moisture release curves, which in 
some respects, resemble those of sandy soils (Sharma and Uchara, 1968).

In aggregated Oxisols for example, water can reside in large inter
aggregate pores and fine intra-aggregate pores. Water in the large pores 
moves rapidly under gravitational forces, and field capacity is attained at 
low tensions, generally between 0.1 and 0.15 bars. Fitld capacity is attained 
at this low tension because the hydraulic conductivity at this tension is 
very low, much like that of a sandy soil. 

The water in the fine, intra-aggregate pores is, for the most part,
immobile and can be extracted only when extremely high tensions (>100 
bars) are applied.

From an agronomist's standpoint, the water content-tension relation 
between zero and two bars is of interest. Water held at tensions much 
above two bars in aggregated kaolin-oxide soils is limited in availability
to plants because of its low mobility (conductivity). 

X SOIL STRUCTURE 

The redeeming feature of infertile ,acid soils with piHldependent 
charge minerals is soil structure. The high aggregate stability of these 
soils has been frequently attributed to the presence of free iron oxide. 
Recent high resolution electron microscope examination of soils (Jones and 
Uehara, 1973) shows that coatings of amorphous substance on soil particles,
which a(t as cementing agents, may be another cause of soil aggregation.
These amorphous coatings probably play a major role in deternining the 
physical and chemical behavior of soils. 

Water dispersible clay in Oxisols attains minimum values in a soil 
profile at a point corresponding to the depth at which net electric charge 
on the soil colloid is zero. In equation 4, this is the situation when C0 = 0 
and ZPC = pH. The percent water dispersible clay increases rapidly on 
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either side of the ZPC. This feature of oxidic soils is dearly shown in 
the Nipe series (Acrorthox) of Puerto Rico, The data are reproduced in 
Table 1. Similar results are suggested from data compiled for soils from 
the Central Plateau of Brazil (Cline and Buol, 1973). 

In Table 1, data on soil depth, organic carbon, pH in N KCI 
(pH KCI), pH in vater (pH H.0), the difference between these two pH
values (ApH), and percent water dispersible clay are presented. 

Table 1.-Relation between the sign and magnitude of the electrical charge 
on % water dispersible clay in the Nipe (Acrorthox) soil. 

thIn Organic Water
inhes. Caron ,(%)1,o if A pH dispersibla
Incthes Carbon MO) clay (%) 

011 6.04 4.3 5.1 -0.8 22 
11.18 2.09 4.4 5.0 -0.6 33 

18-28 1.33 4.7 5.0 -0,3 37 

28.38 0.86 5.7 5.2 +0.3 2 
38-48 0.72 6.1 5.5 +0.6 42 

48.62 0.56 5.4 5.7 +0.7 32 
62.70 0.19 6.7 5.8 +0.9 34 

(Sourcet Soil Survey investigation Report Nv 12. SCS, USDA in cooperation with Puerto
Rico Agr. Expt. Smda.). 

The sign of the ApH value corresponds to the sign of the net 
electric charge of the soil material. Note that water dispersible clay contents 
approach minimum values as the absolute value of ApH approaches zero. 

In many cases water dispersibh:- clay attains zero value even when 
ApIl is near -0.5. This occurs when adsorbed aluminum blocks per
manent negative charge sites. N KCI will displace exchangeable aluminum 
and the computed ApH will be negative, but in water or low electrolyte 
solutions, the net charge is near zero. This is the case in the deepest sample
from the Dark Re] Latosol (Figure 2). In that sample, the ao - p11 curve 
for the highest ( N) salt concentration intersects the other curves on the 
acid side of the "4fcctive" ZPC. The "effective" ZPC, which determines 
water dispersil'e (lay content, corresponds to the intersection of the low 
salt concentration ir, - pI I curves. 

Application of lime to oxidic soils can result in flocculation or 
dispersion depending on whether liming changes "effective" surface charge 
from positive to zero va!ucs (flocculation) or from zero to negative values 
(dispersion). In general a.',e does not disperse kaolin-oxide soils because, 
whi C lime is an efficient generator of surface charge, it does not necessarily 
develop "cffcctive" charge (Lykleia, 1968). Calcium (divalent) ions, 

- 362 



to some extent, act in the same manner as aluminum (trivalent) Ions. 
Both are adsorbed on the oxide surface (specific adsorption) and can block 
negative charge site, but this occurs to a much lesser extent with calcium. 

XI SUMMARY 

A discussion of the surface charge characteristics of the minerals 
for which this is a pH-dependable property is presented (systems where 
sesquioxides are important). The zero point of charge (ZPC) is proposed 
as the characteristic by which many management practices as e.g. liming 
should be guined. A method for the determination of ZPC is suggested and 
the effect of a serias of factors on this property are discussed. The interaction 
between ZPC and soil physical properties as the water retention of tropical 
soils and their structure is presented also. Examples from Brazil and 
Colombia are given to illustrate the importance of the ZPC. 
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211 Management Properties of Oxisols 

,| in Savanna Ecosystems 

ARMAND' VAN WAMBEKE 

I INTRODUCTION 

Oxisols under savanna may be looked upon as having two sets of
properties. The first set would be related to processes which are determined
by the vegetation and the present climate acting upon the organic components of the soil. The second set of properties is the result of the strong
weathering of the mineral materials from which the oxisols have developed.

Both groups of properties interact to form soils, the management
of which has requirements and limitations, and which present problems
when attempts are made to integrate them into a modern market economy. 

II PROPERTIES RELATED TO ORGANIC MAITER 

Frankart (1960) studied the composition of A1 horizons in com
parable soils under savanna and the rainforest in North Eastern Zaire.
Under tropical grassland the top horizons are usually darker, and finely
divided coal produced by burning may be partly responsible for it. They
also contain less nitrogen than the forest soils, and this is attributed to theannual fires which return much N to the atmosphere. Much sulfur is also
lost. McClung el al., (1959) report that 75% of the sulfur contained in 
gramineac may be volatilized by burning. 

There is normally no litter layer and as in other parts of the world,
grasses distribute carbon more evenly with depth than trees. Roots ofgrasses do not pump up nutrients as efficiently and concentrate them in the 
top layers as well as a forest vegetation would do. The results of Frankart 
are summarized in Table 1. 

There have been several explanations for the common low chemical
fertility of Oxisols under savanna. Some of them which are related to the
particular climate and vegetation are briefly recalled: 

a) Under seasonal wetting and drying, normal not severely erod
soils produce high amounts of nitrates at the beginning of the rains, wht 
most crops have not yet developed a suitable rooting system capable of
prcventing excessive leaching of bases. Not only major elements would beremoved from the profile, but zinc would be lost mainly as a nitrate. 
The surge in nitrate production would be shortlived, and depends on thelength of the dry season, during which the formation of ammonium and
readily nitrifiable materials continues. 
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Table .- Nutrient distribution in soils in different ecosystems, (Frankart 
1960). 

Forest Zone Savanna AreaParameter Rainforest Fallow Crop Savanna Fallous Crop 

C/N in At 8.6 9.0 8.6 13.3 13.7 12.4 

C tons/ha/m 86 88 83 107 121 85 

N tons/ha/m 10.1 11.3 10.6 8.9 8.5 7.1 

pH in At 6.6 5.4 
pH in A3 5.6 5.2 
pH in C 5.3 5.3 

V% in At 91 23 

V lIn Aa 47 13
 

Ve in C 27 19 

b) Savanna has apparently only a low effiicency in recycling
phosphorus. Enzewor and Albeore (1966) found in Nigeria that the total
Ihosphorus content in the upper horizons was almost twice as high in 
orest soils as under savanna. Seventy - two percent of the total P was

organic under forest, whilst only 17.29% under savanna. 

c) Soil under savanna are not protected by vegetation at the
beginning of the season, most losses ofrainy and nutrients are due to 
truncation of the surface layers. Fire further decreases the normal supply
of N and S by destroying the aereal parts of plants. 

Accelerated erosion is one of the major processes which causesdeterioration of Oxisols, not only by removing nutrients, but also by
bringing stone lines, plinxphite .r other physically unfavorable layers closer 
to the surface.
 

d) Some types of savanna contain less nitrifying bacteria than 
forest soils. Meiklejohn (1962) found that nitrite oxidezers were almost
absent in savanna soils even after the start of the rainy season. In this case 
a shortage of available N would be due to the absence of bacteria able to 
oxidize nitrates to nitrate. The growth of nitrifying bacteria would be 
suppressed by toxins secreted by some tropical (Boughey e al., 1964). 
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* •In a certain sense savanna grassland associations seem to autoprotect 
themselves against invasion by other plants. partly by preventing formation 
of nitrates from ammonium which they can more easily absorb than other 
species, partly by being more stronger competitors than legumes for sulfur 
which is normally in short supply under savanna. 

III PROPERTIES RELATED TO THE PARENT MATERIAL 

Oxisols are mineral soils which have an oxic horizon within two 
meter of the soil surface, without a plaggen epipedon, having no argillic 
or a natric horizon that overlies the oxic horizon. Soils with an aquic 
moisture regime which have plinthite that forms a continuous phase within 
thirty ccntimeter of the surface are also included in the same order 
(Soil Survey Staff, 1973). 

The present discussion will be limited to the suborders Ustox and 
Orthox, not considering the soils of cool tropical climates, or those which 
are poorly drained. 

The definition given above leaves sample margins for variation; it 
is nevertheless possible to point out some specific management properties. 

Soil Physics 

Structure: Oxic horizons have strong very fine (<0.5 nmm) 
granular or crumb structure the aggregates of which pile up to form massive 
fragments or to build weak subangular blocks. Oxic horizons are normally 
very porous, although, the porosity of the granules or crumbs is still under 
discussion. Cultivation mainly affects the macropores (larger than 50 
microns). It is assumed that virgin Oxisols have sufficiently wide chan
nels and voids for root penetration. After several years of cropping the 
reduced amount of large pores, however, could become limiting if biological 
activity in the surface horizons has diminished for some reason. 

Morel and Quantin (1964) found in virgin soils under savanna 
instability indexes of 0.4 (H6nin el al., 1955), or approximately 70%0 of 
stable aggregates. Sandy topsoils degraded after two years cropping; 
medium textured soils after four years, reaching indexes of 1.5 (only 
40% stable). Longer cropping resulted in indexes of 2.0 (33% stable). 
Restoration of soil structure by fallows usually only gives temporary im
provement. (Pereira et al., 1954). Soil structure is seldom a primary 
limiting factor in Oxisols, however, and nutritional disorders are usually 
the first to depress yields. 

' Soil y'a/er. Oxic horizons can only hold small amounts of water 
between the conventional limits of permanent wilting point (15 bars) and 
field capacity (0.33 bars). It is generally accepted that they cannot store 
more than to mm of available water per 10 cm of soil. 

This low figure makes Oxisols particularly sensitive to drought 
especially for crops with shallow rooting habits, or in profiles where the 
soil volume in which roots can develop is reduced. 

Water movement in the soil is equally important to plant growth as 
water storage. Infiltration rates are rapid in oxic horizons and most reports 
mention 8 cm/hour after one hour of continuous flooding. 
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Water conductivity in Oxisols changes markedly with water content. 
The greatest release of water takes place at tensions below one bar. When 
the soil becomes drier the conductivity of moisture decreases abruptly. 
Sharma and Uehoa (1968) found that it falls below 10-s cm/sec at 
tensions of 60 cm of water. 

With respect to water, most Oxisols behave as sandy soils. Medium 
and clayey textured oxic horizons, however, are physiologically dry at con
siderably higher water contents than sands. The water which is present in 
the microaggregates is available as a source of vapour which may move 
to the rooting zone by distillation effects directed towards cooler areas that 
can be cerated for example by mulching.

Walton (1962) contends that in hot climates dry soil does not 
form a protective barrier and that evaporation from deep layers is not 
negligible. He found that water was lost from soil horizons between 30 
and 60 cm. depth, even when the surface layers had dried out completely. 

IV ION EXCHANGE PROPERTIES 

Oxic horizons may have by definition as much as 16 mcq. cation 
exchange capacity (NHOAc, pH 7) per 100 g clay, with a maximum 
of 10 meq/100 g clay, due to perinanent charges. (Soil Survey Staff,
1973). These limits have been selected in order to reflect the strong 
weathering of the materials in which the soils are formed, characterized by 
the dominance of kaolinite in the clay fraction. 

In the U.S. Soil Taxonomy (Soil Survey Staff, 1973) a further 
subdivision is made at lower categorical level which sets apart great groups 
which are named Acrusthox and Acrorthox. These "acrie" properties were 
singled out in order to group the soils which have almost completely lost 
the ability to retain bases, and which normally have a net positive charge. 
These soils obviously require special management practices and more 
accurate diagnostic techniques are still to be devised for their identification. 
At present a sum of bases plus aluminum of less than 1.5 meq./100 g.
clay is used as a criterion to identify then. 

The separation of the acric great groups, which have practically no 
cation exchange capacity, makes the distinction of the other great groups, 
as the Eutrusthox and Eutrorthox more meaningful, since base saturation can 
be used as a diagnostic property both for genetic classification purposes 
and fertility appraisal. 

At still a lower level, Soil Taxonomy distinguishes tropeptic and 
ultic subgroups, which frequently have a higher permanent charge than the 
modal concept of an oxisol would normally accept (typic subgroups). 

It is only possible to mention some consequences of this subdivison. 
Acric and oxic horizons have usually water dispersible clay, and may suffer 
deterioration of structure when limed (Schuffelen and Middelburg, 1954). 
Specific adsorption of calcium and blocking of exchange site, is possible in 
these soils (Uhara, Swindale and Jones, 1972). In the other great groups
aluminum becomes a major problem in the ultic and tropeptic subgroups 
when leaching of bases reduces p11 at values below 5.2. The typic subgroups 
have usually less aluminum, but present more manganese toxicitics when 
leached. 
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V., CHEMICAL PROPERTIES 

Analytical data published by Westin and de Brito (1966) suggest
that phosphorus is more rapidly converted into occluded forms in climatic
regimes having a dry season. Oxic horizons are not the strongest phosphorus
fixers among the tropical soils, although, quite a range of intensities and
capacities occurs between acric and tropeptic groups. The latter may contain 
more amorphous hydrated oxides which are known to have high fixation 
capacities (Fox el al., 1968).

Freshly precipitated iron and aluminum phosphates in Oxisols are as
available to plants as the phosphorus from the fertilizer itself (Landelout,
1959). Residual effects in Oxisols have been reported among others by
IRI (1967).

Oxic horizons by definition contain only traces of weatherable
minerals, and they are consequently poor in potassium included in the
cystal lattice of soil particles. Only when chloritized expansible layer
silicates are present, some retention of K may be expected (Oliveira el al.,
1971). Leaching of Oxisols, however, occurs mostly at the expense of
calcium and magnesium, and potassium deficiencies are rater late in beco
ming limiting in the sequence of nutritional disorders whicl affect crop
production in Oxisols. 

Calcium depletion of subsoil horizons is known from Oxisols in
Brazil (Mikkelsen et al., 1963). It restricts root development and may
in this way reduce the soil volume from which plants may extract water,
and thus increase drought hazards. 

VI MANAGEMENT PRACTICES 

It is not surprising that soils which are developed in poor mineralmaterials and are covered by plant communities which are burnen periodi.
ci'ly, present adverse conditions that have to be corrected when they are put
into production. Since economic and social factors come into play, only very
general statements about management requirements can be made.

Tillage practices should essentially aim at increasing the water intake
capacity of tie soil in order to take maximum advantage of rainfall, reduce
runoff, and control erosion. If necessary, plowing and sowing should 
always be or the contour. Pereira, Hlosegood, and Dagg (1967) proposed
a system of tied ridges which consists of furrows tied at intervals to form 
basins. In some years it increased yields by 40% relative to those from
fields cultivated on the flat. (Dagg and McCartney, 1968).

Ridging of Oxisols which are not exposed to erosion is not necessary
because it has been found that at start of the growing season the moisture 
available in the topsoil is less under ridged than under flat land. The
danger of water strain may than be lessened by planting on the side of the
ridge, or by ridging after the establishment of the crop (Walton, 1962).

Maintenance of soil fertility of Oxisols in savanna regions calls for 
a number of practices the choice of which depends on local economic condi. 
tion. As a rule natural savannas on deep Oxisols only slowly succeed in 
creating suitable environments for restoring soil productivity by fallows. 
There have been attempts to improve their efficiency, and most of them 

- 368 



Include the control of fires. Jurion and Henry (1969) report increases of 
170 kg/ha seed cotton and 350 kg/ha corn in a two years rotation fol. 
lowing spontaneous grass fallows protected against fire on Eutrorthox in 
Zaire. Replacement of natural regrowth by other species on the same soil 
was considered adequate. (Setaria spbacelata, Bracbaria ruz1izi'niis). 

In Oxisols with low base status no short term benefits from fallows 
could be demonstrated, without addition of fertilizers, effective erosion 
control and limitation of fires. 

Grazing of grass leys which are included in a crop-fallow rotation 
in savanna areas may have beneficial effects upon tile subsequent arable 
crop. The action is particularly noticeable just at the opening of the arable 
cycle. Stobbs (1969) assumes that most benefits result from the gerater 
quantity of nitrogen which accumulates in tile grazed land. hllere is usually 
some transference and concentration of fertility by moving animals from 
surrounding permanent grassland into the fallow area. l)efoliation is 
thought to stimulate plant growth, and to increase the efficiency of bringing 
up cations from lower layers into surface horizons. 

Grass fallows have also been used to restore physical properties, and 
the experimental results seem to indicate that natural plant communities 
which include deeply rooted erect grasses are the most suitable. They 
improve the ability of the soil to accept rainfall and to transmit water, 
primarily by increasing tile volume of freely draining very large pores and 
channels corresponding to 20 cm water tension, (Pereira el al., 1954). In 
Oxisols they do not affect the listribution of finer pores, for example those 
which ar filled at field capacity. The influence of grasses on structure is 
mainly one of improving soil aeration. According to Pereira et al., (1954), 
they do not confer continuing advantages, and the soils return to their 
unfavorable state after the first year of cropping. This is probably c.ue to 
the fact that the better physical conditions are essentially the result of an 
increase in the amount of the large pores which are nc(essarily the most 
fragile. 

Natural grass fallows, however, arc very deandilg on soil moisture 
and a dry season may deplete a thre meter deep profile of all available 
water. Pereira c al., (1958) report that soils kept bare during the same 
time still contained 230 mm of available water. Sudi severe water deficits 
hare deleterious effects on the following crops, especially if the rainfall 
distribution at the beginning of the growing season is erratic. 

Bare fallowing whilih would restore available water is a dangerous 
technique, too however, to be recommended when soils have at the same 
time to be protected against erosion. Natural fallows whkhm are composed 
of plant species have usually deep rooting systems which exhaustively 
extract water from the entire profile. Introduced grasses with shallow 
rooting habits when properly sown may suppress volunteer regrowth and 
afford some protection against erosion, without depleting the available water 
in deeper horizons ('ereira et al., 1958). 

In intensive management systems correction of nutritional deficien. 
cies by fertilizers is necessary. It is beyond the s(ope ,,f this paper to 
discuss the economics of the chemical fertilization of savanna Oxisols. In 
many areas, however, it is felt that the most saitable utilization lot most of 
the types of land which are considered here will be livestock production. 
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There is however, only little consistent information on the capacity of 
pastures to support permanent types of settlements on Oxisols. Long term 
reseacrh on pasture management is needed, particularly in adapting plant 
species to adverse soil conditions, weed control, the appraisal of rotational 
grazing and burning, and the carrying capacity on specific soil families. 
Methods of correction of fertility levels and the protection against erosion 
will have to be evaluated, in order to determine the optimal use of savanna 
Oxisols which have to be integrated into the development process in tropical 
areas. Precise inf'rmnation on the kind of soil at the most detailed categorical 
level, where th.: experimental work has been conducted, will greatly increase 
the possibilities for transferring knowledge to the farm level. 

VII SUMMARY 

The main factors rcsponsable for the formation of the Oxisols of 
savannas are discussed with special emphasis on the influence of these 
factors on soil management practices. 

Attention was given to the properties related to soil organic matter 
content, to parent materials, to soil physical properties, to ion exchange 
behaviour and other aspects of soil chemistry. Management practices are 
suggested in accordance with soil properties and the intensity of soil use. 
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22 iSoil management problems and possible 
solutions in Western Nigeria 

RATTAN LAL,, B. T. KANG, 
W4OORMAN, ANTHONY S. R. JUO and JAMES C. MOOMAW 

n(ODUCTION 

The International Institute for Tropical Agriculture (IITA) studies 
on soil minagement problems have been mainly carried out at the IITA exper
imental station (7030'N, 3054'E), but a start has been made with outreach 
work, mainly in the Western State, but also in the humid forest areas in 
south and southeast Nigeria, in Ghana and in Liberia. 

Climate 

The Western State lies essentially in a zone of transition between 
the humid and sub-humid tropics. The northern and western areas of the 
Western State are sub-humid (CA'w of Thornthwaite) whereas the southern 
and southeastern part is humid (BA'w of Thornthwaite). The vegetation 
of the uplands in the northern part of the State is wooded savannah 
(Southern Guinea Zone and derived savannah), while in the Southern and 
southeastern area, moist lowland forest (semi-deciduous) dominates. 

The rainfall has a characteristic bi-modal distribution with peaks in 
June and September. The dry season is from November to March, with 
minimal rainfall in December and January. Annual temperatures range
from an average minimum of about 20-21 0 C to a corresponding maximum 
of 31-32 0 C, with slightly decreasing fluctuations from north to south. 

Parent Materials 

Parent materials in the northern part of the State have been derived 
mainly from Pre-Cambrian basement complex rocks. A smaller portion of 
these rocks is igneous (mainly granites and syenites), but they are predo
minantly metamorphic; paragneisses, micaschists, quartzites and some am. 
phibolites. The upland soils are mainly formed on autochthonous weathered 
rocks, but the upper horizons have developed in allochthonaus pediment 
materials in which a stone line frequently presents a prominent feature. 
Lower slope soils and depression soils are formed on colluvium and 
alluvium. 

In the southern part of the state, parent materials are sedimentary 
in origin, the surface strata being mainly formed by late Tertiary to early 
Pleistocene unconsolidated coastal sediments (continental terminal). 
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At IITA, the basement complex is dominantly composed of medium 
and coarse grained biotite-plagiodase-hornblende paragneiss, with intrusions 
of ranitic-orthogneiss, and strata of quartzites and quartz schists. This 
intricated pattern, combined with variations in thickness and composition 
of the covering pediment, colluvial and alluvial materials cause a great 
variability over short distance in the soils of IITA. 

Soils 

In Table 1, the approximate correlation between the FAO (1970), 
USDA (1970) and ENSA (1967) classification systems for modal upland 
soils in Southern Nigeria is given. The correlation is not exact, since 
important diagnostic criteria vary between systems. Thus, sonic Aifisols 
with a base saturation of less than 50r% in the argillic horizon will be 
Acrisols in the FAO system. 

Table L.-Approximative correlation of the FAO, USDA and the ENSA 

classification of major upland soils ini Southern Nigeria. 

PAO (1970) USDA (1970) 	 ;NSA (967) 

LUVISOLS 
Ferric Paleustalfs, and Sols fcrrallitiquCe faiblemcnt desaturcs, sous. 

(Rhodustalfs') groupes rcmnanics tt rajeunis, and 
(sols ferrallitiqiucs klssivcs)
(sols ferrugincLIx tropi(aux) 

NITOSOLS 
Eutric 	 Paleustalfa Sok ferralliti~lutc faiblcncnt dcsaturcs sous 

grotlpts typiqucs tt appauvris 

Dystrlc 	 Paleustalfs, arid Sols fcrrallitiquCs inoynnement ct fortement 
(Paleudults) desatut sous groupcs typiques ut appauvris 

ACRISOLS 
Ferric Paleustalfs, and Sols fcrrallitiqucs moytntncnt s't fortement 

Rhodustults) dtsjturcs, sous groupc remnaine, and 
Paleudults) (sols ferrallitilus kcs)ives) 

(Rhodudults) (Sols fcrrugincux tropicaux) 
(Tropudults) 

NOTE: Less important mnitsarc indicated heteen backis. 

Of importance to note is the great extent of Alfiso!i in areas with 
an annual rainfall of approxitmately 1600 mm or less ,and the virtual 
absence of Oxisols (Ferrasols of the FAO classification) not only in 
Nigeria, but throughout the humid part of West Africa. 

In Western Nigeria, soils over basement complex rocks mostly have 
a moderately deep solum, though the regolith is g';nerally several meters 
deep. In the southern sedimentary areas, solums ark, very deep; frequently 
over 10 meters in the well drained upland positions, 
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II SOILS UNDER TRADITIONAL SYSTEMS OF MANAGEMENT 

Pirtice Sixt Disribution,Structure and Rool P.nulrabilily 

Most of the upland soils in Western Nigeria, particularly those 
derived from basement complex, are predominantly coarse textured in the 
surface soils horizons. A gravelly horizon, immediately below the surface 
horizon, is a Cliract.ristic featirc of most soils on basement complex.
The depth of the surface soil above the gravel horizon varies roughly
between 0 and 10 (in. depending on the location of the profile in the 
catena. The gravels, usually a combination of quartz and concretions, are 
imbedded in clayey to sandy clay materials forming a rigid matrix. The 
layer immediately beneath the gravel horizon is predominant!y clayey in 
texture. 

The surfa.e hrizons of most of the upland soils are porly graded,
with a small aniotint of organic and ino)rg.nic (olohidal fraction to bind the 
primary partidks togethcr (Figure 1). "le surfa(e horizons have a sand 
content ranging from 56 -- 80 percent (mean of 70), silt content from It 
to 19 percent (mean of 13) and clay content from 9 to 25 percent (mean 
of 17). Tlhe (.oiciotration of gravel in the sub-soil horizon varies from 0 
(for soils in the lower catena or those derived from sedimentary parent 
materal) to 70 percent (Figure 2). 

The ,tru tural stability to raindrop impa t for most of these soils 
is extremely low (Figure 3). One of the (auses of this low stability is the 
predominance of the coarse fraction in the surface horizon. Even though
the potential infiltrability is high, the formation of soil trubts in the exposed
surface soil as a result of splash, rftdutcs the aitual infiltrability of the soil. 
This crust forming, though is nui inmal und er the exteis ivc traditional agri.
cultural system. 

The rigitity of the matrix ii the gravel horizon may be one of the 
reason for inhibited root penetrability, particularly of (ereal crops. Field 
experiments have iiidi atu I tlat the dplth of maxinuini root penetration 
in these soils is goveriied by the depth of this connp'uat gravdIly horizon 
(Figure .1). The frequent wilting of maize and upland rice, a few days
after heavy rains, may be attributed to the direct and indirect effects of 
these gravelly horizons CAusing insufficient water supply to the roots. One 
of the indirect effects could also be a decreased available water holding 
capacity of the soil 

Aoijuire Relcn', Charact'riitici a,i Available hf'atc" I oIling Cap,rily 

Moisture release (Iaracteristics of the surface horizon of some soil 
series of Western Nigeria indicate the predominance of macropores (Figure
5), as shown by a relatively small change in moisture retention beyond 2 
bar suction. 'lie data in Table I show that the available water holding
capacity of these soils is low. 

In Tables 3 and .1are given the simple and multiple correlations of 
the moisture content at 0, 0, I and 0.3 bar suction with soil constituents. 
It is obvious, that the organic matter content has arelatively low contribution 
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Table 2,--Available water holding capacity of some Western Nigerian soils. 

Available Water holding 

gol Horiyon Depth OrgAnic C Capacity (cm)
 
$11148 (cm) %
 

Uncorrected Corrected* 

IIbedA 0-15 1.50 1.57 1.54
 
15-22 0.76 0.89 0.52
 
22-50 0.28 2.59 1.08
 

b6dsn 0--25 1.30 4.12 3.74 
25-50 0.44 2.50 1.40 

Iwo 0-15 1.54 1.12 0.97 
15-28 1.66 0.98 0.60 
28-45 0.49 1.63 0.96 

Apomu 0-9 2.48 0.67 0.65 
9-36 0.30 1.69 1.64 

Ahlab. 0-13 1.10 0.68 0.68 
13-36 0.70 1.66 1.66 

Ntfor 0-35 1.2 0.91 0.91 
35-74 0.7 1.11 1.11 

"fected forstone concentration. 

Table 3.-Tlhe simple correlation between soil moisture retention at 0, 0.1 
and 0.3 bar and soil constituents. 

Correlatinn Coefficients for Moisture Retention 
at 

Soll

Constituents 0 bar 0.1 bar 0.) bar 

Sand (%) -0.433** -0.8134* -0.710'* 
Silt (%) n.s. 0.553** 0.367* 

Clay (%) 0.487** 0.647( ' 0.680*4 

O.C.(%) 0.305* n.s. n.. 
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towards the available water holding capacity of these tropical soils. The 
day and sand content, on the other hand, are most significantly correlated 
with moisture retention at 0.1 and 0.3 bar, the former positively and the 
latter negatively. 

Table 4.-Multiple correlation for moisture retention at various suctions. 

Dependent Variable R2 Regression Equ.iltons 

0.1 BAR 
oranicClay,

carbon &O.C.) 0.72*0 Y = 0.082 + 0.016 (C.O.) + 0.004 (clay) 

Silt, O.C. 0.29 Y = 0.151 - 0.035 (CO.) +J 0.007 (clay) 

Sand, O.C. 0.64** Y = 0.367 + 0.016 (C.O.) - 0.003 (sand) 

Clay, O.C., silt 0.76** Y = 0.057 -+ 0.010) (C.O.) - 0.003 (clay) 

+ 0.003 (silt) 

0.3 BAR 

Clay, OC. 0.48** Y := 0.065 - 0.01 (C.O.) -1- 0.003 (clay) 
Silt, OC. 0.18 Y 7- 0.131 - 0.034 (C.O.) -I- 0.005 (silt) 

Sand, O.C. 0.41w* Y - 0.307 -- 0.008 (C.O.) -- 0.003 (sand) 

Clay, OC., silt 0.49** Y ... 0.49 + 0.005 (C.O.) - 0.003 (clay) 

+ 0.002 (silt) 

Nudrien Variability in the Soil 

The variability in physical soil properties and nutrient status over 
short distances within plots or between plots of the same soil series, results 
in uneven growth of the crop, with adjacent patches of good and poor 
growth. This soil heterogeneity has also a practical implication, making 
soil sampling and the use of plots for fertility iltvcstigations complicated. 
Observations at IITA have indicated, that this lack of uniformity can, to a 
large extent, be related to human and other biogenetic paranheters, active 
prior to clearing and after clearing while preparing the land for cropping. 

Effect of Pre-clearing Vegetation: A study on the effect of pre
clearing vegetation on the nutrient variability of an Egbeda soil series, 
(Oxic Paleustalf), has shown very distinct differences in nutrient status 
and variability of the various plant nutrients resulting from the previous 
vegetation. The data presented in Table 5, are averages of 77 samples 
each collected at distances of 2 in apart from three adjacent plots after 
clearing the land. The three plots previous to clearing were respectively 
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under secondary forest, 4-5 years old secondary thicket regrowth, and cassava crop. Under secondary forest, the soil shows 
a 

the best nutrientstatus, this is followed by thicket regrowth. However, after cassava, which
is usually the last crop planted before bush fallow, the nutrient status isclearly lower. In terms of soil heterogeneity, the forest plot shows morevariability than the other two plots especially as regards soil organic matter.
This is due to the presence of various shrubs and trees, particularly palm
trees (Laeisg ineemnni) and piles of decomposing wood under the forestVejetation. The soils under palin trees tend to show a higher nutrient status.
Alter cropping as indicated by the cassava plot, the soil is more homo
geneously poor in nutirents. 

Table 3.-Effect of preclearing vegetation on some chemical properties ofsurface soil of Egbeda soil series, at the IITA site. (Oxic
Paleustalf). 

PreclearinR Pit Organic C Exch. K Exch. C.a Available P 
ece inR ppm) (Plm)) (lI( (prpm )vexctti,) (I',M) Bray 1) 

(ppin) 

Secondary forest 5.75 ±0.36 1.50±0.28 97.1 ±49.1 541.9 ±214.3 2.62±0.98 
Thicket 3-4 years 5.60±0.38 1.21 -'. I 80.3 29.1 491.3± 18.7 1.66±0.80 
Cassava (rop 5.81 ±0.31 0.891 0.0) 75.7'3 0.8 .120.8, 13.5 2.10"±1.00 

Effect of llr/1.,in,: Burning is one of the most importart stepsin land preparation for cropping after clearing for the traditional farmers,
Univen burning causes uneven distribution of ash and plant nutrientsthereby increasing the already high nutrient variability in soil. The datapresented in Table 6, illustrate the effect of light burning of a secondary
thickei -egrowth on i1e utrirnt status of an Apomnu soil series (Ustorthent).As seen from tie data, burning has a very significant effect in raising soilpH, the amount of exdangcable cations ?r.(l available soil phlsporus. Thcrise in pli after burning on the soils a, the lrrA is shown to have a
deleterious effect on upland rice. On spots with concentrated burning the
subsequent upland rice crop showed severe symptoms of iron deficiency. 

Fffecl of T,rmile Aclivily: The activity of the mound building ter
mites (Alacrohrmej bdlico.ju an, Afacroiermes iubh),nuri), also contributesignificantly to the soil variability. At the IiTA site, the distribution of
termite mounds is found to be related to soil drainage. They are modeabundant on the well drained soils but larger on poorly drained soils. The
number of tcrmite mounds is estimated to run as 60 active and abandonedmounds per hectare. These termite mounds consisting mainly of subsoil
materials, contan less organic matter and have a higher clay content. (Table7). Because of the lower nutrient and high clay content, poor soil structure
results in reduced emergence and stunted growth of maize, 
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Table 6.-Effect of burning on some chemical propcrties of surface moI oft
 
Apomu soil series (Oxic Palkustalf) at the ]ITA Site.
 

F,<h. ' . t. xdP (BrayOra mi, (' K Yt. C4a Food.N1M AvailAble11) 

( ("rI I (rpm) ppn) (ppm) 
Treatment P11.tlii () orgnit C. 1E ,. IK 

Before burning 7.) 0.71 93.6 626.0 111.6 5,2 

After burning 7.1 0.90 230.1 818.0 135.6 11.8 

Table 7.-Some properties of termite mound soil and surrounding sulface 
soil (mean of 10 samples) at IITA site. 

