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PAST, PRESENT AND FUTURE OF PLANT NUTRITION1

 
Dr. Johan J. van Biljon 

Project Director: Africa, Farmsecure 
 

 
Productivity of maize production improved approximately 760 percent over the last 90 years 
in South Africa. If one uses a five year grouped maize yield, it improved from around 0.5 tons 
per hectare during the 1920’s to around 4.3 tons per hectare at present. The average growth 
until 1995 was in the order of 22 kg per hectare per year, compared to 144 kg per hectare 
per year over the last 15 years. This sharp (more than six fold) increase in productivity is the 
result of dedicated farmers as well as the use of the latest technology in terms of land use 
planning, genetics, plant nutrition and precision agriculture methods. 
 
 

THE PAST 
 
The increase in productivity was rather slow from 1920 until 1960. The grouped yield 
increased from approximately 0.5 tons per hectare to around 1.0 tons per hectare. This is 
only an increase of 13 kg per hectare per year. During the sixties the farmers started to use 
tractors and could plough deeply making more nutrients available through mineralization of 
organic matter in the soil. Hybrid maize was also introduced and the grouped yield increased 
from around 1.0 tons per hectare to around 1.5 tons per hectare. That resulted in an 
increase of 50 kg per hectare per year. 

Productivity increased even further during the seventies. The grouped yield increased from 
around 1.5 tons per hectare to approximately 2.4 tons per hectare which represents an 
increase of 90 kg per hectare per year. This increase was mainly because of the introduction 
of soil analysis, fertilizer planning and an increase in the application rate of nitrogen. The 
next 15 years were marked by huge fluctuations, from a record harvest (1981) to two 
consecutive drought years (1983 and 1984). During this period the average grouped yield 
and therefore productivity moved sideways around 2.2 tons per hectare. Other factors 
contributing to this trend were: planting of marginal soils, increased interest rates and 
isolation from the rest of the world reducing the flow of knowledge and technology into South 
Africa. 

The picture changed dramatically since 1995. The grouped yield increased from around 2.2 
tons per hectare to around 4.3 tons per hectare. This represents a 144 kg per hectare per 
year increase. This can be misleading because of a number of factors. The marketing 
environment changed from a single channel system to a supply and demand system. This 
resulted in better land use planning where production was concentrated only on the higher 
potential soils and there was also an increase in the production of maize under irrigation 
which increased the yield per hectare. The improvement in genetic potential made a major 
contribution towards the increased productivity. Fertilizer practices changed to utilize the 
opportunity of the new yield potential. There was not only an increase in the application rate 
of fertilizers but there was also an increase in use of technology like precision agriculture. 
The use of precision agriculture technology does not only improve plant nutrition in general 
but also improves the fertilizer use efficiency. 
 
 
 
 

                                                            
1 Technology to improve productivity in agriculture, FSSA Symposium, 25 August 2011, Pretoria. 



 
THE PRESENT 

 
The fact that the new cultivars produce a higher yield in a shorter period of time can be one 
of the reasons for the increase in soil nutrient concentrations. Recent research proposes 
higher threshold values for some macro and secondary nutrients as well as the increasing 
need for micro-nutrient amendments. Table 1 gives the current and new threshold values for 
maize proposed by recent South African research for the Central summer rainfall area. 
 
Table 1. Maize threshold values for the Central summer rainfall region. 

  
Threshold value 

 
Nutrient 

 
Current 

 
Proposed 

 
Nitrogen 

 
3 – 8 mg NO3/kg 

 
8 – 18 NO3/kg 

 
Phosphorus 

 
17 – 20 mg/kg Bray 1 

 
15 – 34 mg/kg Bray 1 

 
Potassium 

 
80 mg/kg NH4OAc 

 
125 mg/kg NH4OAc 

 
Zinc 

 
1.5 – 2.0 mg/kg 

 
3.8 mg/kg (HCl) 

 
Sulphur 

 
None 

 
9 – 10 mg/kg (Ca(HPO4)2) 

 
Calcium 

 
None 

 
65% of ECEC 

 

From Table 1 it is quite evident that there is in general an increase in threshold values. This 
trend is possibly not only because of the new genetic material but can also be attributed to 
an increase in productivity. Higher productivity means a higher demand that also relates to 
higher removal of nutrients from the soil. This increase in removal of nutrients will also 
demand higher application rates per unit area to prevent nutritional degradation of the soil. 
Depletion of the soil reserves will also result in an unsustainable production system. To 
prevent this decline it became important to revisit recent research and compile a new set of 
maize fertilizer guidelines including sulphur and calcium for the Central summer rainfall area. 
 
