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The Importance of Understandmg Soil Morphology
* A Foundation for Sustainable Land Use

nderstanding soil  mor-
Uphology opens a window

onto how soil forms and
functions, how its characteristics
change under different manage-
ment practices and seasons, how it
responds to extreme weather, and
how it is likely to behave under dif-
ferent land uses. For that reason, it
is fundamental to virtually every
decision involving land.

By examining the arrangement,
colour, texture and structure of
soil horizons, together with the
depth and overall profile, agricul-
tural land users can assess drain-
age capacity, aeration, erosion risk,
depth to bedrock and the level of
the water table. Each of these fac-
tors helps determine whether land
is suitable for agricultural use.

In farming, an understanding of
soil morphology supports accu-
rate soil profiling, classification
and mapping. This, in turn, guides
on-farm decisions such as irri-
gation scheduling, soil-manage-

ment practices and the use of soil
amendments, helping farmers
maximise productivity while min-
imising environmental harm.

Beyond farming, soil morphology
also informs environmental man-
agement. It can help predict how
pollutants move through and be-
tween soil layers and supports the
maintenance of natural ecosys-
tems and agroecosystems within
an area. Ultimately, a sound un-
derstanding of soil morphology
enables informed and sustainable
decision-making across agricul-
tural commodities, helping to pre-
vent costly mistakes, long-term
land degradation and the loss of
agroecosystems.

For many smallholder farmers
who depend on farming and have
limited access to science-based
soil-testing services, a basic under-
standing of visible soil indicators
offers an accessible and cost-effec-
tive diagnostic tool. Topsoil depth,
horizon colour and drainage char-
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acteristics can substantially im-
prove decisions about crop selec-
tion and planting practices.

farming

Soil profiling for

decisions

Soil profiling is the process of ex-
amining the different soil layers
from the surface downward to un-
derstand their physical, chemical
and biological properties. It helps
farmers determine whether a soil
is suited to a particular crop and
guides decisions on land prepara-
tion and design, fertiliser selection
and application, irrigation sched-
uling, drainage and conservation.

This knowledge plays a pivotal role
in helping farmers make practical
decisions that increase agricultur-
al productivity while preserving
natural resources, particularly the
soil itself. Effective soil profiling re-
quires a systematic evaluation of
the characteristics that influence
crop selection and growth, water

availability, nutrient dvnamics and
Continue on Page 46
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overall soil health. The principal features assessed, and their importance in sustainable smallholder farming

systems, are outlined in Table 1.

Soil feature ' Description Importance for farming choices

Signals soil fertility status and helps

Soil colour Reflects organic-matter and mineral content
identify potentially productive soils.
Soil texture The proportion of sand, silt and clay particles in Influences water-holding capacity, ease

the soil. ‘ of cultivation and nutrient retention.

Influences root penetration, water

i The arrangement of soil particles into aggregates.
Soil structure frangement P ggreg infiltration and aeration.

Soil depth The vertical distance from the soil surface to a Determines rooting depth and water-
restrictive layer. storage capacity.

Helps farmers manage irrigation, prevent

Soil drainage The rate at which excess water moves throughand | ¢rop waterlogging and select suitable

out of the soil profile.
crops.
Organic matter pecomposed‘plant and ..amlmal material Improves feftlhty, nutr!ent e?vanlab.lh'ty,
incorporated into the soil. water retention and microbial activity.
Root distribution The fiepth and spread of plant roots withinthe soil ~ Helps farmers selef:t crops according to
profile. the depth of the soil profile.
Biologicalactivity |  The presence of microorganisms in the soil Indicates soil health and nutrient cycling.
Soil PH A measure of soil acidity or alkalinity. Affect:s.nutrient BvakEbilityandierep
suitability.
|dentifies potential salt stress that may

Salinity The concentration of soluble salts in the soil. .
reduce crop productivity.

Table 1. Soil features assessed during profiling and their importance to farming systems.

The basics of soil horizons

A soil profile describes the different layers of soil, known as horizons (Table 2 and Figure 1a and b). These dis-
tinct layers are visible in a vertical cross-section. Their sequence reflects the processes of soil formation and
helps determine the soil’s agricultural potential.

