
Appendix 3. 
 A STATISTICAL PROCEDURE FOR 
 ENHANCING SOIL SURVEYS FOR 
 SOIL FERTILITY INVESTIGATIONS 

 
 

Agronomists requiring more information for designing field 
fertilizer trials are faced with the problem of how much to 
sample, and even how to go about soil sampling.  In soil 
survey, particularly, precision is generally, but often 
erroneously, associated with sample density; much sampling 
and many analyses are demanded for surveys with large 
mapping scales. 

The approach advocated by Cochrane (1969) for enhancing 
soil surveys for fertility investigations is to examine and 
sample 12 to 18 soil profiles or topsoil samples over a 
relatively constant soil unit.  Once these samples have been 
analyzed chemically (and this analysis should be as complete 
as possible), the chemical analytical data might be analyzed 
statistically to establish means, standard deviations, and a 
correlation matrix.  This can then be scrutinized and 
interpreted to help understand soil fertility problems according 
to the following procedure to identify probable toxicity and 
nutrient problems, always bearing in mind the crop and its 
genetic make-up in terms of nutrient tolerances and demands: 
I. Methodic scrutiny of the statistical data. 

A. Inspect means, maximums, minimums, and 
standard deviations to: 
1. Identify probable and possible toxicity 

problems (Al, Mn, Fe) from the soil analytical 
figures. 

2. Identify probable and possible deficiency 
problems in the same way. 

3. Note circumstances that could give 
correlations with little implication insofar as 
soil properties are concerned, including those 
populations with small standard deviations 
compared with their means (perhaps those 
with a standard deviation less than 20% of the 
mean). 

B. Inspect the correlation matrix for possible 
meaningful correlations, in the sense of A-3 
above, and list both positive and negative 
correlations in order of significance.  It has been 
well known for many years that relationships 
exist between the availability of certain major and 
minor nutrients.  The presence of strong 
correlations within this sample may indicate that 
the relationships in question may apply to the 
specific soil under study. 

II. Interpretation. 
A. In the event of a probable toxicity problem: 

1.  a.  For Al, calculate liming needs according to the 
equation of Cochrane et al. (1980). 

b. For Mn, "guesstimate" liming needs. 
c. For Fe toxicity, ensure that the soil is well 

drained. 
2. Then reconsider the implication of these 

treatments on the deficiencies and their 
correlations.  There is a possible implication 
that a positive correlation between two elements 
will mean that raising one will increase the 
availability of the other if it is not in short 
supply, or cause more serious deficiency if it is 
in short supply.  For a negative correlation, the 
reverse situation would apply. 

B. In the event of probable deficiency problems: 
1. Consider first the implication of any actions that 

will probably be taken to solve a toxicity 
problem, if such exists. 

2. Starting with the most serious problem, estimate 
a fertilizer application for adequate correction.  
If this probable deficiency is correlated with 
another, consider possible effects of the 
correction. 

3. Continue this process for other deficiencies, in 
descending order of apparent importance. 

The procedure was applied to land system No. 201, land 
facet No. 1, the principle soils (Haplustox) of CIAT's 
Carimagua station located in the eastern plains of Colombia; 
the. correlation matrix of the soil analytical data has been 
recorded in the tables in this Appendix.  The procedure was 
also followed experimentally for a limited number of other 
soils, including soils from central Brazil and northern Bolivia.  
In short, while the methodology is still in an experimental 
stage, it indicated the presence of: 

1.   Toxicity problems for Al and Fe (the latter if soils 
used were under wet conditions). 

2.   Probable nutrient problems for P, K, Ca, and Mg. 
3.   Possible nutrient problems for Mn, Zn, and B. 

Recommendations from the 
Statistical Procedure 

K deficiency.  The addition of K might aggravate the Mg 
deficiency problem.  Therefore K and Mg should be added 
together. 
   Possible Mn, Zn, and, B deficiencies.  The correlations of 
these elements with others are not as highly significant as 
others and could probably be field tested without too much 
problem.  For example, the negative correlation between Zn 
and pH (in H,O) is probably only significant if major changes 



take place in pH.  Although S levels appear moderate, 
availability could be questioned.  The positive correlation 
between P and Cu levels should be borne in mind.  In this 
respect, the type of P fertilizer to be applied must be 
considered in the light of its ability to supply other nutrients 
(such as S and Ca in the case of single superphosphate), apart 
from the effect of the fertilizer components on leaching. 
 
Thus, it is clear that fertilizer trials should be designed to take 
liming, P, K, and Mg treatments into account and, if possible, 
Mn, Zn, B, and possibly S and even Cu.  The soils should be 
well drained and not used for wetland crops to avoid Fe 
toxicity problems. 
 

Discussion 
The recommendations from the statistical procedure compare 
well with actual findings from CIAT's experimental work over 

the past 12 years: Al toxicity and low levels of P and bases (K, 
Ca, and Mg) were found to be the major limiting factors for 
many arable crops (Spain, 1976).  Fe toxicity was reported for 
flooded rice (Howeler, 1973).  Ngongi et al. (I 977) found K 
and S deficiency problems in cassava.  Howeler et al. (1977) 
also describe lime by Zn, Mn, B, and Cu interactions in 
cassava; further, they found that high liming rates reduced 
yields by inducing Zn deficiency and possibly Mn and B 
deficiencies.  Much costly experimental work went into 
establishing these and similar results (reported in CIAT's 
annual reports); had the statistical sampling procedure 
discussed in this Appendix been incorporated into the initial 
soil survey study of the region, the soil fertility specialists 
would have saved both time and costs.  There is clearly a 
critical need to improve the role soil surveys play in providing 
a basis for soil fertility investigations, especially when carried 
out on undeveloped lands. 
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