 

THE FUTURE 
 
It is currently already a challenge to feed the seven billion people in the world.  According to 
the FAO, the main challenges for agriculture is to increase food production by 70 percent by 
2050, while at the same time combating poverty and hunger, using scarce natural resources 
more efficiently, and adapting to climate change.  Some of the challenges are: 

• Fertilizer use and water use efficiency: from a financial and environmental point of 
view it is of the utmost importance to increase fertilizer use and water efficiency. The 
increase in fertilizer prices over time, and therefore the increased pressure on 
producers’ profitability as well as our responsibility towards the environment, 
necessitates an increase in fertilizer use efficiency. Water is a very scarce natural 
resource world wide and the most limiting factor in crop production in South Africa. 
Research must be done to produce more with the same amount of fertilizer and/or 
water; or to produce the same with less fertilizer and/or water. 

 



• Micro-nutrients: With the decrease of organic matter in the soil over time as well as 
the introduction of higher yielding cultivars, it became necessary to increase research 
on micro-nutrients. The supply of micro-nutrients from the soil decreased while the 
demand from the crop increased. It is important to do calibration studies over time to 
determine threshold values for the different micro-nutrients in the soil and in the plant 
itself. 

 
• Fertilizer and human health: It is unfortunate that the use of fertilizer is seen in a 

negative light most of the time, in terms of human health. Fertilizer can make a huge 
contribution towards food security and nutrition security. Food security refers to 
“enough food” or energy needs where as nutrition security refers to a balanced diet 
that includes all essential nutrients. An example is the increase in protein and micro-
nutrient content of crops which can help to alleviate malnutrition and decrease infant 
mortality, especially in Africa. 

 
• South Africa: Soil acidity and the lack of crop rotation are the biggest threats to 

sustainable crop production in South Africa. A lot of research was done on soil acidity 
in the past. The challenge now is to transfer that knowledge and convince producers 
to apply more lime. Research in crop rotation is long term and no real conclusions 
can be made in a period shorter than seven but preferably more than 10 years. It is 
therefore very difficult to find funding for these projects. The lack of information on 
crop rotation endangers sustainable crop production in South Africa.  

 
 
SUMMARY 
 
Plant nutrition contributed greatly to the 760 percent increase in productivity over the last 90 
years. It is the contribution of different disciplines and industries over the last 15 years that 
nearly doubled the grouped yield from 2.2 tons per hectare to 4.3 tons per hectare. The 
introduction of new technology necessitates the revision of the current maize fertilizer 
guidelines as soon as possible. The contribution of different role players in South Africa is 
commendable and the fertilizer industry worldwide is fantastically poised to make a huge 
contribution to eradicate starvation and malnutrition through food security and nutrition 
security. 
 
(Compiled by Dr. Johan J. van Biljon and copyrighted to Farmsecure Holdings (Pty) Ltd, 
2011.) 
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• The Past
• productivity over the last 90 years

• The Present
• recent research findings

• The future
• what are the priorities. 



The Past: 1920 - 1960
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Grouped Average - Maize

• the growth during this period was rather slow

• increase from 0,5 ton/ha – 1,0 ton/ha

• increase of 2,5% per year or 13 kg/ha/year.



The Past: 1960 - 1970
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Grouped Average - Maize

• use tractors, could plough deeply, more nutrients, mineralization

• increase from 1,0 ton/ha – 1,5 ton/ha

• increase was 5% per year or 50 kg/ha/year.



The Past: 1970 - 1980
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Grouped Average - Maize

• introduction of soil analysis, fertilizer planning, higher  nitrogen

• increase from 1,5 ton/ha – 2,4 ton/ha

• increase was 6% per year or 90 kg/ha/year.



The Past: 1980 - 1995
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Grouped Average - Maize

• huge fluctuations – record year and 2 droughts

• marginal soils, food security, interest rates, isolation

• moved sideways around 2,2 ton/ha, with no increase.



The Past: 1995 - 2010

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

'20 '25 '30 '35 '40 '45 '50 '55 '60 '65 '70 '75 '80 '85 '90 '95 '00 '05 '10

Yi
el

d 
(to

n/
ha

)

Grouped Average - Maize

• dramatic change, can be misleading

• marketing system,  higher potential soils, irrigation, NEW GENETICS

• increase in fertilizer application rate and precision agriculture

• moved  from 2,2 to 4,3 ton/ha, increase was 6,4% per year or 144 kg/ha/year.