Soil M it ,ric i AnAlysis (1,) Otgilnic ( JXill K I: 4h. Ca 
sample Sind Silt (Ifiy V4 i l pliI 

Termite mound
 
(outcr casing) 17.1 H.. 31.1 6. 0.80 180.0 370.0
 

Surface soil 63.6 1.1.8 21.6 6.4 1.0 170.0 660.0 

III PROBLEMS ENCOUNTERED WITIH INTRODUCTION OF 

INTENSIVE AND PERMANINT FARMING SYSTElMS 

Soil Erojion and Cha,,,er 1n Soil S/rlioc/ure 

Because of tile 10w strilctural stability of the surface soil, an(d high
climatic erodibiliy, the pottcitial crosion hazard particularly for tie soils 
derived from theil blltun(wiit (onilLX iatrCt liiatCriIl is high. The crosion 
problcm is further aygraisatud it large scal, nic ilanized farming is introdu
ced. While the UIosoiol is Ilgligibh: for the soik tindcr the itvitr of nlative 
vegetation, the soil loss (-ia rCatII as 11ucKh as 115 hs,/a r 4rn. 
protected plowed land (liglure 6,). Cmiidcring the shallow depth of the 
surface horizon and the poor root peo-t.trability into the sd) il, Ihc yili
reduction by crop duc to 2.5 cin of soil rjo\.l (.in be is 1uth as '10 to 50 
percent (Figure 7). The zdditlol of fertilizer is no subltititc fOr the loss 
of surface soil. The soil crosion is at(onjlid by drastic (hanges ill soil 
[roperties i.e. organic matt(r, (ly content and soil structurc (Table 8).
in addition, the initial high infiltratioi rate dc lilis rapidly after forest 

clearing and following cultivation. The water intake rate was decrcased by
40 and70 percent, ;tspe(tivly, tndcr maize and hare fallow after one year
of land clearing. Surface ctcrustation tlue to cultivation results in this 
drastic decrease in soil infiltrability. 
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Table R,-Effect of erosion on particle size distribution slope (51%). 

Am"I-' M~ile (All"W MWase bate 16,Ilvo M6181(Arllow PARf 

ClJay 22.5 201.8 14.1 16.1 12.6 13.9 

III 1 ,6 111,1 15.7 16.1 11.7 1,110 

Swn 5,9,9 50.6 60.2 61,4 5215 40,4 

GBol 4.0 9. 307 6A 23.2 2$.7 



i 	
i 

,Ji 
, 

i 
• ~

 
,
 

83 
I 

1
 

-
-
-

3
8
 





42. 

341 
SR 

32, j 

30, 2V\V 
26. 

2%. 

22 ~ I ,~ 

Figme* Effect ofse rprto nth.mxmm.oltm eaue(91a i i) 



/N
 

10 

O---OMtltdrD rA 

....- - - '1UNP-11l D" 
so4 


40
 

90... 

N0 

,.--.o
- .. . ,

0 ,

°
 
Feb.I 9,
 

/1972
 

10 

0 20 40 60 IOU(2 120 140 I 
rAYS AFTTP PLAIM 

Figure 9. Time of yam emergence as affected by mulching and 
seed. 

- 387 



11.1 
|'3 

10 

C; 

0"------ a ?iocm CUCTIOV' 

..... "' m SUCTICII * 

10 ii .is4 16 37 isA 

PCCT T[PPr.PATtP" -r 

Figure 10. Effect of root Zone temperature on Maize seedlings, 

- 389 



Soil Temperaure 

Forest clearing and the methods of seed bed preparation significantly 
influence the soil thermal regime. Vegetation removal increases the heat 
flux density into the ground. The effect of vegetation removal on soil 
temperature measured at 5 and 10 cm depth is shown in Figure 8. The 
diurnal fluctuations in soil tehmperature as a result of land clearing, can be 
of the magnitude of 20 to 300 C. 

Germination, emergence, seedling growth, nutrient and water absorp
tion and yield potential are significantly affected by the soil thermal regime. 
Supraoptimal temperature significantly influenced yam (Dioscorea sp.) 
emergence on unmulched plots (Figure 9). Growth of maize (Figure 10) 
and soybean seedlings is virtually stopped by soil temperatures above 35 to 
38 0 C. Nutrient absorption and translocation (Table 9) and water absorption 
(Table 10) are adversel) affected by supra-optirnal temperature conditions. 

Table 9.-Effect of high soil temperature on nutrient uptake by maize 
scedlings (shoot). 

Soil N P K g) 
Temperature (mg/g) (rag/g) (mg/g) Shoo. R(oot (jg/g 

30 46.1 7.2 68.1 0.19 0.42 3.1 

34 43.9 6.3 62.5 0.26 0.35 3.5 

35 41.7 4.7 58.6 0.21 0.30 3.0 

36 40.3 4.0 49.5 0.32 0.23 3.4 

37 46.1 4.6 40,8 0.19 0.24 3.6 

38 47.1 7.0 33.4 0.26 0.24 3.9 

LSD (.05) 2.6 2.4 23.8 0.09 0.17 1.2 

Decline in Chemical Fertility of the Soil 

The question of decline in chemical fertility of the soil under tradi. 
tional systems of cropping has been widely discussed and review (NyC and 
Greenland, 1960; Vine, 1965). There are indications that the decline in 
soil fertility which is associated with a decline in soil organic matter is often 
more marked under forest than under savannah conditions. The dedine in 
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the ability of the soil to supply plant nutrients under subsequent cropping can 
be measured by (1) changes in chemical soil properties, and (2) crop yield.
These measurements however have several limitations especially under tradi
tional systems of agriculture due to variations in climate, type of management
etc. as discussed recently by Ahn (1973). For a better appraisal of the prob
lem of the soil fertility changes under continuous cropping a number of me-

Table 10.-Effect of root temperature and soil moisture potential on trans
piration rate of maize seedlings (Time in seconds per mili
amp). 

Soi 10.30 a.m. 1.30 p.m.Temperature 250 cm 750 cm 230 cm 750 cm
VC Suction Suction Suction Suction 

35 4.76 1.53 2.30 1.54 

36 2.38 1.45 2.02 1.15 

37 1.04 0.880.90 0.66 

dium term experiments are being carried out at the IITA site and at an out
station site. These studies are primarily designed to see the effect of crop and 
soil management on the spee and extent of changes in the fertility status of
the soil with continuous cropping. Preliminary data obtained from one
of these trials conducted at IITA site on an Egbeda soil series (Oxic
Paleustalf) (Table I I) clearly shows the significant effect of crop husbandry
and fertilizer use on the long term yield of maize. Although it is realized 
that this sequential measurement of yield is very much affected by climatic
variations, the data obtained show some interesting differences. Without 
fertilizer application and no weeding, the maize yield on this soil shows a 
clear decline after the second year of cropping. With good husbandry
(weeding) the yield decline is more gradual, and even after four years of 
cropping, has not apparently reached the equilibrium level. While with
goodhusbandry and fertilizer use the yield of maize is less variable and 
can apparently be maintained at approximately 6.5 tons/ha. It also appears
from the present data that the influence of fertilizer application on yield is 
greater than that of weed control. Chemical soil measurements have 
indicated a significant increase in the organic matter content, total nitrogen
and available posphorus and potassium in the fertilized plots. The unfer
tilized plots show a decline in these parameters. However, the differences
between the weeded and unweeded but unfertilized treatments are very 
small at the third year after cropping. 
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Table 1 .- Grain yield IITA maize composite A x B from maximum yield
plots at IITA (Egbeda Soil Series) 1971-1973* (Moormann
& Kang, 1973). 

Grain yield
Kg/ha (51) 

Year/treatments 197 1 197 2 197 3 

1. No fertilizer, no wet-cling 4960( 92) 1.186( 22) 1736( 26) 
2. No fertilizer, weeding 5829(108) 4556( 66) 3519( 53) 
3. Fertilizer, no weeding 5724(107) 5828( 86) 4700( 71) 

4. Fertilizer, weeding 5384(100) 6785(100) 6619(100) 

' Plots cleared in 1970 and subject to uniformity trial with maize in that year. 

* Fertilizer rate 120 N- 40 P - 50 K - 4 Zn kg/ha per crop. 

IV RECOMMENDED SOIL MANAGEMENT PRACTICES 

Role of Surface Mulch in Soil and Water Management 

Surface mulch of 4 to 6 tons/ha reduces the soil erosion and runoff 
losses to a minimum and these losses are comparable to those from soils 
under forest (Table (12). The decrease in surface soils temperature by 
mulching can be as much as 80C (Figure 11) accompanied by an increase 
in soil moisture storage due to reduction in evaporation losses (Figure 12).
Experimcnts conducted at ITA have also indicated an increase in the 
availability of NO,- N and phosphorus under the mulch layer. Maintenance 
of yield levels over a period of time by mulching can be attributed to the 
aforementioned factors (Figure 13). Mulching stimulates the earthworm 
nctivity and thus maintains the infiltration rate of the soil, and enhances 
a favorable tilth. 
Mlch Farming Technilve 

Surface mulch can either be produced in situ by establishing a low 
growing crop preferably a legume such as Pueraria phaseoloides, Stylosanihes
humilis etc. or by using the previous crop residue by mulch tillage techni. 
ques. Mulch tillage techniques are based on the zonal tillage concept
(Larsen, 1962) and involve leaving the crop residue on the surface with 
a minimum disturbance of the soil. Only the seedling environment zone is 
disturbed to plant seed and place fertilizer, leaving the inter-row areas 
undisturbed with with mulch cover to conserve soil and water and to 
produce a favourable thermal regime. The soil erision losses under 
minimum tillage are negligible (Figure 14) while the soil moisture 
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Table 12.-Elffect of mulching on runnoff losses (% of rainfall). 

Slop (%)Under Maiue 
ope Unmulched Mulched Forestcover 

i 6.4 2.0 1.7 
5 40.3 7.7 1.3 

10 42.7 5.7 1.7 

15 17.6 1.9 2.0 
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Figure 13. Effect of mriulding on soil productivity. 
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content is higher (Figure 15) and the soil temperature regime is 
more favourable (Figure 16). The germination of soybeans is considerably
improved. Yields equivalent to those on plowed plots are obtained for a 
variety of crops (luring normal rainy periods. Significantly higher yields 
have been obtained by the use of this technique during the pcirods of 
severe drought stress (Table 13). Due to favourable soil temperature and 
moisture regime, the biological activity, particularly of earth worms, under 
mulch tillage plots is maintained as under forest. No-tillage plots with 
crop residue retained on the soil surface also maintained their organic 
matter content. 

Table 13.-Comparative crop yield with minimum and conventional tillage. 

Grain Yield (kg/ha) 
Crop Minimum Tillage (onventiom.a Tillage 

Maize 4,500.00 3,000.00 

Cowpeas 784.80 639.20 

Soybeans 846.00 1,066.00 

Swcet potatoes 22,000.00 17,750.00 

Pigeon peas* 26,250.00 25,000.00 

Total dry matter produced. 

Changes in Soil Chemical Properief Under Different Vegelalion 

Changes in soil chemical properties under different vegetation using
no-tillage technique show that organic matter content, total nitrogen, C/N
ratio and CEC are maintained under maize with crop residue left on the 
surface like that undcr Pigeon Peas, Guillea Grass or bush fallow rotation 
(Table 14). 

Retuning maize residue is, therefore ,e(ually as effective as bush 
fallow and other cover crops in maintiiing soil organic matter and CEC 
level of the soil. Yield data of two ycars clearly denonistrated that maize 
yield levels were maintained as a, result of returning crop residue as 
surface mulch. While removing nmize residue resultcd in decline of both 
grain and dry matter iproduction. (Table 15). 
Soil and II'Zaler Alanwemnct lJor rri,'alud Cros 

The frequent drought stress is one of the serious limiting factors 
for crop growth in Western Nigeria. The yield of rice and maize is 
significantly affected by soil moisture stress. Rice yield was significantly 
decreased by a low level of soil moisture stress i.e. 25 to 50 cm of soil 
water suction (Figure 17). The effect of soil moisture stress on the leaf 
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Table 14.-Effect of cropping on soil properties after one year as com
pared to continued natural bush regrowth. 

Treatment Organic C Total N CEC Total plant residue 
( 	 ) (%) me/Og Returned 

tons/ha 

A 	 Bush Regrowth 140 .136 10 5.72 Litter fall 

C 	 Guinea Grass 10 .178 8 8.63 30.4 (3 cutting) 

D 	 Lucaena leucophyla 1.56 .141 11 6.15 Litter fall/Ratoon 

E 	 Pigeon Pea 1.40 .143 10 5.73 Litter fall/Ratoon 

H 	 Maize (Return Residue) 16.4 (2 crops)
 

G Maize (Remove Residue) 1.04 .115 9 4.64 Removed
 

F 	 Soybean (Return Residue) 0.96 .099 10 4.00 3.2 (2 crops) 

B 	 Maize/cassava mixed crop

Return Residue 1.24 .140 9 5.73 8.2/Litter fall
 

Soils sampled in February. 1973 (O-15 cm and 20 composite samples pet plot). 

Data reported are averaec value of three replications.
 

CEC determined by summation of all exchangeable cations.
 

Table 15.-Effect of crop residue on grain yield. 

Treatment 	 Grain Yield* Dry 	 Matter Yield$
ton/ha 	 ton/ha 

1972 1973 
 1972 1973
 

Maize, Return Residue 7.32 8.35 16.4 16.8 
Maize, Remove Residue 6.68 5.71 14.3 10.4 
Soybean, Return Residue 2.71 1.85 3.2 1.5 

S 	 Total )ield of two crops per year.
 
Data presented are avert e value of three replications. Plot size: 100 ml.
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on soil erosion and run of losses under maize. 

moisture potential of IR-20 and OS6 rice varieties indicates that OS.6, 
in general, has higher le.f moisture potential (less negative) than IR-20 
at the same soil moisture stress. Similarly, maize grain yields were of the 
order of 6:2.7:1 for maize grown under continuous soil moisture suction 
of 0.3, 2.0 and 10.0 bar respectively, maintained at 15 cm depth (Figure 
18). At the silking stage (of maize growth), the average ear leaf moisture 
potential was 8, 10, and 12 bar, respectively, for soil moisture suction values 
of 0.3, 2.0 and 10 bar. The flag leaf moisture potential however, varied 
from 8 to 13, 11 to 21 and 12 to 43 bars for the three soil moisture regimes, 
(Figures 19 and 20). 
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Management of Hydromorphic Soils 

In most areas of West Africa, but more especially in the areas with 
less than 1500-1700 mm rainfall with an unreliable distribution, the 
occurrence of drought stress is one of the main production limiting factors. 
In hydromorphic soils, i.e. soils which, due to their situation in depressed 
terrain, receive supplementary water from surface flow and from interflow, 
this limiting factor is less severe or, in the most favourable cases, not present 
at all. Poor drainage is, under condition of tropical West Africa less of a 
restraint than in the temperate zones since crops are available (especially 
rice) which can be grown under waterlogged conditions and since in the 
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dry season even ,poorly drained hydromorphic soils dry to such an extent 
that they are suitable for crops other than rice. Excluding major river 
valleys and deltas, hydromorphic soils occupy, according to physiography,
from 5 to 20 percent of the landscape in West Africa, and are usually not 
intensively used. 

Studies are under way at IITA on the appropriate land use and on 
intensified cropping on these soils, in relation to the degree and duration of 
hydromorphic conditions. Intensive cropping systems, with three crops a 
year on a sustained basis appear possible; for instance very early maize, rice, 
soybeans or a vegetable crop. Such systems are impossible on adjacent
uplands, 
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Perilizer,Management 
Of the many factors that need to be considered in the development 

of better farming systems in the humid tropics, use of fertilizers has been 
recognized to play a significant role. Despite the importance that fertilizer 
can play in increasing and maintaining soil fertility, too little attention has 
been devoted to the fertilizer management problems in the tropics. Many
of the parameters determining fertilizer efficiency and, in particular, the 
long term effects of fertilizer are little known. Most of the fertilizer trials 
conducted in the area in the past have primarily dealt with studies of N,
P and K response using iow yielding varieties. In order to obtain more 
basic data on fcrtilizer effectiveness and their medium -and long- term 
effects on soils and crop yield several experiments are carried out at the 
IITA site and at several other locations. Some of the results obtained are 
summerised below. 

Response to Major Plant N:,, 'cnts 

Only responses to nitrogen and phosphorus are observed at the IITA 
site. These responses differ with soil series. Data presented in Table 16 
indicate that the Egbeda soil series (Oxic Paleustalf) shows a significant 
response to phosphorus, and only a small response to nitrogen even in the 
second year of cropping. The sandy Apomu soil series (Ustorthent) shows 
a significant response to nitrogen and less response to phosphorus. No 
response to potassium was observed on both soil series. 

Table 16.-Response of Maize to N, P, K (Grain Yield, tons/ha). 

19720 1973 

Treatment Egbeda Apomu Egbeda ApomuSeries Series Series Series 

N.PK 2.6 1.1 6.2 2.9 
NjPKI 2.4 1.9 6.6 5.8 
N.P2K1 2.9 2.2 7.4 6.9 
N,PsK 1.5 2.1 4.0 5.6 

N3PK 2.1 2.4 6.2 6.4 

NP.AK 2.6 2.0 6.7 6.3 
NPKs 2.6 1.7 6.9 5.9 

LSD 0.05 0.6 0.6 0.9 1.4 

Crop affected by dmueht. 

Ns - 60 kg N/ha: Ps - 30 kg N/ha: Ki -40 kg K/ha. 
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Responses to Secondary and Micronuirients: 

Of the secondary nutrients tested, only sulfur was found to be 
frequently deficient, particularly on the sandy soils. A survey in the region 
has indicated that frequency and degree of sulfur deficiency is more pro
nounced in the savannah than in the forest zone. This is also shown by 
the results of the field experiment conducted with maize (Table 17). 
Significant responses are obtained with low rates of sulfur, while high 
sulfur rates in certain locations have the tendency of depressing the yield. 

Table 17.-Grain yield response of maize varieties composite A x B and 
NS-1 to S application (tons/ha). 

Ibadan Oyo Ogbomosho* Ikoyi Kishi 

S. Rate Egbed i Apomu Apornu Apomnu Apornu Omo 
Kg/ha Series Series Series Series Scries Series 

(Palcustalf) (Ustorthent) (Ustip. (Ustip- (Ustip- (Paleustalf)
samment) sunment) sarmmnent) 

0 2.3 2.3 2.4 1.8 3.3 5.9 

7.5 2.1 2.7 3.0 2.4 3.9 6.9 
6.215.0 2.4 2,8 2.7 2.8 3.8 

'1.3 6.730.0 2.5 3.0 3.0 3.5 

6.860.0 2.4 2.7 3.2 3.2 4.1 

LSD 0.05 NS 0.5 0.5 0.9 0.5 0.9 

Variety NS-1. 

Among the micronutirents, zinc deficiency was found to be a major 
problem in some of the sandy soils in the savannah region. In a recent 
field experiment with maize, it was observed that with application of Zn 
at 1 to 2 kg/ha, yield increases of 1,750 kg/ha of maize grain was obtained. 

Residual Effects of Fertilizers 

The residual effect of application of single superphosphate was 
studied on an Egbeda soil series (Oxic Paleustalf). Despite the fact that a 
fresh dressing of phosphorus gave better yields (Figure 21), there is a 
significant effect of the residual phosphorus on maize yield. Soil analysis 
indicated very little movement of phosphorus from the surface horizon. 

The residual effect of sulfur application was also studied on an 
Apomu soil series. (Ustorthent). One year after application of sulfur as 
ammonium sulfate, no significant response to S was noticed on the maize 
yield. Soil analysis indicated that after one growing season, even at an 
application rate of 60 kg S/ha most of the sulfur had migrated to the 
lower horizons below 30 cm depth. 
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V CONCLUSIONS 

The data presented supports the following conclusions: 

1. Soil management problems forming major restraints for the 
introduction of continuous cultivation in Western Nigeria are soil erosion, 
high soil temperature, low water and nutrient holding capacity, poor root 
penetrability, decreasing organic matter content and low nutrient status. 

2. Soils at IITA, and in most of Western Nigeria are as a rule 
very heterogeneous, leading to extreme soil microvariability. Some bio
genetic causes for microvariability are described, e.g. burning, termites, 
differential influence of vegetation and land use. 

3. Preliminary data has indicated that the decline in soil fertility 
under traditional farming systems depends on the intensity of managements. 

4. Mulching and mulch-tillage techniques offtr one of the ways 
to manage the highly erodible soils. In addition, the available water 
holding capacity is increased and the maximum soil temperature decreased 
by mulching. Enhanced earthworm activity stimulated by mulch improves 
the soil tilth. 

5. Judicious management of crop residue can maintain soil organic 
matter content at the same level as under bush fallow or cover crop. 
Removal of crop residue (by burning or grazing and incorporating into the 
soil by plowing) hastens depletion of the organic matter content. Crop
yields were maintained by retaining the crop residue while sharp decline 
was observed with residue removal over a two year period. 

6. Slight soil moisture stress can result in low leaf moisture 
potential (more negative) of maize and rice and a sharp decline in yields.
A greenhouse technique of growing rice varieties at a soil moisture potential
of 50 to 100 cm of watcr suction at 15 cm depth can be used to screen 
varieties for their drought tolerance. 

7. Hydromorphic soils offer a good potential to produce satisfactory
yields even during periods of drought stress. 

8. Nitrogen, phosphorus, sulfur and zinc have been identified 
as important limiting nutrients in Western Nigeria. 

9. With good crop husbandry and fertilizer application a high
level of yield can be maintained with continuous cropping. 

VI SUMMARY 

The climatic, geological and soil conditions at IITA are presented. 
The soil management problems hindering the introduction of con

tinuous cultivation techniques are discussed and solutions to overcomme the 
problems presented.

Data are presented explaining the declive in soil fertility under 
traditional agriculture and methods are suggested to reduce these problems. 
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Nitrogen, phosphorus, sulfur and zinc are identified as,'li"iting
nutrients and their correction by adecuate fertilization is proposed. Methods 
of soil water imanagement adequate for conditions -InNigeria are proposed. 
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Sntensive Management of Pastures and
23 Forages in,Pue6'rto RICO 

JOSE VICENTE.CHANDLIR 

I. JLLNIAKJULIIULN 

Millions of hectares of rolling to steep lands in the hot humid 
tropics are not suited to mechanized cropping and, furthermore, the soil 
requires the protection that well-managed grasslands can afford. Since 
]pastures can be fertilized and limed from the air and cattle do their own 
harvesting, efficient production together with conservation is feasible on 
these lands. 

Efficient grassland farming in the humid tropics must increasingly 
be based on heavy fertilization and itensive management. High- yielding 
tropical grasses (Figure 1) growing throughout the year and often produ
ring more than twice as much forage as grasslands in the temperate region 
have high nutrient requirements. In Puerto Rico, Vicente-Chandler et al., 
(1964), found that moderately fertilized grasses removed about 350 kg 
of N, 70 kg of P, 400 kg of K, 110 kg of Ca, 70 kg of Mg, and 80 kg of 
S/ha/year. These high nutrient requirements contrasts sharply with the 
low nutrient supplying power of Ultisols which, in Puerto Rico, supply an 
average o fabout 70 kg of N, 15 of P, and 60 of K/ha/year to grasses on 
a long-term basis (Vicente-Chandler et al., 1972). 

Also, land in the humid tropics is often expensive and must, 
therefore, be utilized to its full capacity. Although remote tracts can be 
purchased for a few dollars per hectare, clearing and providing the necessary 
roads, housing, health and educational facilities can cost hundreds of dollars 
per hectare. 

As demand increases, fertilizer prices in the tropics should drop to 
levels similar to those in temperate regions. At the same time, beef prices 
are rising and meat is becoming an increasingly important export and source 
of foreign exchange for underdeveloped countries in the humid tropics. 
Also, local demands for meat and milk are increasing with rising standards 
of living in these areas. Under these conditions the cost benefits of 
fertilizing and managing pastures intensively should become increasingly 
favorable. 

The experiments discussed in this paper, unless otherwise indicated, 
were conducted under the following conditions typical of much of the humid 
tropics. Annual rainfall averaged 1,600 mm, with lowest precipitation 
from December through March. Mean monthly temperatures ranged from 
210 to 27 0 C, with seasonal variations of about 5OC, and highest daily 
temperatures seldom exceeding 33°C. The soils were deep, porous Ultisols 
on 30 to 50% slopes. These soils had a pH of 4.8 to 5.2 and 4 to 8 
meq of exchangeable bases/100 g of soil. 
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Figure I. Sixty-day-old, heavily fertilizer Napier (elephant) grass
ready for cutting. This field yielded about 300 tons/ha
of green forage (50 tons of dry forage) enough to 
feed about 10 cows. 

II FERTILIZING CUT GRASbES 

Nitrogen 

The effects of N fertilization, with all other nutrients provided inabundance, on yields and composition of seven grasses have been evaluatedin numerous experiments in Puerto Rico by Caro, Abrufia, and Figarella
(1972), Caro, Vicent-Chandler and Figarella (1960), Vicente-Chandler,
Figarella, and Silva (1961), Viccnte-Chandler and Pearson (1960), Vicente. 
Chandler, Silva and Figarella (1959) and Vicente-Chandler el al., (1972).Yields of Guinea, Pangola, Para, Star and Congo (Figure 2) gras
ses increased sharply with N levels up to 448 kg/ha/year, then rose at a
slower rate with higher N levels. Yields of Napier grass increased rapidlywith N rates up to 896 kg/ha (Figure 2). Molasses grass did not respond
to N applications above 224 ka/ha/year. The grasses produced an average
of about 30,000 kg/ha/year of dry forage when fertilized with 448 
kg/ha/year of N. 

Crude protein content of all the grasses increased with N rates upto the highest rates tested, averaging about 10% for 60-day-old grass 
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receiving 896 kg/ha/year of N (Figure 3). Only traces of nitrate were 
found in the forage even at the highest N levels. The grasses recoveerd 
about 50% of he fertilizer N. 

Phosphorus content of all the grasses dropped from 0.36 to 0.19% 
in 60-day-old grass as annual N rates increased from 0 to 896 kg/ha.
Lignin conetnt increased somewhat with N fertilization. Nitrogen fertiliza. 
tion had no consistent effect on the Ca, K or Mg contents of the grasses. 

More forage was produced per kilogram of fertilizer N as length of 
harvest interval increased (Figure 4), but protein content of the forage 
decreased with length of harvest interval. 

The grasses responded much more strongly to N fertilization during 
seasons of fast growth than during the drier, cooler winter months 
(Vicente-Chandler et al., 1972). Protein content of the forage, however, 
was higher during seasons of slow growth, owing to the concentrating
effect of lower yields in the pre.,ence of an equal supply of N. 

Vicente-Chandler, Silva and Figarella (1962) found that yields were 
highest and more of the fertilizer N was recovered in the forage when 
N %a applied immediately after each cutting, which is also the easiest 
practice. 

Studies by Vicente-Shandler and Figarella (1962) on the effects of 
five N sources applied at the rate of 672 kg/ha/year of N in six equal
applications on yield and protein content of Napier grass showed that the N 
sources did not significantly affect P, Ca, K or Mg content of the forage 
or yields. However, urea and ammonium hydroxide resulted in lower 
yields of crude protein. 

The relative efficiency of different N sources put on in six equal
applications yearly to a dense Pangola grass sod on a Ultisols and harvested 
by simulated grazing was determined by Figarella, Abrufia, and Vicente-
Chandler (1972) over a 2-year period. The five N sources differed little 
in their effect on Pangola grass (Table 1). Also, the various N sources have 
no effect on the P, K, Ca or Mg content of the forage. 

Mixing urea or ammonium nitrate with lime did not affect their 
efficiency as N sources (Table 1); however, the lime did maintain desirable 
levels of soil acidity (Table 2). Ammonium sulfate applications over a 
2-year period sharply increased soil acidity. 

Polassium 

The effects of K fertilization on yields and composition of other
wise well. fertilized grasses growing on an Ultisols were determined by 
Vicente-Chandler, et al., (1962). Yields and K content of all grasses
increased rapidly with K rates up to 448 kg/ha/year, (Figure 5). Potassium 
contents of about 1.5% were associated with high yields. Recovery of 
fertilizer K in the forage ranged from 65 to 77% at the 448 kg/ha K rate. 
Ca and Mg contents of the forage decreased with increasing K rates. 

Vicente-Chandler et al., (1972) found that KCI and K.SO, were 
equally effective suppliers of K to Star grass growing on an Ultisol and 
that liming increased the efficiency of K fertilization as indicated by uptake
of this nutrient by the grass. 
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Table 1.-Effect of five N sources applied at the rate of 550 kg/ha/year 
on productivity of a Pangola grass sod. 

N Source 

No N applied 

Urea 

Ammonium sulfate 
Ammonium nitrate 

Urea + CaCOa 
Ammonium-nitrate-lime 

L.S.D. 0.05 

Table 2.-Effect of various 
kg/ha/year over 
Ultisol. 

N source 

No N applied 

Urea 

Ammonium sulfate 

Ammonium nitrate 
Urea + CaCO. 

Ammonium nitrate.lime 

N Source Protein Recovery of 
dry forage content of fertilizerkg/ha/year forage, % N, % 

5,468 6.2 

20,255 8.9 40.8
 
20,836 10.2 49.7
 
20,480 9.6 46.1
 

20,707 8.8 44.9 
21,291 9.3 45.8 

NS 0.6 8.8 

N sources applied at the rate of about 560 
a 2-year period on the acidity of a typical 

Exchangeable
pH Ca + Mg

(me/lo g of oil) 

5.5 9.3 
4.8 7.2 

4.5 5.1 

4.9 7.3 
5.2 10.2 

5.5 11.0 
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Vicente-Chandler et al., (1972) determined the long-range K-sup. 
plying power of the major soils of the humid region of Puerto Rico. Four 
hundred jars, each containing 11.4 kg of soil from different locations 
representing 30 soils, were planted to Pangola grass. The grass was heavily 
fertilized, irrigated as required, and cut every 60 days. Yields and K 
extracted in the forage over a 4-year period were determined. 

Figure 6 shows that the soils released rather large, varying quantities 
of K during the first year or so, but, thereafter, with the exception of soils 
from the semiarid region, provided a fairly uniform 40 to 80 kg/ha/year 
of K to the grass. Therefore, on a long-term basis K fertiiization of 
grasslands should be roughly the same for all these soils typical of large 
areas of the tropics. 

Goo 

00 -RED UPLAND SOILS 

X -BROWN UPLAND SOILS 

S r0 
A -GRANITIC UPLAND SOILS 

-COASTAL PLAIN SANDY BOILS 
i% -COASTAL PLAIN CLAY SOILS 
U -CALCAREOUS UPLAND SOILS 

4~ 0 -SEMIARID REGION SOILS 

300a; 
ZX
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* -

i ~... ..--- ":1.- -..--- --- "-'
 

ft2 3 rd 

CROPPING YEAR 
Figure 6. Potassium uptake by Pangola grass from 50 different 

sols over a 4.year period of continuous cropping in 
pots. 1 
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" 'Y !" Ultisols are naturally low in P and, furthermore, can react with 
fhllizer'P to render it relatively unavailable to plants. The effects of P 
fertilization on yields and composition of grasses growing on two Ultisols 
with all other nutrients provided in abundance, were determined by Figa
rella, el al., (1964). 

Napier grass responded strongly to applications of 75 kg/ha/year 
of P on a soil that had received little previous P on a soil that had received 
little previous P fertilization, and P content increased with P rates up to 
150 kg/ha/year (Figure 5). A content of about 0.17% P in 60-day-old 
grass was associated with high yields. This rather low P content may be 
partly the result of heavy N fertilization as mentioned previously. 

On the other hand, Napier, Guinea and Pangola grasses did not 
respond in yield or P content to P applications during 4 years on a Fajardo 
clay which had been in sugarcane fertilized with P for many years. 

Liming 

Although grasses are relatively tolerant of soil acidity, heavy appli
cations of residually acid fertilizers can rapidly increase acidity to harmful 
levels. The effects of liming on yields and composition of well fertilized 
grasses growing on two Ultisols were determined by Abrufia et al., (1964). 

On both soils the grasses received 800 kg/ha/year of N as am. 
monium sulfate responded strongly in yield to application of limestone 
up to about 3 tons/ha/year, and the response was related to exchangeable 
Al content of the soil (Figure 7). Applying limestone to the soil surface 
produced as good results as mixing it with the upper 20 cm. of soil in 
this experiment. 

Liming increased the Ca content of all the grasses. A Ca content of 
about 0.40% in 60-day-old Napier and Pangola grasses and of 0.60% in 
Guinea grass was associated with high yields. Liming decreased the Mn 
content of all the grasses but did not affect their P or Mg content. 

Yields were maximum when soil pH was above 5.0, exchangeable 
bases exceeded 8 meq/100 g, and exchangeable Al was less than 3 meq/ 
100 g. 

OtherNulrienir 

Intensively managed grasses take up large quantities of Mg, and losses 
of this nutrient by leaching are increased by heavy fertilization with residually 
acid N sources, and heavy applications of K depress the uptake of Mg 
However, Napier grass did not respond to Mg applications on two Ultisols 
(Vicente-Chandler et al., 1964). Although Mg content of the forage 
Increased when Mg was applied, the grass contained at least 0.25% of Mg, 
which is adequate to meet livestock requirements and needs of the grass. 

Serious deficiencies of S occur in some areas. In Brazil, McClung 
and Quinn (1960) found that grasses responded strong!y to applications 
of this nutrient. Some Ultisols contain very little S in the root zone, 
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whereas others have high contents either naturally or as a result of fer
tilizition. 

With continued heavy fertilization of the acid, leached soils of the 
tropics, it is very likely that micronutrient deficiencies will eventually 
occur. 

bC 	 3 

Ed 

, t:3 	 0
 
wo 	 40 

0 	 B 

TONS LIMESTONE APPLIED PER HECTARE YEARLY 

Figure 7. 	 Effect of liming on yields of heavily fertilized Napier 
grass growing on a Ultisol as related to exchangeable 
aluminum content of soil. Eight hundred kg/ha/year 
of N were applied as ammonium sulfate. 

III FERTILIZING GRASS PASTURES 

Fertilizer requirements of pastures differ from those of cut grasses, 
since only about half as much forage and hence less nutrients are taken 
from the land by pastures. Although about 80 percent of the N, P and K 
consumed are excreted, grazing animals are not very effective inimaintaining 
soil fertility because of poor distribution of the excreta (Peterson, Wood
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house and:Lucas (1956). Because of heavy losses by leaching, N fertiliza. 
tion of tropical grasslands should not be decreased counting on buildup 
of N from excreta, but much of the applied P and over 20o of the K 
fertilization can be built up in the soil under heavy stocking and intensive 
management with consequent economies in fertilization (Vicente-Chandler 
et al., (1972). 

