
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: os.oyatokun@acu.edu.ng; 
 
Asian Soil Res. J., vol. 7, no. 2, pp. 14-18, 2023 
 
 
 

Asian Soil Research Journal 
 
Volume 7, Issue 2, Page 14-18, 2023; Article no.ASRJ.99066 
ISSN: 2582-3973 

                                    
 

 

 

Soil Analytics: Inter-conversion of 
Units among Different Parameters in 

Soil Science 
 

Oyatokun, Olukayode Stephen 
a*

 
 

a
 Department of Crop and Animal Science, Ajayi Crowther University, Oyo, PMB 1066, Oyo, Nigeria. 

 
Author’s contribution 

 
The sole author designed, analysed, interpreted and prepared the manuscript. 

 
Article Information 

 
DOI: 10.9734/ASRJ/2023/v7i2127 

 
Open Peer Review History: 

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  
peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 

https://www.sdiarticle5.com/review-history/99066 

 
 

Received: 23/02/2023 
Accepted: 26/04/2023 
Published: 11/05/2023 

 
 

ABSTRACT 
 

Soil analytics involves a variety of chemical processes that determine that amount of available plant 
nutrients in the soil, including their physico-chemical and biological properties important for plant 
nutrition. The chemical analysis determines plant nutrients content and other physical 
characteristics. Based on quality soil analysis, it is easier to determine the required fertilizer needed 
by plants for quality growth and yield. Analytical procedures in soil science vary from one method to 
another, each with its peculiar unit of measurement. This article seeks to provide some inter-unit 
conversion or provide conversion factors to satisfy the yearnings of all interest groups. The 
calculation and conversion of units of measurement of different soil parameters will unify 
conclusions of different analytical results, such as in fertilizer application and experimental 
reactionary systems. The outcome of this article has provided meaningful inter- unit conversion 
through simple derivation principles, by the derivation of conversion factors, and in the practice of 
fertilizer calculation for fertility studies. 
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1. INTRODUCTION 
 
Soil analytics is not a new phenomenon in soil 
science. It is an aspect of Soil Sciences which is 
applied in the Soil Science laboratories. It usually 
involves the calculation and conversion of units 
of measurement of different soil parameters. 
During the manufacture of fertilizers and other 
chemical processes, we are bound to arrive at an 
entirely different product, whose unit of 
measurement differs from those of the initial 
reactants [1-3]. Majority of cases used here as 
examples are obtained from calculations of rates 
of fertilizer application. 

 
Fertilizer application calculation involves the use 
of simple proportions to estimate the amount of 
fertilizer needed to be applied on a given land 
area or experimental land size. However, land 
area or size can be expressed both in terms of 
weight and volume dimensions. 

 
The weight dimension of soil presumes a hectare 
of soil to be 2 x 10

6
 kg. The weight of a hectare 

of soil is derived from the weight of the furrow 
slice. A hectare furrow slice is the volume of one 
hectare to a depth of 15 centimeters, or 100 
meters x 100 meters x 15 centimeters. The 
hectare furrow slice represents the cross-section 
of 15cm depth of top soil in a 100m x 100m area 
dimension [4]. It is the volume of soil in the above 
mentioned dimension, where the roots of plants 
majorly obtain their nutrients (commonly referred 
to as the topsoil). It is the topmost layer of soil 
needed for germination purposes, because it 
houses the organic matter present in soil                
[5,6]. 

 
This is shown by its derivation from the first 
principle expressed below: 

 
The bulk density (BD) of soil =1.33g/cm

3 
  

 
Area of an hectare = 100m x 100m  

 
Depth of topsoil = height = 15cm = 0.15m 

 
Volume = Area x height = (100m x 100m) x 
0.15m  

 
Density = Mass / Volume, 
 

Mass = Density x Volume = [1.33 x 10
3
/10

6
 

kg/m
3
]
 
x [0.15m x 100m x 100m] 

 

Mass = 1.995 x 10
6 
= 2 x 10

6
 kg 

Habitually, there are series of units’ conversion in 
the above derivation. For example bulk density 
which was expressed as g/cm

3
 needed 

conversion to kg/m
3
 which is the SI unit. 