The Past: Summary

• not very impressive BUT…

Period Yield increase 
1920 - 1960 2,5%
1960 - 1970 5,0%
1970 - 1980 6,0%
1980 – 1995 sideways
1995 - 2010 6,4%



The Past: Summary
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The Present

• Recent research indicates higher threshold values

• Nel & Bloem – 2006

• Scmidt & Adriaanse – 2004, 2006, 2007 

• van Biljon, Botha, Fouche & Wright – 2004, 2007, 2008 & 2010.



The Present

Threshold value
Nutrient “Old” “New”
Nitrogen 3 – 8 mg NO3/kg 8 – 18 mg NO3/kg

Phosphorus 17 – 20 mg/kg (Bray1) 15 – 34 mg/kg (Bray1)

Potassium 80 mg/kg (NH4OAc) 125 mg/kg (NH4OAc)

Zinc 1,5 – 2,0 mg/kg (?) 3,8 mg/kg (HCl)

Sulphur - 9 – 10 mg/kg (Ca(HPO4)2)

Calcium - 65% of ECEC

Threshold values for the Central Region



The Present

• new cultivars – higher yield, shorter period

• increased productivity – higher demand, higher removal

• higher removal – higher application rates to prevent degradation

• time for a new maize fertilizer guideline to ensure sustainability.



The Future

“It is currently already a challenge to feed the seven billion

people in the world. According to the FAO, the main

challenges for agriculture is to increase food

production by 70 percent by 2050, while at the same time

combating poverty and hunger, using scarce natural

resources more efficiently, and adapting to climate

change.”

The Challenge



Dr. Kevin Moran, Yara International

Pereira, 2003



Dr. Kevin Moran, Yara International



The Future

• increase the efficiency of fertilizers and water use

• financial - pressure on profitability because of the input cost / 

grain price

• environmental importance – prevent pollution and contribution 

towards global warming

• produce the same with less fertilizer/water or more with the same 

fertilizer/water

• how? – “4-R’s” (Dr. Kevin Moran)

• Right fertilizer                         * Right place

• Right amount * Right time

• (Right Rand)



The Future

• micro-nutrients

• decrease in organic matter, higher yielding cultivars

• decreased supply and increased demand

• calibration studies for soil and plant analysis.

• fertilizer and human health

• “negative effects” of fertilizers

• the positive effect of fertilizers

• food security vs nutrition security, human health

• in 1958 Prof Jan Hofmeyer reported Zn deficiencies - in 2008 

IFA and IZA identified Zn deficiencies as a major threat to 

human health!



The Future

• In SA it is also important to address:

• soil acidity, still a major threat

• multi-dimensional approach

• knowledge transfer

• crop rotation, definitely a major threat

• long term research, > 7 years even > 10 years

• funders and researchers not interested

• increase organic matter and decrease diseases.



Summary

• Past - maize productivity increased 760% over the last 

90 years and doubled the last 10 years

• Present - new technology necessitates the revision of 

the current maize fertilizer guidelines

• Future – increase fertilizer and water use efficiency, 

more micro-nutrient research, benefits of plant nutrition on 

human health, soil acidity and crop rotation.



Is an increase in productivity still possible?

Potential Yield
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Thank you.



Why Plants Need Zinc? 
 

Ismail Cakmak 
Sabanci University, Faculty of Engineering and Natural Sciences, 34956 Istanbul, 

Turkey 
cakmak@sabanciuniv.edu 

 
 
 

