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Building soil structure is the road that  must be walked to farm successfully or 

sustainably with grains  .  The statement is made against the background of soil 

acidification, i.e. the excessive production of hydrocarbons (H+). In chemistry terms, 

pH of soils is  defined as the negative   logarithm of the hydrogen ion's concentration, 

i.e.  the higher the hydrogen concentration in the soil,  the lower  That's  the pH  of it. 

A high hydrogen concentration in the soil itself is not necessarily a growth limiting 

factor for grains.  Rather, it  is  the change it brings about in the chemical, biological,  

and physical soil properties that directly impair the yield, and thus your profit.  For 

example, from a chemical perspective,  a waterlogged environment  will gradually 

increase  levels of aluminum and manganese, which later become toxic to  the growth 

of  the  roots  of grains.  Typically, the roots will thicken and   adopt a dwarfed 

distribution pattern with little or no fine roots functionally responsible for water and 

feedings recording.  Biological changes  associated with soil acidification, for example, 

are the lowering of beneficial microbe and earth worm colonies.  Similarly, soil 

acidification also brings great change in soil physical properties.  

One of the  most   disadvantaged physical characteristics  , and least written about  , 

is soil structure.   The size and intensity of the problem is increasing in South Africa, 

and has long been no longer  confined only to the high rainfall areas. Van Zyl and 

Bornman (2019) clearly  show  how the soil pH of grain producers in the central parts  

decreases over time.   Snowball acidification and therefore structural decay of soils 

are mainly attributed to tillage and fertilization practices.  These practices must take 

place within a sustainable context and therefore a brief summary of sustainable 

agriculture is  given. The main purpose of the article is to  make farmers aware  of the 

potential to  use soil structure as a basis  to evaluate their production practices and  

then apply it to the medium and Adjust  long-term.  

Sustainable agriculture 

The concept of "sustainable agriculture" emerged in the late eighties via the key 

question of how the growing world population should be fed. Of course, the real 

solution to the issue rests on human behavior that needs to change to dampen 

population growth, because it puts tremendous pressure on the use of our natural 

resources. Sustainable agriculture is placed as an alternative approach to "predatory 

building", and is seen as a solution to integrate the complex interaction between and 
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within the environment (natural resources), the economy and the community. Farmers 

are therefore the central figure in the sustainability concept. It is therefore their life's 

job to use the resources economically without harming the environment, or fore saking 

their social responsibility, i.e. providing safe and adequate food and fibre to humanity.  

On a practical level, i.e.  grain cultivation, sustainability is  about the key question of 

whether the management practices  used on farms are sustainable. As a farmer, it 

challenges you to  constantly evaluate your management practices with the aim of 

improvement.  Management practices have to do with decisions regarding soil tillage, 

fertilization, calcification, planting and harvesting of crops, weeds, insects and disease 

control as well as groundwater supply.  All activities must be coherently resisting the 

test of productivity, conservation, biological risk, economics and social pressures over 

the long term.  

Qualitative expression  of soil structure 

Soil structure is defined  as "the combination or arrangement of primary soil particles 

(sand, silt and clay) in secondary units or peds" (van der Watt and van Rooyen, 1990).  

Pedologically, soil structure is  divided into three broad classes, namely structural (eg.  

single-grained sands), measure or deemed rightful. Aggregates or peds are  described 

based  on their firmness, size and shape.  The firmness of the ped, i.e. the strength 

with which soil particle within the ped with each other bind, is  described by one of 

three structural degrees, namely weak, moderate or  strong.  Furthermore, there are  

five structure size classes and it is very fine to very coarse from scratch. As for the 

shape of the peds, there are  six groups. For more illumination on the type of structures, 

the different shape is sketched in Figure 1  (from Antwerp et al. , 2013).   The 

commentary column in Figure 1  provides further information and inferences about the 

structural types and land use (from Antwerp et al., 2013).  Nevertheless, from a soil 

quality point of view,  the pedological way of structural description is  not sufficient to 

reflect the impact of management practices on soil structure over time.  Not to meet. 