The response of grasses harvested by plucking to simulate grazing, 
was determined by Caro-Costas, Vicente-Chandler and Figarella (1960).
Guinea, Para, Pangola, and Napier grasses respond well only to the 
224-kg/ha N level during the winter but strongly to the 448-kg level during
the remainder of the year. Protein content of all the grasses increased with 
N rates. 

Grazed pastures, however, may respond differently to fertilization 
because of variations in nutrients removed in the forage consumed by the 
cattle, trampling effects, and return of nutrients in the excreta. 

Three separate grazing experiments were carried out by Caro and 
Vicente-Chandler (1961, 1972) and Caro, Vicente-Chandler and Abrufia 
(1972), to determine the effect of fertilizer rates on carrying capacity and 
beef produced by Napier, Pangola, and Star grass pastures. The experiments 
were carried out on steep Ultisols limed to about pH 6.0. Fertilizer treat
ments were replicated four times with individual 0.4 hectare plots. The 
15-5-10 fertilizer was applied in four equal applications yearly. The pastures 
were grazed in rotation by young cattle initially weighing about 175 kg and 
receiving no supplementary feed. A new group of cattle were put on the 
pastures every year. Total digestible nutrients consumed by the grazing 
cattle were calculated following the recommendations of the Pasture Research 
Committee (1943).

As fertilization of the Napier grass pasture increased from 675 to 
2,025 kg/ha/year over a 2-year period, beef production increased from 638 
to 1,201 kg/ha/year, T.D.N. consumed by the cattle increased from 4,720 
to 7,500 kg/ha/year, and carrying capacity moved from 3.5 to 5.5, 273-kg 
steer/ha (Table 3). 

It was very profitable to increase fertilization up to 2,025 kg/ha/ 
year in this experiment. The additional 563 kg of liveweight produced is 
worth about $338, compared with increased fertilizaiton costs of about 
$120. Costs of handling and caring for the additional cattle are offset by
savings in investment in land, fencing, etc. Such fertilization is even more 

rofitable if used for milk production. Increasing fertilization to 3375 
g/ha/year did not significantly increase productivity of the pastures in this 

experiment.
Pangola gfiss pastures responded in terms of beef production and 

carryirg capacity to applications of up to 2,688 kg/ha/of 14-4-10 fertilizers, 
but did not respond to heavier fertilization (Table 3). With 2,688 kg/ha
of fertilizer the Pangola grass pastures produced 976 kg/ha/year of gain in 
weight and carried the equivalent of 5-273-kg steers/ha with daily gains 
per head of 0.6 kg. 

Star grass pastures responded in terms of beef gains to the appli
cation of up to 3,136 kg/ha of 15-5-10 fertilizer (Table 3). The pastures
produced an average of 1,032 kg/ha of gain in weight with 1,793 kg/ha
of fertilizer, compared to 1,382 kg/ha worth about $663 with 3,136 kg/ha 
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of fertilizer. The additional 350 kg of beef worth $210 was produced as 
a result of applying 1,343 additional kilograms of fertilizer worth $121, 
Daily gains per head averaged 0.6 kg at all fertilizer rates. With 3,136 
kg/ha of fertilizer the Star grass pastures produced over 11,000 kg/ha of 
T.D.N., equivalent to a carrying capacity of 6.5-273 kg steers. 

Table 3.-Effect of fertilizer rates on the productivity of various tropical 
grass pastures on a steep Ultisol. 

144-ioGainsTD.N. 

erilie Gains Carring capacity consumed by
kg/ha//	 cattleapplied weight 273 7g steers/ha/ertiedrIn kg/ha/yr 	 kg/ht/yis/k'a/r 

NAPIER 

675 638 3.5 4,820 

2,025 1,201 5.5 7,500 

'3,375 1,333 6.3 9,070 

PANGOLA 

448 398 1.9 2,630 

1;34 4 633 3.4 4,560 

2,688 976 5.0 6,980 

1,808 1,054 6.0 8,250 

STAR 

1,792 1,032 5.0 6,900 

3,136 1,382 6.5 9,210 

4,480 1,603 8.6 11,320 

1/ 	 One 273 kg steer - 3.86 kg T.D.N. daily. 

2/ 	 Calculated from body weights. days nf grazins,, and gains In weight. folloowing recom
mendations of the Pasture Research Committee (1941). 

IV, MEAT AND MILK PRODUCTION FROM INTENSIVELY 
MANAGED GRASSLANDS 

The productivity of intensively managed Guinea, Pangola, Napier, 
Para and Molasses grass pastures on a steep Ultisol was determined by 
Caro, Vicente-Chandler and Figarella (1965) in a 4.year grazing exper
iment using previously described experimental techniques. Five head were 
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kept per hectare at all times on 'the Pangola, Guinea,, and Napier grass
pastires, but only 3.3 head could be kept on the Para and Molasses grass
pastures during the winter season. 

The Para and Molasses grass pastures produced much lower gains in
weight, an average of 712 kg/ha/year, less T.D.N., and had a lower
carrying capacity than did Pangola, Guinea, or Napier grasses (Table 4).

Pangola, Guinea, and Napier grass pastures produced similar yields,
averaging 1,181 kg/ha/year of gain in weight, 8,466 kg/ha/year of T.D.N.
with a carrying capacity of 6.1-273-kg steers/ha, and daily gains of 0.6 
kg/head.

Consumption of dry forage by the cattle averaged 15,700 kg/ha/year. An average of 7.2 kg of T.D.N. or 12.6 kg of dry forage were 
required to produce 1 kg of beef.

Quality of the forage consumed by the grazing cattle was excellent 
(Table 4), with protein contents averaging 18.1% and varying little with
species or season of the year.

The productivity of Star and Pangola grass pastures on steepaUltisol was compared by Caro, Abrufia, and Vicente-Chandler (1972).
Pastures received 2,200 kg/ha/year of 15-5-10 fertilizer.

Star grass (Figure 8) produced an average of 1,514 kg/ha of gain
in weight yearly with average daily gains of 0.6 kg/head as compared to
1,062 kg/ha of gain in weight and daily gains of 0.49 kg for Pangolagrass (Table 5). Star grass had a carrying capacity of 7.4, 273-kg steers/ha
compared to 6.5 for Pangola grass. Calculations from dry forage and
T.D.N. consumption indicate a digestibility of about 55% for these grasses.
Star grass had a higher dry matter content than Pangola grass at all times
of the year and protein content of the forages ranged from 11.3 to 18.5%. 

Caro and Vicente-Chandler (1969) determined the productivity
of intensively managed pastures of Guinea, Napier, Star, and Pangola grasses on a steep Ultisol in terms of milk produced by Holstein cows receiving
no suplementary feed. Eight to ten cows were carried on 4 hectares of
grasslands fertilized managed previously described. Theand as pastures
had shade, water, salt, and ground bonemeal available. Protein content of
the forage consumed by the cows ranged from 16.3 to 19.1% throughout
the year.


The cows on this all-grass ration produced an average of more than

10 liters of milk daily (Table 6) for a total of over 3,000 liters per lacta.

tion. Butterfat content of the milk averaged 3.8%. Calving interval
averaged about 13.5 months over the 5 years of experimentation. 

V GRASSLAND MANAGEMENT FOR BETTER UTILIZATION 

Although it is expensive to fertilize too frequently, heavy rates
put on in only one or two applications/year can cause burning, rapid growth
immediately after application to the detriment of subsequent yields, and 
higher nutrient losses. 

The effects of frequency and rates of fertilization on Guinea grass
harvested by simulated grazing were determined by Vicente-Chandler, Silva
and Figarella (1962). Treatments consisted of applying 1,500, 4,500, and
6,000 kg/ha/year of 14-4-10 fertilizer in 2, 4, or 8 applications/year. 
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Figure 8. Cattle grazing intensively managed, heavily fertilized star grass pastures on a steep Ultisol. These pastures
produce over 1,000 kg/ha of beef or over 6,000 kg/ha of milk yearly without supplementary feeds under 
conditions typical of much of the tropics where dietary protein deficiencies are widespread. With cattle 
doing their own harvesting and fertilizer applied aerially, grasslands can constitute an efficient "mechaai
zed" operation together with conservation on steep lands with few alternative uses. 



Table 4.-Productivity of well.fertilizedl/ pastures of five grasses on a 
steep Ultisol. 

A.ry. 
 weight composition 
Gain in T.D.N.Grass weight, 	 Carrying b3.of forrtgc0I€onsumed
by capacity, consumed by t •cattle/s a/y Steers/ha Crude-, 	 protein, %% gin 


Guinea 1,319 8,941 6.5 18.2 7.6 
Napier 1,110 8,140 5.8 19.3 7.8 
Pangola 1,124 8,316 6.0 16.9 9.0 
PaM 781 6,434 4.5 
Molasses 644 4,838 35 

1/ 	 2.5 tons of 144.10/ha/yr in fout equal applications. 

2/ 	 One 273 kg steer/day - 3.86 kg of T.D.N. 

5/ 	 Average of samples taken every 10 days by plucking to simulate grazing. 

4/ 	 Calculated C.- body weights, days of grazing, and gains in weight, following recom
mendations of the Pasture Research Committee (1943). 

Table 5.-Comparative productivity of intensively managed Star and Pan.
gola grass pastures on a steep Ultisol. 

Gains in Averagedaily TDNTNCryn Carying Yields of 
Grass 
 weight, gains consumed by capacity. d sorkg/ia/yr per bead. cattle, 273kg ry forage,

kg kg/hs/yr stee/ha kg/ha/yr 

Star 1,514 0.60 10,380 7.4 19,240 

Pasnoli ;, 1,062 0.49 9,200 6.5 17,000: 

L.S.D. o3 0.11 	 0.7288 	 987 
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Table: 6.-Milk produced per lactation by Holsteins on an all-grass ration 
from steep, intensively managed grass pastures with 2.2 cows/ha. 

1968 1969 1970 1971 
 1972
 

8 cows 10 cows 9 first 9 second 9 third 
in their in their 9caion lacon 9ction

4th and 5th 4th and 5th lactation lactation lactation 
lactations lactations COWS cows COWS 

(liters) (liters) (liters) (liters) (liters) 

3,232 2,872 2,181 2,941 4,242 

3,383 2,512 2,162 2,710 4,120 

3,158 3,258 1,812 3,166 4,016 

2,276 2,771 1,925 4,050 3,980 

2,354 2,941 1,914 4,171 3,538 

2,211 3,430 2,591 3,985 3,840 

2,911 2,320 2,093 3,317 3,610 

2,430 3,440 1,808 3,570 4,360 
- 2,633 3,034 3,455 4,012 

- 2,772 - - -

Average 2,744 2,895 2,169 3,485 3,968 

Average daily production
(litters) 10.2 10.7 8.0 12.6 14.4 

Average lactation = 275 days 

The number of fertilizer applications did not strongly affect annual 
yields or protein content of the forage, both of which increased sharply
with fertilization. However, when the fertilizer was applied in only two 
applications, yields and protein content were higher over the next two yield
periods, then lower during the subsequent two yield periods. Four applica
tions were just as effective as the more expensive eight applications in 
reducing these undesirable fluctuations in yield and composition. 

The effect o ftwo grazing heights on yields of a Pangola grass
pasture were determined by Vicente-Chandler, Silva, Rodriguez and Abrufia 
(1972). Higher yields were obtained when the grass was grazed down to 
about 15 cm from the ground than with closer grazing; 14,407 vs. 10,647 
kg/ha/year of dry forage, respectively.

However, the situation is often very different when the grasses are 
harvested by cutting. Table 7 from the work of Caro and Vicente-Chandler 
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(1961 and 1971) and Vicente-Chandler el d., (1972) shows that Napier,
Pangola, Para, Star and Congo grasses produced higher yields when cut 
to 0-8 cm from the ground than with higher cutting. On the other hand,
yields of Guinea grass were not affected by cutting height and those of
Molasses grass were drastically reduced by cutting dose to the ground. 

Table 7.---Effect of two cutting heights on yields of seven well-fertilized 
grasses harvested every two months over a 2-year period. 

Yields of dry forage 
high low,Gras (18.25Cut cm) cut

(0 Ba rM) 

kg/ha/yr 

Molasses 13,300 4,300 
Guinea 27,700 27,100 
Napier 25,500 30,700 
Pangola 21,900. 32,200 
Par 21,700 27,200 
Star 26,700 32,600 
Congo 26,000 32,500 

Also, Caro et al., (1960, 1971) and Vicente-Chandler el a., (1959,
1960, 1961, 1962, 1964, and 1972) found that yields of well-fertilized 
Napier, Guinea, Para, Pangola, Star and Congo grasses increased as cutting
intervals increased from 30 to 90 days (Figure 4 and Table 8). However,
digestibility, protein and mineral contents of the forage decreased and
lignin content increased with length of harvest interval (Table 3), so that 
it was best to cut these grasses about every 40 days during seasons of fast
growth and every 60 days during periods of slow growth.

Grass yields in Puerto Rico are little more than half as high during
the winter months as during the remainder of the year (Figure 9) due to
drier weather, slightly shorter days, and cooler temperatures (Vicente.
Chandler el d., 1964). On the other hand, composition of the grasses
harvested by simulated grazing was not markedly a fected by season of the 
year (Table 9).

This seasonal variation in growth poses an obvious management
problem which can be partly solved by storing excess forage as silage or
hay for use during the "winter" season; producing "carry-over" forage for 
the winter by timely fertilization and management; supplementary concen. 
trate feeding during winter; or applying more fertilizer and using a longer
harvest or grazing interval during winter. 

- 426 



Table 8.-Effect of Frequency of Cutting on the Yield and Composition of 4 Well-Ferti izeda/ Grasses Over a 2-Year Peirod. 

interval Green YieldsGrFaz- of (calgesl) Dry-Matter Proportion Composition of Forage on a Dry-Weight BasisBetween dry foe Content of of leaf Pe Phos- 'go
Cuttings Foras Yearly ag- T .ye e Forage Blades (phos Calcium ye~y(Nx6.25) p orous nesaum, 

days kg/ha kg/ha kg/hi V C % % % 
Napier 40 157,400 22,700 15,000 14 55 9.9 0.24 0.35 0.30 6.960 240,800 41,100 23,100 17 42 7.9 0.18 0.28 0.19 8.8.90 258,100 63,300 26,400 25 30 5.4 0.13 0.23 0.19 11.1 :, 
Guinea. 40 127,200 26,700 17,600 21 63 9.0 0.27 0.88 0.49 8.260 135,500 32,700 18,400 24 53 7.0 0.22 0.78 0.38 9.490 129,900 41,300 17,200 32 36 5.6 0.16 0.64 0.3 11.4 
Canrib 40 93,100 19,100 12,700 21 - 9.2 0.25 0.39 0.27 7.560 113,800 26,600 15,000 23 28 72 0.21 0.35 0.20 8.490 117,264 36,800 15,500 I31 24 4.8 0.15 0.29 0.15 9A 
Paz ,oh 30 141,200 21,600 15,200 19 38 12.5 0.22 0.43 - 8.1

45 152,300 25,600 16,200 24 39 9.6 - 0.22 0.36 8.860 164,600 33,400 18,800 28 40 8.0 0.17 0.34 - 9.2 
Star 30 86,800 18,900 13,300 22 53 14.6 0.31 0.47 0.29 7.6.. 45 99,900 24,100 16,000 24 52 11.1 0.26 0.50 0.23 8.460 119,200 33,600 18,800 28 50 9.7 0.19 0.50 0.21 10.090 123,100 35,800 15,000 29 - 7.7 0.15 0.52 0.27 10.4 
On"o 30 95,600 20,900 14,800 22 32 9.8 0.36 0.60 0.19 6.845 120,100 28,300 18,800 24 32 8.7 0.28 0.64 0.23 7.560 128,800 30,900 17,400 24 35 6.4 0.19 0.62 0.28 8.190 166,90fl 49,800 20,800 30 33 5.1 0.14 0.51 0.26 10.3 

IV About 3.5 tons of 1-5-10/ha/year. 
21 Assuming a 0.48 vercent decrease in digestibilitv ner day increase in harvest interval 
, starting with 85 vercent digestibility for very young grass (MacDonald 1964). 

http:e~y(Nx6.25


Table 9.-Dywg Composition (Percent) oForage of Five Well-fertilized Grasses Harvested by Simulated Grazing at Oro.coIs as Affected by Season of the Yea. 

Pangola Guinea Napier star Congo -; 

Poro ignin CaL P Protein' Lignin Ca P Protein Lignin Ca P Protein CL P Protein Ca 

jan.-Feb. 181 9.39 0.32 0.19 19.8 7.18 0.67 0.19 20.7 7.20 0.30 0.20 23.8 0.51 0.20 223 0.61 0.21 

M -pr. 16.4 9.02 0.33 0.20 17.5 7.73 0.67 0.23 18.6 7.90 0.30 0.25 19.9 0.54 ;0.18 22.8 0.59 024 

May-June 14.9 7.95 0.35 0.21 16.8 7.78 0.65 0.23 16.8 8.02 0.29 0.25 17.2 0.44 0.19 15.6 0.53 -0.21 

uly.Aag. 16.7 8.93 0.35 0.1, 16.6 7.62 0.60 0.20 18.7 7.68 0.29 0.24 17.3 0.41 0.21 13.3 0.45 0.21 
18.3 7.20 0.35, 0.25 18.9 8.30 0.53. 0.21 20.0 7.73 0.28 0.25 16.3 0.50 0.25 10. 

.ov,.-Dec. 17.3 11.4I5 0.37 0.20 19.5 7.16 0.5j 0.51 20.9 8.10 0.30 0.25 24. 0.4 0.27 19.9 0.58' 0.23 

Average 16.9 8.99 0.35 0.21 18.2 7.Z3 0.62 0.21 19.3 7.77 - 0.29 0.24 19.8 - 0.49 .0.22 -17.3 0.55. 0.22 

I/ Values shown are averms of simoles taken at intervals of 10 Jas by iucking so as to si mlate r=In.. 



/ % 

a - 30 

010
 

,lir. Pelt. M. A. . ,dh'me Ju. Aug. 6e* 0.?. Nov. 010.ll. 


Figure 9. Effect of season of the year on yields of 3 intensively
managed grasses harvested by simulated grazing. 

The latter measure however, decrease the quality of the forage since 
cattle fed on cut grass ingest mnore stems which arc much lower in protein, 
calcium and phosphorus content and higher in lignin than are the leaves. 
Vicente-Chandler et a!., (1973), found that young cattle fed on Pangola or 
Napier grass pastures gaincd an averagc of 0.6 per head daily, whereas 
those fed on cut Pangola or Napier gained only 0.3 kg/head. 

Heavy N fertilization without liming cr.n rapidly increase deep 
profile acidity in Ultisols (Abru~a, Pearson and Elkins, 1958; Abdufia ci al., 
1964; and Pearson, Abruiia and Vicente-Chandler, 1962) which is later dif
ficult to correct and can seriously limit plant growth. 

In these experiments exchangeable Al in two Ultisols was rapidly 
increased by heavy fertilization alone, but this increase was prevented by 
surface liming. Base content of the soil profi les was decreased by fertili
zation alone, but was increased when fertilization was preceded by surface 
liming. The massive movemen~t of bases deep into these porous Ultisols 
suggests a method for correcting subsoil acidity. 

The effect of heavy stocking and consequent trampling on a Ultisol 
stocked with 5 head/ha for 4 consecutive years was studied by Vicente-
Chandler and . ilva (1960). Undisturbed soil cores from the various pas
tures showed little compaction of the surface soil under Pangola or Napier 
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grasses;- but some compaction with Guinea-grass where animal traffic is 
concentrated between dumps. However, densities did not exceed 1.1 g/ml
and soil permeability remained excellent. Loosening the surface soil not 
increase subsequent yields of these grasses. 

The possibility that heavily fertilized Napier grass could be toxic 
to cattle under some conditions was investigated by Morris, Cancel and 
Gonzilez (1958). Analyses of Napier grass from numerous locations 
revealed no Se, As ,o rotchr heavy metals, toxic organic acids or toxic 
levels of cyanides. Oxalic acid content of the forage ranged from I to 4% 
in 8-week-old grass, decreasing rapidly with age. Such levels of oxalic acid 
were not toxic because this compound was destroyed in the rumen. About 
three-quarters of the N in 6- to 8-week-old Napier grass was protein N and 
the remainder was mostly water-soluble amino acids. 

Morris, Cancel and Gonzlez Mis (1958) also conducted feeding
trials to determine the toxicity of nitrates or nitrites to cattle. Pregnant, 
nonlactating milk cows as well as eight lactating cows suffered no ill 
effects from consuming large quantities of herbage containing 1.8% of 
potassium nitrate on a dry-weight basis, and yearling bulls suffered no 
apparent ill effects from consuming large quantities of herbage containing 
3% of either potassium nitrate or potassium nitrite. In these latter tests 
potassium nitrate or nitrite was added to the forage as in form of a 
compound to attain the desired levels in the ration. 

Much can be done through the judicious use of fertilizers to bring 
forage production into line with farm needs. %1hen required, a heavy
application of fertilizer can quickly increase the supply of forage during 
the favorable weather usually present in the humid tropics. On the other 
hand, forage production can be cut back by reducing fertilizer applications 
during slack seasons. 

A marked advantage of heavily fertilized, properly managed grassland 
is that it has few weeds. Also, observations over many years show that 
manure spots are not a serious problem in heavily fertilized, intensively 
managed grasslands on Ultisols under humid tropical conditions. Under 
these conditions the grasses apparently grow almost as rapidly throughout
the pasture as in the manure spots, thus tending to equalize their palatability. 

VI SUMMARY 

On steep lands in the humid region o! Puerto Rico, typical of vast 
areas in the humid tropics, grasses growing on Ultisols and harvested by 
cutting, responded strongly in yield to applications of 400 to 800 kg/ha/year 
of N and about 50% of the applied N was recovered in the forage. Best 
results were obtained when N was applied immediately after each cutting 
and there was little difference in effectiveness betwen N sourcs. 

Grasses responded to applications of about 400 kg/ha/year of K 
and about three-quarters of the applied K was recovered in the forage.
They also responded to applications of 75 kg/ha/year of P on previously
unfertilized Ultisols. Grasses often responded to liming and maximum 
yields were obtained when soil pH was above 5.0 and Al saturation was 
less than around 20%. 
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,!Pastures of Napier, Pangola, and Star grasses on steep Ultisols 
espnded strcrigly to the application of 2 to 3 tons of 15-5-10 fertilizer/ 

h/year. With k.1 tons/ha of fertilizer, pastures of Guinea, Pangola, Star, 
and Napier grasses carried 6 steers/ha with no supplementary feed and 
produced over 1,000 kg/ha of gain in weight or 2.5 cows producing over 
7,000 kg/ha/year of milk with no concentrate feed. 
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24 Management of Legume Pastures n a Tropical 
, ,Rainforest Ecosystem *of,Peru. . . -

K. SANTHIRASEGARAM 

INTRODUCTION 

The main characteristics of tropical rainforest ecosystems are low 
altitude with uniform high temperature and rainfall, supporting high ever
green forest with little or no ground vegetation on leached soils which are 
acidic and high in aluminium. Large areas of such ecosystems exist in 
Central and South America, South Asia, Central Africa and North Australia. 
Considerable literature has accumulated during the past twenty years on the
development of tropical pastures, but very few deal with rainforest ecosys
tems, and even those are almost exclusively pure grass swards with some use 
of nitrogenous fertilizers. While a large number of grass species have been 
in use in this ecosystem for some time now, legume usage is relatively 
new and data is scarce indeed. 

The use of legumes in pastures is to provide protein to the grazing
animal and nitrogen to the associated grasses. The legume is expected to 
reduce or eliminate the need for protein supplementation to the animal and
nitrogen fertilizer to the grass; thus reduce the cost of animal production. 

Recent research has shown that the amount of nitrogen fixed by
the legumes is linearly related to its dry matter yield (Jones, 1971) and the
productivity of animals is also linearly related to the content of legume
herbage in the pasture (Norman, 1970). Tropical legumes in general are 
slow growing compared to the grasses; their persistence and performance
depend on their competitive relationship with the associates and relative 
palatability to the grazing animal. With these considerations in mind, the 
paper presents the experience the author had during the past three years 
at Pucallpa, Peru. Hutton (1970) has presented a comprehensive review 
of tropical pastures in general and Jones (1972) has dealt with the place
of legumes in tropical pastures, in particular. 

II THE ENVIRONMENT IN PUCALLPA 

P'icallpa is at 80S, 750W, with a mean altitude of 270 m. The 
climax vegetation and the climatic conditions generally conform to that of a 
rainforest ecosystem. The soil is aluvial developed from sedimentary depo.
sits of varying depth on an undulating topography. It has been described 
as Ultisols, which is acidic, high in aluminium content and capable of high
phosphate adsorption, by Estrada (1971). The nutrient status of the 
virgin forest soiris not known, but areas which were under -rass pasture 
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forfour to five years, after the forest has been felled and burnt, were found 
to be deficient in nitrogen, phosphorus and sulphur (Santhirasegaram and 
Morales, 1971).

There are about 50,000 hectares of cleared land in the Pucallpa 
region. Forest is traditionally felled by hand, burns and Hyperrhenia rufa 
sown into the ash. The resulting pasture growth is good ane usually sup
ports 2 to 3 cows/ha, but within 4 or 5 years it declines, diie to loss of 
fertility and poor management. The sown species is replaced by Paspalumvirgatum, P. conjugatum, Homeolepis aturensis and Axonopus compressus 
and in extreme cases by Pseudo elephantopus spicatus. There is also con
siderable shrub invasion and soil compaction. In this state the carrying 
capacity is less than one cow per hectare. The cattle suffer protein and 
phosphorus deficiencies resulting in low calving and growth rates with 
calves seldom reaching 300 kg liveweight even after four years of age. 

The FAO sponsored pasture research programme at IVITA, Pucallpa 
is exclusively aimed at improving these pastures to correct protein and 
phosphorus deficiencies at least cost. Preliminary economic considerations 
indicated that for general beef production from cow/calf operations the 
incorporation of legumes with supplemental use of phosphorus in what is 
called "Semi.intensive Pasture Systems" would be in harmony with the 
socio-economic conditions and level of technology practicable in the region 
for quite some time to come (Santhirasegaram and Aldunate, 1972). 

The key to economic success of legume based pastures is the selection 
of legumes adapted to the environment and capable of persisting under 
grazing when nutrient deficiencies are corrected. 

III SELECTION OF LEGUMES 

The high acidity and aluminium content of the soil usually lead 
researchers to consider these conditions as abnormal and accept their cor
rection as prerequisite for crop and forage growth. Santhirasegaram el ad., 
(1972) consider these conditions as normal under tropical conditions and 
looked for legumes that would grow and persist without soil ammendment. 
They are of the opinion that it would truly be amazing if one could not 
find and acid, aluminium and manganese tolerant species for every other 
condition, among the wealth of tropical flora, with the aid of present day 
techniques of plant breeding and selection. Norris (1958 arid 1967) 
studying the origin of legumes concluded that they are essentially a tropical 
group and the present members in the tropics would show very little im
provement in growth due to addition of lime to increase pH. He further 
showed that the type of Rhizobia associated with them exude alkaline 
substances that need to be neutralized by soil acidity for their proper func
tioning. It has also been demonstrated that high soil pH would reduce 
nodulation of Puerariaphaseoloides (Loustalot and Telford, 1948). Cen. 
Irosema pubescens and Stylosanthes guyanensis (Odu, Fayemi and Ogun. 
wale, 1971). In Hawaii, Desmodium intortum in association with Digiaria 
decumbens did not respond to lime in soils of pH 4.8 (Young el ad., 
1964). Jones (1972) is of the opinion that the response of tropical legumes 
to lime reported from Puerto Rico may be attributed to reduced uptake of 
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hManganese and release of molybdenum, and in the case of the claim fromBrazil, using dolomite, a response to magnesium, in soils deficient in that
nutrient. Rios et al., 	 (1968) studying the effect of lime on acidity, alu.minium and iron in some soils of Panama concluded that "the soils withhigh exchangeable acidity and aluminium (Latosols and Andosols) requiredexcessive liming to bring the pH to values which are adequate in thetemperate zone. This over saturation with Ca would more likely produceMg, K and minor element deficiencies and other adverse conditions to
plants".

Reviewing the problems of liming tropical soils, Martini (1968)
concluded that "one should not expect the optimum pH values for tropicalcrops to be the same as for those of the temperate zone". It may be pointed
out that tropical pasture legumes, fortunately, still retrain in them thegenetic combinations that make them tolerant of tropical conditions. They
sould be bred and selected for the conditions of the environment which
must be accepted as normal. The successful exploitation of the humidtropics would depend not on the "mere extrapolation of the experiences
from areas with other ecological settings but "through" the use otcreativeinitiative condusive to the creation of rules and standards that may satisfy
the demands of our own unique ecology" (Martini, 1968).

Agronomic studies at Pucallpa has shown that P. phaseoloides, C.pubescens and S. guyanensis would grow satisfactorily without the applicatio
of lime. A small quantity of phosphorus appear to be optimal for theirestablishment and early growth. Table 1 gives the dry matter yield ofthese three legumes to levels of superphosphate and lime application in 
pot experiments. 

IV PHOSPHATE NUTRITION OF PLANTS AND ANIMALS 

The soil and hence plant content of phosphorus is low and inadequate for proper growth and reproduction of cattle. The soil is also known

to be capable of high phosphate adsorption. Early experiments at Pucallpa
used rather high quantities of phosphate fertilizers (Motooka, 1970).
Recent studies using species adapted to the enviornment demonstrated that

rather small quantities of phosphate (10 k&/ha) would be optimal for
establishment and early growth (Santhirasegaram et a., 1972 and Table 1).


These agronomic 
 data are being tested under grazing conditions.
It will 	be seen later that application of 500 kg/ha of single phosphate toP.phaseoloides/ H. rufa pasture actually reduced the growth rate of Nelloretype heifers, compared to the control treatment, and that an application of
100 kg/ha super phosphate was only effective for about six months. 

When 100 kg/ha superphosphate was applied to S. guyanensis / H.rufa / P. conjugatum pasture, the phosphorus content of the herbage eight
weeks after fertilization was not increased (P content of unfertilized grasspasture and fertilized grass/legume pasture were 0.11 and 0.12% P
respectively), but dry yield nearly timesmatter was 2.5 hight: in the 
fertilized 	plot.

These results may indicate that species adapted to this environmentof inherently low phosphate status would have acceptable growth rates with 
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low 'phosphate contents. This phosphate content however is insufficient 
for animal performance. It would then appear that satisfactory plant growth
could be maintained with frequent small applications of phosphatic fertilizers 
and animal growth could be further improved by phosphate supplementa
tion. This strategy is both efficient and economical. 

Table 1.-Dry matter production of three legumes as affected by super.
phosphate and lime applications in pot conditions. (Pineda and 
Santhirasegaram 1973a, Casas 1974). 

Lime (tons/ha)
Simple
superphosphate i I3 Means 

kg/ha g/pot 

PUERARIA PHASEOLOIDES: 

O 8.00 11.50 '10.50 iO.10 

100 11.00 16.00 17.00 i4.67 

500 	 17.50 23.00 15.50 ,18.67 

Mean 	 12.30 16.83 14.67 

CENTROSEMA PUBESCENS: 

0 	 0.58 1.55. 1.85 1.32 

100 3.30 3.62 2.62" 3.18 

500 4.88 6.65 3.96 3.16 

Mean-	 2.92 3.94' 2.81 

STYLOSANTHES GUYANENSIS: 

0 	 0.30 0.69 1.33 0.78 

-	 , 100 3.33 2.66 .2.84 2.94.

.500 4.36 5.08 1.77 3.73, 

Mean 	 2.66 2.81 1.99 
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V'j: : Olsen and Moe (1971) has shown that the phosphate requirement 
of. many tropical legumes would be much lower than that of their tem
perate counterparts and that they are capable of extracting phosphorus from 
soil sources which are usually unavailable to many plant species. These 
combined characteristics are considered to be extremely important by Jones 
(1972) for the development of the tropics, where phosphate supplies may 
be limited or costly. 

V LEGUME ESTABLISHMENT INTO GRASS SWARDS 

Soil physical conditions, fertility, other plant species and seeding 
rates are usually important factors in establishing legumes into existing 
grass swards. Our practice has been to graze heavily and the lightly harrow 
the area and broadcast sow seed along with phosphatic fertilizer. In other 
attempts seeds were sown into the sward without any soil preparation and 
results have been very unsatisfactory, particularly when dry weather is 
experienced soon after seedlings emmerge. 

Table 2 gives number of Stylosanthes gtlyanensis seedlings, 4 and 24 
weeks after sowing under various treatments into a sward of Hyperrhenia
ruIfa. Initially seedling number was linearly related to seeding rate, later 
however there appear to be a stabilization of number of plants per unit 
area. Soil preparation had beneficial effect on legume establishment spe
cially at the lower seeding rate. Silva (1974) has further shown that on 
compacted soil surfaces seed germination is unaffected, but radicle prepara
tion is; unless debris such as other plant material is available to serve as 
anchorage. Such poorly anchored seedlings fail to establish if the soil is 
allowed to dry. 

-Table 2.-Number of seedlings/m of S. guyanensis, 4 and 24 weeks after 
sowing into a sward of H. ruja under different treatments,
(Silva, 1974). 

Seed rate (Kg/Ha) 
2 4 6 Mean 

4wk 24wk 4 wk 24 wk 4wk 24 wk 4 wk 24wk 

P. 8.1 4.3 13.5 5.8 21.7 7.4 14.4 5.5 

Q P+ 4.3 4.6 7.2 7.0 19.0 9.0 10.1 6.9 
P. 9.2 8.3 16.2 8.3 30.2 7.9 18.5 8.1 

C-+: P+ 8.9 8,5 15.4 10.4 19.5 11.8 14.6 10.2 

Mean 7.6 6.4 13.1 7.8 22.6 9.4 - -

G No cultivation. C+ - Harrowing 

Pa - No phosphorus, P+ - 200 Kg/Ha super phosphate 
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Tables' 3and 4 give the dry matter yield of legume and grass com
ponents after 24 weeks of growth. Legume dry matter yield is related to 
seeding: rate., The yield of the grass was not affected by legume or treat
ments.,; 
: , It would appear that where soil could be prepared, a seed rate of 2 
kg/ha would be sufficient in the case of S. guyanensis; higher rates need 
to be considered where such preparation of compacted clayey surfaces is 
not possible. 

Table 3.-Mean dry matter yield (g/m l ) of S. guyanensis, 24 weeks after 
sowing into a sward of H. ru/a under different treatments (Silva,
1974). 