ABSTRACT 
 
Zinc (Zn) has particular physiological functions and actions in biological systems. Major 
physiological functions and metabolic process which are impaired under Zn deficiency 
include (i) structural and functional integrity of biological membranes, (ii) detoxification of 
highly toxic oxygen free radicals, (iii) function and biosynthesis of proteins, (iv) gene 
expression and regulation and (v) structural stability and functional integrity of number of 
enzymes.  Among all metals, Zn is needed by the largest number of proteins. It is estimated 
that Zn-binding proteins make up nearly 10% of the proteomes in eukaryotic cells, indicating 
that at least 2800 proteins are present in biological systems which need Zn. This is really a 
huge number for a micronutrient. In plant systems, Zn also exerts particular roles in 
pollination and pollen vitality and thus seed formation. Therefore, Zn deficiency has much 
greater effect on grain yield than on vegetative growth. Indole acetic acid (auxin) is a 
phytohormone having diverse of impacts on plant growth and development. Zinc has positive 
effect on level of auxin in plant cells by improving its biosynthesis and protection from its 
oxidative degradation by free radicals. It is, therefore, not surprising why plants are highly 
susceptible to low supply of Zn in growth medium. Photo-oxidative damage represents a 
light-dependent generation of free radicals and damage to chloroplasts under various stress 
situations such as drought and low temperature. Zinc is one of the exceptional mineral 
nutrients that protect plants from photo-oxidative damage. An adequate Zn supply also 
increases tolerance to different type of diseases. One of the major reasons for high 
susceptibility of plants to different diseases under mineral nutrient deficiencies is commonly 
attributed to enhanced exudation of carbon-containing compounds into apoplastic tissues. 
By affecting structural integrity of cellular membranes and controlling membrane 
permeability, Zn is essential to control and reduce exudation of various carbon-containing  
compounds (e.g. sugars and amino acids) from root or leaf cells out of cells. These exudates 
are excellent feeding substrates for pathogens. Consequently, infection of root or leaf cells 
by pathogens is greatly minimised by adequate Zn nutrition. In view of the fact that Zn 
deficiency affects about half of the cultivated soils globally, special attention should be paid 
to the Zn nutritional status of crop plants and application of Zn fertilizers. In selection and 
application of Zn fertilizers, the amount of water soluble Zn in the fertilizers is a critical issue 
to be considered.  



Why Plants Need ZincWhy Plants Need Zinc

Ismail Cakmak
Sabanci University, Istanbul, Turkey

cakmak@sabanciuniv.edu



Zn Deficiency: Zn Deficiency: 
a global nutritional problem in a global nutritional problem in 

cultivated soilscultivated soils

Australia : >10 mio ha
Turkey : 14 mio ha
Bangladesh : 2 mio ha
China : 30 mio ha
India : 90 mio ha

White and Zasoski, 
1999; Field Crops 
Res., 60:11-26



Nearly half the soils on which cereals are 
grown have levels of available Zn low 

enough to cause Zn deficiency.  



Zn

Zn

Zn

Zn
Zn

high CaCO3
high pH
clay soils
low organic matter
low soil moisture
high Fe and Al oxides

Decreased Zn desorption

Zn

Zn

Zn

Zn
Enhanced Zn adsorption

and precipitation

SOIL

Soil factors affecting availability of Zn to roots

Limited
Zn uptake



Additional ProblemAdditional Problem: 
Intensification of Farming 

Zinc Depletion in Soil and Zinc Dilution in 
the Harvested Products

Increasing  grain yield potential of new 
varieties results in rapid depletion of 
available soil-Zn and dilution in seeds/grains



Hidden HungerHidden Hunger



In many crop plants hidden zinc deficiency has 
been well documented that may be responsible 
for reductions in yield up to 20% without 
appearance of distinct leaf symptoms.  

It is, therefore, important to include zinc in 
the commonly applied NPK fertilizers in 
order to ensure that plants don’t suffer from 
Zn deficiency stress.

Hidden zinc deficiency



Basic Roles of Basic Roles of ZincZinc in in 
Biological SystemsBiological Systems

Nearly 10% of proteins need Zn for their function 
and structure.
Structural and functional integrity of biological 
membranes depends on adequate amount of Zn. 
Zinc is a major actor of cellular defense systems 
against highly toxic oxygen free radicals (better 
tolerance to environmental stress factors, e.g., 
drought stress).
Zinc plays a critical role in protein synthesis.
Zinc is required for better pollination.
Zinc is required for protection of IAA from oxidation.

Marschner, 1995; Cakmak, 2000, New Phytol.



Examples in relation to the Examples in relation to the 
critical physicritical physioological actions of logical actions of 

Zn in plant cellsZn in plant cells



Nat..Struct.Biol. 6: 628-633

http://commons.wikimedia.org
/wiki/User:Splette

: Zinc

Zinc Binding Proteins
Nearly 2800 Proteins are Zn-dependent

http://upload.wikimedia.org/wikipedia/commons/9/9c/Zinc_finger_rendered.png
http://upload.wikimedia.org/wikipedia/commons/7/79/Zinc_finger_DNA_complex.png
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PLANT AGES (days)
14                      18                   22

ACCUMULATION OF TOXIC FREE RADICALS 
IN Zn-DEFICIENT PLANTS

ZINC-DEFICIENCY INDUCED FREE RADICAL 
GENERATION (ESR-SIGNALS) IN COTTON ROOTS

Cakmak and Marschner, 1988; J. Experimental Botany, 39:1449-1460



Physiological functions of Zn in 
plant metabolism

Besides its basic well established function in plant
metabolism, Zn plays a specific role in: 

1) Pollination;

2) Mitigation of biotic and abiotic stresses such as 
drought, heat, high light intensity or pathogen 
pressure via detoxification of toxic oxygen 
radicals; 

3) Involvement in disease resistance;

4) Involvement in seed viability. 