The A horizon is the most important layer for crop production because it contains the highest levels of organic
matter, nutrients and biological activity. The B horizon provides water and nutrient reserves for deeper-rooted
plants, while the C and R horizons influence soil depth, drainage and rooting potential.

Together, the horizons provide valuable information for assessing land capability, crop suitability and sustain-
able soil management.

Differences between horizons can also reveal how water, minerals and organic material move through the
soil over time. Recognising these transitions allows farmers to identify restrictive layers, possible drainage
problems and changes in rooting conditions before planting, supporting more accurate crop choices and
better long-term management of the land.

Table 2. Description of the soil-profile horizons illustrated in Figure 1a and b.
Continue on Page 47
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Soil horizon Description

0 horizon (organic horizon)

The uppermost layer, rich in organic matter and supporting
high biological activity, which improves soil fertility and
structure.

A horizon (topsoil)

A dark, mineral-rich layer mixed with organic matter. ltis
the most biologically active horizon and the most
productive layer for crop growth.

E horizon (eluviation horizon)

Alight-coloured layer from which organic matter has been
washed out by percalating water.

B horizon (subsoil)

Contains less organic matter than the A horizon but stores
water and nutrients that support deep-rooted crops.

C horizon (parent material)

Contains little organic matter but strongly influences soil
texture, mineral composition and drainage characteristics.

R horizon (bedrock)

unweathered rock.

The underlying layer of hard, consolidated and

Table 2. Description of the soil-profile horizons illustrated in Figure 1a and b.

Reading soil colour

Soil colour is one of the most com-
mon morphological characteristics
noticed by farmers. It is an import-
ant feature in soil-profile descrip-
tions, where it helps identify and
distinguish horizons and indicates
potential agricultural use.

The colour of the soil matrix can
provideinformationaboutorganic-
matter content, drainage patterns,
aeration, iron accumulation and
mineral composition. It is used
diagnostically in classification
systems such as Soil Taxonomy and
the World Reference Base, as well
as in traditional soil-knowledge
systems.

The colours visible through the

SOIL PROFILE
HORIZONS
(2= observed n the

feid e l 0 HORIZON

nnmu =% ~
Organic layer

= A WORIZON

! Subsot B HORIZON

rock t the hasw :
Figure 1. Exampe
Free State

Figurel. Exple of m—stu soil cassiﬁca-
tion in (b} eMlondozi, Mpumalanga.

profiles in Figure 1 reflect changes
in soil-forming processes with
depth. Farmers often associate
dark soils — black, grey or dark
brown — with healthy, productive
land, while lighter or paler colours,
including red and yellow, are
commonly associated with lower
fertility.

i Colour itself, how-

Jl ever, primarily
_ reflects chemical
_ and biological

processes taking
place in the field.
t These include the
weathering of
geological parent
material, oxida-
tion-reduction
reactions and the
biochemistry  of
organic-matter
decomposition,
all of which can

¥ influence  plant
ba-Nchu, growth.

The dark appearance of soil is
mainly caused by decomposed
plant and animal residues, which
are known to improve soil health.
This supports the common farmer
perception that dark soil indicates
high fertility. Even so, productivity
also depends on characteristics
such as aeration, water drainage
and access to essential nutrients.

Light-coloured soils, particularly
those showing mottled red,
yellow-brown or orange colours,
can provide a clear indication
of redoximorphic features
and therefore of drainage and
hydrological conditions.

How to determine soil texture

Soil texture refers to the
proportions of sand, silt and
clay particles in the soil. It plays
an important role in regulating
carbon cycling, nutrient retention
and availability, water storage and
root development.

As an essential soil property,
texture influences water retention,
drainage, aeration, nutrient
availability and root growth.

Texture can be determined and
classified using field methods,
including the feel or ribbon test, or
by laboratory methods (Figure 2).

The ribbon test reveals differences
Continue on Page 48
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in the particles that make up a soil.
A handful of moist soil is rubbed
between the fingers to indicate
the relative proportions of those
particles.