Seed rate (Kg/Ha) 

2 4 6 Lignin 

P. 51.50 64.38 112.12 76.00 

Co P+ 61.12 124.12 142.50 109.24 

-P. 203.00 204.12 292.50 233.21 

C+ P+ 224.25 251.27 289.25 254.94 

Mean 135.00 161.00 209.10 -

Table 4.-Mean dry matter yield (g/m 2) of H. ru/a, 24 weeks after 
sowing of legume under different treatments (Silva, 1974). 

Seed rate of legume, (Kg/Ha) 
2 4 6 Llgnin 

PO 94.50 96.75 93.12 94.74 

C. P+ 129.00 107.62 117.00 , 117.87 

P. 82.88 118.50 83.00 94.79 

C-+ P-+ 138.12 134.75 128.00 133.62 

Mean .111.00 114.40 105.28 
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VI'- COMPATIBILITY AND BOTANICAL COMPOSITION 

The persistence and contribution of the legumes to the feed of, the
grazing animal become the next important factors. Here, the competitive
relationship and relative palatability to the grazing animals of the associates 
would largely determine these factors. Santhirasegaram et al., (1972)
concluded from observations of a large number of legume/grass associations 
that the promising legumes at Pucallpa would form acceptable swards with 
errect growing grasses. Reyes (1974) studied the competitive relationships
between these three promising legumes and three grasses. His data suggest
that with the errect growing grasses, H. ru/a and Paspalum pliactulum, the
legumes were not suppressed to any appreciably extent; with the diffuse 
type of growth of Brachiaria decumbens there was again no effect at the 
early stages, later however the yield of the legumes began to decline,
(Figures 1, 2 and 3). With all grasses the gradient of the lime was greatest
for P. phaseoloides, followed by C. pubescens, with S. guyanensis recording
the lowest. The gradient exhibited by each of the legumes with the three 
grasses was highest in the case of H. ru/a, followed by P. plicatulum and 
lowest with B. decumbens. The general conclusion to be drawn from this 
study is that the competitive potential of the species decrease in the fol
lowing order: 

Grasses: B. decumbens > P. plicatulum > H. rufa 
Legumes: P. phaseoloides > C. pubescens > S. guyanenis 

0 -4 P.p.
240 O-OC. P. 

160 

1I 6 0 j~ 

0 80 160 240 320 
D.1. YVELW OF H. Aua (8/0) 

Figure 1. Relationship between three legumes and Ilyparrhania
rm/a In dry matter yield (g/m2) in association with 
time (Reyes, 1974). 
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Attempts to establish the shading effect of one associate on the other 
in relation to composition for light through measurements of height and 
spread of the species have not been satisfactory due to the diverse growth 

habits of the species and the bolting of grass tillers to flower. 

Pinedo and Santhirasegaram (1973 b and c) examined the percent 

available herbage of these three legumncs in association with different grasses 

over a range of grazing frequencies and intensities. (Figures 4, 5 and 6). 
In general P. pbascoloides and C. pubescens contributed around 25% and 
S. guyanensis about 33% of the available dry matter, once the pastures have 

attained equilibrium. 
Tropical legumes are particularly sensitive to severe defoliation. 

Twining or scrambling legumes are seriously affected (Jones, 1971 and 
1969). Jones (1972) suggests that the behaviour of tropicalWhiteman, 

to that of their temperate counlegumes to defoliation is almost opposite 
terparts (white clover and alfalfa) and goes on to state that "for workers 

trained in temperate areas it may be difficult to accept this concept. It may 

also be difficult to appreciate that the close rotational grazing, so effective 

in maintaining quality and a good legume component in white clover based 

pastures, may be disastrous on a tropical legume/grass pasture". 

Height of cutting and residual leaf area have been found to be 
wereimportant factors in subsequent regrowth of tropical legumes. These 

examined by Reyes and Santhirasegaram (1974), where the three promising 

legumes were cut at five weeks interval either at 5 or 15 cm. height above 

soil surface and at each height the residual leaves after cutting were either 

allowed to remain or were removed. Table 5 gives the dry mattermean 

produced following three successive cuttings. In general the greater the 

stubble height the better the regrowth. At both stubble heights, presence 

of residual leaves promoted better regrowth. It is not intended to enter 

into the controversy over the contribution of reserve photosynthesate and 

photosynthetic surface to regrowth. 
Both C. pubescens and S. guyanensis are readily 2aten by all breeds 

of cattle, but some unacceptability of P. phaseoloi,/es has been noted with 

pure Nellore types at IVITA, Pucallpa and elsewhere. Associations of this 

egume with H. rufa and Panicum mnaximniu were soon dominaicd by it and 
were no grass species preset, whetl~er the padwithin 12 months there 

docks were rotationaly or continuously grazed, and the animals lost weight 

inspite of abundance of available legume forage. Whether thi, is due to 

the genetic make-up of the animals or to soil and climatic factors is not 

known. 

VII ANIMAL PRODUCTIVITY LEGUME-GRASS PASTURES 

The inclusion of legumes into grass pastures with adequate fertil

ization of phosphate should increase the quantity and improve the quality 

of feed avilable to cattle. This should result in higher number of animals 
improved performance of eachsupported by unit are a of pasture with 

in 5 to 10 fold increase in animal production (Jones,animal resulting 
1972). Table 6 summarises liveweight gains recorded in legume/grass 

pastures in some humid tropical areas of the world. 
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miaele ).-mean dry matter yield (g/plant) of P. phaseoloides, C. pubis. 
cens and S. guyanensis from three successive cuts at two heights 
and in presence or absence of residual leaves, (Reyes and Santhira
segaram, 1974). 

P. phaseoloides C. pubescens S. guyanensis Mean 

1.23 1.15 2.62 1,66 

H. L+ 2.03 1.31 3.28 2.21 B 

2.55 0.94 2.41 1.97 

His 3.41 1.52 4.24 3.06 

H - height and L - leaves 

Table 6.-Annual liveweight gain (kg/ha) from tropical grass/legume 
pastures in different countries. 

Pasture Country Weight gain Sources 

P. phaseoloides/ Vicente Chandler et al., 
Melinis minutiflora Puerto Rico 500 1964 

C.PubeicenlCynodon 
plectontachyus Nigeria 300 Mcllroy, 1972 

Demodium intortum/ Younge and Plucknett, 
Diglaria decumbens Hawaii 896 1965 

C.pubercens
S.guyannsis/H. rumta Uganda 526 Stobbs, 1965 
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Echeverrla and Santhirasegaram (1974) grazed yearling Nellore 
heifers on P. phaseoloides/H. ru/a pastures at a stocking rate of 2 beasts/ 
ha, with different rate of superphosphate application to the soil and mineral 
II supplementation (Table 7). Sowing legume alone had very little 
effect on liveweight gain. Application of 100 kg/ha of superphosphate
increased weight gains during the first six months, but was without effect 
during the second half of the year. Application of 500 kg/ha of super
phosphate caused a significant reduction in weight gain compared to no 
p.hosphate application during the first six months. Response to phosphate
lick was very good at all times; the combination of phosphate lick and 
application of 100 kg/ha of superphosphate recorded a further 10% 
increase in weight gain. Nearly all treatments were under stocked with 
abundant feed available at all times. An interesting observation was that 
the animals hardly consumed the legume. 

Table 7.-Liveweight gain (Kg/Head) of Nellore heifers grazing pastures
of P. phaseoloides/H.ru/a mixtures with different rates of super
phosphate application and mineral supplementation, at a stocking 
rate of 2 beasts/Ha. (Echeverria and Santhirasegaram, 1974). 

Management First 6 moths Second 6 moths 

H, rufa only 37.5 18.0 

H. rx/a + P. phaseoloide: 39.9 20.2 

Grass + Legume + 100 kg/ha 
super phosphate 57.7 21.8 

Grass + Legume + 500 kg/ha 
super phosphate 24.8 33.3 

Grass + Legume + mineral supplement 84.3 76.1 

Grass + Legume + 100 kg/ha 
super phosphate + Mineral supplement 93.2 83.0 

In a comparison of the carrying capacity of H. rufa with H. ru/al
S. guyanensis pasture fertilized with 100 kg/ha superphosphate, Riesco 
and Santhirasegaram (1974) recorded maximum weight gain from yearling 
Nellore bull calves during the first six months of grazing at stocking rates 
of 1.8 and 3.0 beasts/Ha in the grass only and grass/legume pastures,
respectively (Table 9), during the second half of the year however, inspite 
of abundant feed, growth was poor in all treatments, due, probably to 
inadequate phosphate nutrition. 
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Table 8 .- Total number of heifers (total of two replicates, cach with 4 
' 	 beasts) diagnosed for pregnancy after six wecks of joining with 

bulls at the end of one years grazing in the experiment of 
Echeverria and Santhirasegaram (1974) on Table 7. 

Management 	 Positive Negative 

Grass + Legume 2 6 

Grass + Legume + 100 Kg/Ha,
juper phosphate 	 3 5 
Grass + Legume + 500 Kg/Ha 
super phosphate 	 1 7 

Grass + Legume + Mineral supplement 7 	 1 

Grass + Legume + 100 Kg/Ha 
super phosphate + Mineral supplement 7 1 

Table 9.-Liveweight gain (kg/ha) of Nellore bull calves grazing H. ru/a
and H. rufa/S. guyanensis pastures at different stocking rates 
(Riesco and Santhirasegaram, 1974). 

Treatment 	 First 6 mths. Second 6 mths. 

H. RUFA 

1.2 beasts/Ha 41.5 	 3.0 

1.5 	 83.7 2.1 

1.8 	 116.8 16.2 

2.1 	 77,5 16.3 

H. RUFA/S GUYANENSIS 

2.1 beasts/Ha 126.0 	 29.1

2.4 	 139.4 41.9 

2.7 	 141. v7,7 

3.0 	 179.7 24.6 
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Combining the data from these two experiments Santhirasegaram,
(1974a) estimated that legume/grass pastures with adequate phosphate
application to the soil and supplementation to the animal would carry 3
yearling beasts/Ha with annual liveweight gain of 640 Kg. 

In another experiment Riesco and Santhirasegaram (1974) recorded
50 and 100% pregnency of cows grazing grass only and grass/legume
p astures, respectively, in Pucallpa. Both groups had access to phosphate
licks ad libitum and the legume based pasture received 100 kg/ha super
phosphate. 

Considering these increased carrying capacity, growth rate and
fertility, Santhirasegaram (1974 b) estimates that legume based pastures
would in general double the carrying capacity, double the calving rate,
quadruple the growth rate of bull calves and reduce by half their finishing 
age. 

VIII DISCUSSION 

It is becoming increasingly evident that tropical soils and plants
differ in some fundamental features from their temperate counterparts.
The observations of Martini (1968) and Santhirasegaram et al., (1972) 
on soil acidity and aluminium content of tropical soils and the capacity
of tropical pasture species not only to tolerate but in fact to thrive under 
these conditions coupled with the assertions of Norris (1958 and 1967) 
on the origin of legumes and the need for acid soils for the proper func
tioning of their associated Rhizobia, that of Olsen and Moe (1971) on 
phosphate requirement and absorption capacity of tropical legumes and that 
of Jones (1972) on the behaviour of these legumes under defoliation, can 
no longer be dismissed as isolated instances peculiar to particular ecological
niches. For the proper development of the humid tropics the salient features 
of the ecosystem have to be identified and accepted as normal conditions 
and new concepts and standards should be developed as matters of urgency.
If we are not capable of this approach, then it would be far better to leave
the rainforest as it is than destroy it and reap the condenation of posterity. 

The legume based pasture is the back bone of animal industry
in temperate areas. Here in the tropics the potential of similar pastures, 
even at the present primitive state compares very well indeed. The future 
potential when the soil, plant and animal characteristics are understood,
selected, improved and managed may "bloody well" surpass even the wildest 
dreams of the late Dr. J. Griffth Davies, who alone amidst great opposition
visually the potential of legumes in tropical pastures at the now well known 
CSIRO Division of Tropical Pastures (Agronomy) in Australia. 
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X. SUMMARY 

The soils in the tropical rainforest ecosystem are generally acidic with
high aluminium content and many tropical legumes and grasses would grow
satisfactorily under these conditions. Preliminary data indicate that the
potential of these pastures compares favorably with those in other regions of 
the tropics and elsewhere. The success of animal industry in the ecosystem
would depend on the development of new concepts and standards for soil 
and plant management. 
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SECTION VI
 

SOIL FERTILITY EVALUATIONS
 





25 The Soil Fertility Evaluation Program' 

in Guatemala 

j.'ANIBAL PALENCIA 0., JAMES L. WALKER, LUIS ESTRADA L." 

I INTRODUCTION 

In "uatemala, the constantly increasing demand for technical infor
mation concerning fertilization programs, on a regional as well as at the 
individual farm level, is the best evidence that soil fertility problems are 
not only common to all crops but are also of the first order of magnitude
in importance among other factors affecting yield in each one of them. 
This demand, measured in terms of the quantities of soil samples sent to the 
government soils laboratory accompanied by requests from farmers for 
recommendations regarding the use of fertilizers and other soil amend. 
ments, has increased more than 1180 percent in rhe last eight years. 

The benefits from the rational use of fertilizers and other soil 
amendments are becoming increasingly recognized but the cost of these 
products has been rising substantially. Because of this, it is believed that 
the demand for increased technical assistance on fertilizer inputs will con
tinue to expand as farmers, in attempting to minimize their investment risks, 
act with increasing cauion. As a result, more people will be using this 
technical assistance and they will surely place more demands on its quality. 

This situation, requiring rapid generation of increasing amounts of 
reliable information about fertilizer use, has resulted in greater interest in 
improved systems not only for solving soil fertility problems but also for 
rapidly extending that knowledge throughout the agricultural sector. 

This interest has been demonstrated by the efforts made in recent 
years to implement and develop a soil fertility program (titled PLANT 
NUTRITION) whose description and most pertainent findings follow. 

II PROGRAM DESCRIPTION 

Th'i Flant Nutrition Program furnishes scientific technical support 
to the Crop Production Program of the Agricultural Science and Technology 
Institute (ICTA) in Guatemala. Therefore, it develops activities directed 
toward evaluating and improving soil fertility in the principal agricultural 
areas of the country. Emphasis is placed on those areas which receive 
attention through the National Development Plan from the Public Agri
cultural Sector. 

Because soil fertility evaluation and improvement is based upon 
the study of soil-plant relationships, the plant nutrition program focuses 
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its attention on analyses of the correlation between the soil laboratry results 
and those from greenhouse studies and field trials. In this way, inductive 
interpretation of the correlation analyses allows decisions concerning the 
adoption of the best laboratory analytical methods, the definition of critical 
levels for each plant nutrient and the deteri.xination of the optimum levels 
of application of the most important nutrientb in order, finally, to deter
mine the most economical fertilizer requirements for each crop based upon 
the soil fertility level and the yield goal estimate. 

It has been found that this system offers considerable advantages, 
in arriving with the best probabilities of success as solutions to the soil 
fertility problems faced by any farmer because, on one hand, the laboratory 
analytical methodology in addition to being reliable is extremely rapid and 
inexpensive and, on the other hand, the need for field work is considerably 
reduced in terms of the number of field trials required, which are inherently
costly. This philosophy has been used in developing the ICTA Plant 
Nutrition Program activities to attain the following general goals: 

a. 	 Obtain the basic information needed for establishing the best 
recommendations concerning the rational use of fertilizers and 
other soil amendments on the principal crops included in the 
National Development Plan (corn, beans, upland rice, wheat, 
sorghum, and vegetables); 

b. 	 Incorporate this important component in the package of tech
nology which low and medium income farmers should use to 
improve crop productivity; and 

c. 	 Promote the use of this technological resource as a basis element 
in the process of agricultural development. 

III 	 PROGRAM ACCOMPLISHMENTS 

Installation and Operation of Multiple Analyses Equipment 

The 	idea of using multiple soil analysis laboratory equipment was 
adopted by the Program in 1966 (5, 11). Since then the Program 
Laboratory has been using the multiple analysis equipment designed by the 
International Soil Fertility Evaluation and Improvement Program (ISFEI) 
described by Perur et al., (9). The use of this equipment has allowed 
attaining an analytical capacity of 400 samples daily since 1972 when an 
atomic absorption apparatus (Perkin Elmer 103) was added. 

This multiple analysis equipment, in addition to allowing the use 
of control samples, has clearly met the farmers demands for service analyses 
which have ungergone substantial annual increases during the past eight 
years. 

Correlation of Analytical Methods 

The Cate and Nelson (1) correlation system has been used in 
evaluating methods for extractablc soil phosphorus and potassium, 
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Based upon the use rf this system, the Nelson, Mehlich and Winters 
method (0.05N HCI + 0.025N H2SO,, soil: solution = 1:5) (7), was 
adopted after obtaining acceptable correlation between the results of analyses 
of available soil P and K and the percent yield obtained through potted 
plant trials utilizing sunflower (Heliantbus annus) as the indicator plant 
(2, 3). 

This correlation study also allowed setting the critical soil analyses 
levels at 19 ppm P and 140 ppm K, which for phosphorus coincides with 
the level found in El Salvador (4) and in North Carolina (7). 

Recent studies, however, suggest the need to re ise these critical 
levels because they are quite different from thos obtained in correlation 
studies utilizing field trials. 

For example, as call be observed in Figure 1, which is based on 
the data given in Table 1, the correlation obtained for the Nelson e tal., 
(7) an dthe modified Olsen (6) methods results in phosphorus critical 

levels of 7.3 and 6.2 ppm, respectively. 

For potassium, a critical level of 60 ppm K is obtained with the 

Nelson el al., (7) method (Figure 2). 

Determination of Appropriate Fertilization Levels 

The incorporation of auxiliary field technicians was obtained through 

a cooperative agreement with the Peace Co-ps. This permitted a new field 

research campaign to be launched in 1972. In this new activity, a series of 

trials were installed in different parts of the country. The interests of both 

the Program and the farmer cooperator were ieflected ia the sites chosen. 
The objectives of these trials, through which the response of corn, 

wheat, upland rice, beans, sorghum, and potatoes to various levels of 

applied nitrogen, phosphorus and potassium 'wereevaluated, were as fol
lows (8): 

a. Define the optimum N, P.'0. and KO needs for the 
crops, determining economic application levels for cach 

selected 
nutrient 

by means of yield functions; 

b. Correlate soil analysis results with relative yields obtained at the 
field level, and; 

c. Establish critical soil 
differentiate between 

analysis levels for 
soils with a high 

P and K in order 
or low probability 

to 
of 

response to these nutrients. 

The response of these crops to N, P and K fertilization was evaluated 
through the use of a factorial arrangement colnparising 12 partial conbina
tions (5x5x4 and 5x4x5) in a completely randomized block design with 
three replications (Table 2). 

The results, summarized in Table 3, were interpreted using the 
"Linear-Plateau Response" model developed by Waugh, Cate and Nelson 
which is based on Liebig's Law of the Minimum (12). 
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Table 1,-P and K analyses results and percent yields obtained in field 
trials used in correlating Nelson et al, and Modified Olsen soil 
analyses methods (12, 16). 

Altitude ppm P ppm K
Trial meters above (-K) 

sealevel Nelson Olsen ) Nelson %Y 

POT A TO 
AHP 3180 7.2 16.7 48.5 50 73.4 
ISMP 2850 11.0 3.0 19.3 83 100 
CPQ 2350 3.5 5.0 30.3 43 79.2
OQP 2380 10.4 10.1 100 168 75.8 
USP 2350 6.0 5.3 68.6 170 100 
TSMP 2287 5.4 8.8 45.2 296 100 
CMP 1760 13.3 11.5 100 214 100 

W HEAT 
PHT 3150 3.1 1.9 7.9 61 100 
ISMT 2850 22.6 2.0 27.8 121 100 
ISMT 2850 17.0 3.6 100 83 100 
SFTT 2610 4.7 5.2 69.3 240 100 
TSMT 2570 4.7 3.2 67.3 439 100 
TTT 2480 5.7 9.0 100 96 100 
FSAT 2440 35.8 6.0 31.6 63 100 
OQT 2430 2.4 2.4 64.4 178 100 
OQT 2400 10.0 13.0 100 224 100 
OQT 2380 11.3 6.8 100 248 100 
TCT 2260 7.6 6.9 100 234 100 
TCT 2260 5.2 5.2 64.8 207 100 

CORN 

TSMM 2700 7.9 6.3 100 186 100 
TSMM 2700 19.2 9.2 100 165 100 
CQM 2450 3.7 3.9 100 337 100 
OQM 2400 4.8 8.4 100 182 100 
OQM 2390 10.8 11.1 100 117 100 
SMM 2300 46.1 17.0 100 185 100 
$MM 2290 34.1 7.6 100 124 100 
TCM 2260 5.6 9.3 100 226 100 
TCM 2260 3.5 5.4 85.4 100 100 
MAM 1760 5.6 4.4 56.2 87 100 
SCM 40 - - - 258 100 
LMAM 40 - - 108- 100 
LMAM 40 - - - 103 100 
LMBM 40 - - - 57 70.5 
LMBM 20 -  - 252 100 
LMCM 45 -  - 214 100 
LMCM 40 -  - 280 100 

, Trials located In art e cted by ash from the 1902 eruption of Santa Maria Volcano. 
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Table 2,-Treatments Selected from Plant Nutrient Response Field Trials in 
Guatemala, 1972. Treatment Levels Expressed in Kg/Ha. 

Treatment Crn. Sorghum Wheat, Beans. Potatoes 

and Sesame Upland Rive 

Ns P4 K4 0-180-180 0- 90-90 0-180-180 

N3 P. K, 60-180-180 30-- 90-90 60-180-180 

N&P. K4 120-180-180 60- 90-90 120-180-180 

N. P4 IK4 180-180-180 90- 90-90 180-180-180 

kiNP4i 1. 240-180-180 120- 90-90 240-180-180 

N4 Ps K, 180- 0-180 90- 0-90 ISO- 0-180 

N, Pa K. 180- 60-180 90- 30-90 180- 60-180 

N4 P r. 180-120-180 90- 60-90 180-120-180 

N, P. IC 180-240-180 90-120-90 

N4 P4 K, 180-180- 0 90- 90- 0 180-180- 0 

N. P4 Ks 180-180- 60 90- 90-30 180-180- 60 

N4 P. K, 180-180-120 90- 90-60 180-180-120 

N, P,4K 180-180-240 

Since this model postulates a linear response to additions of the 
principal element limiting plan growth, ceasing completely when some 
other factor becomes limiting and resuming its linearity when the other 
limiting factor is removed, the data from each trial were evaluated to 
determine the regression line in the "respon-e zone" and the line of average 
maximum yield (yield plateau) in the "non responding zone". 

In each trial, the yield plateau was determincd by calculating the 
average of all the yields except zero nutrient treatments and thost: treatments 
significantly different when a l.s.d. of 0.01 p. was applied. Thc regression 
line Y = a + bx was calculated using the following equations for a and b: 

(XX') (XY) - (XX) (XXY) 
a =
 

(N) (XX-) - (XX)

b = (N) (XXY) (-(XX) (XY) 

(N) (XX!) - (IX)2 

The estimation of the amount of fertilizer required to attain the 
ylid plateau was obtained through solving the regression equations using 
the a and b values found for each trial. 
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Table,3.--Guatemala: Field Trials on Plant Nutrient 
,Yield Plateau and Threshold Response Data. 

ndop(ees Yed (Kg/Ha) to YelExpedment Altitude Threshold Nutrient Reqd. Yield
dCrop (mters) Yield Plateau(Mt/Ha) Plateau* (Mt/Ha) 

POTATO, white 

AHP 3180 14.77 (-P) 180PO, 30.43 

22.33 (-K) 120KO 

ISMP 2850 15.00 (-N) 79N 33.19 

6.40 (-P) 151P20 

CPQ 2350 11.24 (-N) 91N 25.56 

7.75 (-P) 102P,Os 

20.24 ('-K) 128KO 


OQP 2380 15.39 (-N) 108N 34.53 

26.18 (-K) 60KO 

USP 2350 17.65 (-N) 100N 24.85 

17.04 (-P) 30PxOs 
TCMP 2287 12.15 (-N) 120N 24.10 

10.89 (-P) 83PaO 

CMP 1760 15.33 (-N) 91N 25.54 

PHT 3150 0,80 (-N) 62N 1.37 
ISMT 280 0.44 (-P) 75PO, 1.60 

ISMT 2850 1.22 none 1.22 

SPT 2610 1.85 (-N) 83N 2.51 

1.74 (-P) 37PsO 

TSMT 2570 1.84 (-P) 33P20a 2.73 

TTT 2400 0.36 (-N) 35N 1.40 

FSMT 2440 0.72 (-N) 90N 1.01 
0.32 (-P) 53P&Oa 

OQT 2430 1.83 (-N) 41N 3.17 

2.04 (-P) 60P5 0 

462 -

Response, 1972, 

Slope, b 

87.0 (PO) 

67.5 (KO) 

230.2 (N) 

177.4 (P2O0) 
157.3 (N) 

174.6 (PSO,) 

41.5 (K4O) 

177.2 (N) 
139.2 (K10) 

72.9 (N) 

260.4 (P.O,) 

99.6 (N) 

159.2 (PO,) 

112.2 (N) 

9.2 (N) 
15.3 (PO,) 

n.s. 

8.0 (N) 

21.0 (PsO,) 

27.3 (PsO) 

29.7 (N) 

3.2 (N) 
13.0 (P.O.) 

33.0 (N) 

18.8 (PIOA) 



TABLE 3.-(Continued). 

YieldPlateau Slope, b 
(MT/H.) 

2.50 n,s. 

3.11 n.s. 

1.54 16.8 (N) 

1.62 9.0 (N) 

6.5 (P0,) 

3.87 21.2 (N) 

2.89 30.3 (N) 

6.37 31.7 (N) 

6.49 28.9 (N) 

5.50 18.9 (N) 

6.06 27.1 (N). 

7.64 34.2 (N) 

5.60 31.6 (N) 

6.23 3.7 (N) 

15.8 (P,o) 

4.32 23.0 (N) 

12.5 (POs) 

2.96 n.s. 
2.01 n.5. 

4.56 n.s. 

3.54 9.8 (N) 

12.5 (&O) 

2.11 n.s. 

3.45 n.s. 

3.18 n.e. 

Hxperiment
and Crop 

TRIGO
 

OQT 

OQT 

TCT 

Tc. 


UPLAND CORN 

TSMM 

TSMM 

CQM 

OQM 

OQM 

SMM' 

SMM 

TCM 

TCM 

MHM 

LOWLAND CORN 

EMC 

LMAM 

LMCN 

LMBM 

LMBM 

LMCM 

LMCM 

* Yield Plateau 
-Y 

Slope, b 

Altitude
(meters) 

2400 

2380 

2260 

2260 

2700' 

2700 

2450 

2400 

2390 

2300 

2290 

2260 

2260 

1760 

40 

40 

40 

40 

20 

45 

40 

Threshold
Yield(MT/H) 

2.50 

3.11 

0.46 (-N) 

.096(-N) 

1.05 (.-.P) 

1.36 (-N) 

1.16 (-N) 

2.22 (-N) 

2.71 (-N) 

2.56 (-N) 

1.18 (-N) 

2.86 (-N) 

1.02 (-N) 

5.39 (-N) 

5.32 (-P) 

0.66 (-N) 

2.43 (-P) 

2.96 

2.01 

4.56 

1.78 (-N) 

2.50 (K20) 

2.11 

3.45 

3.18 

Nutrient Reqd. 
Kg/Ha

Reach YieldPlateau, 

none 


none 


65N 

73N 

88po 

118N 


90N 


131N 


131N 


156N 


180N 


140N 

145N 

227N 

57P.O 

159N 

151P,0 


none 

none 

none 

18oN 

6oKO 


ncne 


none 


none 


Nutrient required to reach yield plateau. 
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A graphical example (Figure 3) shows nitrogen response functions
and corresponding yield plateaus for seven trials conducted in the Guate. 
malan highlands during 1972. 

Technical Assistance 

The technical assistance offered by the Program as a final phase in 
its process of activities is principally carried out by means of the recom
mendations for rational use of fertilizers and other soil amendments which 
are, in part, based upon the analyses of composite soil samples sent to the 
laboratory. 

In making these recommendations, "guide sheets" are used. In these,
the fertilizer requirements for each crop are indicated for each of the nine 
fertility levels resulting from the possible combinations depending upon
whether P and K are deficient (D), adequate (A) or very high (VH); N 
is always considered to be deficient: DDD, DDA, DDVH, DAD, DAA, 
DAVH, DVHD, DVHA, DVHVH. 

The quantity of fertilizer recommended is determined by the 
nutrient applicatiion level necessary to reach the yield plateau in field trials 
and the soil sample analyses fertility level compared with the critical level 
for each nutrient. 

This procedure is the means through which the increasing demand 
for technical assistance to solve soil fertility problems is met. This demand 
has grown (Table 4) from 1566 soil samples analyzed in 1964 to 20,800 
in 1973, a trend similar to that shown for fertilizer consumption and cost. 

Table 4.-The consumption and estimated value of N + + KOP205and the number of soil samples analyzed for the purpose of 
obtaining recommendations for the use of fertilizers in the ICTA 
Plant Nutrition Laboratory. Guatemala 1964-1973. 

N9 Apparent Estimated VIe of the
 
Year Samples Consumption Apparent Consumption of
 

Analyzed N+PaO,+K3O ($200/Nit nutrient)
 
pertililers
 

1964 1.566 16.8 $ 3.36 millions 
1965 1.200 17.4 3.48 
1966 2.533 19.2 3.84 
1967 6.803 21.6 4.32 
1968 8.324 30.3 6.06 
1969 10.531 33.0 6.60 
1970 13.130 35.0 7.00 
971 16.372 36.5 7.30 

1972 22.445 50.5 10.10 
1973 20.800 Consumption data not yet available 
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IV. pSUMMARY 

The organization and development of a soil fertility evaluation 
program in Guatemala is presented. The techniques used and the critical 
levels for P and K identified, are given (7.3 ppm P with Olsen's solution, 
60 ppm K). The use of the "Linear-Plateau Response" model is suggested 
for ertilizer evaluation as it gave satisfactory results in Guatemala. 
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2 	 . New Techniques and Equipment for 
SRoutine Soil-Plant Analytical Procedures 

ARVEL 	H. HUNTER 

I INTRODUCTION 

The foundation of a viable Soil Fertility Evaluation and Improve
ment Program is a laboratory which is capable of analyzing large numbers 
of soil, 	 plant, and water samples in a reasonably short time and with a 
reasonably high degree of precision and act -racy. It must, of course, be 
assumed 	that the laboratory is using the best available methods for analysis.
The results of such methods Must be correlated with the soil fertility status 
of the soils for which the laboratory data is to be used to provide predictive
capacity 	 for improving soil fertility and thus crop productivity.

The International Soil Fertility Evaluation and Ifnprovcnicit Project
(ISFEI) involving North Carolina State University, USAID, and a 
number of (ooperating Latin American countries, is now entering its tenth 
year of of ration. In such a project there are a number of phases which 
must be instituted and improved simultaneously for the proper functioning
of the project. I) Sam ling tediniques and sample logistics. 2) Laboratory
methods and systems for production of data. 3) Interprctation of d:ta. 
4I) Recommendations based oi iutcrpr tationi, 5) Educational extension 
to initiate and improve the use (f available mifirmation. 6) Resear h 
to provide the basis tor integrating all of the other plscs into a ttisztioning 
program. 

As stated .arlier, the laboratory phase Is rally the ba kbonc of the 
overall 	 prograin b douse withot it, there (,II he' no data gcrat.d oi 
which to bulld the rest of the program.

Informatioln for deternii g, . ai il i r mmmj soilrlvimg 
fertility status (mns largely fron tlhrc main sobumi.,: I ) 'Aid analysis, 
2) plant tissue analysis, and 3) matcr anal)sis. 

I a fh(4 sources infO1natim (JO )St be I whenthese Of intcl cted 
used in (onj:i.tion . oth.r. awith ad As rult: the peak prioI of demand 
for analyses of thc hrese tip"(f samoples do not occur during. the samerc 
time periods, For these reasons and for thu ob\ 01s ttoinomical and opera. 
tionaf advantages in cst.ablishing andI maintaining a single laloratory and 
in training and efficently utilizig laboratory tcdhliians it is suggested
that the anal)sis Of all 1irt Of tiese ty),s (f samei)s S1hu1d be done 
within a si.ngle laboratory sysic im. 

From its inicptioa, the 11I:1 promc has becn o(mnelicd with 
improving la)orato y methods, procdures, (lui ilmnlt, and system so as to 
'ermit tIhe analysis of soil, plant, and valcr samiples in tie same lab; to 
increase the capacity in terms of number of samples analyzed per day; and 
to improve the accuracy and prtision of analytical results. 
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From the time that a sample is received by the laboratory it mustproceed through a number of steps before the data are ready to be compiledand processed for interpretation. For example when a soil sample is received,it must be logged so as to maintain or recover its identity. It must be airdried, crushed, and mixed so as to become a homogeneous whole from
which subsamples can be taken for analysis.

Subsamples must be taken, extracting solutions added, sample andsolutiion uniformly mixed and agitated. The mixture must be filtered andmeasured aliquots of the filtrate are then taken and reagents or diluentsadded to prepare tie dliquot for analysis by means of flame photometer,atomic absorption, spectrophotometer, or titration, etc. Each of these various
steps requires time for the manipulation of the sample and providesopportunity for introducing error in the final results. If or-' one of thesesteps require undue time in relation to the others then the process ofanalysis will be slowed and the capacity for analysis will be decreased. Ifany one step allows for introduction of undue error because of loss of sam.pie, improper measurement, contamination, or loss of identity etc. then accuracy and precision of analysis will be decreased.

In service laboratories which are being called upon to orovide datafor larger and larger numbers of farmers and research samples, capacity
and accuracy of analyses are both of vital importance. Under these circumstances neither capacity without accuracy nor accuracy without capacity
can be of any great value. It is unfortunate that too often in routine analy.tical service laboratories accuracy may be sacrificed to increase capacity.Where too much accuracy is sacrificed then we must certainly arrive at asituation in which the inaccurate data is as bad or worse than no data atall because only false or misleading conclusions can result from the interpretation of erroneous data. 

The balance of this discussion will be concerned primarily withindicating various procedures, laboratory items, and equipment which havebeen developed by or for the International Soil Fertility Evaluation andImprovement Project to reach tihe objectives stated earlier. 