Zn 
deficiency

less IAA synthesis

higher oxidative IAA 
degradation

Importance of Zinc for Auxin 
(IAA) Hormone

Evidence is available showing that Zn is involved in 
both  biosynthesis of IAA and also protection of IAA 
from oxidative attack by free radicals.



Effect of Zn supply on shoot dry weight and composition 
of young leaves and shoot tips of bean plants.

 
  Concentrations in young leaves and shoot tips 

 
Zn supply 

M 
Shoot 
dry wt. 

 
Zn 

 
Free amino acids 

 
IAA  

 
 
+Zn (10-6) 

g/plant 
 

8.24 

mg kg-1 

52 

µmol g-1 dry wt. 
  

 82 

µg kg-1 fresh wt.
 

240 
 

- Zn 3.66 13 533 122 
 

Zn-Resupply 4.53 141 118 180 
      

 

Cakmak et al., 1989, J. Experimental Botany, 40:405

Under Zn deficiency IAA is Reduced



+Zn+Zn

--ZnZn

Reduced Shoot 
Elongation and 
Little Leaf 
Formation is 
Characteristic for 
Zn deficiency

Apple, 
N-China 

‘little 
leaf’



Zn supply Shoot Dry 
Weight

(g/plant)

Grain yield 
(g/plant)

Pollen 
viability 

(%)

Zn conc. in 
pollen 

(mg/kg)
Adequate 
Zinc

74 70 85 75

Zinc 
Deficiency

67 18 20 27

Specific high Zn demand for pollination

Sharma et al., Plant Soil 124, 221-226; 1990

Effect of Zn supply on growth, grain yield, viability 
and Zn concentration of pollen in maize plants



Zn

Zn Ca

Zn
CaZnCa

Ca
Cell Membrane

Zn
Ca

Zn

Zinc : Zinc : 
AnAn important micronutrientimportant micronutrient
controllingcontrolling membrane stabilitymembrane stability



Zinc Deficient Roots are Zinc Deficient Roots are 
Leaky: Leaky: 

Various carbon-containing compounds 
are released from Zn-deficient roots into 
the surrounding soil that is rich in fungal 
and bacterial populations.   

Due to structural impairments in 
cell membranes under Zn 

deficiency



 
Zn  

Treatment 
 Amino  

acids Sugars Phenolics 

  (µg g-1 root 6h-1) 
  COTTON 

-Zn  165 751 161 
+Zn  48 375 117 

  WHEAT 
-Zn  48 615 80 
+Zn  21 315 34 

  APPLE 
-Zn  55 823 350 
+Zn  12 275 103 

     
 

Cakmak and Marschner, 1988. J. Plant Physiol.

Root exudation of organic compounds in cotton, wheat and 
apple at low (-Zn) and adequate (+Zn) Zn supplies



Zinc is highly needed forZinc is highly needed for
sstructuraltructural and functional and functional 
integrity of cell integrity of cell 
membranes.membranes.

Any  impairment in structural 
integrity of cell membranes 
induces membrane permeability 
and extensive release of 
exudates.

Amino acids
Sugars.. ROOT EXUDATES: feeding substrates for pathogens

ZINC PROVIDES RESISTANCE ZINC PROVIDES RESISTANCE 
AGAINST PATHOGENIC INFECTIONAGAINST PATHOGENIC INFECTION



Relationship between leaf Zn concentration 
and Winterkill caused by Rhizoctonia
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Leaf concentration of 
amino acids and 
sugars increases with 
low levels of leaf Zn
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Zinc Protects Plants from Zinc Protects Plants from 
High Light and Heat StressHigh Light and Heat Stress

Zn Deficiency Makes Plants Highly 
Sensitive to High Light and Heat 



ZINCZINC--DEFICIENT PLANTS ARE HIGHLY DEFICIENT PLANTS ARE HIGHLY 
PHOTOSENSITIVEPHOTOSENSITIVE

Increases in light intensity rapidly cause development of 
chlorosis and necrosis in Zn-deficient plants

Growth of Zn deficient bean 
plants at different light intensities

22 W m-2 127 W m-

2
53 W m-2

Light

Cakmak, 1988: PhD Thesis, Stuttgart-Hohenheim Univ.