Where the soil feels smooth,
sticky and heavy, it contains a
higher proportion of clay and has

HOW TO DETERMINE SOIL TEXTURE

Soil texture refers to the relative proportions of sand, silt and clay particles
in a soil. It affects water holding capacity, drainage, aeration and fertility.

1. FEEL METHOD - FEEL METHOD (Ribbon Test)
€@ Take asample

Coftect soil from 0-30 cm
depth. Remove stonas,
roots and debris.

© Moisten the soil
Add clean water gradually
and knead the soflto a
soft, pliabie consistency.

© Make a ribbon
Press the soil between your
thumb and index finger and
stretch it to form a ribbon.

© Evaluate
Use the guide at right ta
determine the soil texture
based on ribbon length
and fee!.

TIPS
« Too wet and it feels muddy, too wet or too dry.
+ Practice and become used to improve accuracy.
* This is an estimation. Use labaratory method for precise resuits.

iir

3. LABORATORY METHOD (Most Accurate)

» Take a prep!
lab pre-treatment method or prepare sieved
scil according to accept proceeding of a soil
laboratory.

soil subsample using a

* Resuits are used with the soil texture triangle
to determine texture class.

Note: The fee! method is quick and useful in the field. The jar test gives a good esti Lab y analysi

a greater capacity to retain water
and nutrients (Figure 3a).

Soil texture should be assessed
separatelyineveryhorizonbecause
the proportions of sand, silt and
clay often change with depth
through soil-forming processes
such as eluviation, illuviation,

o Take 2 sample
‘ Colfect soil and air-dry it.
| Remove stones and roots.
| © Put soitin jar
Place about 1/2 cup of soif
in aclear jar (1 1).
How It faeis oo i
bafore braaks e Add water and disperse
Add water to about 3/4 full.
B R Add 1 teaspoon of
Gritty, not suck.y. Does not form i dishwashing iquid {or
cannot form a ribbon.  a ribbon. | sodium hexametaphosphate).
| Shake vigorously for
1-2 minutes.
Gritty, slightly sticky, s
very weak ribbon. SiZSien é'o Let it settle
Place the jar on a level
surface and leave it to sattla
Smooth, skghtly o ‘\ x.mdlsturbed.
sticky, weak ribbon. ST emuuflthlhyer!
After 40 seconds, measure
the thickness of the sand
Smooth, slightly fayer. After 2 hours,
sitkyvary, forms a 5-75cm measure the thickness of
moderate ribbon. the silt layer. After 24 hours,
measure the thickness of
the clay fayer.
Sticky, plastic, 75-15cm v
forms a strong ribbon, )
@ Calculate percentages
% Sand = (sand layer / total soil) x 100
Very sticky and
plastic, forms a very >15cm % Sitt = (sift layer / total soil) x 100
strong ribban.

% Clay = (clay layer / tots} soi) x 100

WHY IT MATTERS

» Guides the right crop, variety, low-nutrient and water-holding.
* Crop with shallow roots need weli-drained, easy drain poorly.
= Loamy soits: balanced for mosti crops.

weathering and deposition.

Measuring texture by horizon
provides a clearer picture of

the soil's physical properties
throughout the profile and helps
explain differences in water
movement, nutrient retention,

root penetration and soil fertility
(Figure 3a and b).

2. JAR TEST METHOD (Sedimentation Method)

After 40 seconds After 2 hours

After 24 hours

o Determine texture class
Plot the percentages of sand, siit
and clay on the soil texture triangle
below {after 24 hours) where the
three percentages met, indicates
the texture class.

P

Figure 2. Infographic showing different methods of determining soil texture on-farm

ides the most precise results.

Figure 3. Soil samples collected from different soil forms: (a) high clay content and (b) texture observed through soil-profile horizons.
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How to determine soil structure

Soil structure describes how soil
particles—sand,siltandclay —are
arranged into natural aggregates
known as peds (Figure 3). Structure
develops through natural
processes including wetting and
drying, biological activity, organic-
matter accumulation and root

growth.

Good soil structure promotes
water infiltration, aeration, root
penetration, nutrient availability
andresistancetoerosion. Assessing
it is therefore an essential part of
soil-profile description and soil-
health evaluation for sustainable
agricultural  management, as

indicated in Figures 1, 2 and 3.