I1 EQUIPMENT AND PROCEDJRES 1O, SAMPLE PREPARATION 

When a sample is re:eived at tihe laboratory it is logged on a mastersheet which indicates its position a group of 33in samples. The samplecontainer is then placed in its proper position in a drying and storage traywhich has three rows of eleven r)sitions in each row (Figure 1). The
eleven spaces provide for ten farmers unknown samples and oneor
control samrle in each row (Figure 2). Contiol samples are specialsamples collected in bulk and prepared so as to he homogeneous throughout.These samples are then analyzed numerous times by the laboratory in whichthey are to e used and preferably by other laboratories using the sameprocedurt. In this manner, the analytical results of the control samplesare known to the laboratory director. These samples should be included ineach group of samples to be analyze(]. For best analytical control, eachlaboratory should have at least three to six bulk control samples and eachrow of each group of samples should have a control sample included withit. At least some of the control samples should be located in positions in the 
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Figure 1. Sample -.-?d control s.mples i drying and storage tray. 

group so as to be unknown to the analysts. The inclusion of this control 
sample is the key to maintaining accuracy and precision control in all analy. 
tical procedu'es. The tray is assigned a group number. Each row in the tray 
is color coded with the colors appearing on only one end of the tray. The 
numbering of the sample position in the row begins with number one at the 
color end of the tray. Each sample container is spaced two inches on center 
within the row. This same spacing and color coding is used for all of the 
laboratory bottle racks and carry trays so that the only number carried 
through the laboratory is the group number which is placed on each tray. 
All of the analytical apparatui and systems have been designed so as to avoid 
the necessity of removing any sample from its assigned position in the 
group during the entire process of analysis. 

After logging, the samples are placed in a drying cabinet designed 
to hold the maximum number of samples which may be analy7ed in a day 
during the peak season. The drying cabinet is constructed so that air is 
pulled in through vents in tile bottom of the cabinet. The air circulates 
around the sample containers and is exhausted out the top of the cabinet 
by an exhaust fan. The resulting dried samples are air dr;ed. In some 
situations it may be found desirable to slightly warm the air passing through 
the cabinet. This can be done by drawing it over a few light bulbs placed 
just above the bottom air intake vents. 
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Figure 2. I)rying and storage trays. 

From the drying cabinet the soil sample tray is taken to the crushing 
machine. This soil crusher is constructed of stainless steel and has been 
designed so as not to break rocks or debri, which may be in the field sample, 
and to prevent these from pissing into the prepared sample. On the average 
a soil sample can be crushed, mixed, and returned to its box and position in 
the tray in 15 to 20 seconds. Even the hardest clay samples usually require 
less than 25 seconds (Figure 3).

After preparation, the tray is placed in position under a simpling 
table where the subsamples will be measured for processing in the laboratory. 
All soil samples arc measured by volume for analysis. Special sampling 
spoons have been designed and constructed of polivinyl chloride plastic to 
avoid any possible contamination of the sample with microekmcnts due to 
sampling (Figure 4). 

The subsamples are placed in a polystyrene plastic bottle which is 
posit.oned two inches on center in a styrofoam bottle rack ( Figure 5). 
Styrofoam is used for the botle racks because it is light weight but more 
important tile holes can be drilled so that the bottles fit snugly enough 
that when the rack is inverted and shaken, the bottles will not fall out. Yet 
the bottles can be easily removed and replaced when desired. The styrofoam
is resistant to most lab chemicals, does not absorb solution, and is easily
cleaned (Figure 6). If handled properly they will give several years of 
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service. For ease of handling, the bottle racks are placed in an aluminum 
frme type carr tray. These carry trays are light weight and sufficiently
sturdy. he aluminum is generally non-corrosive, except where strong 
hydrochloric acid fumes are present. Tile frame design is used so that the 
bottles will dry rapidly when inverted on the ca&ry tray and contamination 
is avoided where t e inverted bottles do not touch the tray. 

Laboratory carts have beein constructed to carry twelve trays or 360 
farmers samples and 36 control samples. 'The use of these carts to carry tile 
samples from IatxMratoty station to station greatly facilitatcs the mlovement of 
samples through the analytical process. Using the carts in conjunction with 
"island" dispensing, diluting, and instrument tables also eliminates the 
necessity of a lot of bench top or horizontal space by utilizing the vertical 
space of the laboratory (Figure 7). 

Ill EQUIPMENT AND PROCEI)URES FOR EXTRACTION
 
AND I)II.UTION
 

The subsamples are transferred to tile trays on the cart and taken to 
the dispenser table. The dispenser table is constructed with the space under 
the top open so that carboys for the various solutions can be rolled in and 
out of position under the table. The solution carboys are placcd on dollies 
which allow for easy handling of large volunes of solution (Figure 8). 

The dispenscr table is positioned so as to provide adjtu,ute sp.ue on 
all four sides of the table for carts to be brougJit aJlrlog Side. The trays are 

laced on top of the (art while the solutions arc tispcnsed into the sample 
ttl(: . 

Two types of new dispensers have been dcvch;ped. One dispenser 
is designed to dispense multip!! aliquots of a specific volume of solution 
(Figure 9). The volumes can easily be changed and calibrated from less 
than I ml to 50 ml. lw dispensers are hand operated which simplifies their 
operation, avoids mistakes in delivery of aliquots to proper sample bottle, 
and speeds up the process. Aliquots of 25 ml volume can be delivered to 
cach of the 33 bottles in a tray within 35 to 4 seconds. The dispensers 
require no auxiliary vacuum, pressure or gravity flow for their operation and 
by means of a quick disconnect coupling, different solutions can be easily 
and rapidly introduced for dispersing. The solutions coine in (ontact only 
with plastic or glass tubing so as to avoid co iianiMatin. A wide range of 
types of solutions can e dispensed but the dispensers will not accomodate 
concentrated sulfuric acid. 

The other type dispenser is similar to the first but is designed to 
dispense three different volumes of a solut;on, one aliquot at a time, 
without having to change and calibrate the volume of the volume control 
syringes. Changing dispensed volume is accomlplishcd simply by manipu. 
lation of two valves (Figure 10). 

After the extracting solutions are dispensed into the sample bottles 
ti is necessary to thoroughly mix and agitate this mixture. In the past this 
agitation has been done by some means of shaking the mixture. In most 
shakinp systems it is difficult to agitate each sample in a uniform manner 
and with some shakers it is impossible. Because of this and other difficulties 
encountered in the shaking process, a stirrer was developed which can 
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thoroughly mix and agitate each sample in an identical manner. The stirrer 
isconstructed with 33 stirring rods (with paddles) connected by gears and 
driven by a single motor controlled by a timing device. Thus each rod turns 
at exactly the same speed as each other and the paddles are positioned so as 
to keep all soil particles suspended in the solution during agitation. The 
sample bottles do not need to be closed to prevent loss or contamination of 
sample from spilling or splashing (Figure 11). 

When the samples are removed from the stirrer a washing basin is 
moved into position around the rods and a spray system automatically
washes the rods and paddles. The rods are made of nylon and the paddles
of polyvinyl so as to avoid contamination of the sample. A timing device 
automatically controls the length of time the sample and solution are 
mixed. 

After mixing, the samples are usually filtered to obtain a solution 
suitable for analysis. We have found that filtering can be accomplished
easily and rapidly by placing the filter paper in the bottles of the bottle rack 
then the samples can be transferred to the filters, eleven at a time, by
pouring from the sample bottle rack to the filter bottle rack (Figure 12). 

After filtering, the analytical procedure for several of the elements 
requires that an aliquot of the filtrate be taken for dilution or for receiving
reagents. For accomplishing this operation, two types of diluters have been 
developed. Both of these diluters are hand operated for simplicity, speed,
and accuracy. Both diluters are designed so that the sampling probe extends 
to each sample and delivery bottle. This eliminates the necessity of taking
the sample bottle out of its position in the rack and group. The sample
aliquot is washed from the probe tube by the reagent or diluent thus elimi
nating contamination from one sample to the next. 

One diluter is designed primarily for taking relatively large sample 
aliquots and adding equal or larger amounts of reagent or diluent. For 
example, the determination of I N KCI extractable acidity by titration 
requires that ten ml of water containing a few drops of phenolphthalein be 
added to a ten ml aliquot of the sample filtrate prior to titration. Using this 
diluter, about 4 to 5 seconds per sample are required for transferring an 
aliquot and adding the diluent. For greatest precision, the dilution ratio 
for this diluter should be kept between 1:1 and 1:15. 

The other diluter is designed to make wider dilution ratios with high
precision and also has the capability of adding two different reagents at the 
same time. By the manipulation of two valves and cuick disconnects, three 
different dilution ratios can be obtained without adjusting the volumes of 
the volume control syringes (Figure 13). The diluter or combination diluter
dispenser was originally designed for use in the phosphorus determination 
procedure when sodium bicarbonate is used as the soil extracting agent. In 
this case, the standard type diluters which have an interface in the sample
probe tube between the sample aliquot and the reagent or diluent will not 
function because the acid color reagent reacts at the interface with the 
sodium bicarbonate to form carbon dioxide gas which causes loss of sample
aliquot volume. By using the combination diluter-dispenser, water can be
used to wash the sample aliquot from the probe tube and the acid reagent
is added through a separate tube. This permits the reaction between sample 
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and reagent to take place only in the receiving bottle. The entire operatiolI
of taking the aliquot, transferring it to the receiving bottle, adding the 
reagent and mixing requires about 4 to 5 seconds per sample. 

Both of the above mentioned diluters provide for a wide range of volumeselection for both the sample aliquot and diluents or reagents so that final
volumes can be chosen according to the requitements of the analytical
method. The dillents or reagents call be placed at bench height position
or the carboy can be stored underneath the diluter table. By means of quick
disconnects diluents or reagents can be rapidly and easily changed. As with
the dispensers, the solutions contact only glass or plastic to avoid conta. 
mination. 

IV APPARATUS FOR DETERMINATIONS 

After dilution or adding reagents the samples are then ready to be 
taken to the various analytical instruments or stations for analysis. With
certain analytical instruments such as most atomic absorption apparatus anti some flame photometers the sample can be introduced into the instrument 
easily and rapidly without the necessity of removing the bottles from their
assigned position in the group. However, for spectrophotometric, pil, ant 
titration analysis some auxilliary means of transferring or positioning thesample is needed to reduce the time required for analysis, improve the 
accuracy or maintain position of sample in the group. 

A simple sample changer apparatus has been developed for use with 
a spectrophotome.ter or colorinieter which accomplishes all three of the
above mentiinedi requirements (Figure 14). The sample cliagcr operates
by vacuum throughi a waste jar. Constant vacuum is applicd to a plunger
tube inside a tuvte. When (lie phngcr tube is lot ii ttadtwith Iiq1 uid 
inside the cu(ctc liheithe vacttun is transfcrrd to thL' s.mple probe tube
(Figure 15). When the sample probe tube is immersed in the sampk.
solution, tile solution is drawn into the cuvette. The cuvette is filled to 
the level of the plunger tube and if excess sample is drawn in, it is auto
matically transferred into the waste jar. To empty th: cuvette, the plunger
tube is pushed down until its tip readies the bottom of the cuvette. Asthis occurs, all the cuvette contents are drawn into the waste jar. The 
cuvette is fixed in a constant position in the spectrophotometer so that the
light path through the cuvette is constant. To avoid sample to sample con
tamination, the (uvette is washed once with the sample then filled with
another portion of the same sample and the reading made. Using this 
apparatus, each reading requires about 15 seconds. 

To simplify pit determinations, an accessory for positioning andwashing electrodes and for stirring the sample during measurement has
been developed (Figure 16). With this accessory the .umple tray is placed
In a fixed position in front and to the side of the 1)14 meter. The electrodes
and stirrer are fastened to an arm mechanism which permits the electrodes 
to be positioned in each bottle. As each measurement is completed, the electroses are then positioned over a wash basin and electrodes and stirrer are 
automatically washed. With good stable electrodes and pH meter each 
reading requires about 15 to 20 seconds. 
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At present, I N KCI extractable acidity is apparently best measuredby means of titration. Standard titration procedures are usually quite time 
onsuming. 

A titration apparatus has been developed which permits each of the
bottles to be positioned under the burette mithout removing them out of
the tray or out of their group position (lFigure 17). In conjun(tion with
the positioner a specially designed device whih utilizes vacuum is usedl forrapidly and easily filling the burette whkh is ten ,utomati ally zeroed. 
The titration apparatus does not affect the accuracy of the measurciment but
does permit it to be accomplished in a time period comparable to the various 
other types of measurements that are made. 

Finally, after all the analytical procedures have ben completed it is
desirable to have a means for rapidly washing or cleaning the sample
containers. We use a washer which has two rows with eleven spray nozzels 

Figure 17. Titration apparatus with semi-autofill and zero. 
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in each (Figure Iti,).One row is connected to tap water and the other todistilled water. The valve controlling the water low is activated by handpressure as the bottles are placed over the nozzels. One botP, rack at atime can be thoroughly washed with tap water and then quickly rinsed withdistilled water. The bottle racks are Then returned in an inverted positionto the carry trays. This permits rapid drying and prevents contaminationby dust etc., as the trays arc stored in the lab cart for reuse. 

'~T I 
Figure I8. Bottle rack wah(,r. 

These various devices and apparatus which have been designedincrease the ease, tospeed, and accuracy of analysis are sometimes referred toas "multiple unit apparatus" because multipic samples can be handled as aunt throughout the analytical process.
Inthe control laboratory of the International Soil Fertility Evaluationand lmprovcment Projet, the analytical nethods for both soilanalysis have been worked and plantout so that tie same multiple unit apparatus (anbe used where applicable for both typ, s of analyses without rcadji.;tmentof volumiles etc. Msing these mcthlods and with adequate mnutiplc unitapparitus properly arrangcd in a good analytical flow pattern,for or e l oratory tedhnian to analyze four groups (132 

it is possible
samrpls) (if soilor plant simples in a regular eight hour w'ork (lay. This anal'".is indudesdetermination of ten different elements o each sample or a tot-il of !,320deterninat1ions r day. This can be done with no sacrifice of precision andoccuracy as compared to other systems r,1analysis. Frequently the use ofthis system markedly improves the preision anti accuracy over systns

previously used. 
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The basic aquipment needed for the analysis of more than 100samples per day is adequate for the analysis of 1,000 samples per day
except for the number of lab carts, bottle racks, and carry trays. Of course,
additional lab technicians would be required but more determinations pertechnician can be accomplished as the number of elements per technician isdecreased. Thus six to eight technicians should be able to analyze 1,000
samples per day. 

V SUMMARY 

A primary concern of every laboratory which has the responsibility
of doing routine analysis of soil, plant, and water samples is the abilityto analyze large numbers of samples efficiently and economically with good
precision.

Described herein are some new techniques and equipment or apparatus whaich were designed specifically for the purpose of increasing the
number of analyses per man hour while at the same time maintaining or 
improving the precision and accuracy of the results. 
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27 	 New Concepts in Biological and Econlomlcal 
Interpretation of Fertilizer Response 

DONOVAN L. WAUGH, ROBERT 13. CATE, Jr., LARRY A. NELSON, 
and AMADO MANZANO 

I INTRODUCTION 

Most discussions,.[n the literature on fertilizer response are based 
on field trial intcrprutatioi. utilizin, some version of the Law of I)imini.
!hing Returns, i.e., continuous .urvihnear functions in which equal additional 
increments of' fetti!izer reslt in steadily smaller responses. The more 
important curvilinear models iI use today are the quadratic, square root,
and logarithmic functian;. The Mitsheilich model adds conustants to the 
logarithmic fuction to adjust the interpretation of f:rtili2cr response iii 
accordance with variatiors in i ative soil iertility. 

With the Aid of the compute!, many additional f.:etors, which are 
known to affect yield, have been incorporated into these response models 
in an attempt to further describe the rcsponse to applied fertilizers. Yet, 
for all the refirenueet potentially inherent in these complex models their 
use is impractical ir) some areas. 

Theye are no established ruks for determining which kind of 
response' ni','el is the most appropriate to use in the iterprctation of 
fertilizer rvponsc from field trials. If a single experimntic is to be evaluated, 
the reeaucliet may test the data for fit with various lineir and curvilinear 
models and select the one which gives the best R2 for regrcssilon. lowever, 
a model which best describes the response data from one experiment may 
not necessarily be the best for another experim,:nt. This l.tces the user of 
such a complex model in a difficult position because the whole purpose of 
soil fertility evaluation is the accurt! predictionr of relative response to 
nutrients. 

It 	 DIFFICULTIES WITH THE TRADITIONAL I rRTILIZER 
RESPONSE MOI)EL 

In practice a number of problems are encountered in attempting 
to apply complex fertilizer response modcls to existing data. Several of 
these diffKulties are summnarized below: 

Int:lfriewn inlormatien azailab'e it co, rectly apply a complex fertilizer 
nJpons Podei 

Mathematical models which predict yield must either assign a resear. 
ched value to each of thic factors affecting yield or apply some kind of 
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constant in their place when such a vahie is not available. Most field tirtls 
conducted in the past, and even many currently being carried out, simply
do not supply sufficient input information to permit the practical application
of a ilUlliled, complex response model. 

Mi 	 iii the inri.)t mnodel(,dfftliol 

Anderson and N lson (I) have dstribcd lit iinc detail the linii. 
tations and difficulties assoittcd v ith the quadratic model fot destribing 
some singf:- nutrient responses. 'heir study showed that the quadratic is 
particularly biased when there is .a mitrkLd response to first increment 
applications followed by little or lio rcspnslile to higher rates. li these 
cases ,thc 05 t lililu; t Siltiqiratie~fc (hiral( t,f{l~~i~l ly IIK'lllC )icl at 
the zero rate if alppliCd niutriet, tltiilhi lcrostimik. the yield at low 
nutrient rates, and o\erestimates the yield at high ritt,. ' lite1ttd(tions of 
fertilizer requiremtenits for milaxitiull yield arc, 1lhrItItt', uitc.ililiaily high. 

J/ariabiliyin )ild obti-'' nlitmt 	 (j] n/tricoD.in, ,1 .1 iil/h,oi, .*,/,l/f'.ltioil 

Most contitous .ur ilincar ,eCSpi0seC ilt ldIsarc very scn sitise to 
fluctuations in yield at these highcr rates. pI e, high apjliicationIf, for exam111 
rates 	 cause a fcitilizcr ilru or crtc a iiitrietit disctliilibriuln, there will 
likely be a yield depression. lhe q1iritltic fi(ttion ustially fits this sitia. 
tiou 	quite well. Onl the othLr l.anld, (lie s,11ic high ritcs of iinutrielt in)
question, if applicd in it liffcreit (ultiril prautic. ir ini a differeit (oniligu
ratioli (if illtrient b.lailtt, 1i1,ty gist ),iy Ids cuil to ot higher than inter
mediate rates. "l: siitr, rei or loi n tlioit tiOsilly fits this kind if 
response be'tter thaii the (iadtratic. itiiflOttii.itcly, fLaezirs other tlai iiatur' 
of plant growth and nutritionail respinscs are lily to affct the respoise 
at high applicatioi rttcs, su(h tha t lile CI W1hi0h givC tile )CSt fit Of the 
data 	for tne expcrintil itmay give tlie poirest lfit for inlotIcr, 

Diffiludy int pialitdl tnalji of totnplx i, iponw Infdels if ,,,/nt',,.i
 
are noi ,tilable
 

In ialliy parts of the -orld, field cxperileits taln be (ndtutei Ion a 
year.rountid basis. The titte available for analyzitig one set of ex Pcrinents 
and planning for atiothctr is Often very limited. Complex (tirviliilear res. 
ponsc models are [lt ',ty ir(tial for fcr:ilizer respoilse initerpretation if 
a computer i; 1n:;t x.-iiable. 

II 	 AITERNATE MODI).S :OR USE IN INTEIRPREAl ION OF 
FERTILIZER RESPONSE I)ATA 

Swanson (6) Ilos p)oiitCd OLt an alternative imodel based on liebig's
Law of the Mllinmm which should be (onsidered for iltcrpretation of 
fertilizer resp'onse data. This model postilates I linear response to the 
principal limiting element, halting abruptly when another factor becomes 
limiting but resuning its linear rise when the limitation is corrected. Even. 
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tually, the yield 	 is limited by the genetic capability of the plant when allexternal limiting factors have been removed. An idealized diagram of these responses 	and limiting factors is depicted graphically in Figure 1. 

GENEftC YIELD LIMIT 

YIELD LIMITED BY D
 

YIELD LIMITED BY C
 

, YIELD LIMITED BY 3 

PLAOT YIELD 

* 
* 
S 
II 

I 

, 
I 

* II 
III 

* I I 

A AB ABC ABCD 

INCREASING LEVELS OF FERTILIZER NUTRIENTS A B C AND D ADDED 

Figure 1. 	 The Linear RespoIse-and.Platvau (LRP) model based 
on Litbig's law of the minimum. 

Boyd (3) has summarized a (olsidi:rable amount of fertilizer re
sponse data covering different crops and has shown that mostebig-type model very well. 	 data fit theIn his study, most of the fertilizer trials couldbe characterised by a sloping straight line on the ascending portion of thecurve (the yield response) and a more or less horizontal line representing
maximum 	yield (the yield plateau).

The purpose of this study was to determine if a linear response.and-plateau (LRP) model results in sufficiently reasonable estimates ofnutrient requirements to be used as a rapid method for interpretation of
fertilizer response data. 
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IV EXPERIMENTAL PROCEDURE 

The data analyzed were obtained from experiments in Bolivia carried 
out during the period of 1969-70. The same central composite rotatable 
design had been used in all of the trials (with the center.point treatment 
replicated). The center-point treatment for those experiments wis coded 
as 2-2-2 for N-PkO,-K.O applications, respectively, and the range of code
levels for each nutrient was 0 to 4. Application rates for P.0, and K.2O 
were based on soil tests and previous knowledge of crop respomse. At the
time of data summary and analysis, the sites were grouped into soil-crop
categories derived by tire critical-level technique of Cate and Nelson (I).
The treatments and yields for each group are summarized in Table I. 

Preliminary interpretation of the data was done first by regression
analysis of individual locations using a conventional quadrati model in. 
cluding terms representing the interaction among the nutricnt elements. 
The results were useful in showing that ail three nutrients contributed to 
the fertilizer response in at least certain experiments, and also that the 
interaction among the nutrients was significant for a number of the exper
iments. For example, in soils responsive to both N and P, thc response 
to N could not be studied until sufficient P was supplied so as not to be 
limiting. Therefore, in orler to facilitate subsctuct single-nutrient coin. 
parisons between models in the absence of interaction terms, the zero 
treatments of accompanying nutrients had to be deleted from the analysis.
Specifically, the 202 (zero P) and 220 treatments (zero K) were deleted 
when the nitrogen response was being processed. The I-level of the ac
companying nutrients was assumed to he sufficiently high to permiit a 
realistic picture of response to the variaible nutrient being studied. Likewise,
the 022 and 220 treatments were deleted in determining tile P 'urve and the 
022 and 202 treatments were deleted from the K curve. The o0o treatment 
was not used in any of the response analyses since its most limiting nutrient 
cannot be determined. 

Regression analyscs were then carried out with the computer on the 
data deck for each of the 37 experiments, using quadratic, square root, and 
logarithmic models. A further regression analysis was made oin the same 
data deck with two linear response-and-plateau ([I.1) models, in one 
case assuming that treatment levels 0 and 1 were on the response slope
while levels 2, 3, andi, were on the plateau, and in the other case assuming
that levels 0, 1, and 2 were on the response slope while levels 3 and 4 
were on the plateau. The R2 for fit was determined as follows: 

S.S. for regression ( 2 d.f.) 

S.S. for treatments (12 d.f.) 

Comparisons were also made between the different models on data 
from pooled experiments rather than on individual experiments following
the same procedure. 
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Table 1.-Summary of treatments and average yields for each soil-crop category in Bolivia trials.2' 

Soil-crot ateoris 
. .


Potatci trialsIt 
 I Whet trialscode Los- P- High KI/ 111Low.P- High K"/ IVHigh P - High K3/ VLow P - Lo- K-/ L.owP- L.ow K4/Treatment Yield Treatment Yield Treatment Yield Treatment Yield Treatment Yield 

Kg/Ha T/Ha Kg/Ha T/Ha Kg/Ha T/Ha Kg/Ha T/Ha Kg/Ha T/HS000 0- 0- 0 6.8 0- 0- 0 6.0222 120-120-40 0-o-o 0 4.818.6 120-40-40 16.3 120-120-120022 0-120-40 15.6 120-100-1108.5 0-4040 1.94 120-100-408.6 0-120-120 2-06202 120- 040 7.3 0-100-40 1.1211.1 120- 0-40 0-100-40 1.00
220 15.4 120- 0-120 4.8120-120- 0 120- 0-4017.7 12040- 0 11.7 120-120- 0.90 120- 0-40 0.79422 240-120-40 0 10.9 120-100- 019.7 24040-40 2.07 120-100-15.6 240-120-120 0 1.63212 120-240-40 12.5 240-100-4019.5 120-80-40 1.94 210-10040 1.9816.9 120-240-12022i 120-120-80 19.9 120 40-80 12.7 

19.4 120-200 40 2.33 120-200-40 2.28120-120-240I1 14.4 12-100-8060- 60-20 16.7 60-60-20 1.80t 120-100-80 2.3314.8 60- 60-Ii 60- 60-60 16.2 60 13.1 60- 50-2060-20-60 13.9 1.65, 60- 50-20 1.6860- 6,)-1so 14.81;1 60-ISO 20 16.8 60-60-20 15.2 60-is8- 60 15.; 
60- 50-60 1.78 60- 50-60 1.68

:11I SO- 60-20 60150-20 1.7418.7 180-20-20 60-150-20 1.5614.3 10- 60- 60133 60-1S0-60 11.5 I0- 50-2018.3 60-60-60 15.4 1.72 180- 50-20 1.72331 60-1SO-180IS0-1s0-20 12.9 60-150-6020.0 180-60-20 19.5 1.77 60-150-60 1.60Iso-180- 60313 180- 60-6 16.6 180-150-2018.9 180 20-60 2.56 180-150-20
333 16.4 180- 60-180 9.7 1.95ISO-iSO-co 180-21.5 180-60-60 5060 1.56 ISO- 50-6011.6 180-180-180 1.7018.3 180-150-60 2.01 180-150-60 2.08
 

1/ Experiments ond,.-ted 
 runJer dircction ,-fISFE rrojict and 1Aivian Ministry of Agriculture. (Categoroics I and ifhad re, s.Of treatment 222. w-hile II had
 
5 reps. and IV apd V had 3 reps.). 

2/ Original data after Saravia ct at.. Chinoli Exp. Sta. (14 trials). 
3/ Original data after Claur- et al.,Toralapa Exp. Sta. (3 trials).
4/ Original data after Manzano. Carrera, Iriarte, Lujin. Zuleta, Hinojosa et iI., Cochabamba and Tarija (11 trils). 



V RESULTS AND DISCUSSION 

Fertilizer response interpretation at individual locations 

R2The results of the of regression analysis of the data for each 
model are given in Trable 2 (only those functions which gave significant 
yield response are shown). 

These results, obtained by fitting the response data of individual 
the fact that each functionexperiments with the various models, point out 

fits some data better than others. In sonic cases, the R for all models is 
very low due to the fact that there was very little nutrient response. The 
function which best describes the response in one field trial is sometimes the 
poorest for describing the response in another. Nevertheless, the linear 
response-and-plateau (LPP) model did result in the best R2 fit of the data 
in 27 out of tile 37 significant response functions studied in comparison 
with 3, 6, and 1 for quadratic, square root ,and logarithmic models, respec
tively (Table 2). The linear response-and-plateau (I.R)) model should 
be recognized as an appropriate working model for describing and inter
preting fertilizer response from individual experiments. 

Fertilizer response interpretatiion for pooled locations 

The R2 results for pooled locations are given in Table 3. Whereas 
curthe linear response-and-plateau (LRP) model was clearly better than 

vilinear models for the majority of the individual locations, there was less 
locations. This isdifference between models when working with pooled 

probably due to the fact that the averaging together of data from individual 
sites, whose slope of response and plateau yield are different, will mathe
matically result in curvilineir average response, even when the individual 
responses are essentially characterized by the two stiaight lines of tie linear 
response-and-plateau (LRP) model (3,2). 

A plot of the response data for soil-crop category II (N) is given in 
Figure 2. The plots for the other soil-crop categories gave similar results 
and are not shown. These plots of the response data use the means of all 
experiments in the pool of locations, thereby making it easier to see the 
range of observations and the weighting effect of unequal numbers of 

observations at each level. The predicted response line is drawn through 

the points for each response model studied. 
The residual of the regression analysis arc perhaps even more 

worthy of mention than the fit of the model to the response function. 
Ideally, the residuals should be random (i.e., distributed equally on the 

negative and positive sides of the reference line). Ilowever, the curvi

linear models showed some consistent residual trends for the individual 
for bias. When the linearexperiments in this study, indicating a tendency 

(LRP) model was used, on the other hand, theseresponse-and-plateau 
residual appeared to be appropriately random. The work of Boyd (3) and 

Anderson and Nelson (1) indicated a similar bias with the quadratic model. 

An example of the residual plots for all six locations in Group 2, nitrogen, 

is given in Figure 3. In this example, the quadratic model shows many 
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Table 2.-Regression analysis R2 obtained by fitting four response models 
to potato and wheat field data: by location. 

Soil-crop Response modelLcto¢tor lo ton Linear. resp nmcand-plateau Quadratic qur oo.oSquare root Log 

N DATA 
7 
8 
9 

0.294$ 
0.909s 
0.947** 

0.307* 
0.834** 
0.520* 

0.309* 
0.938** 
0.7204* 

0.308* 
0.9114* 
0.651'* 

10 0,869** 0.855,4 0.896#4 0.891'* 
i 

111 

4 
5 

13 

0.826'* 
0.75,1** 
0,775** 

0.616'* 
0.611'* 
0.735** 

0.815'* 
0.764** 
0.672** 

0.749** 
0.712'* 
0.712** 

14 
1, 

0.389* 
0.,467' 

0.5804 
0.351 

0.523* 
0.455* 

0.576* 
0.424* 

IV 25 
26 
27 
28 

0.909* 
0.3,10. 
0.273* 
0.562* 

0.888* 
0.132 
0.207 
0.264 

0.868* 
0.107 
0.151 
0,544* 

0.894** 
0.106 
0.180 
0.4404 

V 29 
30 
32 

0.370* 
0.423 
0.474' 

0.307 
().381 -
0.454* 

0.347 
0.390* 
0-476* 

0.345 
0.396* 
0.512* 

33 
34 

0.625* 
0.556* 

0.,26* 
0.785** 

0.370* 
0.454* 

0.413* 
0.617* 

P DATA 
1 7 0.345* 0.421* 0.312* 0.363* 

8 
9

10 
0.718"* 
0.534* 
0.552* 

0.605** 
0.522* 
0.4108* 

0.716** 
0.620* 
0.5404 

0.690** 
0.567* 
0.488* 

Ill 13 
14 

0.348* 
0.4214' 

0.296 
0.462" 

0.292 
0,503* 

0.301 
0.487* 

15 0.718** 0.690** 0.650** 0.704** 
IV 24 

25 
26 
27 

0.361* 
0.592* 
0.376* 
0.569* 

0.235 
0.487* 
0.256 
0.545* 

0.346 
0.571' 
0.311 
0.518* 

0.305 
0.'61 
0.260 
0.535* 

V 29 0.463' 0.399* 0.346* 0.381" 
30 
31 
32 

0.371* 
0.300* 
0.433* 

0.258 
0.250 
0.144 

0.194 
0.190 
0.368* 

0.238 
0.227 
0.286 

33 0.584* 0.432' 0.52.4* 0.514* 

K DATA 
III 
V 

15 
29 

0.401 * 
0.342* 

0,270 
0.206 

0.212 
0.306 

0.243 
0.293 

33 0.467* 0.323 0.310 0.321 

Total number of experi.
ments In which model 
gave best R' 27 3 6 1 
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negative residual at the 0-and 3-levels and positive residual at the I-and
4-levels. The residual trends of the square root and log models are not 
shown, but they appeared to be intermediate between the quadratic and the 
linear response-and-plateau (LRP) 11odd s in nearly ;111cases. 

Table 3.-Regression analysis R ob taincd by fitting four NPK reslvonse 
models to potato and uhe.at 'i.Id trial data pooled into soil-crop 
categories.' 

Respom. n dcIc 
Re --.- -,,- -l 

Nutrient respo Soi.crj,
,tudicld atcaccry ll.er[ recc 11W

and-plc. u Q c Sqkfare lo Log 

Nitrogcn 1 0.872 0.813 0.906 0.881 

11 0.737 0.664 0.738 0.730 

11 0.507 0.503 0.468 0.524 

IV 0.642 0.574 0.616 0.630 

V 0.745 0.592 0.625 0.636 

Phosphorus I 0.706 0.617 0.720 0.690 

111 0.698 0.677 0.719 0.715 

IV 0.818 0.7,14 0.838 0.816 
V 0.745 0.552 0.61,1 0.630 

Potassium V 0.111I 0.157 0.150 0.167 

S.S. regression (2 d.f.)
I/ 	 R is based on treatment sum of squaies
 

"ctal S.S. treatments (12 d.f.)
 

VI INTERPRETATION OF RESPONSE DATA 

Graphicaltechnique for the linear rejponse-and-plateau (LIP) nlodel 

Many agronomists have very little time to analyze results from one 
set of experiments befo~re Ihy begin to plan for a subsequent experiment.
A rapid graphical mctiod of interpretatitn of response data would, therefore,
be invaluable for evaluating the yield respottse and the yield plateau portions
of the response fut1Ction. Similarly, a rapid tethnique would be useful to
those in charge of making fertilizer recommendations based on soil analysis
by aiding them in taking new data and readily determining a suitable level
of fertilization. The following graphical )roCLltre ultimately produces
approximately the same result ats the interpretation obtained with the com
puterized version of the linear response-and-plateau (I.RP) model. Each of 
the steps are illustrated in Figure 4. 
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MOL-"I CAT~rOoM It
 
ROTO-0fO2 T 

R2 ,,0.73700 

LRP 
O0LINEAR RESPONSE 
AND PLATEAU


"
 
SOL'AR£ ROOT 

0 40 120 180 240 

16 APLIE (Kg/Ha) 

F~gure 2. Nitrogen response for potatoes fitted to Lirnear.Res. 
ponse.and.Plateau (LRP ),square root, log, and qua. 
dratic models. 
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LINEAR RESPONSE-AND-PLATEAU MODEL 

00 

'00 

I 

QUADRATIC MODEL 

0 
+ - 0 

- 0% 
0 1 2 3 4 

N LEVELS 

Figure 3. Plots of regression residuals 
soil-crop category II. 

for the pool of six individual nitrogen experiments in 
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Figure 4. ,fultinutrient reonse, interpretation and developmentusing combined single-nutrient LRP models: 
of fertilizer recommendati

Soil-crop Category 1. (Potatoes). 



