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1. Why carry out soil analysis?

• Soil analysis is an important step towards improved soil nutrient 
management.

• In agriculture the most common soil tests are done to  estimate the 
plant-available plant nutrients, for purposes of coming up with 
fertilizer recommendations

• In commercially oriented systems soil analysis helps to identify 
needed fertilizer types and application rates for targeted crop yields

• In subsistence smallholder farming situations the small pockets of 
land cropped, cost and unavailability of soil testing facilities  make  it 
difficult for smallholders to practice regular soil testing.

• So soil analysis is definitely needed when
– Crops fail due to unknown reasons or nutrient deficiency is suspected
– High yields are targeted and maximum profitability is desired
– One needs improved understanding of soil characteristics for research 

purposes e.g pedological soil classification e.g World Reference Base for 
Soil Resources 
(https://en.wikipedia.org/wiki/World_Reference_Base_for_Soil_Resources)

https://en.wikipedia.org/wiki/World_Reference_Base_for_Soil_Resources


2. Types of Soil Analysis

• Soil analysis has three major 
categories:
– Physical eg texture, water infiltration 

hydraulic conductivity, shear strength
– Chemical eg N, P, K content
– Biological. Measures soil life eg 

macro and microfauna
• For agricultural or cropping 

purposes, soil chemical analysis is 
the most commonly used indicator 
for soil fertility status.



2.1. Typical soil analyses ranges

Analyte Norm              Poor Soil        Good Soil

pH (H2O)                  5-6,5                  4,5                       6,2
Ext Ca mg/kg           300                    100                     600
Ext Mg mg/kg          150                     70                       300
Ext K    mg/kg          100                    40                       150
P Bray1 mg/kg          20                       4                        25



3. Soil sampling:  some key guides

• Soil sampling is a key 1st step towards 
useful soil analysis

• Type of soil sampling depends on 
intended use of the results.

• For chemical analysis sampling needs 
to be carried out as follows:
– Use an auger, spade or soil sampling tube 

to sample top 20-30cm of the soil
– Sample diagonally or randomly across 

target field (see diag)
– Collect at least 10 sample representative 

positions across a block into  a bucket.
–  Mix the soil a collect one composite 

sample
– Avoid anthills, areas that look more fertile 

and fertilizer deposits
Sampling positions across a field

Soil sampling using a spade



4. Soil pH
• pH: a measure of acidity (log10 [H+]). Most soils have 

pH values between 3 and 10.  the higher the value 
the more alkaline the soil is.  The lower the value 
the more acidic the soil

• pH is measured mostly in water or in CaCl2. The water 
standard gives higher pH values than the CaCl2

» pH(water) = pH (CaCl2) - 0.7

• Generally high rainfall areas suffer from increased 
acidity due to leaching of exchangeable bases.

• Best measured using a pH meter
• Ideal pH (water) range for most crops is 5.5 to 6.5 

• At low or high pH nutrient availability to crops is 
reduced

• Liming effects on crop yields can range between 20 
and 500% depending on crop ( 
https://www.cropnutrition.com/nutrient-management/soil-ph)

Source: adapted  
from 

https://soilgrids.org/

acidic alkaline

https://www.cropnutrition.com/nutrient-management/soil-ph


4.1 Soil pH influences nutrient availability to crops
Low pH high pH

Low pH locks 
up P, S, Ca, 
Mg, B and Mo

High pH also 
locks up P, 
Fe, Mg, Mn 
and B



5. Macro and Micronutrients
14 mineral nutrients generally considered essential for crop growth:

Macronutrients Micronutrients

Nitrogen (N) Boron (B)
Phosphorus (P) Chlorine (Cl)
Potassium (K) Manganese (Mn)
Sulphur (S) Zinc (Zn)
Magnesium (Mg) Iron (Fe)
Calcium (Ca) Molybdenum (Mb)

Copper (Cu)
Nickel (Ni)

N.B. Macronutrients such as N,P and K are needed in fairly large quantities and supplied in 
the form of mineral fertilizers and organic manures as basal or  side dressing applications.  
Micro nutrients may also come from conventional fertilizers but may be  applied as foliar 
formulations