 
For g to be converted to kg you must multiply by 
1000 or 10

3  

 

For cm to be converted to m, you divide by 100 
or multiply by 10

-2 

 

Therefore, cubic centimeter (cm
3
) to cubic meter 

(m
3
) will give (10

-2
)
3 
= 10

-6 

 

Hence, the bulk density of soil which is 
1.33g/cm

3
 = 1.33 x 10

-3
/10

-6
 kg/m

3
 = 1.33 x 10

3
 

kg/m
3 

 

Volume of an hectare soil = 100m x 100m x 
0.15m = 1.5 x 10

3 
m

3 

 
Since Mass = Density x Volume, 
 
Mass = 1.33 x 10

3
 kg/m

3 
x 1.5 x 10

3 
m

3  

 = 1.995 x 10
6 
 

 
Approximately = 2 x 10

6
 kg 

 
In similar circumstances, the amount of fertilizer 
needed to be applied to a given land size can be 
calculated by simple proportions, having in mind 
that a hectare of land can be expressed in both 
volume and weight dimensions. 

 
2. FERTILIZER CALCULATION 
 
Let us consider some examples of fertilizer 
calculations using simple rate proportions. 
 
Fertilizers are usually packaged in a 50-kg bag 
and the amount of the nutrient element contained 
is always written or inscribed on the fertilizer bag 
e.g. N-P-K 15 -15-15 expresses that 15% each of 
N, P and K are present in a 100kg of N-P-K 15 -
15-15 fertilizer.  
 
 If we are to apply 30kg N/ha, 30kg P/ha and 
30kg K/ha on a hectare of land, it means that we 
need to apply 4 bags (50 kg/bag) of this fertilizer 
on the field. 
 
See the calculation thus: 
 

Recommendation is: to apply 30kg N/ha, 30kg 
P/ha and 30kg K/ha 
 

Land size = 1 hectare 
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To calculate the quantity of fertilizer needed, we 
must be knowledgeable on the rate of application 
or simple proportions of measurement. 
 
If N-P-K 15 -15-15 expresses that 15 kg each of 
N., P. and K. are present in a 100 kg. 
 
Therefore, 200 kg of N-P-K, 15 -15-15 fertilizer 
will supply 30 kg each of N, P and K per hectare 
of land. 
 
Since a bag of N-P-K 15 -15-15 fertilizer is 
packaged in a 50 kg-bag, therefore, 4 bags will 
make 200 kg. 
 
What is the quantity of Urea (46%N) that would 
serve as a top dresser for a 4000 m

2 
plot size if 

the recommendation is 30 kg N/ha? 
 
Recommendation = 30 kg N/ha 
 
Land size = 4000 m

2 

 

1 ha of land requires 30 kg N 
 

10,000 m
2 
requires 30 kg N 

 

Therefore, 4000 m
2
 will require 30/10000 x 4000 

kg N =12 kg N. 
 

Since 100 kg Urea contains 46 kg N or vice 
versa, 
 

46 kg N is provided by 100 kg Urea 
 

Hence 12 kg N will be provided by 100/46 x 12 = 
26.087 kg Urea. 
 

A series of fertilizer calculations had been treated 
in various textbooks and laboratory manuals. 
However, there are contending issues of 
conversion from one unit to the other, especially 
where new SI units are involved. For this reason, 
this article provides a bridge or linkage between 
various units of relevance in fertilizer application 
and laboratory studies in soil science. 
 
Analytical procedures in soil science vary from 
one method to another, each with its peculiar unit 
of measurement. To be on the same size with 
various methods, it is necessary to provide some 
inter-unit conversion or provide a conversion 
factor to satisfy the yearnings of all interest 
groups. 
 
Hence, we shall consider some of the available 
units with their conversion to the SI units. 