Organize /he jingle nutrient response data 

Compute the mean of yield which correspond to the various appli.
cation rates, i.e., level o, level I, level 2, etc. If the design contains more 
or less than five levels, a similar procedure may be followed, being careful 
to delete incomplete or inadequate nutrient combinations (those with O-levels 
of the accompanying nutrients) in the means of the complete treatments 
being evaluated. Prepare a single nutrient plot of yield vs. nutrient appli
cation for each nutrient using the means of yield for each level. The best 
procedure to follow for a plot of this type is to arrange the plots for each 
nutrient side by side as shown in Figure 4. If the single-nuircnt rcsponse
plots are placed side by side, there will be a plateau yield common to all 
nutrients, providing more points through which the plateau yield line can 
more easily be plotted by sight alone. 

Establish statistical significance in yield among treatment levels 

Compute the Least Significant Differences (LSD's) among single.
nutrient means. These least significant differences may be useful in deter. 
mining which of the yield points are the same and, therefore, should be 
considered to be on the plateau. 

Establish the yield plateau 

Draw a best-fit horizontal line through all points which differ by no 
more than experimental error. If this plateau line includes the 0-level, then 
obviously there is no response for that nutrient. If the plateau line includes 
levels 1 through 4 (excluding only the 0). then the rate of nutrient ap
plication necessary to reach that yield is assumed to be the I -level or less. 
If the plateau yield line includes ooly points at the 2-level or greater, a 
response (yield increase) slope must be established. 

Establish the response slope 

Draw a best-fit straight line through all points not already included 
in the yield plateau. If the 2-level applicatiion rate is already on the plateau
line, the response line is established by connecting the yields at the o-and 
1-level up-ward with the same slope until it intersects with the yield plateau
line. If the 2-level or 3-level is not on the plateau, the response line would 
be fitted through those points as well as the 0-and 1-levels. 

Establish the yield inflection point 

Drop a perpendicular line from the point of intersectiion of the 
two lines to the X axis to obtain the estimate of nutrient requirement. 

Further observations on nutrient requirements 

The results of this study showed that the curvilinear model pre. 
dictions of nutrient requirement to reach maximum yield were high and 

- 495 



varied widely between locations within a given soil.crop category. A
striking example of the gross difference between the curvilinear and the 
linear response-and-plateau (LRP) models is depicted graphically in Figure
2. Where all models are likely to exhibit bias either on the high or low
side of an ideal interpretation, the larger bias (always on the high side) 
oppears to be associated with the quadratic model. 

The use of the linear response-and-plateau (LRP) concept permits 
a tentative estimation of nutrient requirement even for response data based 
on only three nutrient levels. Figure 5 shows the three possible outcomes 
of SUCh an interpretation of nutrient reluirement: the I-level or less,
between levels I and 2, the 2-level or greater. In view of the enormous
number of field trials that have been carried out with only three levels
of nutrients applied (usually 3 x 3 x 3 factorials), some kind of response
model other than the traditional quadratic is greatly needed. 

Interacion between nuIrients and single-nuirietw responie 

A principal objective of experimental designs in the past has been
that of measuring nutrient interaction. Experimental results will exhibit 
interaction in a number of ways, the most common whenoccurring more 
than one nutrient simultaneously contributes to a givcn response. In such 
cases, 	 any one limiting nutrient will affect response io any ot.ier nucrert
(Figure (1). Interactions between nutrients can be handled in the linear 
resp~onse-and-plateau approach by following the multinutrient graphing
technique (Figure (1). The common yield plateau across all nutrients will 
readily show which nutrient is the most limiting, contributing to interactions 
aiding thereby in any subsequent correction of treatments to be used in 
computing treatment means of single-nutrient responses. 

VII 	 PREPARATION OF ECONOMICAILLYSOUND FERTILIZER 
RECOMMENDATIONS 

Yields are very h,.1 to predict because of the influence of numerous 
uncontrollable factors affecting them. This situation in can bepractitc
shown graphically using as art example the soil-cop category I data(Figure 6). Of the eight separate experiments shown ik, Figure 6, all were 
conducted by the same agronomist the same year, in dhe same general
locality, using improved varieties. Yet the absolute yields vary by nearly
150 percent. On the other hand, relative yields vary only about 40 percent,
resulting in a reasonably predictable response. Stated another way, it is
possible to predict with greater accuracy that a certain fertilizer application
will increase yield by a certain relative amount than to predict what the
absolute increase in yield will be. The econ,mic evaluation of fertilizer 
recommendation options should take the limits of prediction into account. 

Single-and multinutrient choices in making recommendaljons 

The multinutrient interpretation of N, P, and K response for soil. 
crop categories I is illustrated in Figure 4. The plateau yield requires all
three nutrients. Nitrogen is the most limiting nutrient in this soil.crop 
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NUTIIT REQUIREMENT IS HE 
I-LEVEL OR LOME 

2 

NMIENT REQUIREKENT BETWEEN 

I LEVELS I and 2 

'I 
I2 

NUTRIENT REQUIREFENT IS THE 
2-LEVEL OR1 IIQHER 

NUOMIENT VELS APPLIED 
Figures. Estimation of nutricnt requirorntnt with linear.Rcs. 

ponse-anl-I'litcu (LJI(P) model in experiments with 

only thr.e nutriialt Ivels appli.d. 
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30 (70) 

0 (53) 

0 

0 15)n 

100 

0 60 120 180 240 
P2 05 APPLIED (Kg/Ha) 

Figure 6. Yield variation among individual sites belonging to 
siol-crop Category I, Bolivian data.* 

category, such that some improvement appears possible with N application 
alone for this particular group. 

The number of choices for recommendation is limited to the fertilizer 
treatments necessary to reach threshold yield levels (zero for that nutrient)
for each nutrient, and to reach the yield plateau when all responding 
are present. The number of choices will allways be one greater then the 
number of nutrients affecting yield, i.e., the extra choice will be the do
nothing option. 
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Economic interpretation of recommendation choices 

To increase yield to each successive threshold yield adds progressively 
to the cost because greater quantities and more nutrients are involved. 
When three nutrients are involved, with a resultant four choices (Figure 4), 
it is necessary to evaluate the step-wise economics of each option. This can 
be readily done by making a simple comparison between the additional crop
value and additional fertilizer cost from each recommendation choice to the 
next one higher. Another technique, which may be particularly valuable 
when crop prices fluctuate greatly or are generally unknown, is that of 
comparing changes in relative cost and relative yield between each ef the 
recommendation choices. With this latter technique the rule is: "apply the 
nutrient or fertilizer combination if the resultant perccntage increase in 
cost does not exceed percentage increase in yield" (5). Its calculation and 
use is described below. 

The percenlage.icrease-in-cost-ad.ttc approach 

Cate el al. (5) point out that it is useful to differentiate between 
relative yield and percentage yield increase. Matbematically these two 
quantities are inversely related because they employ opposite bases of 
reference. Relative yield employs the plateau yild (complete treatment) 
as the divisor, whereas percentage increase in yield uses the threshold yield 
(yield limited by one nutrient) as the divisor. By way of illustration, a 50 
percent relative yield means that the threshold yield was only half as much 
as the plateau yield, i.e., the application of a particular fertilizer nutrient 
doubled yield or produced a percentage increase of 100 percent. 

The procedure for calculating percentage increases in yield and 
cost due to fertilizer use is illustrated in Table 4 using the Bolivian data. 
In soil-crop category 1, each additional level ,6f fertilization reduces the 
relative unit cost, and the percentage iicrease in yield is well above the 
percentage increase in cost. The correct recomm'nendation, for a farmer with 
no constraints on fertilizer purchases, would be the complete treatment of 
70-65-40. (N-P..O,-K,O, kg! ha). 

The calculations for potatoes ill Table 4 ire typical for an intensive 
crop where production costs are rather high even without fertilizer. Thus 
the percentage increase in yield is typically much higher than percentage 
increase in cost due to fertilization. Another way of interpreting this 
situation is that the producer already has considerable input investment to 
protect and, therefore, the relati. :ly small added cost to fertilize to maxi. 
mum yields is easily justified. lowever, in non-mechanized agriculture 
where cheap labor and available land can be substituted for fertilizer and 
other inputs, this may not be the case. Typically the percentage increast 
in cost under these conditions runs high when fertilizer is used, approaching 
or surpassing the predicted percentage increase in yield. 
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VII 	 SUMMARY 

Interpretation of fertilizer response data from field trials was carried 
out by meai of four response mod-els, including three curvilinear models 
(quadratic, square root, and logarithmic) ond a postulated Linear Response
and-Plateau (LRP) model based on Liebig's Law of the Minimum. The 
Linear Response and Plateau (LRP) model was found to give interpretation
of data which, when evaluated both by regression R2 for fit and by regres
sion residuals, was reasonable and correct. A simple graphing technique 
was developed which permits a rapid interpretation of nutrient requirement 
based on single-or multi-nutrient responses.

Fertilizer recommendations which are developed directly from the 
multinutrient response functions of the Linear Respense-and-Plateau model 
(LRP) are easily subjected to economic evaluation. 
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Ad'10equate use ofFertilizers on Perennial and
.2 1Annual Crops in Ecuador 

WASHINGTON BEJARANO, JOSE ^ANEZ C., and SAM PORTCH 

I INTRODUCTION 

Research on crop fertilization follows different approaches according 
to the country where it is conducted. In some countries, researchers rely
heavily on the data obtained through chemical soil analysis as the basis 
for their recommendations (15); in others, this basic information is sought
through field experimentation (5). 

Both these approaches hav: only had a limited success in agricultural
production, since they do noth always lead to making totally reliable recom
mendations; they do not take into account possible changes in climatic 
conditions, or the variability of soil characteristics, especially through the 
effects of their management. This situation has led to the search for new, 
more efficient research models, which will result in recommendations better 
fitted to specific farm characteristics as well as to the farmer's maiagement 
capacity. 

In order to appraise the fertility of soils, Fitts (10) advises going
through the following stages: 1.-A good sampling, 2.-Accurate labora
tory analyses, 3.-Establishment of nutrient fixation curves and correct 
interpretations of the data, 4.--Greenhouse-testing based on the conclusions 
drawn from laboratory results, 5.-Impi-mentation of field experiments 
to verify the data obtained in the preceding steps, 6.-Correlation of the 
chemical analysis with the yield percentages obtained in the field exper
iments, 7.-Establishment of the optimum fertilizer dosage based on the 
fertilizer response curve under field conditions, and 8.-Formulation of 
the appropiate recommendations on the use of fertilizers, in accordance 
with the farmer's financial possibilities. 

It must also be noted that the fiel,. tests must be carried out on the 
farmer's own land in each of the areas inproduction (17). A series of 
experiments is to be conducted in these areas where a favorable environ
ment allows improvement of the crop yields.

The Instituto Nacional de Investigaciones Agro-Pecuarias (INIAP)
in Ecuador, in collaboration with the International Soil Fertility Evaluation 
and Improvement (ISFEI) following Fitt's methods (10), has recently
carried out several res-arch projects. This paper presents only the results of 
five experiments with potatoes, three with coffee, and two with cacao. 

11 MATERIALS AND METHODS 

For the selection of experimental sites INIAP conducts visits to the 
areas where the most important crops are grown, chooses twice as many 
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potential sites as would be needed for the experiments. In each of these, 
a sketch of the plot is made, and five samples of the soil are taken. Com.posite samples are taken from strategic locations. Once the samples have 
been analyzed, the plots are chosen by reason of their homogeneity within a
previously-established fertility' range. 

Using soil samples from the selected plots, fixation curves are
worked out following the procedure designed by Hunter (14), and Palacios
and Portch (19). These curves serve as the basis for deciding on the 
treatments to be used in greenhouse tests by adding the missing element to
the soil from each plot. The method used for these tests was Hunter's (14)
modified (19). 

Stephenson and Shuster's method was formerly used in Pichilingue,
with slight modifications (9). At present, Hunter's method (14) with 
Palacios and Portch's modifications (19) has been adopted. In this case,
the nutritional deficiencies detected through greenhouse tests, were the
basis for selecting the elements and levels to be studied in the field. 

Potaloes 

The experiments were conducted during the agricultural year 1972
1973, in the potato-producing southern areas of the Pichincha province,
and the northern part of the Cotopaxi province, a, an altitude of 3,000 to
3,500 m.a.s.l. The mean temperature of the area ranges from 10 to 140 C,
and rainfall amounts from 900 to 1,400 mm/year. 

A ramdonized block design with four replications, on a double.
diamond arrangement was used. Thirteen treatments, 6 with N and P,
plus two treatments with K giving a total of 15 treatments, were tested. 
The plots were 8 meters long by 6 meters wide and composed by 5 forrows 
with spacing of 1,20 meters. 

The correlation helps to establish comparisons between laboratory
data and the percentage yields in the field experiments (,4).

The optimum economic fertilizer (loses were estimated by obtaining
the derivatives of the quadratic regression equations and establishing the
ratio of the cost of inputs to the price of the product (2). The resulting
data were arranged in tables as a basis for making recommendations on the 
appropriate use of fertilizers in accordaoce with the soil analysis. 

Co/fe and cacao 

The chemical analysis of the leaves, by showing the nutritional
condition of the plants, served as a test of tile efficiency of the fertilization 
being used (3). For this purpose a sample of leaves was taken from ead
plot. In the case of coffee, the sampling was done following the indications 
of Chaverri, Bornemisza and Chavez (7); for cacao, as Boynton and Sands
indicate (1). The samples were washed, dried, and ground conventionally.
N digestion was realized using Kjeldhal's method, modified by Muller(18), and the digestion of other minerals was done using 5:1 mixture of 
nitric and perchloric acids. For the chemical analysis the methods were 
those of the Experimental Station in Pichilingue (16). 
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Piel experimentr: The fertilization experiments on coffee (Robusta
variety) and cacao (colne EE-T-19) were carried out in Quevedo, in 
the central area of Ecuador's coast, at an altitude of 80 m. above sea level, 
an average temperature of 22 to 25 0 C and 1.900 mm. of annual rainfall. 

Coffee: The soils used in tile coffee experiments were of the 
lateritic regosol type, a group described by Frei (11). The first experiment 
was a factorial test, %v1;i two levels of N, P, and K. In the second one,
5 levels of N were used, combined with three levels of K. In both cases a 
randomized block design was used, with five replications and nine plants 
per plot, with a spacing of 3x3 Il. 

In a third experiment different times of application and N levels 
were tested, together with levels of irrigation; a spit plot design with three 
replications, five plants per sub-plot, at 3x2.5 in. spacing, was used. 

In the first two tests, half the N (urea) and K was applied at the 
beginning of the rainy season, together with the total amount of P; the 
remaining half of the N and K was applied at the end of the season. In 
the third case, the fertilizer treatments were fractioned into two or three 
applications. 

Cacao: The tests were done on characteristic soils from the recent 
alluvial formation of the Quevedo River. The first one was a complete 
factorial test with three levels of N, P, and K, and with a block design
at random with five replications, six plants per plot, at 3x4 m. spacing.
In the second one the object was to study the levels of N and of other 
nutrients shown to be deficient in greenhouse tests. The design was again
randomzed blocks, with five plants of the same clone per plot.

In the first case, half the N (urea) and K, with' the total amount 
of P were applied at the beginning of the rainy season, and the remainder 
at the end of the season. In the second test, tile N, also applied as described 
above, was Ammonium Sulphate. The nutri-leaf 60 was distributed every
two months by means of a motor pump, one liter of 1.4% solution per
plant. 

III RESULTS AND DISCUSSION 

Potaloes 

Soil analysis: In all five sites of the potato experiments, the soils 
were analyzed following Olsen's modified method (13). The results indi
cated that in all five cases the N contents were medium, with low levels of 
P, and medium to high contents of K (Tables I and 2). Due to the lack 
of sufficiente correlation data, the critical levels suggested by Hunter (13) 
were used as a first approximation to interpretation. 

Fixation curves: Fixation curves of the soils samples were deter
mined (Table 3). Only nutrients showing less-than high contents were 
included. 

The data show all soils to have P-fixing capacity. This can be 
explained by the probable presence of amorphous materials, in the soils 
derived from volcanic ashes, (Andept sub-order), in the experimental 
areas. 
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Table 1.-Chemical analyses of the Potatoes experimental soils.1/ 

Site pH AI + H 
meq/100 Ml. 

N p K Ca 

ug/ml. 

Mg Zn Cu Fe Mn 

Santa Rosa 6.1 0.2 34 9 124 920 105 4.9 2.7 64.5 1.5 
Umbria 6.2 0.3 58 8 147 1556 140 5.6 4.0 120.0 19.0 
Santa Catalira 5.5 0.5 41 14 155 985 90 5.2 6.4 212.0 1.8 
El Retiro 6.7 0.4 50 6 240 1880 401 14.5 4.8 256.0 1.5 
Aychapicho 6.3 0.3 41 4 174 1750 155 6.0 5.8 100.0 16.5 

Table 2.---Soil analyses interpretation."/ 

Site pH Al + H N p K Ca Mg Zn Cu Fe Mn 

Santa Rosa med. acid low medium low medium high high medium medium high low 
Umbria med. acid low medium low medium high high medium medium high medium 
Santa Catalina med. acid low medium low high high high medium high high low 
El Retiro :ligt. acid low medium low high high high high high high low 
Aychapicho med. acid low medium low high high high medium high high medium 

I/ Five samples average. 



Greenbouse tests: In these tests, a significant decrease in yields was 
registered when P was the missing element, in contrast to the results of 
using a full treatment. This was in agreement wit hthe soil analyses 
showing low amounts of available P (Table 1). 

Table 3.-Nutrient fixation in the soils. 

Locality P K Zn Cu Mn 

mg/ml 

Santa Rosa 132 84 11.75 3.50 45 

Umbria 108 130 11.50 0.25 40 

Santa Catalina 167 - 11.50 - 40 

Aychapicho 75 7 - - 33 

Three of the four soils tested showed significant responses to the 
addition of sulphur, which suggests that Hunter's method (14) recom. 
mending the omission of S in full treatments is not adequate in this case. 
Consequently, sulphur was applied in all treatments in subsequent tests. 

In two of the four soils significant responses were shown to ap
plications of Ca. This was not in agreement with the interpretations of the 
soil analyses (Table 2). Further research into Ca performance is therefore 
inorder.
 

One of the soils presented significant response to the B ap
plication. The rest of the 12 elements tested did not indicate any response. 

Field experiments: The yield levels obtained appear in Table 4. 
fable 5 shows the statistical analyses of the yields. 

The chemical analysis indicated that the soils had medium nitrogen
and potassium contents, and low levels of phosphorus. 

The phosphorous fixation curves showed capacity to fix this element 
in all soils. In one case, Umbria, this was true ofpotassium also. At the 
same time, greenhouse tests indicated deficiencies in phosphorous, but not 
in nitrogen. As expected, (Table 5), there were quadratic effects, for N 
as well as P, in the yields of all soils. A K significant effect for the Umbria 
soil, with medium available K content, was obtained. 

These effects, represented as response curves through quadratic 
regression equations, can be observed in Figs. 1, 2, 3, 4, and 5. As an 
analysis of the curves can indicate, the low levels of phosphorus in the 
soils make this the critical element. In all four cases, the yield percentages
increased in greatr proportion after adding P that after N additions 
(medium contents). In "El Retiro" the effect of phosphorus was linear. 

- 06 



Table 4.-Potatoes average yields (Ton/ha). 

Treatment Treatments LocalityNq Kg/ha 
M-PaO.--KO Santa Rosa Umbria Sta. Catalina El Retiro Aychapicho 

1 0- 0- 0 7.217 9.926 7.490 10.243 8.130 

2 0-200- 0 12.161 18.896 12.135 13.225 23.500 

3 50-200- 0 22.801 34.910 20.971 22.960 33.066 

4 100.200. 0 28.672 42.263 21.220 26.728 40.032 

5 150-200- 0 28.159 47.414 22.860 27.586 44.398 

6 200-200- 0 28.955 41.783 22A72 24.379 42.545 

7 100. 0- 0 6.264 9.232 6.222 14.746 6.430 

8 100-100- 0 24.410 37.523 16.231 25.471 30.214 

9 100-200- 0 27.189 -15.7,14 23.652 This treatment 38.505 
was not used. 

10 100.300- 0 28.336 47.238 20.680 27.694 44.035 

11 100-400. 0 28.786 45.731 25.1.11 27.269 47.149 

12 200- 0- 0 5.188 6.997 6.483 13.058 5.290 

13 u-l00- 0 16.9,17 22.910 13.543 14.954 27.149 

14 200-400- 0 31.8,17 -15.571 30.975 28.107 47.612 

15 100-200-100 29.821 45.121 23.118 25.914 42.864 
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Table 5.-Mean squares for the potato yields at five experimental sites. 

Sources of variation D.F. Santa Rosa Umbria Sta. Catalina El Petimo Aychapicho 

Total 59 . . 

Repetitions 3 88.8** 22.0 32.0 76.7* 34.5* 

Treatments 14 : qj.0** 942.2 224.5** 178.5** 898.8** 

Blanc vs. Treatments 1 934.5** 2365.4** 506.6** 555.1** 2459.9** 

K. vs. K1 1 9.5 2855.4* 1.2** 1.3 34.40 

N, 1 606.7** 1358.5* 203.6* * 290.1** 961.2** 

Np I 194.2** 591.2** 83.1** 236.8** 190.7** 

Pe 1 959.2** 2736.4** 715.2* 297.4** 3629.8** 

PP 1 365.5** 1256.7** 131.9** 555.6** 

Deviation 8 2321.2 2027.5 1502.15 939.5 571.2 

Error 42 10.0 7.4 10.2 12.4 6.22 

V.C.(%) 14A3 8.16 17.60 17.49 7.77 

55% Significance_ 

1% Significance. 
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Correlation with chemical analysis: For this purpose, the yield
percentages in each of the replication of the field experiments were cal
culated by means of this formula: 

Yield of the full treatment minus the nutrient X 100 

Yield of the full treatment 

Then, using Waugh and Fitts' technique (21), the data were cor
related with the results if the phosphorus analysis, on the one hand, and of 
the potassium analysis on the other. 

In order to determine the critical levels in this system, it is necessary
to work with soils having high, medium and low contents of the element. 
Since this fertility range was not used in this case, all phosphorus points
were placed on the positive, left quadrant, and all the potassium points 
on the positive right quadrant. This did not allow the obtention of the 
critical level of the analysis. 

Optimum economic doses: By means of the derivatives of the 
quadratic regression equations (see Figs. 1, 2, 3, 4, and 5) the optimum
economic fertilizer doses were obtained individually for nitrogen and
phosphorous. The same doses were arrived at by establishing variables for
the price of the product as well as the cost of the kilogram of N and P in 
sucres: 0.55, 1.10, 1.65 for the product; 8.00, 9.33 and 10.00 for N, and
8.00, 9.33 and 10.67 for P (Table 6). In this way it was established that 
tlzdoses vary from 121 to 163 kg/ha of N and from 254 to 343 kg/ha
of P. These doses, in Umbria, for example, produce as much as 50 tons of 
potatoes. 

Coffee and cacao 

Chemical analysis of the soil: The results (Table 7) show high
supplies of cations 'f and phosphorus the soils, as well as low nitrogen
availability. These results agree with those obtained by Colmet-Daage (8)
and Hardy (12). They have analyzed samples of these same soils, and 
their conclusions on the availability of the nutrients are the same as those
drawn from both the greenhouse and field tests. The results of these are 
shown further on. 

Greenhouse tests: As in the case of the chemical analyses, these 
tests indicated high cation and low nitrogen availability. The greenhouse
experiments further indicated that the cation contents were so high that 
their exclusion from the nutritional solutions caused increases in dry matter
ynthesis especially in the case of the Regosols. In the alluvial soil, the tests
etected boron and sulphur as well as nitrogen deficiencies. 

Coffee 

Field experiments: Table 8 shows the effects of the nitrogen and
tassium treatments on the leaves of the plants in the lateritic regosol and 

able 9 shows the results obtained unith nitrogen, phosphorous and potas
sium fertilization on the coffee production in the same test. 
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Table 6.-Optimum economic doses in kg/ha of nitrogen and phosphorus 
for potato fertilization. 

Nitrogen Doses Phosphorus Doses 
Potato 
prices Prices ner kg. of N Prices per kg. of P 

in Surs in Sucret 

locality S/kg. 7.39 8.70 10.00 8.00 9.33 10.00 

0.55 145 141 139 264 259 254 

1.10 147 146 145 277 275 273 

Santa Rosa 1.65 148 148 147 282 281 279 

0.55 139 138 137 272 269 267
 

1.10 142 141 141 279 278 277
 

Umbria 1.65 143 1,12 142 282 281 288 

0.55 132 129 127 289 281 273
 

1.10 138 137 136 312 308 304 

Santa Catalina 1.65 141 140 139 320 318 315 

0.55 157 155 153 327 323 320
 

1.10 161 160 159 339 337 335 

Aychaplcho 1.65 163 162 162 343 341 340 

-0.55 124 123 121 


1.10 128 127 127 - - -

El Retiro 1.65 129 129 128 - - -

The data on Table 10, corresponding to the results of the second 
experiment, show the positive influence of nitrogen, when applied in doses 
no greater than 408 grams per plant, and the negative effects of potassium 
fertilization. 

Table 11 shows the high yields obtained when nitrogen fertilization 
was combined with irrigation. This is explained by the low humidity levels 
in the area during the dry season. 

The results of the cacao tests, in which N, P, and K were tested, 
show that cacao clearly benefits, as much as coffee, from nitrogen additions, 
whereas no positive effects appeared from the use of P or K (Table 12). 
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Table 7.-Results and interpretation of the chemical analyses of the soils 

used in field experiments. 

1o1l p11 N. Tot. Po Ca tg K 

- - meq./100 grams
 
Pichilingue Alluvial 0.14 17.22
6.44 0.17 5.15 1.12 

Pichilingue Regosol 6.57 0.26 0.25 18.64 9.92 '1.89 
Cafk Robusta Regosol 6.93 0.36 0.30 27.15 10.65 1.86 

INTERPRETATION 

Pichilingue Alluvial medium low high high high high 
Cafk Robusta Regosol medium low high high high high 
Pichilingue Regosol medium low high high high high 

* These data are average, from six samples in the case of the alluvial soil; 40samples in that of the Regosol Pichilingue, and 13 for the Regosol from the 
"Cafk Robusta" plantation. 

Table 8.--Effects of nitrogen and potassium fertilization. 

Treatment N P K Ca Mg 

N (204 g) 2.70** 0.13 1.63 1.76 0.36 
Without N 2.27 0.14 1.58 1.78 0.'W* 
K20 (126 g) 1.67 0.561.63 
Without K20 1.54 1.90 0.38** 

** Significant at I%. 



Table 9.-Effects of Nitrogen, Phosphorus and Potassium fertilization on 
coffee production -in kgs. of washed coffee per ha.- in s.veral 
annual crop cycles. 

Treatments 1 2 3 4 5 6 7 8 Average 

N (204 
8/pl/yr) 114** 202** 701* 416** 2.689** 1.653** 857** 1.606'* 1.030* 

Without N 45 86 537 152 1.473 682 297 804 499 

PO, (204 
g/pl/yr) 72 154 591 248 2.237* 1.090 687* 1.110 765 

Without PsO, 88 134 646 307 1.926 1.245 467 1.300 763 

KO (136 
g/pl/yr) 72 152 648 217 2.073 934 534 1.083 704 

Without K20 88 135 590 349 2.089 1.400 620 2.411 825' 

0 Significant at 5%. 

00 Significant at 1%. 

Table 1O.-Production -in kgs. of washed coffee per ha.- and content 
of the leaves of coffee plants treated with variious doses of 
nitrogen and potassium. 

Crop Cycles itafyied content 

Treatments I 2 3 4 5 Average (%) 

N. (without N) 357 497 169 996 1.148 bl 629 b 2.16' 

N, (204 g/pl/yr) 264 653 292 1.130 1.947 a 857 ab 2.52' 

Ns (408 g/pl/yr) 415 763 296 1.461 2.263 a 1.039 a 2.69' 

Ns (1.020 g/pl/yr) 531 777 354 1.292 2.284 a 1.048 a 2.77' 

No (816 g/pl/yr) 581 778 294 1.571 2.207 1.087 a 2.81' 

K, (Without KO) 415 790 331 1.285 2.175 a 999 1.41 

K, (136 g/pl/yr) 473 728 336 1.292 2.058 ab 977 1.47' 

Ks (272 g/pl/yr) 430 631 294 1.286 1.813 b 891 1.52' 

1/ Those percentages followed by the same letters do not show differences at the % level 

of probabilities. D. B. Duncan Method. 

2/ N in the leaves. 

3/ K in the leaves.
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Table 1 ,.-Coffee production in the irrigation and fertilization experiment. 

Fertilization 
Avert,lon 1 2 3 4 57 Irrigation 

1.301 1.863 1.534 1.663 958 96.1 726 1.287 b 
Rs 2.762 2.003 1,869 2.463 2.308 1.963 1.322 2.099 a 
ia 1.907 2.711 1.724 2.254 2.038 2.300 1.610 2.078 a 

Average
Fertilization 1.990 2.192 1.709 2.127 1.7431 768 1.219 

a*** a ah a ab ah b 

0 (I) 1 lb. orea in two apolications 2) 1 lb. urea in three applications: (1) 1 2 lbs. 
urea in two ar'pliction; it) I1/ lb. urea in three aprlitmtions;in two abttlhctions; (6) 2 Ibs in three .rnuaitMtons; (7) tootrlO. 

(5) 2 lb., utea 

04 (Ra) without irrigation; (Ri) one irrigation (IP4) two irligationI. 

00 Percentages with the same letter show no difference at the 5% level of probabiilty.
D. B. Duncan Method. 

Table 12.-Influence of N, P, and K on cacao production in several crop

cycles.
 

Crop Cycles
 
Treatment I 2 4
3 3 6 Average 

lg of dry cacao/hil 

No (Without N) 1.112 2.605 1.354 2.211 1.364 0.809 1.626 be 

No (204 g/pl/yr) 1.829 3.3.13 1.822 2.526 2.009 1.102 2.105 a 
No (408 g/pl/yr) 2.029 3.369 1.721 2.7,18 i.992 1.468 2.221 a 
P. (Without PO,) 1.774 3.235 1.639 2.506 1.756 1.164 2.011 
Ps (20.| g/pI/yr) 1.688 3.023 1.483 2.551 1.7-11 1.039 1.921 
Ps (.108 g/r!/'Yr) 1.8O8 3.059 1.771 2.429 1.874 1.200 2.024 
K. (Without KO) 1.780 3.074 1.626 1.9222.514 1.127 2.007 
K, (106 g/pl/yr) 1.727 3.111 1.567 2.522 1.716 1.125 1.961 
K. (272 g/pl/yr) 1.763 3.130 1.701 2.119 1.727 1.727 1.983 

Thoe percentages with the lame letter dosnot differ statistically at the 5% significance level. 
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In the experiments studying the effects of fertilization with nitrogen 
and other nutrients shown to be deficient by the greenhouite tests, a signifi. 
cant increase in the crop was obtained, above that shownr previously with 
nitrogen alone. In this experiment there also was an appreciable decrease 
of some disorders which seriously effect the crops (Table 13). 

Table 13.-Production and incidence of somc disorders on fertilized cacao 
on the basis of mineral deficiencies found in the soil. 

Vegetative 
Treatments Kgs. dry IleathIy Monihal/ Cherelle'/ Broom

caca.!/,t. lruits/pla't 	 Srroutsl/ 

Control group 1.079 19,8 73,3 211 11,94 

Fertilized 1.959 41,4 54,2 17 8,93 

I/ Ears affected for each 100 reaching maturity. 

2/ Observed on one branch re-markecd in each oIant (per year). 

3/ Averaxe in one Yearin each 1o branches marked. 

IV 	 SUMMARY 

1) 	 In general the procedure recommended by ISFEI, using the labora. 
tory, greenhouse and field experiments, yielded acceptable results. 

2) 	 In view of the agreement between laboratory and greenhouse results, 
the data obtained should serve as the basis for designing fertilization 
treatments to be used in the field. Besides, they may serve as a first 
approximation to making fertilization recommendations, until field 
experiments yield their results. 

3) 	 The soil analyes can be used as an indicator to help in making 
fertilizer recommendations, when crop responses in the greenhouse 
and the field are known. 

4) In the case of potatoes, for soils with characteristics similar to the 
ones studied, it is to be noted that: 

a) 	 For low, medium and high nitrogen contents, applications of 
180, 120 and 60 kg/la of this nutrient, respectively, are recom
mended. 

b) 	 For low, medium and high phosphorus contents, applications 
of 300, 153 and 50 kg/ha of this element, respectively, arc 
recommended. 

c) 	 For low, medium and high potassium contents, applications of 
100, 50 and 0 kg/ha of this element, respectively, are recom. 
mended. 

- I -



For coffee and cacao crops, when the. soil shows low levels of nitro
,en, as is the cttse in the central coastal areas, an application of 204 g. 
of this nutrient per plant per year is recommended. 
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9 A, Calibration Program for, Corn and Rice 
,2,91_Fertilization and Soil Test Data in Costa Rica 

ALVARO CORDERO V. and GORDON S. MINER 

INTRODUCTION 

Fitts and Bartholomew (5) list five phases of a soil fertility
evaluation and improvement program: 

1. 	 Laboratory analysis. 

2. 	 Obtaining representative samples. 

3. 	 Interpretation of results of the analysis in both biological and 
economic terms. 

4. 	 Recommendations on fitting informatiion into farming practices. 
5. 	 Communication of information and getting it into use. 

Information and knowledge exist for all phases except phase three
although one 	or more of these phases may be a weak link in the fertility
evaluation program of a given country. Most countries, including the United
States, lack good correlation data that relate soil test analytical data to apredicted crop response to fertilizer applied in the field. 

Various reasons exist for the lack of soil test correlation data. Some 
of these are. 

1. 	 Most field fertilizer trials conducted in the past did not include 
soil analysis. 

2. 	 Field correlation studies require series of experiments cova 

ering a range of soil fertility levels.
 

3. It is difficult to evaluate more than three nutrients in a given
experiment. Most studies have concentrated on N, P, and K 
and 	data is lacking on secondary and microelements. 

4. 	 Installation and maintenance of a group of experiments forsoil test correlation is expensive and requires considerable labor. 
5. 	 The need for a range in soil fertility levels means that exper

iments have to be carried out on farmer's fields as well as on 
experiment stations. This increases the cost of experiments and 
increases the risk of lower precision. 
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Most studi-s have consisted of correlating relative yield to soil test 
values obtained from different extractants in greenhouse studies. 