Zn deficiency chlorosis in citrus trees 
occurs mostly on sunny side of trees

NORTH

SOUTH



Cakmak, 2000; New Phytologist, 146: 185-205

Zn Deficiency Makes Plants Highly 
Sensitive to High Light and Heat 



Partial shading of primary leaves 
of Zn-deficient bean plants 



Partial shading of primary leaves 
of Zn-deficient bean plants 

High Light-Induced Zn deficiency
Marschner and Cakmak, 1989;  J. Plant Physiology 



Zinc Zinc 
Deficiency Deficiency 
SymptomsSymptoms



Increase in severity of Zinc 
Deficiency Symptoms in Wheat

Control



severity of Zn deficiency in wheat

Source: Cakmak and Braun, 1999; 
In: Application of Physiology in Wheat Breeding, CIMMYT

Zinc Deficiency in Wheat



Zinc Deficiency 
in  Rice



Increasing Zn supply to Rice Plants

-Zn Adequate 
Zn 

Very Low 
Zn 

Low 
Zn 

Moderate 
Zn 



Zn-adequate 
rice leaf



Development of Zn 
deficiency in wheat 



Development of Zn 
deficiency in rice 



Development of Zn 
deficiency in rice 



Severe Zn 
deficiency in 

rice



ZINC DEFICIENCY 
SYMPTOMS ON 

MAIZE



Effect of Zn supply 
on growth of maize

Adequate Zn Low Zn Moderate Zn 



Development of Zn 
deficiency in maize



Zn deficiency in 
maize



Zn deficiency in 
maize



Zn fertilizers on the market 
Zinc sulfate

Zinc oxide

Zn carbonate

Zinc chloride

Zinc nitrate 

Zinc chelates with EDTA, 
HEDTA, DTPA or NTA

Natural organic complexes 
(gyttja)

1) Mortvedt and Gilkes, In: Zn in Soils and Plants ed. A.D. Robson, 33-42; Dordrecht, 
The Netherlands, Kluwer Acad. Publ., 1993.

. 



Solubility of ZnO and ZnSO4 at 30oC

ZnSO4: 57.7 g/100 mL
ZnO: 0.16 mg/100 mL



Effect of Water Soluble Zn on 
Maize Growth 

Water soluble Zn, %
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Amrani et al., 1999, J. Plant Nutr.



Response of corn to Zn sources band applied with a 
10-15-0 starter fertilizer (Hergert et al., 1984).

 
 Zn applied, kg ha-1 

Zn Source 0 0.11 0.33 1.12 3.36 
  

grain yield, t ha-1 

 
No 3.9 - - - - 

 
ZnEDTA  8.6 8.7 9.5 8.8 

 
ZnO  8.2 8.2 8.6 9.1 

 
ZnSO4  8.3 8.9 8.7 9.1  

 
From Mordvedt and Gilkes, 1993. In: Zinc in Soils and Plant, Kluwer Publisher



Grain Zn Grain Zn
Concentration Concentration

(ton ha-1) (mg kg-1 DW) (ton ha-1) (mg kg-1 DW)

Prilled Urea 3.99 30 3.72 40

Zn-Enriched Ureas  

1% Zn as ZnO 4.46 36 4.14 46
1% Zn az ZnSO4 4.67 39 4.25 49

2% Zn as ZnO 4.95 43 4.39 49
2% Zn as ZnSO4 5.15 48 4.53 51

Treatments
Grain Yield

Rice Wheat

Grain Yield

Effect of Zn-enriched urea on Grain yield and grain Zn 
concentrations of rice and wheat at IARI 

Shivay et al. (2008b). Nutr Cycl Agroecosyst

Role of ZnO and ZnSO4 in Zn-Enrichment of Urea 



ZnOx26 or ZnOx55 were produced by reaction of ZnO with H2SO4. 
These Zn-oxysulfate forms have higher solubility than ZnO. As you 
see, they are still not good as ZnSO4. 

Pictures from Prof. Mortvedt group at Colarada State University.  For further 
detail see: http://www.colostate.edu/depts/aes/Pubs/pdf/tb00-1.pdf

Growth of maize plants in a Zn-deficient a 
soil with different sources of Zn fertilizers 

ZnSO4
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Effect of various forms of Zn fertilizers on shoot 
Zn accumulation of wheat plants

Cevizoglu et al. 2011



Under adverse soil conditions limiting 
root growth and restricting root Zn 
uptake it might be important to spray Zn 
to foliar in order to guarantee adequate 
pollination, good fruit quality and stress 
tolerance (heat, high radiation...).