 Nitrogen (N) Phosphorus (P) Potassium (K)
Why important? Helps plants grow Helps plants to produce 

roots, flowers and grain
Helps plants resist diseases

Symptoms in 
plants if nutrient is 
deficient

Leaves are pale green or 
yellowish
Plant is stunted and 
leaves are small
Tips of leaves are yellow
Ears are small and 
kennel are not filled

Leaves are purplish
Roots are few and short
Ears are short and twisted, 
with under-developed 
kennels

Browning or bronzing and 
scorching of leaf edges
Plant is stunted, with nodes 
on stem close together
Tips of ears are poorly filled

Examples of 
organic fertilisers 
with this nutrient

Animal manure, compost, 
mulch,
legumes (intercrops, 
rotations, cover crop, 
mulch, compost)

Animal manure,Tithonia 
leaves,  Leucena 
leucocehala, sweet potato 
vines, lantana camara, 
Cajanas cajan, compost

Animal manure, Tithonia 
leaves, napier grass, 
Leucena leucocehala, sweet 
potato vines, coffee husks, 
banana stalks, compost

Examples of 
inorganic fertilisers 
with this nutrient

Urea
Ammonium nitrate (AN)
Calcium ammonium 
nitrate (CAN)
Ammonium sulphate
Compound D, and L

Single superphosphate 
(SSP)
Triple superphosphate 
(TSP)
Rock Phosphate (RP)
,  Compound D, and L

Muriate of potash (KCI)
Potassium sulphate 
(K2SO4),  Compound D, and 
L

The importance and sources of some of the macro- nutrients (NPK) 



6. Soil Organic Carbon

• Soil organic carbon (SOC) is the measurable component 
of soil organic matter  & refers only to the carbon 
component of organic compounds in the soil.

• Soil organic matter can be estimated from SOC as 
follows:
 Organic matter (%) = total organic carbon (%) x 1.72

• Plays an important role in improving soil chemical and 
physical properties, hence global debates on carbon 
sequestration & mitigation.

• Units: % , g/kg
• For most soils SOC: 0.2-5%
• High surface area and CEC (215 meq/100 g vs 58 

meq/100g for clay)



6.1 Effects of soil carbon on soil loss and run-off  using laboratory rainfall simulation 
(Elwell, 1986)

N.B Small increases in soil organic carbon dramatically improves 
aggregate stability and consequently soil loss and run-off 

See video at the end!



7. Soil Texture
The relative content of particles 
of various sizes, such as sand, 
silt and clay in the soil or a 
measure of the particle size 
distribution  within a soil giving 
different textural classes eg :
• Clay
• Loam
• Sand
• Clay loam
• Silty clay

Soils can be classified on the basis of their texture



8. Integrated soil nutrient management
Designed to optimize the condition of the soil, with regard to its physical, 
chemical, biological and hydrological properties, for the purpose of 
enhancing farm productivity, whilst minimizing land degradation

Source:  Africa Soil Health Consortium, 2012



8.1 ISFM
• 4Rs of Nutrient Stewardship

• Different sources of nutrients may be 
employed

• Organic: Farmyard manures
• Mineral ferts
• Biological N fixation: legumes, 

green manures, fallows
• Agroforestry
• CA, CSA can be part of ISFM

• Fertilization depends on target yield, 
moisture and soil fertility status: eg for 
maize 

N=200 kg/ha; P =85kg/ha P205; K= 
200kg/ha P205  for a 7t/ha crop

• Legumes generally need not be 
top-dressed but a booster N 
application may be warranted if crop 
is yellowing

• Green manure legumes can fix 
between 100 and 300 kg N ha-1 
from the atmosphere (Norman, 
1996) 

• Soybean can fix between 100 and 
260 kg N ha-1  (Mapfumo et al, 
2011)

The 4Rs of nutrient management



8.2 Cereal yield responses to NPK in various 
locations in Africa

Source: Kihara et al., 2016

Despite access challenges, yields are highly 
responsive to NPK mineral fertilizers across SSA



8.3 Maize yield response to fertilization in four African 
countries

Seasonal fluctuations in responses are associated  with rainfall 
patterns

Source: Jama et al., 2017



8.4 Maize grain yield responses to CA in three different rainfall 
regimes (<700, 700-1300, >1300 mm) from five ESA countries 