Linear and curvilinear correlation coefficients are computed to des
cribe the relationship. A point on the curve below which there is a high 
probability of economic response to applied fertilizer and above which 
there is a low probability of economic response is chosen as the soil test 
critical level. 

Cate and Nelson (4) have developed a rapid method of correlating 
soil test analysis with plant response data. It consists of assuming the points 
on the scatter diagram fall into two distinct groups. A line separating these 
two groups represents the critical level. This procedure has greatly simplified 
the process and made it possible for people with limited statistical training 
and 	experience to carry out correlation studies. 

The 	critical level concept has been determined most frequently by
greenhouse studies. The main advantages of greenhouse work are: 

1. 	 Can control variables to a much greater degree. 

2. 	 Can rapidly survey extractants to determine the most appro. 
priate one. 

3. 	 Determine preliminary critical levels rapidly when no informa
tion exists in new programs. 

4. 	 Can include soil from many sites in study. 

5. 	 Is easier to study minor element critical levels. 

The main criticism of greenhouse determined critical levels is that 
they are not necessarily representative of field conditions. They serve as 
starting points in a new soil fertility evaluation program but must be refined 
with field calibration studies for various crops. 

II RESOURCES AVAILABLE FOR FIELD WORK 

A small country like Costa Rica has a limited number of agronomists, 
and they can not devote their time solely to field calibration studies. Usually, 
they have the responsibility for conducting all agronomic studies for a 
particular crop and, therefore, calibration data is generally lacking. 

To overcome this deficiency, a program was initiated between the 
Ministry of Agriculture (MAG) and the Peace Corps to provide eight volun
teers to manage experiments in the field. The International Soil Fertility 
Project was requested to assist in a plannig and supervisory capacity. 

The volunteers conducted 25 experiments in rice and corn in 1973 
and required full-time supervision from one agronomist in the Ministry
of Agriculture. Volunteers at five locations had accecss to technical assis
tance from MAG agronomists assigned to those locations. 

The 	MAG furnished each volunteer a basic set of equipment in
cluding detailed field plans and instructions. A return of about 80% was 
realized on these experiments and additional experiments in sorghum, yucca,
and soybeans were in the field at the end of the year. 
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III FIELD EXPERIMENTAL DESIGNS: 

Boyd (3) and Waugh et a. (7) have recently indicated that many 
response curves are better represented by two straight lines than by a 
quadratic equation. Boyd (3) also suggests that there is little practical
value in conducting experiments on only one site in one year. To describe
the rectilinear (two-line) relationship, Boyd (2) advocates using at least 
five or more levels of applied nutrient. 

We have instituted multi-level type experiments consisting .f seven
levels of N, P, and K. The code for treatment combinations are given in 
Table 1. 

Table 1.-The 27 treatments used for the Guadalupe design. 

Treatment N P K Group Treatment N P K Group 

1 0 3 3 a 14 3 3 1 a 

2 1 3 3 a 15 3 3 2, a 
3 2 3 3 a 16 3 3 4 a 

4 4 3 3 a 17 3S 3 5 a 
5 5 3 3 a 18 3 3 6 a 
6 6 3 3 a 19 3 3 3 b 
7 3 0 3 a 20 0 0 0 C 

8 3 1 3 a 21 6 0 0 C 
9 3 2 3 a 22 0 6 0 C 

10 3 4 3 a 23 0 0 6 c 
11 3 5 3 a 24 6 6 0 C 
12 3 6 3 a 25 6 0 6 C 
13 3 '3 0 a 26 0 6 6 C 

27 6 6 6 C 

Treatment 1 thru 18 (group a) correspond to increasing levels of 
N, P, and K while treatment 19 (group b) is a base level common to all
three elements. The check plot is number 20. Treatments 20 thru 27
(group c) are all possible combinations of low and high levels of each 
nutrient and can be used to measure interaction. The geometrical con
figuration of the design is shown in Figure 1. It has been suggested that 
the extremes are not the best levels to use for interactions and that combina
tions of levels 1 and 5 would be more meaningful. 
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Figure 1. 	Geometric configuration of the design used In field
 
experiments.
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The design is versalite in that other treatments can be added or one 
nutrient can be eliminated if it is reasonably sure that soil levels are high.
On some soils high in K we have applied K as a base dressing and added 
an additional treatment consisting of the base levels of N and P without K. 
This provides a check of K needs and reduces the number of treatments 
to 18 as is shown on Table 2. 

Table 2.-The 18 treatments used in the simplified (-K) Guadalupe 
design. 

Treatment N P K 

1 0 3 +K 
2 3 +K 
3 2 3 +K 
4 4 3 +K 
5 5 +K 
6 6 3 +K 

.7, 3 0 +K 
8 3 1 +K 
9 3 2 +K 

10 3 4 +K 
11 3 3 +K 
12 3 6 +K 
13 3 3 +K 
14 : 0 0 +K 
15 . 0 6 +K 
16 6 0 +K 
17 6 6 +K 
18 3 3 -K 

IV ANALYSIS OF DATA 

A standard analysis of variance was determined for each experiment
and treatment sum of squares was broken down into its N, P,and K compo
nents. Graphs were then prepared for each site using the criteria of Waugh
el a1. (7). Since Waugh el al. (7) and Boyd (2) have demonstrated that 
the linear response-and-plateau models represent plant respon3c as well as, 
or better than other models, we have used only this model at the present 
time. The data will be evaluated by other models later. 

Other graphs relating relative response to soil test levels of P and K 
were prepared also. Relative yield represented by the check plot dividd 
by the highest yield at each site allows a comparison of critical levels 
determined in the greenhouse and field. Data from sufficient field sites 
allow the refining of soil test critical levels for different crops. 
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V 	 FIELD APPROACH 

Boyd (3) suggests that a series of experiments are important to 
determine the relaitonship of crop fertilizer needs to kind of soil, crop 
rotation, etc. We have conducted experiments over a range of climatic and 
soil fertility conditions and have tried to represent the fertility conditions 
by soil test data. Once soil test critical levels are established then soils can 
be grouped to determine the response expected to various levels of applied 
fertilizer in each category. 

The 	approach consisted basically of the following steps: 

1. 	 Each volunteer contacted ten prospective cooperators before 
sowing time. 

2. 	 Each prospective site was sampled to determine if there were 
fertility gradients and experiments were arranged accordingly. 

3. 	 Samples were sent to the laboratory for analysis and sites were 
chosen based on the following criteria: 
a. 	 To have a range from low to high in P. (K was con. 

sidered also but generally soils of Costa Rica are high 
in K). 

b. 	 The farmers willingness to cooperate by assisting in prep
aration of land, providing labor and protection of exper. 
iments. 

c. 	 Accessibility to volunteer's' site. 

4. 	 Materials, field plans, etc. needed to establish the field exper
iments were sent out and coordinating personnel assisted as 
much as possible in the establishment and harvest of at least 
one experiment per site. 

5. 	 Volunteers managed the experiments and agronomic and harvest 
data was sent to the central office for analysis. 

VI REFINEMENT OF SOIL TEST CRITICAL LEVELS AND FIELD 
RESPONSE 

Critical soil test levels for P and K were determined in greenhouse 
studies for various extractants.* The North Carolina extractant had been 
in use in Costa Rica and Nicaragua for many years but Balerdi el al. (1) 
had conducted studies that indicated Olsen's sodium bicarbonate extractant 
was superior. 

The method of Cate and Nelson (4) was used to correlate soil P 
and relative yield. The relationships for 0.05N HCI and 0.025N HSO4 
(North Carolina) and 0.SN NaIICO, + 0.0 1M EDTA + 0.5 gm superfloc 
127 per 10 liters at pH 8.5** extractants are presented in Figure 2. Only P 

* 	 Ing. Ramiro Montes, Centro tic Ensefianzas, Investigaciones y Extensi6n Agrope.
cuaria, Maragua, Nicaragua, furnished J.ita for a P correlation study with 36 
soils and a K correlation study with 15 so'ils. P data are included in Figure 2. 

** 	 Hunter, A., Personal communication. 
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data for modified NaHCO and North Carolina extractants are presented 
because modified NaHCO, gave the best correlation of all extractants and 
the North Carolina extractant was being used in the soil laboratory. The K 
correlation study was not adequate to determine a K critical level because 
only two of 15 soils studies responded to applied K. These two soils tested 
less than 0.25 meq K/100 ml soil while the remainder tested greater than 
0.25 	 meq K/100 ml. soil. 

The modified NaHCO3 gave a much better correlation than the 
North Carolina extractant. Many soils testing high for North Carolina 
still gave a good response to applied P. These same soils tested much 
lower by modified NaHCO3 . A critical lev-l of t 5 tg/ml soil was obtained 
with modified NaHCO. The 71 soils chosen represent a wide range of 
soil conditions in Costa Rica and Nicaragua but the modified NaHCO, 
still correlated very well. 

The critical P levels obtained from two years of field calibration 
studies for corn and upland rice can be seen in Figure 3. The field studies 
for corn gave a distribution very similar to the greenhouse study. The 
field critical level for corn is about 10 ug/ml. 

The field critical level for P with upland rice is extremely different 
than that obtained in the greenhouse. Corn on those soils testing low in P 
would have responded to applied P but there was little or no response in 
rice on soils testing as low as 4 pg/ml. Naphade (6) also found a P criti
cal level of 3 ppm for rice when extracted with Olsen's extractant. Most of 
the rice areas are located in zones of higher rainfall and in maiy cases soils 
are saturated for several days at a time. Reducing conditions probably 
results in greater release and availability of P and since these soils never dry 
extensively, the P remains available. 

The field critical level for K in rice and corn could not be established 
because all sites tested greater than 0.2 meq K/100 ml and there was no 
response to applied K as shown in Figure 4. It falls somewhere between 
0 and 0.2 meq/100 ml. Most soils of Costa Rica contain more than 0.2 
meq K/100 ml and consequently, K is not a problem in basic grains. 

The average response to N, P.,O, and K.0 averaged over all sites 
for 1972 and 1973 are presented in Figures 5, 6, and 7. There was a 
response to 130 kg N/ha for hybrid corn and to only 60 kg/ha for rice 
in 1973. The response to only 80 kg N/ha in corn in 1972 included both 
hybrid and local varieties. Rice had a much smaller response to N in 1973 
as compared to 1972. The lower N response was probably due to less solar 
radiation in 1973 which was a year characterized by excessive rains and 
cloudiness. The year 1972 was a drought year in mud of Costa Rica and 
with considerable less rain and more solar radiation in rice growing areas. 

There was no response to P or K in rice either year but corn res. 
ponded to a level of 60 kg P.,O/ha both years when soils were deficient 
in P. In general, soils testing less than 10 .Lg/ml P responded to P appli
cations while those testing higher did not respond. There was no response 
to K in corn in either year. 
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VIII 	 StMMARY 

Field studies consisting of 19 and 18 fertilizer trials in upland rice 
and corn respectively were carried out in 1972 and 1973 in Costa Rica. 
These studies demonstrated that rice and corn do not respond to K in soils 

containing more than 0.2 meq K/10 ml and that rice gave no response to 

P in soils testing as low as 4 pg/ml P. Corn responded to P when soil 

levels were below about 10 ig/'ml and about 60 kg/ha P20, was sufficient 
for maximum response. 

The N requirement of rice is usually about 100-120 kg/ha. Inyears 

of excess rainfall and low solar radiation, less N may be needed as produc

tion is limited. Corn responded to about 80 kg N/ha in 1972 and to about 
130 kg N/ha in 1973, 

A modified NaHCO5 extractant was superior to the North Carolina 
extractant in predicting to P. 

A field design consisting of seven levels of each nutrient in question 
provides sufficient points to interpret results by the linear response- plateau 
model. This model is easily interpreted and does not require much statistical 
knowledge. 
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I 

The Role of Soil Sclence in Development 

tU 1,of the American Tropics 

A. COLIN McCLUNG 

SOIL SCIENCE - BASIC TO DEVELOPMENT 

I should like to state the proposition that soil science is the critical 
agricultural discipline in the development of the American tropics. No 
other field of study is of equal importance. Improved and sustained agri. 
cultural production in tropical America does not depende upon break
throughs in varietal improvement. For many species, varieties capable of 
yields several times those now commonly obtained are already available to 
farmers. Because of inadequate knowledge of how tc deal with difficult 
soil conditions, literally millions of hectares are uncropped even though 
topography and climate are favorable. A green revolution in the American 
tropics awaits a better understanding of tropical soils and how to manage 
them. 

In making these statements I am not taking issue with plant breeders as 
a group. I do not wish to minimize the importance of varieties with greater 
yield potential, higher quality and better insect and disease resistance. The 
fact is that by design, or by good fortune, the plant breeders are ahead of 
us. Some of the most knowledgeable breeders have for years been trying 
to tell us how critical our field is. I recall clearly a visit with Norman 
Borlaug early in 1960. I had just joined the staff of the Colombian Departa
mento de Investigaciones Agropecuarias and was headquartered at Tibaitata, 
as leader of the Soils Program. Borlaug came to my office and said, 
"Look, I want to talk to you about a soils program that will break the 
ceiling we are up against on wheat yields. We've gone as far as we can 
with breeding. Unless better fertilization and soil management practices arc 
developed, we can't increase yields further". 

Some of you present at this symposium may recall similar remarks 
Borlaug made at the Buenos Aires meetings of the Latin American Plant 
Science Society later that year. The meetings were divided into several 
concurrent sessions and Borlaug spent most of his time with the breeders 
and pathologists. But he joined the soils group at one point and during the 
discussion period asked if he might make a few remarks. As I remember it, 
the remarks had rather little to do with the subject we had been discussing. 
Instead they amounted to a thorough blistering of soil science for failing 
to provide the information needed to break yield barriers. He accused us 
of spending our time in laboratories or looking at soil profiles and not 
studying soil as a medium for plant growth under field conditions. 



I think the tactics he proposed were wrong. Without a better 
knowledge of the fundamentals of soil classification, soil chemistry and 
other basics, the field investigator is flying blind. It doesn't do a whole 
lot of good to know everything there is to know about growing crops at site 
"A" if you can't characterize site "A" in relatioin to other places as well. 
I remember when I first reported for duty in the interior of Sao Paulo, 
Brazil, how anxious I was to talk with a good pedologist and to get my 
bearings on these questions. I suddenly realized how much I had relied 
on my colleagues in this field and wished that I knew a lot more geology 
and had spent more time studying soil profiles. Several of our Brazilian 
colleagues were kind enough to go on some long field trips with me and 
Reeshon Fuer's explanations of the geomorphology of Central Brazil were 
extremely helpful. 

No, the answer wasn't to hold back on these studies, but rather to 
undertake additional ones designed to determine how existing soil conditions 
can be modified to achieve improved production on an economic basis. And 
to do this, a better understanding is needed of clay mineralogy, soil micro
biology and other basic fields. 

But Borloug's basic criticisms were right. Soil science did (and 
does) need to be strengthened and to take a place of leadership in agri
cultural development. It needs to get off of the experiment stations and 
to deal directly with farm conditions. Previous work in the tropics has 
often been unrelated to field problems and too little has been known 
about the actual conditions that farmers face. 

Also, we have all too often tended to compartmentalize. "Crop 
Improvement" until relatively recently was taken to mean varietal improve. 
ment and was largely independent of soil science, entomology and other 
fields. In recent years we have learned a lot about the value of interdisci
plinary teams to deal with production problems on a crop basis. 

I think we are slowly coming to the realization that even integrated 
team effort on a crop-by-crop basis is not enough. Certainly great strides 
have been made by dealing with an individual crop in all its aspects, and 
we need to continue the use of this important approach through commodity
centered teams. But commodities interact with one another. We need to 
gain a better understanding of these interactions and to develop farming 
systems th" t are capable of getting the most out of a given environment and 
of providing the farmer with a better income, however that may be defined. 

No matter how the research is organized, soil science comes out as 
one of the key elements. The soils of the American tropics are predominantly 
acid and highly leached, particularly in those areas which are sufficiently 
well drained for upland crops and which have favorable topography for 
cultivation. Nutrient deficiencies are so acute in some soils that major 
outlays for lime and fertilizer are needed from the outset. On all but a 
very few, the reserves are rapidly depleted under cultivation and within a 
relatively few years significant inputs are required if production is to be 
maintained. 

Cropping systems are needed which will preserve inherent producti. 
vity to the extent possible and that will maximize the effectiveness of 
costly inputs. The agricultural research community must be highly inno. 

- 536 



vativein developing these systems. They should draw on Asian and African 
experiences and not simply attempt to introduce systems that have been 
successful in North America and Europe. The soil scientists must determine 
how basic principles are expressed under a variety ol tropical conditions 
and develop farming systems accordingly. 

In emphasizing the important role of soil science I would not wish 
to divert attention from a promising sort of collaboration which is now 
developing between soil scientists and plant breeders. I refer to work 
underway to select genetic strains which will tolerate adverse soil conditions. 
I recall years ago some work done here at the Palmira Station of ICA 
which showed that certain varieties of alfalfa were more tolerant of low soil 
boron than others. When the history of the varieties in these tests was 
examined it was found that the more tolerant ones had been developed in 
parts of the world where boron deficiency was common. Unknowingly, the 
plant breeder had selected strains better suited to these adverse conditions. 
Now we find plant breeders and soil scientists working together to pinpoint
genetic sources which are particularly adapted to specific problem soils and 
to developed high yielding varieties which require less of the expensive 
inputs. I applaud these endeavors and hope that they will be expanded. 

II THE CURRENT STATUS OF AGRICULTURAL DEVELOPMENT 

We are talking about the agricultural development of the American 
tropics and the role that soil science should play in this development. Here 
we find ourselves on a much larger stage than has usually been allotted to 
us. It means not merely assisting in the improvement of an agriculture 
whose nature and dimensions have largely been established, but in helping 
determine the course of events in huge areas that have never been used 
before. Appropriate technology is sought not only for the large commercial 
farm but for the small family unit as well. Until recently most of our 
efforts were limited to areas with an established agricultural and basica1y 
commercial farming systems. 

A dozen years ago the soils group in Colombia was faced with a 
decision as to whether the available resources should be allocated to 
investigating areas of future potential or to working in established areas 
that had a range of urgent research needs. The decision strongly favored 
the urgent needs of the already established areas. For example, the Llanos 
Orientales would just have to wait and the Amazon forest area came in 
for one week-long visit by one soil scientist in the four years I was in the 
department. The situation in Colombia has changed since then and con
siderable effort is now being devoted by the soils group to these developing 
areas, but priority still lies with the established regions. 

It is my contention that in the coming decade agricultural science 
can and must bend every effort to assist in the developmental problems of 
the underutilized areas. The continent is ready to develop its untapped 
resources and the scientific community will be expected to participate. As 
this effort gains impetus, major attention should be given to the small 
family unit. In light of this potential it might be well to examine the past 
course of development and the direction that events are now taking. 

3 37



Throughout history agriculture in tropical America has been largely 
restricted to lands of intermediate and higher altitudes and to areas with 
soils of relatively recent origin. The fact is that it was only in those areas 
with more recent soils of better nutrient status that major permanent settle. 
ment was possible. Even now shifting agriculture is the predominant type 
in the Amazon basin and similar areas of high rainfall and highly leached 
soils. 

Pre-Columbian agriculture was apparently quite well developed in 
many of the river valleys where flooding was only moderately severe and 
where soils were more fertile. Some of these more devloped areas were 
also found at lower altitudes and in places that came to be considered as 
having an unhealthy climate. Highest level of development came, of course, 
in relatively dry to arid places. The major civilizations of tropical America 
made significant use of irrigation just as did those of the old world, and 
in fact none of these thrived without it. 

With the coming of European settlers agricultural development in 
the populated areas suffered a distinct setback. Significant regions of 
relatively intensified agriculture were converted to grassland and cattle 
production. Displaced population moved to steeper hillsides and started 
farming areas that were distinctly marginal. Thus some of the lands with 
best cultivation potential became centers of animal production while areas 
better suited for pasture were put to mixed cropping. 

From this point onwards agriculture in tropical America developed 
along dual pathways. Subsistence agriculture continued to be the predo
minant way of life for the majority of farmers, but commercially-oriented 
agriculture appeared on the scene and came to be the type that received 
the greatest encouragement from governments. Larger scale enterprises were 
also the type that caught the attention of agricultural sciences including 
our own field of soils. The tr.,chnology that was developed or adapted for 
tropical America had this o.ientation. If it happened to apply also for 
small farm units, it was more often by good fortune than by design. 

In areas where there was no established pre-Colombian agriculture 
other than sparse shifting cultivation, the development pattern tended to 
be clear better forested areas, to emphasize crops that were suited to export 
and to continue farming a particular site only so long as its native fertility 
provided an adequate level of production. The move inland of the center 
of coffee production in Brazil is a classic example of this pattern. 

So long as there were new lands to move to there was little pressure 
to search for ways of sustaining agriculture even on the more favored sites 
and none at all to develop the poorer soils. These were passed by for 
agriculture and used mostly for what natural grazing they afforded. Thus, 
some of the most desirable areas from the point of view of topography and 
climate have remained untouched almost to this day. 

Only within the last two decades have conditions changed signifi
cantly from those prevailing since colonial times. Populations have grown 
rapidly throughout tropical America. Immigration as well as increases in 
life expectancy have been factors in population growth. The better lands 
have been largely cleared and brought under cultivation and those that 
remain undeveloped are remote from population centers. 
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The effect of this basic shift in land supply and demand is seen 
throughout the American tropics. The Cauca Valley of Colombia has long 
been a major center for beef production. It still is, but a sharp shift toward 
crop production is underway. Sugar, corn, cotton, soybeans and other crops 
are pushing out grazing lands. If it weren't for the susceptibility to flooding
in certain areas the shift would be more rapid. The Sinu Valley and similar 
areas on the north coast of Colombia are experiencing an even more dra
matic change. These have been the domain of the rancher since early times 
but wherever topography permits crops now have a place and their impor
tance is rapidly increasing. The shift in some of these regions has been 
accelerated by major investmer s in drainage and irrigation. 

In Brazil the development of frontier lands continues but is now 
balanced by a strong effort to rejuvenate older areas which have declined 
in productivity. I have been personally impressed by the activities in South 
Central Brazil where abandoned coffee land and mediocre grazing areas 
have given way to a highly productive mix of sugarcame, corn, soybeans,
citrus and improved pastures. The "Campo Cerrados" are being increasingly
used, first for upland rice, a tradiitonal crop for them, and then for soybeans
and other more demanding and more profitable crops. Incidentally, my
friends at the International Rice Research Institute could never really 
comprehend this role for rice. Rice as a crop that would give some produc
tion on soil too poor for most species just didn't fit the concept of rice in 
Asia. As a matter of fact it is used the same way in Asia where necessary,
but the general view held is of rice as queen not as scullery maid. 

The dramatic changes we now see in the development of agriculture
in tropical America are largely based on economic changes which make 
it possible to utilize the technology that has been deemed to be questionable
from an economic point of view. Fertilizer costs have been relatively
favorable compared with the price of commodities and supplies have 
become increasingly available. The value of lime has been recognized and
its use has increased rapidly. In the State of Sao Paulo, for example, less 
than 100,000 tons of agricultural lime was used in 1957. By 1970 usage
amounted to almost one million tons. 

Development is now also taking place in some of the more difficult 
areas such as the Amazon basin. Past experience in these locations has been 
based largely on shifting agriculture. To my knowledge no one has brought
forth a reasonable substitute for this system which has been traditional not 
only in America but elsewhere in the world where high rainfall and highly 
leached soils occur in the tropics. Agricultural sciene hardly knows the 
dimensions of this problem let alone the solution. 

Governments in tropical America have in recent years taken an 
unprecedented inetrest in agricultural development. Rising aspirations in 
all segments of the population and increasing total numbers of people have 
made it essential that food production be strongly increased. Further it 
has come to be generally recognized that the national economies of the 
region are basically agricultural and that agriculture must be improved if 
the overall economy of the country is to prosper. An improvedlevel of 
life in rural areas is seen not only as desirable in itself, but also as means 
of slowing the migration to overtaxed urban centers. Population movement 
from overcrowded rural areas to underutilized lands is desirable both for 
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improving rural standards of living and for increasing overall agricultural 
production.
.1 . Prospects for successful agricultural development in the American 

tropics are on balance overwhelmingly favorable. There are' however, large 
differences within the tropics. In some instances a major new technology 
will have to be developed, while in others a considerable background already 
exists, Soil science can serve an important role not only in establishing or 
improving the technology but in helping the governments determine areas 
of more probable success and in signaling pitfalls of attempting to develop 
marginal regions. 

III A TEAM APPROACH 

The traditional approach in agricultural research has been to divide 
the complex whole problem into what were deemed to be significant com
ponents and to study each of these independently. This method was 
considered necessary because of the intricate nature of most biological prob
lems. The major disciplines which dealt with these principal components 
were often subdivided into smaller units for the same reason. This process 
has been as pronounced within the field of soils as in any other; perhaps 
more so than in most. 

In the last decade or so we have seen something of a reversal of this 
basic procedure. Compartmentalization has been deliberately broken down 
in certain instances and a commodity-oriented team approach has been 
substituted. The results have generally been very gratifying both in terms 
of the speed with which specific problems have been "solved" and of the 
satisfaction which the system offers to the individual scientist. The best 
known of these team efforts in agriculture have been those that dealt with 
a single commodity such as rice. Excellent progress has made with a number 
of "the major crops and animal species in developing packages of practices 
which have shown concrete results in increasing productiion of the com
modity concerned. Unfortunately there have been some disappointments 
arising from the side effects of progress in the production of one particular 
commodity the so-called second generation problems. Only rarely can one 
commodity be markedly developed without having significant interactions 
with others. Such interactions are pronounced in the agriculture of the 
tropics and particularly so in the mixed agriculture as found in much of 
tropical America. 

In recognition of these complexities several of the international 
centers are undertaking studies of cropping systems in addition to the better 
known commodity programs. The International Institute for Tropical Agri
culture in Nigeria is placing a major portion of its resources of this type. 
Specifically, they are searching for alternatives to the shifting agriculture 
traditional to that area. The International Rice Research Institute is studying 
relay and interplanting as a means of increasing farm income and improving 
rural standards of living. CIAT's agricultural systems program intends to 
focus on developing a process for the identification and analysis of existing 
farming systems so as to facilitate the utilization of agricultural technology 
in the development of rural areas. These projects are of interest rot only 
for the data they are developing but for the approach they are using. 

- 540 



! , This is by no means intended to say that all of us should be conduc.ting field trials on fertilizers or cropping systems or such. Quite the con.trary. Some very fundamental properties of soils are open to question andinvestigation. Every speciality in the field of soil science must be included.Each of us could make his own list of important problems which needattention and the presentations at this conference suggest others.

The whole question of soil organic 
matter needs careful attentionand probably would be on anyones list of priority problems. Nitrogen, of course, is the element most likely to limit crop production in tile tropics.In recent years the cost of fertilization relative io farm prices has tended to

be quite favorable and there has been a tendency to look to the fertilizer bagto meet nitrogen needs. This is not necessarily going to continue to betruer and it behooves us to search for ways of making maxinum use of
native reserves of nitrogen in the soil and those arising through nitrogen
fixation processes.

Many of our soils have major phosphorous problems and as wasmentioned this morning the cost of phosphorous is rising rapidly. A betterunderstanding of soil phosphorous relationships would add ourto overall
body of knowledge of soils and could contribute significantly to the devel
opment of the tropical regions.

Mineralogical studies of tropical soils are urgently needed. In these areas, too, we have had to rely primarily on data obtained outside thetropics. The field investigator is more oftcn than not working in an
unknown environment as regards mineralogy. The situation is undoubtedlyimproving markedly, but there are still many instances where soils of dis
tinctly different proporties are grouped together much to the dagrin of thescientist studying crop performance and response to fertilizer. Probably toomuch time has been spent on studying the extreme cases or unusual situa.
tions. What we need now is a more systematic characterizatiion of themineral status of the soils of large areas which are avilable for agricultural
development or are already in use but are performing Poorly.

In attacking these and other problems, so:l scientists must cooperate
not only with one another in the establishment of research goals and inthe development of the indicated research, but the1 must also join forces
with other specialists in the whi!e range of scieifific disciplines which

bear on the complex problem of tropical agriculture. The opportunity 
 toparticipate in major agricultural development is unprecedented. The role of
soil science will be fundamental. A first approximation of factors limitingdevelopment will almost invariably include soils. In some places soil
conditions are overwhelmingly important. 

IV SOIL SCIENCE - RESOURCES AND NEEDS 

I do not intend to review the history of soil science in Latin America over the recent past. I should simply like to call attention to the reallyremarkable expansion that has taken place over a relatively short period oftime. Twenty years ago it was hard to find a soils man who had even visitedthe Amazon area. What we knew of tropical soils came mostly from studies
made at the intermediate or higher elevations. Within these regions at-,
tention had been given primarily to the better soils on which commercial' 

- 541 



agriculture depended, and little account was taken of the extremely extensive 
areas which largely provided low-grade grazing. 

In 1957 I gave a paper before the Brazilian Soil Science Society in 
which I reported on some preliminary studies of soils of the Campo Cerrados. 
I included about half a dozen literature citations. The procedure of the 
Society in those days was for each speaker to submit a copy of his paper to 
a review committee a few days ahead of time, and for the reviewers to give 
oral criticism immediately after his talk. My reviewers chastised me for 
overlooking a paper that dealt with my subject. Instead of six papers 
dealing with crop nutrition on the Campo Cerrados, there were perhaps 
seven papers prior to that time. And only one other person present at the 
meetings had carried out any studies on them at all. Some observers thought 
the soils in these areas were poor because they were so dry and because 
they had a hardpan under them. If no hardpan was found, then it was 
postulated that one would occur if the areas were plowed ,and especially 
that liming them would result in rapid destruction of soil structure, which 
would render the areas completely unusable. 

These varied explanations of the Campo Cerrados reflect to a degree 
the dependence that was placed on the literature in interpreting soil 
phenomena in the American tropics - or for that matter in the tropics in 
general. Data collected in the temperate zone provided the basis for soil 
science. That which had been found to be true in the temperate zone was 
presumed to be true in general until proven otherwise. And when there 
was a demonstrable trend from north to south in the temperate zone, it was 
presumed that an extrapolation of the same curve into the tropics would 
serve as a basis for understanding tropical soils, or at least it would serve 
until proven erroneous. Of course, the weight of proof was heavy and 
particularly so if the giants in the field had established the principle in 
question. Not only was it hard, but the number of trained people was 
small and there were many demands on their time; furthermore, the funds 
available to them for research were limited. 

Fortunately, over the years there has been a sprinkling of highly 
dedicated international scientists who were keenly interested in the tropics 
and who studied the soils of these regions whenever they had the op. 
portunity, and who recorded their thoughts and findings. Fortunately and 
unfortunately, perhaps we should say, for all too often their writings 
were given more weight than the authors intended and more too, than was 
justified. Some of the comments I mentioned as common interpretations 
of the problems of the Campo Cerrados were, I believe, based primarily on 
observations made in savanna areas of Africa. Whether or not they were 
accurate in those regions I don't know to this day, but I don't believe that 
they were at all helpful in interpreting the savannas of tropical America, 
particularly as regards their future in agricultural development. So, if we 
have been misled about tropi :al soils, or if we have misled ourselves, it 
was as much due to our over dependence on others as it was to the fact 
that most of the data came from the non-tropics. 

Soil science in tropical America has reached a level of maturity 
where its own membership now includes recognized world authority. I have 
the impression that this is particularly true in the area of pedology. Over 
Borlaug's objections, so to speak, our pedologists have gone ahead and 
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studied their soil profiles, and related one profile with another and with 
what their colleagues have reported elsewhere. They are being increasingly 
heard from, and their observations given increasing weight on a world basis. 

In spite of the progress that has been made, efforts are still highly 
diffuse. There is too little communication among scientists at the operating 
level and relatively little cooperation in research on problems of mutual 
interest. This is a matter of pressing importance and is, of course, one of 
the objectives of this meeting. 

National programs in this part of the world would also benefit from 
periodic review and evaluation. There is a natural tendency to continue 
certain lines of investigation beyond the point of greatest reutrn. It would 

or national programs to reviewbe helpful for scientists in various agencies 
their overall activities from time to time, perhaps inviting colleagues from 
other agencies and other countries to participate in such reviews. 

Trained manpower is still woefully short and every effort should be 
made to recruit and train new scientific talent. Maximum use should be 
made of national training centers in the countries concerned, but qualified 
personnel should continue to be sent abroad for advanced training. Institu

astions elsewhere in the region and in Europe should be used for training 
well as those in North America. To the extent possible, the student should 

to do his thesis research in his home country or elsewhere in theplan 
tropics. The major international institutes could be called upon to provide 
such training opportunities in connection with their soils programs. Centers 
in Africa and Asia as well as in tropical America should be utilized for 
this type of study. 

Soil science is going to be called upon to make a major contribution 
to the development of the American tropics. This challenge is the greatest 
that has been offered to persons in our profession. You and your colleagues 
are the ones who must meet the challenge. I urge you to make every effort. 

on a great deal of supportJoin forces and take action. You can count 
from your colleagues abroad, but the leadership is yours. 

V SUMMARY 

The great importance of soil science in the past, present and future 
Emphasis is put on thedevelopment of the tropical regions is presented. 

need of team work, as actually practiced, different to the individual approach 
practiced in the early days of tropical soil science. 

The need to work on the most significant and specific problems 
of the tropical areas is presented. these problems are which retard agri. 

to the cities. It is believedcultural development and promote migration 
the problems of tropical lowlands, asthat more emphasis is needed on 

most research has been directed toward the problems of medium and high 
elevations. 
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,A Ne'd' for an- International Network

gi!in Tropical Soils
 

OMER J. KELLEY 

. INTRODUCTION 

The Office of Agriculture, Technical Assistance Bureau (TA/AGR),is responsible within the Agency for fostering the build-up of global net
works of mutually supporting research, information, and technical assistance
activities in priority areas of agricultural development. These activities
provide operating linkages between three sets of institutions: the national
research systems of the LDCs, selected research organizations of the more
developed countries that have particularly strong capabilities to contribute 
to the problems being addressed, and selected international or regional
research centers. While network building is most advanced for the primary
food -grains rice, wheat and maize- it is also being rapidly developed
for other major food crops such as sorghum, millet, barley, potatoes,
cassava, yams, sweet potatoes, beans, cowpeas, soybeans, mungbeans, pigeon
peas, and chickpeas and also for selected areas of ruminant livestock; also,
need exists in soils, water and possibly other areas. 