Foliar Spray of Zn FertilizersFoliar Spray of Zn Fertilizers



Foliar Application of Zn on Barley Field

(Published as cover picture in “Plant and Soil” Journal; 
Cakmak et al.,1996. Plant and Soil)

Foliar Spray of Zn FertilizersFoliar Spray of Zn Fertilizers



Localization of Zn in grain Localization of Zn in grain 
after foliar application?after foliar application?



Staining/Localization of  Zinc in 
Wheat Grain (red color)

EMBRYO

ENDOSPERM

ALEURONE

ALEURONE

Cakmak et al., 2010

Cereal Chemistry, 77: 10-20
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Cakmak et al., 2010, J. Agric. Food. Chem. 58:9092-9102
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LA-ICP-MS Tests



Video: 
Growth of Rice Plants on a Zn-

Deficient Soil



Seed ZincSeed Zinc

Dress seeds with zinc before 
sowing

Seedlings are happy when 
the seeds are “galvanized”





Impact of Micronutrient Dense Rice Seed
in Bangladesh

(data from J. Duxbury, 2002, Cornell Univ.)

 

Seed Treatment Yield  
(t/ha) 

Complete (Zn, Mn, Cu, Mo, 4.6 a
Zn only 4.0 b
Complete - Mo 4.1 b
Control 3.6 c 

              1 letters indicate significant difference at p < 0.1 
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Importance of seed Zn Importance of seed Zn 
for human nutritionfor human nutrition



Zinc 
Estimated 
2 billionwww.harvestplus.org

Micronutrient Deficiencies: 
Global Malnutrition Problem

Iron 
Estimated 2 

billion



Children  particularly  sensitive to Zn 
deficiency

>450,000 deaths/year 
children under 5 – 4.4%  
attributed to Zn 
deficiency

Black et al. 2008 

The Lancet Maternal and Child 
Undernutrition Series



Major ReasonMajor Reason:: Low Dietary IntakeLow Dietary Intake
High Consumption Cereal Based Foods 
with Low Micronutrient Concentrations

In number of developing countries, 
cereals contributes nearly 75% of 
the daily calorie intake. 



IZA in partnership with UNICEF started a 
program called ‘Zinc Saves Kids’
www.ZincSavesKids.org

Intl’ Zinc Assoc.

ZINC ZINC SAVESSAVES KIDSKIDS

http://www.zincsaveskids.org/


Application of Zinc Fertilizers: Application of Zinc Fertilizers: 
(Agronomic  Biofortification)

Rapid and Sustainable Solution

Application of Zn-containing fertilizers 
offers a rapid solution to the problem

http://www.kali-gmbh.com/index.htm


2011 June- 2014 May

Global Zinc FertilizerGlobal Zinc Fertilizer ProjectProject
II. PhaseII. Phase

http://www.adob.com.pl/index.php?ch_lang=en
http://www.atpnutrition.ca/


Grain Zn concentration in different countries with and without zinc fertilization

Average of all countries -Zn: 26 +Zn:50

Country/Location -Zn +Zn

India
•Varanasi 29 47
•PAU-I 25 81
•PAU-II 28 77
•PAU-III 26 61
•PAU-IV 49 65
•IARI 33 45

Kazakhstan
•Loc-I 19 54
•Loc-II 28 73

Pakistan
•Loc-I 27 48
•Loc-II 28 44
•Loc-III 30 40
•Loc-IV 29 60

mg kg-1

Country/Location -Zn +Zn

Mexico
•Year-I 21 45
•Year-II 36 60

Turkey
•Konya 12 29
•Adana 32 57
•Samsun 23 49
•Eskisehir 22 43

China
•Loc-I 28 54
•Loc-II 19 26

Australia
•Loc-I 18 39

Germany
•Average 20 32

Iran
•Average 17 28

Brazil
•Average 30 52

mg kg-1



Country/Location -Zn +Zn

India
•Varanasi 29 47
•PAU-I 25 81
•PAU-II 28 77
•PAU-III 26 61
•PAU-IV 49 65
•IARI 33 45

Kazakhstan
•Loc-I 19 54
•Loc-II 28 73

Pakistan
•Loc-I 27 48
•Loc-II 28 44
•Loc-III 30 40
•Loc-IV 29 60

mg kg-1

Country/Location -Zn +Zn

Mexico
•Year-I 21 45
•Year-II 36 60

Turkey
•Konya 12 29
•Adana 32 57
•Samsun 23 49
•Eskisehir 22 43

China
•Loc-I 28 54
•Loc-II 19 26

Australia
•Loc-I 18 39

Germany
•Average 20 32

Iran
•Average 17 28

Brazil
•Average 30 52

mg kg-1

Average Grain Zn 
Concentrations 

(10 Countries with 32 locations)

-Zn: 26 ppm
+Zn: 50 ppm

Grain Zn concentration in different countries with and without zinc fertilization



235 Participants in Quzhou, Hebei province , 10 May, 
2011

China Zinc Day





Thailand Zinc Day









Zinc Day in Weinan-Xian



Zinc Day in Weinan-
Xian 







South African South African 
Zinc Day??Zinc Day??



www.zinccrops2011.org



Thank you...Thank you...