Quantitative expression  of soil structure 

   For evaluating the effect of management practices on soil structure,  the author 

suggests following a soil-based approach.  Where the pedological approach focuses 

mainly  on the solid phase, the approach is  concentrated on the air and water phase, 

i.e.  the pore geometry.  This approach is based on the functional spaces within the 

peds and between the peds, i.e. the characteristics of the pore spaces associated with 

root and canopy growth of crops.     Based on their physical functionality, soil pores for 

the purpose are  divided into two groups, namely the pores responsible for storing 

water and those  responsible  is for transmissions of water and air (Nimmo, 2004;  

Kutelek, 2004).  The storage capacity is associated with the spaces within peds or 

aggregates, while the transmission pores is associated with spaces between peds  

(Mengistu et al. , 2018).   Both pore classes can be  quantified volumetric  and a visual 

representation thereof is set out in Figure 2.  

Measurement  of soil structure 

We know that organic matter and basic cations form the primary building blocks of 

structure in soils  (Hillel, 2004).  So, when the two building blocks change via 



production management systems then  their effect will be  reflected in the pore 

geometry.  For example,   acidified soils tend to lose their basic cations (calcium, 

magnesium and potassium)  (Van Zyl and Bornman, 2019).  On the other hand, 

disturbance of soil by tillage will again necessarily cause the organic matter to drop.  

The resulting deterioration of soil snatched can  then  be quantified via the volumetric 

percentages of the storage and transmission pores. 



Illustration of types 
structures in soil 

Examples of structures 
in soil 

Description 

Apedal or 
structureless 

 No discernible aggregation, as in 
the case of a sand.  Single-
grained if not coherent.  Soils are 
usually low in organic matter and 
clays and therefore have  poor 
water and nutrient retention 
properties.  These types of soils 
are subject to wind erosion. 

Krummelrig of 
granulêr 

 This type of soils is sought after 
for crop product. Has good 
drainage, aeration, water and 
nutrient retention. There  is no 

limitation.  Not the root 
development. 

Blokvormig  It has swelled clays. The 
productivity of the soils  varies 
depending on the thickness of the 
topping and characteristics of 
underlying material.  Drainage 
may vary from good to weak, 
depending on the portion space 
between structures. Due to high 
clay content, these soils have  
good water and nutrient retention 
capacity.  

 



Figure 1 Types of structural forms found in soils   and corresponding information 

(copied and adapted from Van Antwerp et al., 2013)

Illustration of types 
 structures in soil 

Examples of structures 
in soils 

Description 

Prismaties, kolomnêr 
(suilvormig) 

 Swelling  clays and spaces 
between peds are closed  during  
infiltration process.  So drainage 
weak and waterlogged easily after 
prolonged rains.  Structures   
easily extinguish  when    exposed.  
Subject to water erosion.  Good 
example of low potential soils. 

Plaatagtig  The plates lie over each other with 
about micro-pores that  are 

impermeable.  It limits 
redistribution of water and  
therefore reverses root 
development due to the 
mechanical strength of the 
material and little oxygen.  Soils 
not suitable for crop production.  

Massive 
 
 
 

 

 Soils are impermeable due to high 
clay content and chemical 
hardening.  Carrots find it difficult 
to penetrate the material due to  its 

high mechanical strength.  



Practically,  soil structure can be  measured by pushing  or  hitting a pipe with known 

volume into the soil and  retrieving,   drying and weighing  it  (Figure 3). With the ground 

cores,  the water management boundaries required to   class the pore spaces, namely 

the fresh saturation point, drained upper boundary and permanent wilting point can be  

determined (Mengistu et All. , 2018). The quality or connectivity of the transmission 

pores can be  determined by the saturated hydraulic conduction. There are 

laboratories that  provide such services to farmers.     