Agency policy is to encourage and support research linkages andnetwork building with special efforts to link the least developed countries
into the networks.'/ Emphasis also is being placed on regional research
networks such as the East and West Africa Cereals Projects. This overall
policy emphasis on networks reflects the following three sets of facts: 

- Agricultural research can be expensive, in use of scarce talent and 
money, and resources required to achieve significant break-throughs
often exceed by far what individual LDCs can muster; 

- knowledge building on common problems can proceed at widely
separated locations in mutually reinforcing fashion, when supported
by suitable information exchange and coordination; 

- a great bulk of research facilities and capabilities exists in the 
developed countries, especially in the U.S.; these can be utilized,
through cooperative networking arrangements, to assist LDCs work on their problems and to accelerate development of their own 
national research capabilities; widespread LDC participation, in turn,
brings faster and more effective research results. 

1/ Much of the material of this paper is taken from staff papers prepared by someor all of the staff of TA/AGR. Especially helpful have been papers preparedby Dr. Samuel C. Litzenberger, Dr. Guy B. Baird and Dr. Tejpal S. Gill. 
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II MAIZE RESEARCH NETWORK 

The maize network is probably the most complete as of now even 
though others are rapidly developing. It therefore can be used as a good 
example of what may need to be done in soils. The maize network is made 
up of a number of components -the participating research institutions
and the tie-ins or linkages between them, e.g., joint research, training, 
advisory services, information and material exchanges. Figure 1 shows the 
major linkages and the sources of funds provided by donors in support 
of the international research network for maize. All linkages are not 
shown or may be shown somewhat inadequately. This is particularly true 
with reference to links to and within individual countries. Morover, since 
this is a dynamic system, changes can be expected in the network over 
time, resulting in new components being added which may require dif
ferent linkages. Internal linkages within LDCs are not dealt with at all. 

The basic information on the maize network usually needed by 
operational personnel is presented in descriptive form in Table I. The 
"Components" column refers to the individual research institutions or 
7Stems which are working towards development of the technology needed 
or utilization by LDCs. CIMMYT is the hub of the maize network; other 

international centers -CIAT and IITA, the regional Inter-Asian Corn 
Program (IACP), and other regional organizations such as EAAFRO, 
STRC, and SEARCA make up additional components. Maize research 
institutions or programs in both the developed and less developed countries 
constitute other integral components in the network. Other columns show: 
the "Functions" performed at each unit in the network; "Services Available" 
from each; and how each unit is financed. Other financing sources may 
be sought for particular LDC linkages now lacking that may be deemed 
essential. 

III SOYBEANS RESEARCH NETWORK 

As indicated earlier, I thought it might be of interest to this group 
to take a look at what is happening in soybeans. The International Soybean 
Research Base (INTSOY) which represents a different approach to an 
international research network on an important food crop. While the 
Consultative Group on International Agricultural Research (CGIAR) has 
focused on building such networks through the Centers such as CIMMYT 
and IRRI, increasing attention is being given alternate mechanisms. In 
particular, it is felt by both the CGIAR and its Technical Advisory Com
mittee (TAC) that greater efforts must be r-'.de to tap the resources of 
strong national (or state) research institutions that are particularly well
suited to contribute to the agricultural research needs of the LDCs. 

It is in this context that TAC, in considering means to develop 
international research programs on the food legumes, asked about the 
feasibility of tapping the preeminent U.S. resource base in soybean produc
tion and utilization research. Particular reference was made to the Univer
sity of Illinois. Encouraged by TAC, A.I.D. explored with Illinois the 
feasibility of developing a proposal which would call foz the establishment 
of an international soybean research network directed primarily to the needs 
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CONSULTATIVE GROUP ON INTERNATIONAL AGRICULTUJRAL RESEARCH 
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Figure 1. Consultative group on international agricultural research and its connection with 
cooperating groups. 



Tagble 1.-International Maize Research Network. 

Comuronents Function% Services available Source of funds 

CIMMYT - INTERNATIONAL CEN-
TER MAIZE AND WHEAT IMPRO-
VEMENT, El Ettan, Mexico 

Serves as hub of international 
network; multidisciplina-y pro-
duction-oriented core research; 
outreach to national research and 
production programs; training; 
consultation. 

Source of improved seed; techni-
cal information; consultant servi-
ces; trairing, also, support in 
national research and production 
programs; and, assistance with 
workshops and seminars. 

Consultative Group for core 
(operating) budget; bilateral ar
rangements for outreach and spe
cial projects. 

CIAT - INTERNATIONAL CENTER 
FOR TROPICAL AGRICULTIURE, 
Cali, Colombia 

Serves as maize relay center to 
CIMMYT for Lat'n America; has 
limited maize research program;
provides some training and con-
sultation. 

Basically the same as from CIM-
MYT, but more restricted. Re
quests, if not handled directly,
would be referred to CIMMYT. 
Services limited to Latin Amer
ican countries. 

- do -

IITA - INTERNATIONAL INSTITU-
TE FOR TROPICAL AGRICULTURE, 
lbadan, Nigeria 

Serves as maize relay center to 
CIMMYT for Africa, has limited 
maize research program and faci-
lities for training and consulta-
tion. 

Basically the same as from CIM-
MYT, but more restricted. Re
quests, if not handled directly, 
would be referred to CIMMYT. 
Services limited to African coun
tries. 

- do 

IACP - INTER-ASIAN CORN 
GRAM, Bangkok, Thailand 

PRO- Serves as maize relay center to 
CIMMYT for South and South-
east Asia; has Imited maize re-
search program and facilities for 
training and consultation. 

Basically the same as from CIM-
MYT. Requests, if not handled 
directly, would be referred to 
CIMMYT. Services limited to 
South and Southeast Asia. 

Rockefeller Foundation;, 
Thailand. 



TABLE 1.-International Maize (Continuation). 

Components Functions 

EAAFRO - EAST AFRICAN AGRI- Addresses research needs of the 
CULTURE AND FORESTRY RE- East African community nations; 
SEARCH ORGANIZATION, strengthens national research pro-
Nairobi, Kenya grams. 

STRC - SCIENTIFIC, TECHNICAL Encourages and sponsors research 
AND RESEARCH COMMISSION, on important problems of partici-
OAS, Lagos, Nigeria pating countries, including agri-

cdlture. 

SEARCA - SOUTHEAST ASIAN RE- Research, training and consulta-
GIONAL CENTER FOR GRADUATE tion; support to research and pro-
STUDY AND RESEARCH IN AGRI- duction programs, and agri-busi-
CUTUFE, Las Banos, Philippines ness development. 

PURDUE UNIVERSITY, Lafayette, Research directed toward increa-
Indiana sed level and improvement in 

quality of protein in the grain; 
(Discoverer of value of opaque-2 in nutritive evaluation of grain; trai-
improvement of pkotein) ning; consultation. 

Services available 

Technical support based on re-
search conducted; arrangements 
for coordinated research; good 
library facil'ties. 

Assistance for research on major 
cereals, including maize, and for 
complementary areas; technical 
information; sponsorship of se-
minars; assistance in selection of 
candidates for training; publi
shing reports. 

Consultant services, trainin& as-
sistance with workshops and se
minars. 

Assistance in research, produc
tion as reled to protein level 
and quality in the grain; source 
of improved germoplasm, infor
mation; advanced research train
ing to the Ph.D. degree. 

Source of funds 

Member countries, and outside 
donors - primarily U.S. and U.K. 

OAS budget derived from contri
butions by participating countries; 
support for specific projects by
outreach donors, including US., 
France and U.K. 

AID, Philippines. 



TABLE 1.-Intemational Maize (Continuation). 

Components Functions Services available - Source oE funds 

AGRICULTURAL RESEARCH SERVI-
CE (USDA), Beltsville, Maryland and 
Cooperative State Research Programs 
(primarily at Land Grant Universities) 

Maintenance of germoplasm; mul-
tidisciplinary research to meet 
U.S. needs in production, hand-
ling, storage, and utiliztion; coo
perative USDA State research 
programs. 

Source of germoplasm, technical 
information, consultant services, 
training for advanced degrees. 

Federal and State appropriatibn i , 

AID. 

LESS DEVELOPED COUNTRY AND 
OTHER DEVELOPED COUNTRY RE-
SEARCH INSTITUTIONS AND 
PROGRAMS: 

Development of technology re-
quired by the country concerned, 
training, liaison with extension, 

Source of germoplasm, technical 
information, consultant services; 
training and management. 

Country appropriations; support 
for LDC programs from outside 
donors such as AID, UNDP, 
FAO, IBRD, Ford and Rocke
feller Foundatios, etc. 

Notably: 

India, Pakistan, The Philippines, 
Thailand, Nepal, Indonesia, Nigeria, 
Kenya, Tanzania. Zaire, Egypt, Mexi
co, Colombia, Argentina, Brazil, Chi
le, Peru, Venezuela and the Central 
American countries. 



of the LDCs of the tropics and sub-tropics. While Illinois was not envisaged 
as becoming the soybean equivalent of IRRI -e.g., an autonomous, CGIAR. 
supported international center- the assumption was made that it could be 
the-focal point of an international research network and serve as a resource 
base for it. 

A proposal has been developed which calls for establishment ot 
INTSOY making use of the resources of the University of Illinois and the 
University of Puerto Rico to serve as the hub of an international soybean 
research network. The proposal was submitted to CGIAR and referred to 
TAC. While it was not approved at the last meeting for any CGIAR 
funding (primarily because of considerations associated with the base or 
center being located in the U.S. -a developed country), discussion is 
continuing to find ways to modify the proposal so that it can come under 
the aegis of the CGIAR. 

A.I.D. has, however, had a contract with the University of Illinois 
and has more recently given grants to the University of Illinois and the 
University of Puerto Rico for development of INTSOY. It is expected that 
U.S. funding will be primarily for activities carried out on U.S. soil, that 
the outreach, the relay activities at other international centers and the 
training components usually Lssociated with international networks will be 
bilaterally funded by various interested donors. To date, however, a aumber 
of field locations have already been developed and are actively cooperating 
with INTSOY and the beginnings of a true international network is 
underway. Figure 2 depicts the University of Illinois and the University 
of Puerto Rico as the nerve center of this international network and iden
tifies the present outreach locations. 

I have given yoa a brief sketch of our concept of the International 
Agricultural Research Networks and our feelings regarding a need for 
a network for tropical soils research. We are hopeful that this talk will 
stimulate discussion among the distinguished participants to this Conference 
and will generate ideas that will ultimately create an appropriate network in 
this very important field. Our Agency, and particularly our staff from 
TAB, would be very happy to cooperate with you in this respect. 

IV NEEDS FOR TROPICAL SOILS RESEARCH 

Improved management of tropical soils is a prerequisite to improved 
agricultural development in the tropics. There is ample evidence that good 
soil management and fertility practices so successful in the temperate regions
generally cannot be applied directly in the tropics. The President's Science 
Advisory Committee (PSAC) Report,/ amply demonstrated the general 
lack of knowledge of the characteristics and management requirements of 
tropical soils. 

Networks have been encouraged to achieve "critical massing" of 
resources that are required to gain breakthroughs on the important agri
cultural problems of LDCs. The need for coordinating and integrating all 
related international research efforts concerning specific crops, crop diseases, 

1/ The 'World Food Problem. A Report of the President's Science Advisory Com. 
mittee. Volume II (U.S.A.) 1967. 
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pests, weeds, soils, animals, etc., led to A.I.D.'s program stress on streng
thening worldwide research networks and research linkages with emphasis 
on production, quality and icome distribution. Maximum research produc. 
tivity and avoidance of duplicative efforts, as well as maximum support for 
expansion of the LDC's own research capabilities, are the goals of this 
worldwide rescarch network approach. The extreme shortage of LDC 
skilled manpower and their limited institutional capacity make donor 
cooperation necessary and call for rapid expansion of existing mechanisms 
of coordination. 

The central purpose of the research networks is, of course, to improve 
the situations of the mass of LDC farmers. Thus the global problem
solving systems are not complete without effective internal linkages between 
the LDCs national research institutions and their farmers, causing the 
available worldwide knowledge to be adapted for local farming needs and 
actually used on the bulk of each country's farms. Thus the effectiveness 
of both the external and internal linkages of the national research organi
zations is critical in transforming world-wide capabilities into LDC farmer 
capabilities. 

The international networks are resources for individual country 
programs which enable worldwide relevant technology to flow systematically 
to participating countries. These networks permit countries to beccme 
partners in coordinated worldwide endeavors to generate and exchange 
agricultural technology of mutual interest and value. They provide a 
powerful set of tools for use in assistance programming. A.I.D. (among 
other donnors) can assist LDCs to establish operating linkages within 
particular networks, as appropriate to each case, by such measures as good 
offices, providing information on network activities, financing of training 
or advisory or other assistance services within the network, participation 
in workshops or conferences, or of exposure visits. Such activities could be 
integral components of larger projects to assist individual LDCs building of 
particular agricultural research capabilities, or they could be discrete com
ponents of more general effcrts to assist agricultural expansion (e.g., 
financial from technical support or other "umbrella" funds). Information, 
in the form of reports pertinent to establishment of the described linkages, 
is disseminated pericdically by TA/AGR, and by international centers and 
other institutions in the research networks, 

Within the last decade, however, a substantial amount of meaning
ful research has been initiated and is being continued by many national, 
international and regional institutions. This rese.irch has given us insight 
into the many troublesome problems of the trop;cal soils and has led many 
to believe that vast areas of the tropics now under cultivation can be brought 
into a high state of productivity within the economic framework of prac
tices that can be adapted in the developing countries. The new high. 
yielding varieties of wheat and rice, and more recently corn, have been 
relevant only where these introductinns have been made on relatively fertilc 
soils with adequate water or whe-e improved soil fertilization and soil 
management practices have also been employed. These experiences have 
been instrumental in triggering a significant increase in practical research 
(and to a lesser degree fundamental studies) on tropical soil management. 
Many national organizations have active and realistic research and utiliza. 



tion programs in operation. Expanded soil surveys into new areai and the 
correlation and interpretation of soil properties under one commor. system, 
such as the FAO-UNESCO soil map of the world, have greatly expanded 
the knowledge and the management practices required for some of the 
tropical soils. 

Some of the international institutes, particularly IITA, CIAT and 
IRRI have impressive soil research programs dealing with shifting cultiva
tion, management of savannah, rice production, etc. Many of the bilateral 
and regional programs have made substantial contributions during recent 
years. These diverse and varied efforts increase the immediate need for 
better coordination and communication in increasing tl~e output and effective 
use of the efforts that are now going into these activities. While there is 
at the present time the beginning of a network for tropical soils, there is a 
great need to consolidate this activity and particularly to identify and focus 
upon a "nerve center" which can carry out or facilitate many of the func
tions referred to earlier as being handled by the international research 
center. It is not my belief that all international networks require the same 
kind of organization or structure. It is important, however, that the func
tions and modus operandi be available to institutions and scientists -whether 
they be in the developed or developing countries, whether they be national, 
international or regional centers- to facilitate linkages into the network 
to be able to contribute to and to be able to draw from the ever-increasing 
world knowledge of the total network activity. 

The Agency for International Development in 1971 agreed to fund 
a U.S. University Consortium on* soils of the tropics. This Consortium 
includes Cornell University, North Carolina State University, Prairie View 
A & M University, University of Hawaii and the University of Puerto Rico. 

This agreement was in terms of a five-year grant. The objectives 
were to strengthen the competency of these Universities in various areas of 
the field of tropical soils. These five Universities have accumulated sub
stantial expertise not only in academically-oriented issues but in the practical 
aspects relating to the characterization and management of tropical soils. 
Further, A.I.D. has provided research contracts to two of these Universities, 
with a third one working under a sub-contract of one of the Universities. 
These contracts are related directly to the highly-leached, highly-acid, well
drained, deep tropical seils. 

These are typified by the vast areas of the soils of the Campu 
Cerrado and the Ilanos. In addition, A.I.D. has financed over the years 
a long history of soil research activities in the tropics with North Carolina 
State University. A.I.D. has under consideration research proposals with 
two other institutions of the Consortium for furthering work and under
standing of tropical soils. 

These projects, the ones financed by A.I.D. and those of the 
International Ca.nters are only a small part of the overall effort oil tropical 
soils research when one considlers the total effort by the various research 
institutions in the many developing countries and the other developed 
countries of Western Europe, Japan, etc. We have tried to develop a 
Fig. 3 that would include (as we now see it) the relationship between the 
research a.tivities and institutions that I have mentioned above (See Ap
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pendix). This chart does not include research inputs of the Western 
European countries or Japan, nor does it go into detail on the possible
institution relationships of the institutions in the developing countries or 
their relationships with one another. The main reason that it does not is 
because these linkages have not been adequately developed today. In many 
cases there probably is not even an informal linkage- Tt alone a formal 
one. It therefore becomes quite evident that there is a great need for the 
scientists working on tropical soils to find ways and means of creating a 
true international tropical soils research network. This should include all of 
the institutions that have an interest in and are working on tropical soils 
or related soils activity that would benefit from, or contribute to, the solu
tion of tropical soils problems or add to the knowledge of this great (and as 
yet not fully developed) research area. 

Appendix 1.-International Tropical Soils Research Network (U.S. -

INPUT) U.S. Aid Funded 

TA/AGR Supported Projects: 

Research 

J. 	 Agro-economic Researd on Tropical .Soils - North Carolina State 
University. 

2. 	 Soil Fertility Requirements to Attain Efficient Production on Exten
sive, Deep Well-drained, but Relatively Infertile Soils of the Humid 
Tropics - Cornell University. 

3. 	 Improved Fertilizers for Developing Countries - TVA. 

*4. 	 Crop Production and Land Capabilities of a Network of Tropical 
Soil Families (Asia and Africa) - University of Hawaii. 

*5. 	 Crop Production and Land Potential of Benchmark Soils of Latin 
America - University of Puerto Rico. 

6. 	 Water Management Research in Arid and Sub-Huimid Lands (LA) -
Utah State University. 

7. 	 Water Management Research in Arid and Sub-Humid Lands (Asia) -
Colorado State University. 

8. 	 Control of Weeds - Oregon State University. 

9. 	 Management of Heavy Clayey Delta Soils - Colorado State University. 

10. 	 Water Management Research in Arid and Sub-Humid Lands of LDC 
(Latin America) - Utah State University. 

11. 	 Water Management Research in Arid and Sub-Humid Lands of LDC 
(Asia) . Colorado State University. 

* Projects expected to be funded in the near future. 
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Compilency Biding 

1. 	 Cultural Systems for Tropicai Soils - Cornell University. 

2. 	 Biology-Mineralogy of Tropical Soils - University of Hawaii 

3. 	 Soil Fertility Relating Plant Nutrition to the Physical and Chemical 
Properties of Tropical Soils - North Carolina State University. 

4, 	 Soil Fertility Problems Under Savanna - Prairie Ecology - Prairie 
View A & M University. 

5. 	 Conservation and Protection of Tropical Soils - University of Puerto 
Rico. 

B. 	 Council of U.S. Universities for Soil and Water Development in Arid 
and Sub-Humid Areas: 

1. 	 Watershed Management - University of Arizona. 

2. 	 Water Delivery, Removal Systems - Colorado State University. 

3. 	 On.Farm Management* of Water - Utah State University. 

*4. 	 Dryland Moisture Utilization (Mediterranean type climate) . Oregon 
State University. 

*3. 	 Dryland Moisture Utilization (Tropical Wet/Dry to Semi-Desert 
Climates) - University of California, Riverside. 

C. 	 Council of U.S. Universities for Rural and Agricultural Development 

in India.** 

1. 	 Soil Fertility - Ohio State University. 

General Technical Asiistance 

1. 	 Fertilizers . TVA. 

2. 	 Soil Fertility in Relation to Corn and Wheat - CIMMYT.*** 

3. 	 Soil Fertility in Relation to Sorghum, Millets, Chickpeas, and Pidgeon 
Peas - ICRISAT.*** 

4. 	 Determining Research Needs of the Soils of the Humid Tropics 
National Academy of Science (completed). 

SPlanned. 
** 	Funded 1968.73. 



Regiond;Buredu Supported Projects 

Latin America 

1. 	 Soil Fertility Studies in Relation to Cassava, Beans, and Pasture 
CIAT.*** 

2. 	 Soil Testing and Fertilizer Response - North Carolina State Univer. 
sity (over a dozen cooperating countries in L. A.). 

Africa 

1. 	 Soil Fertility Studies in Relation to Farming Systems, Cereals, Grain 
Legume, Root and Tuber Improvement - IITA.*** 

Asia 

1. Soil Fertility Studies in Relation to Rice Production - IRRI.*** 

Supporting Assistance 

1. 	 Management of Heavy Clayey Delta Soils, S. Vietnam - Colorado 
State University. 

2. 	 Soil Fertility and Water Management for Vegetable Crops . 
AVRDC.*** 

U.S. and State Funded 

Some of tie U.S. Federal and Land Grant College soils research 
has direct application to problems of the tropics and much has 
indirect relevance. 

ACRONYMS 

AF Africa Bureau (AID).
 

AID Agency for International I)evelopment
 

AS Asia Bureau (AID)
 

AVRDC Asian Vegetable Research and Development Center
 

BUREC Bureau of Reclamation (l)cpt. of Interior)
 

CIAT International Center for Tropical Agriculture
 

CG Consultative Group (International Advisory Group,
 

*** Partially (unded by AID. 



CIMMYT International Center for the Development of. Wheat. and 
Maize 

CRNL Cornell University 
" CSU Colorado State University 

HAW University of Hawaii 

ICRISAT International Crop Research Institute for Semi-Arid Tropics 

IRRI International Rice Research Institute 

JITA International Institute for Tropical Agriculture 

LA Latin America Bureau (AID) 

LDC Less Developed Countries (Developing Countries) 

NC North Carolina State University 

OHIO Ohio State University 

PR Universityl of Puerto Rico 

.PV- Prairie View A & M University 

TVA Tennessee Valley Authority - Fertilizer Center 

USU Utah State University 
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32 What do National Governments expect from!, 
soil scientists in Latin America 

NELSON DE BARROS B. 

I INTRODUCTION 

Even though there is not much literature prepared in relation to 
this subject, I would like to present the experience I have gathered after 
analyzing the situation in various developing countries I have visited and 
whose experience in agricultural development programs I have been able 
to discuss. Nevertheless, I must emphasize that I will refer to the subject 
keeping in mind the experiences of my country, Paraguay.

I will approach the problems related to the possible contribution 
that soil specialists can give in facing the problematic of agricultural 
development in his country. 

In this context, the specialist should be prepared to analyze and solve 
problems referring to three main areas: 

a) Soil science.
 

b) Administrative problems.
 

c) Situations related tv the economic and/or financial results of
 
the practices re'ommended. 

Even though it is difficult to separate these three aspects, due to the 
dose interrelationship existing between them, I have dared to separate then 
trying to indicate the most outstanding aspects of each one of these three 
orientations that are crucial to help soil scientists to perform as effective 
a task as possible. 

In turn, we will keep briefly in mind the training a scientist should 
have to successfully face such situations. 

II DEVELOPMENT 

Trchnid prtparatiun In ioll itifnce 

In g neral, developing countries do not have the required number 
of soil scientists, traincd] in the differtnt aspects of soil science, that are 
needed to develop agricultural progtams. So it is necessary to have, in the 
first stage, professionals that h1ave a complete knowledge of the factors 
involved in the use, handling and (.oiiervation of tropical soils, so that they 
can evaluate complex situations under conditions whicte there arc no soil 
maps at a level lughir than reconaissance, nor research work tht demon. 
strate practics with a proscn positive dft. 
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It is expected that this specialist be prepared to recognize th(restrictions, as well as the potential, of the different soils that can be found
in the country; what practices may be used under wet tropical condition,
with the intensification of its exploitation, keeping thatin mind now wccannot think of simple practices such as the effects of the use of fire,among others, but we can think of multiple crops, ammendments, rotations,
fertilizers, pest control, etc., known packages practices, basisas of cultural 
of development or the expansion of new agricultural horizons of the world. 

It is necessary to k:ep in mind that, when the greater part ofgovernmental funds are being invested in building the ,,eecssary infra
structure for social and <:conomic development, very limited funds are leftfor basic research, sine the national governments are generally concerned
about the problems ef the moment, and they distractcannot the necessary
funds for that research. This means that soil scientists must be preparedto orient research towards practical applications that can give concrete
results in an immediate manner. In that form liecan develop an awareness
and also prove that with research, future problems can be solved, and at agiven moment, be prepared to go along with the technological changes that
the develo)ment of the world demands, and avoid the failure of national programs for economic development that may be well oriented but techni
cally not too solid. 

The soil specialist must be physically and mentally prepared to work
in an interdisciplinary team, to be able to solve the complex p blems ofmodern agriculture. In most developing countries, they must learn to work
in (lose collaboration with agronomists, animal scientists, citomologists,

lant pathologists, and agricultural economists among others,. lie must also now the complex interrelationships of the plf, the use of lime, avail
ability of N-11-K and microelnments, the relationships btwccn soil moisture
and structure, its influence on agronomic and economic kiRds and the
sustained use of these mcans as rart of the teclinologi(al modernization
 
and intensification of agriculturaI production 
 in the wet tropics. Theinfluence of the slope, the texture and organic mat~tr, that normally must
be managed under different limits than those used in de*veloped countrieswhere soil science is more advanced and ecological conditions arc different.

He must he prepared to make spccific ru.ommcn mlations as to what types of
soils, within its ecological environment must he rcstrkted to forestry uses 
or what lands (an be dedicated without danger to (rop systems that require
the use of maihinery, and what land cannot be used for snhsistamce cropsor in small, modern, high efficiency farms. 

Developing countries build roads in order t), kuite tlic country andnot necessarily open new areas for spontaneous or private settlement.
Nevertheless we know that the landlcss farmers follow the ,pcinimg of sucdiroads, and without the orientation from soil s(ientists, land m.iy be usedfor settling when its most adequate ecological exploitation w,,,ld have beento leave them with natural vegetation, the climax of Wl10 Ithey have
reached by natural evolution through time. National yovernmrnts needthese guides to be able to regulate the use of the land and itbe able toOrganize settlements in places with a greater potential for devdlopment and
where the settlers can have greater possibilities of suc'css. i'hey must also
be capable of adapting basic researd, available from more advanced coun. 
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tries, to our conditions of countries with limited funds that cannot carry out 
this type of work. 

The soil specialists must be able to read and understand scientific 
publications and magazines of an adequate technical level that keep him up 
to date in the technological development of soil science, and not expect to 
obtain his knowledge by merely attending international meetings that are 
costly both in time and money. 

National governments also expect that high level soil scientists 
belonging to institutions such as CIAT, IRRI, CIMMYT, etc., prepare their 
publications in a language that is accessible to field professionals, thus 
permitting them to go along with the new technological advances of soil 
science and to be more effective in their propagation of knowledge pertinent 
to the process of development. 

Administrative aspects 

I consider the administrative aspect as one of the singularly im
portant aspects to which normally no value is given, and that can mean the 
difference between the success or the failure the soil scientist's work. 

It is generally considered that a well trained person can be a good 
program or project director, so when persons return from a advalraed training, 
the professional is often placed in an administrative post, not having, in 
most cases, been exposed to training in the different aspects lie will face, 
such as: office organization, handling of personnel, budgct preparation, 
management by objectives, allocation of resources; in other words, all tile 
administrative aspects that lie will have to face so that his work may have 
the desired impact.

Basic knowledge in this area will permit the professional to adapt 
himself in the daily problem that will permit him to tarry out an adtequate 
technical work with the limited funds he disposes of, and without the 
facilities of equipment, personnel and elements he ;iay have had during 
his ,ears of study,

1c will have to use his resourcefulness to be able to obt.1in the best 
use of the resources at his readh, su( i as assistants with limited technical 
knowledge, low salaries, difficulties to move, low or uncxistcnt prrdiems,
political problems, etc. In other words, the sun of all tlie factors or limi. 
tations that k(ep our countrics on the road to development, anl that only 
with technically and menially prepared per-ons, (il Stih lii ;t itions be 
overcome. 

The soil specialist must be willinp to share his tet hnical knwledge, 
Information and tedhnical pubhlications with his colleagues, distribute the 
training poss:bilifirs among all, so i s to form horopen(otis working teams 
where group actiot is more inlortll t than the individual desire to stand 
out. 

in devehping (ouitriv. it is quite common that many of the decisions 
are taken erroneoudly, not only due to te(hini al flaws but also due to lack 
of knowledge of managerial organiation and a luk of planning and 
programming with everybody dedicated to solving lhe problemi of the 
moment, thus acting expediently and witlout concern for the problems of 
the future. 
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.That can be probably due to the fact that our systems give credit 
to persons that solve or postpone problems in times of crisis and that the
financial conditions are such that they do not permit foreseeing problems
that might arise in a near future. 

The problems are so many and so urgent that it is of primary
importance that the soil scientist be able to establish real priorities among
his own work projects, and also between his projects compared to other 
governmental projects. 

tEconomic Arpects 

The participation of the soil specialist is of vital importance to 
agricultural development, since his contribution can help to define new 
areas to be open to crops, the forms of improving the efficiency of agri
cultural production, the crops that can be considered in the new develop. 
ment plans, etc. For this reason it is essential that the soil specialists,
whatever the area of soil science in which they are specialized, have in this 
stage of development, basic knowledge of economics to be able to orient 
their work with said criterium. 

A soil specialist must fully know the factors limiting agricultural
development, so that his efforts are not oriented towards practices or 
stud pdojects ,hat may have no bearing or cannot be applied by the rural 
producer. 

It is much more important for a rural producer to know what he 
can obtain from the natural fertility of his soil, with which lie can then 
generate the necessary capital to allow him to Liter on use fertilizers to 
obtain a better production; instead of using these fertilizers indiscriminately
from the very beginning, in conditions where its response is not fully deter. 
mined and where the contraction of debts in the purchase of inputs or ser
vices, apart from those generated by his own effort, can cause his financiae 
bankruptcy by not obtaining the expected benefits. 

It is not necessary for a soil specialist to be an expert in agricultural 
economics too, but it is necess,.-y that he knows, ihe rudiments of agricultural
economics to know his limitations in that field and request the help of said 
specialists in the evaluation of the recommendations that lie himself may
give. It is well known that technologically speaking there are very few 
conditions uider which crops cannot be raised, but where the possibility
of economic success of the practice recommended may be the limiting factor. 

The soil specialist must know the long term as well as the short. 
term effects of annual or mulliple crops versus permanent crops such as 
pastures or trees and be able to orient the national governments in the 
determination of areas, either to be used by small rural producers or for 
managerial agriculture, depending on the policy to develop circumstances
they may wish to promote. For examlle, can a successful exploitation be 
effected with families possessing 5, 20, 50 or 100 hectares of crop, or is it 
that the investment capital ii, equipment, machinery, facilities and admi. 
nistration will not allow it? These problems will rejuire the best efforts 
and creative imagination on the part of the soil scientists working in inter. 
disciplinary teams. 
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III CONCLUSION 

The author has tried to describe the problems w4th which the soil 
scientist is normally faced, and the training requirements he should have 
to be able to overcome these siccessfully. These aspects refer to three main 
areas: a) Soil science: a brief description is made of the technical problems
related to the specialty; b) Administrative problems: it starts from the 
basis that sooner or later the professional will be placed in administrative 
posts, for which lie should have sonie preparation in that field, and c) 
Economic aspects: a brief description is made of the need for the soil 
specialist to have a basic knowledge of economics due to the importance 
that his decisions may have in the economic and social development of a 
country. 
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33qJ expect of soil scientists in Latin America 
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The international development agencies' expectations of soil scientists 
working in developing country agriculture programs are high. Whether 
these scientists are from national research institutiots or other aencies 
working in developing countries under contract with or supported by AID, 
I look to them to make the necessary inputs to the field of soil technology 
as these inputs fit into the overall perspective and activities of agricultural 
development, in general., We hope that these efforts vill be realistic, 
simplistic and adaptable to the situation in less developed countrie, par
ticularly the situation of the small and intermediate size farmers. 

I recognize that soil fertility problems in most Latin American 
countries may be limiting factors for increasing production and improving 
the income situation of the target group of farmers. With changing situa
tions regarding fertilizer availabilities and prices and the rising prices and 
worldwide shortages of basic foods, new concepts and problems in the 
economies of agricultural production are upon us. Soil and fertiliity research 
in crops must guide the way with economic components of the agronomic 
research to make recommendations that will promote (hanges on the part 
of the small farmer from traditional agriculture to commercialized agriculture 

We suspect that the increasing demand for fertilizers and their 
limited supplies due to the worldwide energy situation nust change our 
philosophies of fertilizer use. Instead of aiming for optinlum yields with 
optimum fertilizer levels, it might be more prudlent to make recom
mendations that provide for the greatest efficienc, of total fertilizer 
use -for example, fertilizer applications in the lower level but steeper 
portion of the si:,moid response curve. Such recommendations would maxi. 
mize profits to the small farmer and wold maximize production per unit 
of fertilizer used. Such recommendations, of course, would vary according 
to soil type and to other ecological conditions. I ensisage that -ccommenda. 
tions proposcd should be as simplistic and realistic as possible. The, rcduced 
availabilities of a wide variety of mixed composition fertilizers may rerquire 
that scientists' recommendations be such that use is inade f those fertilIzers 
readily available or in st,!. iconmendations made should be as simple as 
possible so that the inexperienced, untrained and utsopht.lic ated small far. 
mer or agricultural tec hliimi (an1uandrstand it v mcthodolo gy iui%'oicd. 
A small farmer certainly oeeds to be trained in simple (ahulations on shlih 
he will make his own decisions on fertilizer use. 

I foresee also that recommendations might best be made to confine 
fertilizer use on a priority basis to food cropi rather than other less im. 



portant uses. This would most likely assure that fertilizer would be used 
for the immediate short term requirements to increase lower cost caloric 
and protein foods, but this too could change with the specific needs of the 
community at any one time. 

Such a course is particularly relevant because he is operating at or very near the subsistence level. These farmers have very limited cash resour
ces and they make their decisions on the basis of real costs, and the level of
risk they are taking. Fertilizer use recommendations which are at a level 
which minimizes costs of inputs yet gives an opportunity for at very high 
rate of return on investment can do much toward assisting these farmers. 

Finally. I urge all soil scientists to be assured in their own minds that 
their efforts of providing technological inputs to agricultural programs meet
the needs of the program and the desire of the host governments. This 
may require getting out of an ivory tower of philosophical patterns of 
thinking and acting. It may require real innovative thinking and selfless
action on the part of the scientists to assure that their work is a real part
of the work of others working on related production problems. In view of 
the magnitude of the world's problems of food shortages, poverty, malnu
trition and ignorance -all of which can be relieved to some extent by your
work- I urge you to adapt your work to the changing needs of the world in 
the spirit of dedication required to solve these serious problems. 
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