(2010-2017)

Source:  Nyagumbo, et al., 2020

N.B CA systems including rotations most rewarding in low rainfall regimes.  Intercrops generally least 
performing with respect to maize yields.  Yield returns relative to CP subdued in high rainfall conditions 



 8.5. G’nuts and p.pea  rotations and intercrops gave the 
highest relative maize yields in different agro-ecologies

Source:  Mupangwa  et al., 2020



8.6 Sustainability & Resilience merits of different CA systems 
including intercrops and rotations in Mz and Mw 

N.B  Soil loss estimates based on  SLEMSA model suggest CA rotations and intercrops 
result in the lowest soil losses  (lower than 5t/ha/yr). 

Source:  Nyagumbo et al., upcoming



8.7 Resilience: Carbon inputs from different cropping 
systems in Machinga, Malawi 

 
 Carbon content in top 20cm depth Total carbon stocks in top 20cm 

depth  

 

CSA Conv Control ΔC CSA Control Overall C 
stocks  
Increase

Avg Soil C  
increase per 

year

 g C kg-1 g C kg-1 g C kg-1 t C ha-1 t C ha-1 t C ha-1 t C ha-1yr-1.
CA 10.6a 7.6b 3 28.4 21.9 6.5 1.6
Mbeya Fert 15.8a 10.7b 5.1 40.4 28.5 12.0 3.0
Maize-PP 
Intercrop 13.2a 9.3b 3.9 36.2 25.7 10.5 2.6

Note: Carbon stocks calculated for top 20cm soil depth  for each system. Conv control  refers to the conventional ridge/furrow common 
farmer practice.  ΔC= change in soil organic carbon.

Different superscript letters in the same row following each CSA and control systems indicate statistically significant differences in SOC 
between them at p<0.05.   

Source:  Nyagumbo, et al., 2021



 8.8 Forage and maize grain yields (kg ha-1) from intercropping and 
sole cropping systems from 3 seasons in Murehwa district, 

Zimbabwe.

 Forage yield Maize grain yield

Treatments 2012/13-201
4/15 
no manure

2014-15 
with 
manure

2012/13-2014/15 
no manure

2014-15 
with manure

CT + sole maize continuous 3 076a 3 565a 2 670 2 878b

CT + sole maize continuous 3 646b 4 115a 2 729 2 847b

CA + maize + cowpea 
intercropping

4 134c 4 820b 2 565 2 280a

CA + maize + mucuna 
intercropping

3999bc 4 481b 2 623 2 394a

P value 0.014 0.018 0.961 0.012
Lsd0,05 460 796 NS 433
(n) 8 8 8 8

CT= Conventional Tillage using the mouldboard plough; CA= Conservation Agriculture Means with different letters within the same column 
are significantly different (P < 0.05); NS - not significant at P < 0.05; Lsd is least significant difference at 5 %, n is number of replicates. 

Source:  Mutsamba et al. (2019).

Higher gross margins realized from mucuna intercrops!



CA and aggregates video



9. Summary
• Key soil analysis parameters used as indicators for soil fertility 

include soil pH, N, P, K and soil organic carbon.
• Availability of soil nutrients to crops is reduced at low and high soil 

pH.   Liming is an important intervention for correcting soil acidity.
• Soils are also classified according to their texture.
• ISFM employs various practices to address nutrient deficiencies 

such as farmyard manures, BNF, mineral ferts, agroforestry, residue 
retention and others for improving system productivity

• CIMMYT’s interventions in projects towards sustainable 
intensification employ components of ISFM through CA,CSA 
including  good agronomic practices

• Maize yields are often depressed in legume intercrops  compared 
to rotations or sole maize depending on rainfall regime + other 
factors…..  

• Productivity of maize and legumes is enhanced by the use of 
rotations particularly under CA (eg +90%) yet land availability 
constrains farmers from practicing legume rotations hence land 
constrained farmers prefer cereal-legume intercrops.

• For mixed crop-livestock systems rotations / intercrops with 
legumes eg mucuna, enhance food and feed. 
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Thank you!