Soil structure can, however,
be altered by human activity.
Continuous ploughing can cause
compaction, reducing soil porosity
and contributing to waterlogging.
Reduced tillage and the addition
of organic matter help maintain
good structure and keep soils
productive.

How to Determine Soil Structure

Soil structure describes how soil particles stick together to form aggregates (peds).
It affects water, air, roots, fertility and crop productivity.

7 SIMPLE STEPS IN THE FIELD .

) Granular (Crumb) Angular Blocky

Expose a soil profile _ = .
+ Dig a soil pit or 3
. use a profile face.
* Choose an
undisturbed area.

Identify the horizon

* Look at each horizon
(A, E, B, C) separately.

Observe the aggregates
¢ Look at the natural peds

(aggregates). .
« Break gently by hand.

Determine the structure type
+ Identify the shape of
the aggregates.

Assess the grade (strength)
* Weak, Moderate or Strong.

© 06 © ©

Grade + Size + Type

Weak Moderate Strong Hgragatas exe Very fine <1mm T
Determine the size not well developed.
1 Fine 1-2mm a a
+ Estimate the average size Break easily. g
of the aggregates. ~ Q . Moderate Medium  2-5mm ”
o ) i + Aggregates are
4 A
Mo T Fige m Veiy coars, clearly visible.
ST (R QO U, 20w « Break with some Coarse 5-20mm “
Record the description effort.
+Write it in this sequence: & Sh‘ﬁﬂg Verv coarse > 20 mm

Example: Moderate medium subangular blocky

+—5 &8 44

Small, rounded
aggregates.
Common in topsoil
with organic matter.

subsaoil.

Columnar

Vertical columns
with rounded tops.
Often in sodic soils.

Weak

WHY SOIL STRUCTURE MATTERS

oA ‘! —_
aiiin e
Better water Better root Good aeration
infiltration growth
and drainage

Better water

4

Higher soil fertility
and productivity

o

Less erosion

Figure 4. Infographic showing different methods of determining soil structure on-farm.

Why soil counts as a living system

COMMON SOIL STRUCTURE TYPES

Cube-like with sharp
edges. Common in

Thin, horizontal
plates. Often due to
compaction.

S
STRUCTURE GRADE (STRENGTH) ), AGGREGATE SIZE (GUIDE)

- Aggregates are very
distinct and durable.
. leflcult to break.

Subangular Blocky Prismatic

Cube-like with
rounded edges.
Common in many soils.

Vertical columns
with flat tops.

Massive Single—Gram

Individual sand
Soil appears as particles with n
one solid mass. aggregation.

No visible aggregates.

AN

TIPS

& Assess when soil is slightly moist.

& Compare different horizons.

&  Use a spade/knife to expose
fresh soil surfaces.

Soil is the ultimate Earth-system laboratory: a dense, dynamic and porous matrix in which biology, chemistry
and physics interact continuously to sustain life on land. A single gram of healthy soil may contain numerous
microorganisms, organic matter and many other elements that drive a busy, interconnected ecosystem.

The soil’s biological community continuously decomposes organic material, cycles nutrients, improves soil
structure and supports plant growth. Healthy soil is therefore the foundation of sustainable agriculture.

NUFARMER AFRICA | Sept/Oct 2026 VOL 30 NO 5.
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On-farm training in soil profiles, soil properties and soil capabilities enables farmers to create and sustain
dynamic ecosystems and maintain agroecosystems (Figure 5).

' - &
3 A T3

Fig

Conclusion

Soil morphology provides
valuable information and insight
into the physical characteristics
and condition of soils, enabling
farmers to understand the land
they manage more clearly. By
examining soil colour, texture,
structure, horizons, drainage and
rooting depth, farmers can identify
the strengths and limitations

ure 5. On-farm knowledge transfer through hands-on demonstrations, discussions and the simplification of scientific information.

that influence crop growth and long-term food security.

productivity.

This knowledge supportsinformed
decisions on crop selection,
fertiliser application, irrigation
and soil-conservation practices.
Ultimately, understanding soil
morphology promotes sustainable
land management, improves soil
health, enhances agricultural
productivity and helps secure
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