 
3. INTER-UNIT CONVERSION 
 
Some units of consideration include mg/kg, g/kg, 
ppm, %, kg/ha, cmol/kg soil and meq/100g soil. 
Some of these units occur in the analytical or 
laboratory evaluation or assay of some mineral 
elements and there could be the need to get an 
accurate measurement for the field situations. 
Such measurements used in the laboratory or 
field experimentations are usually expressed in 
concentration, weight or volume dimensions, 
particularly those relating to the soil. 
 
In Table 1 is presented the nutrient elements, 
particle-size analysis and their SI units, as well 
as other alternative units of measurement. 

Table 1. Physic-chemical properties of soil 
 

Parameters                 SI unit of measurement Other units of measurements 

Total Nitrogen g/kg %; ppm 
Organic Carbon  “ %; ppm 
Avail. P mg/kg %; ppm 
Exchangeable cations 
Ca mg/kg meq  wt/100g soil 
Mg  “  “ 
K cmol/kg  “ 
Na mg/kg  “ 
Exchangeable micronutrients 
Fe mg/kg ppm 
Mn  “   “ 
Cu  “  “ 
Zn  “  “ 
Particle size distribution 
Clay g/kg 

g/kg 
g/kg 

% 
% 
% 

Silt 
Sand 
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These units are inter-convertible, the knowledge 
of which will enhance students’ and learners’ 
skills of accuracy and precision in analytical and 
laboratory practices. 
 
Let us consider some of the units’ conversion as 
described by the understated calculations. 

 
3.1 Conversion of mg/kg to ppm 
 
ppm represents part per million = 1/1000000 = 
10

-6 

 

mg/kg = 1/1000000 = 10
-6 

 

Hence, ppm = mg/kg. The conversion factor is 1 
for either unit. 
 

3.2 Conversion of mg/kg to g/kg 
 
mg/kg                              g/kg 
 
1/1000000                    1000/1000000 
 
mg/kg   1/1000 

 
To convert mg/kg to g/kg, we will need to multiply 
mg/kg by 1000 and the resulting unit is g/kg. 
 

mg/kg x 1000 = g/kg 
 

3.3 Conversion of mg/kg to kg/ha 
 
mg/kg = 1/1000000 =10

-6 

 

kg/ha = 1/2 x 10
6\ 

 

kg/ha x 2 = 1 / (2x10
6
) x 2 = 1/10

6 
= 10

-6 

 
To convert mg/kg to kg/ha, we need to multiply 
kg/ha by 2 and the resulting unit is mg/kg. 
 

kg/ha x 2 = mg/kg 
 

3.4 Conversion of % to ppm 
 
Percentage (%) = 1/100 

 
Part per million (ppm) = 1/ 1000000 

 
To convert % to ppm, we need to multiply ppm 
by 10000 (10

4
) 

 
ppm x 10000 = 1/1000000 x 10000 = 1/100 (%) 

 
Conversely, by dividing % by 10000, we get ppm 

ppm x 10
-4

 = % or % divided by 10
4 
= ppm 

 
Let us consider this example, the result of soil 
analysis showed that total nitrogen was 0.15%, P 
was 0.025% and K was 0.10%. Express these 
results in ppm. 
 
Total Nitrogen = 0.15/100 = 0.0015 / 10000 = 1.5 
x 10(

-3 + -4
) = 1.5 x 10

-7
 = 1.5 x 10

-7
ppm 

 
P = 0.025/100 =0.00025 / 10000 = 2.5 x 10

-4
 / 

10
4
 ppm = 2.5 x 10

(- 4 - 4) 
= 2.5 x 10

 - 8 
ppm 

 
K = 0.10/100 = 0.001 x 10000 = 1.0 x 10 

(-3+- 4)
 = 

1.0 x 10
- 7

 ppm   
 
You may revert ppm to % if you divide ppm by 
10000. 
 
Since ppm = mg/kg, the above calculation also 
applies when converting % to mg/kg. 
 

3.5 Conversion of % to g/kg 
 
% = 1/100 
 
g/kg = 1/1000  
 
Divide % by 10

 
to get g/kg unit or vice versa 

 
g/kg x 10 = %; or % / 10 = g/kg 

 

3.6 Conversion of cmol/kg to meq/100g 
 
cmol/kg = meq/100g 
 
cmol/kg is numerically equal to meq/100g. The 
conversion factor is 1. 
 