 

 

 

 

 

 

 

 

 

Figure 2 A real example of a sandy soil;  the pore classes in which the storage pores  

are represented by the volumetric space within the drained upper boundary (DUL) and 

permanent wilting point (PVP).   Transmission pores are the space between the juicing 

point and drained upper boundary (DUL) as described in Mengistu et al.  (2018). 
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                                                                         (d) 

Figure 3 Sampling of undisturbed soil sample; (a) Physical sampling of profile with the 

core method, (b)closer photo in which the pvc pipe is  inserted into core sample, (c) 

the leveling of upper and lower sides of the core and (d) the storage around it to  

laboratory transportation. 

Monitoring of soil structure on commercial farms 



  The author and his research team at the University of the Free State and Van's lab 

developed procedures  to  measure the effect of management practices on soil 

structure at commercial farms, spatially  The procedures are based on electromagnetic 

induction (EMI) scanning of fields and  this  is in Water Research Commissioning 

Reports (van Rensburg et al. , 2020;  Barnard et al. , 2020) contained. 

As a case study,  a portion of the results presented on a 77 ha land by Van's Lab  were 

scanned with an EM38  .  Profile pits were made at 12 locations in the field  (V1 -V12, 

Figure 4). The profiles were classified and disturbed and core samples were taken at 

three soil depths, namely 0-300 mm, 300-750 mm and 750-1500 mm.  The EMI card 

as well as the management zone map are both affixed to Figure 4.   It was found that 

the dark blue zone (fourth zone)  is not suitable for crop cultivation.  This is due to the 

high clay content, soil erosion  danger and risk of waterlogging of crops.  Therefore, 

the physical and chemical soils of Sone 4  were  omitted in the summary of the results 

in Table 1.  As  can be seen in the table with list of soil characteristics, soil structure 

was  determined quantitatively according to the soil physical approach.   

Land that occurs in the country  are False River, Sepane, Bloemdal, Avalon, Westleigh 

and Tukulu soil forms with soil structure types ranging between, single-grained not 

coherent, massive to angular block .  For example, the part of the land that  was 

poured,  the peds in the ground had a strong degree of a medium-class groot with an 

angular block structure. 

The main findings of the quantitative measurement of soil structure can be  

summarized as follows:  

Transmission pore: 

(i) Topsoil (0-300 mm layer): The ideal is that the capacity of the pores should be 

between 20 and 25%. According to this, it turns out that the capacity of Zone 2 

is ideal, while Zone 1 is too high and Zone 3 is slightly too small. Nevertheless, 

the capacity of the transmission pores alone does not tell the full story and 

should also be looked at the quality (connectivity) of the pores.  For this 

purpose, the saturated hydraulic conduction (K sat), with a norm between 50 

and 150 mm/h, is used.  Next, it turns out that Zone 1's flow is very high (>150 

mm/h), Zone 2 moderate (50-150 mm/h) and Zone 3 is moderately slow (5-15 

mm/h).  It is  clear that the grain structure .  Management practices must be 

adjusted in the medium and long term to achieve maximum infitration and 

minimum run-off.   

(ii) Subsoil (300-750 mm layer): The ideal band for the transmission pores' 

capacity lies between 18 and 25%, while for a K sat to be pursued between 30 

and 90 mm/h   .  Against the norms, it turns out that the capacity of Zone 1  is 

slightly too large, but the flow rate is right.   The flow rates of  Zones 2 and 3 

are too low.  This means that production practices at these zones  should be 

directed to improve internal drainage. 



Table 1 Summary of the physical and chemical soil data for the management zones  found to  be suitable for dryland crop production.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discipline Properties 

Sone 1  Sone 2  Sone 3   

0-300 

mm 

300-

750 

mm 

750-

1500 

mm 

0-300 

mm 

300-

750 

mm 

750-

1500 

mm 

0-300 

mm 

300-

750 

mm 

750-

1500 

mm 

Fisieka 

Clay % (0-1500 mm) 15.1 23.4 25.9 

Clay (%) 13. 3 14. 5 16. 1 17. 7 21. 8 26. 6 18. 2 24. 2 29. 9 

Scharacter (%) 5. 1 9. 4 9. 9 7. 6 14. 1 16. 9 10. 2 14. 5 18. 9 

Sand (%) 81. 8 76. 5 74. 1 75. 1 64. 7 57. 3 72. 3 61. 7 51. 4 

Brutodigtheide (g/cm3)  1. 44 1. 53 1. 59 1. 57 1. 48 1. 55 1. 60 1. 68 1. 67 

Reversed hidroulisis conductivity (Ksat, mm/hr) 177 89 84 15 16 4 5 7 10 

Totale porositeit (%) 46 42 40 41 44 41 40 37 37 

Transmission pore (%) 32 29 29 24 24 17 19 11 14 

Drained upper boundary (DUL, %) 14 13 11 17 20 24 21 26 23 

Permanent verwelkpunt (%) 8 10 10 11 13 15 11 14 17 

Stoorp or(%) 6 3 1 6 7 9 10 12 6 

Drained upper border (mm water in layer) 43 60 86 50 91 180 64 117 170 

Permanent wilt point (mm water in layer) 36 45 80 47 61 113 51 64 123 

Waterdisturbance pore (mm in layer) 7 15 6 3 30 67 13 53 47 

ECe (mS/m) 6 9 10 3 10 12 6 9 30 

Uitruilbare natriumpersentasie (UNP (%) 2 2 2 1 1 3 3 10 17 

Chemistry 

Gemstones kationuitruikapasiteit (KUK, cmol/kg) 4   5   8   

Ca uitruibaar (mg/kg) 273   532   817   

Mg uitruilbaar (mg/kg) 117   161   309   

K uitruilbaar (mg/kg) 378   284   322   

For uitruilbaar (mg/kg) 18   12   56   

pH(KCl) 4. 5   4. 4   4. 9   

P Bray 1 (mg/kg) 7   6   4   

Bodyobject material (%) 0. 9   0. 9   0. 9   
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(b) 

Figure 4 (a) The electrical conductivity map (ECa) measured with the EM38 on a 77 

ha land  and (b) the clay content-based management zones  .  



(iii) Deep subsoil (750-1500 mm low): For dryland conditions, the capacity of 

transmission pores  plays a small role because it is here about the storage 

capacity of water.  

Water storage pores: 

The land is characterized by an impenetrable  layer that occurs between 1400 and 

1700 mm, i.e.   it's a water table country.   

(i) Deep subsoil (750-1500 mm): In this case, both the transmission and the 

storage pores' spaces should be  applied for storing water.  Production 

practices should be  directed to  optimise water table management. 

(ii) Top and subsoil: The storage capacity of Zones 1 and 2 layer is low and a 

target of 10% should  be  pursued.  

  The farmer is encouraged to improve the structure of the land  by directing  

production practices to the targets set for the transmission and storage pores.  This 

isa medium- to long-term process that the farmer must manage and it is 

recommended that the 12 points (V1 to V12)  be used to monitor progress by between 

3 and 5 years   Take and  measure  soil core samples. 

 

Conclusion and recommendations 

The article focuses on soil structure that  can be used as a basis  to evaluate production 

practices in the medium and long term.  A methodology  was presented on how to  

determine soil structure quantitatively from a soil-based perspective. The methodology 

rests, among other things.  on the taking of undisturbed soil samples with which the 

storage and transmission pores  are determined.  The case study confirms that the 

quantitative measurement of soil structure can indeed be   used to physically 

characterize e-problems with soil structure.  Farmers are encouraged to test and  

establish the concept in  their fields. Building  land structure is the road that  needs to 

be walked to farm sustainably with grains  . 
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