3.7 Conversion of g/m
2
 to kg/ha 

 
1g = 1 x 10

-3
 kg = 10

-3
 kg 

I m
2
 = 1 x 10

-4
 ha = 10

-4
 ha 

1 g/m
2
 = 10

-3
/10

-4
 = 10 

(-3 + 4)
 = 10

1 
= 10 kg/ha 

 
1g/m

2
 = 10 kg/ha 

 

4. DISCUSSION 
 
Different soil analytical methods are employed 
during soil analysis to determine different plant 
nutrients [7–11] and their physical characteristics 
[12,13]. Each of these methods has its peculiar 
unit of measurement. The inter-conversion of 
these units or the provision of conversion factors 
provides a unity of purpose among various 
methods and satisfy the yearnings of all interest 
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groups on soil analytics. This knowledge will 
further enhance the students’ and learners’ skills 
of accuracy and precision in analytical and 
laboratory practices. 
 

5. CONCLUSION 
 

The outcome of this article has provided 
meaningful inter-unit conversion through simple 
derivation principles, by the derivation of 
conversion factors, and in the practice of fertilizer 
calculation for fertility studies. 
 

COMPETING INTERESTS 
 

Author has declared that no competing interests 
exist. 
 

REFERENCES 
 

1. Foth HD. Fundamentals of soil science. 
8th ed. NY: John Wiley & Sons. 1990;380. 

2. Organismal biology. Content of 
Introduction to Organismal Biology; 2016. 
Available:https://sites.gatech.edu/organism
albio/ 

3. Wikipedia; 2022. Wikipedia.  
Available:https://en.wikipedia.org/wiki/Tops
oil 

4. Kang BT. Fertilizer: Definitions and 
calculations. IITA Research Guide 24. 
Training program, International Institute of 
Tropical Agriculture (IITA), Ibadan, Nigeria. 
1995;28. 

5. Cornell University cooperative extension 
(CUCE). Cation exchange capacity (CEC). 
Agronomy fact sheet series # 22. Cornell: 
Department of Crop and Soil Sciences, 
College of Agriculture and Life Sciences, 
Cornell University; 2007. 

6. Soil analysis: an interpretation manual 
Peverill KI, Sparrow LA, Reuter DJ, 
editors. Melbourne, Australia: CSIRO; 
1999. 

7. Anderson JM, Ingram JSI. Tropical soil 
biology and fertility. A handbook of 
methods. 2nd ed. CA B International. 
1993;22. 

8. Bray RH, Kurtz LT. Determination of total 
and available form of phosphates in soils. 
Soil Sci. 1945;59(1):39-46.  
DOI: 10.1097/00010694-194501000-
00006 

9. Bremmer JM, Mulvaney CS. Nitrogen – 
total. In: Methods of soil analysis Part 2. 
Chemical and microbiological properties, 
ASA, Madison, U.S.A.. 1982;595-624. 

10. Jackson ML. Soil chemical analysis. 
Englewood Cliffe, NJ Prentice Hall Inc. 
1962;78. 

11. Walkley A, Black IA. An examination of the 
degitareff method of determining soil 
organic matter and proposed modification 
of the chronic acid titration method. Soil 
Sci. 1934;37(1):29-38.  
DOI: 10.1097/00010694-193401000-
00003 

12. Bouyoucos GJ. A recalibration of the 
hydrometer method for making mechanical 
analysis of soils 1. Agron J. 1951;43(9): 
434-8.  
DOI: 
10.2134/agronj1951.00021962004300090
005x 

13. Okalebo JR, Gathua KW, Woomer PL. 
Laboratory methods of soil and plant 
analysis: A working manual. Nairobi, 
Kenya: Tropical Soil Biology and Fertility 
Programme. 1993;88. 

_________________________________________________________________________________ 
© 2023 Stephen; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/99066 

http://creativecommons.org/licenses/by/4.0