PRECISION FARMING 
 

Cobus Burger 
Managing Director, SGS NviroCrop (Pty) Ltd 

 
 
 

SUMMARY 
 
More than 200 000 ha of precision farming information is captured onto Geographical 
Information Systems, between different service providers each year. This information 
includes soil classification, soil chemical grid, variable rate recommendations, NDVI as well 
as yield data. If you combine all this information on each GPS point, you have got good 
reliable results on what happened with a specific crop in that season. Of course, you will 
have to take additional information into account like for example climatic conditions and/or 
farm management problems experienced during the growing season.  
 
A holistic interpretation of this data will unlock a new world of knowledge and understanding. 
The result of this new understanding and accompanied changed recommendations will have 
a direct impact on the sustainability of your clients as well as your agri-business. 
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Precision Agriculture unlocks 
new potential to improve productivity

Cobus Burger
Managing Director, SGS NviroCrop (Pty) Ltd

Introduction
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“The perfect storm”
Climate Change combined with Food Shortages

“World Peace will not and cannot
be build on empty stomachs”



3

Precision Farming

• You know where you are measuring (GPS)
• You know what you are measuring
• You know where to apply your VRT rec.
• You can evaluate precisely what is the result
of your recommendations (Yield Maps)
• You can learn and adapt to become a 

“builder in food production”
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Data Collection – Yield Map

• 2000 data points/ha on a yield map
• SGS NviroCrop = 300 Mil. data points in 2010
• Statistical analyses each year 
• After 3 x years of data collection on the
same land we start changing our recommendations
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Farm land

Boundary
Soil analyses

Soil MapYield MapCombination of soil boundary and yieldUnique ID Map
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Multi layer analysesMulti layer analyses

Soil Type UID Hae 1999 2000 2001 2002 2005 2006 2007 2008 KUK Ca% Mg% K% Ca Mg K P
Pn15 7 2.18 3035 5178 3348 3076 6045 6366 1405 4779 3.2 68 17.6 14.2 426 67 175 20
Pn13 8 1.74 3388 4991 3557 3587 6407 6179 n/a 4389 3 68 16.8 13.9 410 62 164 18
Gc11 9 0.82 3248 4662 4370 3444 6244 5316 n/a 3893 2.9 68 17.7 13.7 390 62 154 15
Pn17 10 7.52 3656 4954 4253 3777 6305 6649 4238 5309 3 69 17 13.7 403 61 158 22
Se6 11 0.94 2606 5117 3355 3670 7825 5554 n/a 3872 4.4 71 16.4 12.2 616 88 209 44
Tu10 12 2.33 3083 5107 3865 4203 8176 6939 3128 4574 4 72 16 11 579 79 174 37
Tu10 13 1.28 3650 5105 4639 4140 8505 6784 3951 5536 4 72 16.5 11.2 579 81 177 22
Tu12 14 4.65 4324 5112 4986 3976 8325 6224 2997 6414 4.6 75 15 9.1 704 84 162 22

Tu10/12sp 15 1.35 4048 5019 5229 4115 8226 6479 4441 7251 3.8 74 15.9 9.5 557 72 139 25
Av9/15c 16 1.68 4810 4941 5173 4348 8128 6997 4549 7612 3.6 72 16.1 11.3 512 70 157 18
Av12/16 17 8.73 4235 4819 4354 4337 6911 6758 5392 6459 2.9 69 17.8 12.8 402 64 145 24
Pn12 18 2.81 3457 4692 4178 4429 8051 7106 4446 5692 3.6 73 16 10.7 520 70 150 29

Av11/15 19 1.74 3636 4729 4041 4461 8054 6896 5029 6067 3.3 72 16.7 10.7 472 67 137 39
Av12/17w 20 7.26 5474 4534 5024 4368 8051 6974 4701 7536 3.2 71 17.1 11.1 459 67 139 25
Tu8/12sp 21 0.84 4585 5159 4978 4284 8591 6909 3867 5750 3.8 71 17.3 10.8 546 80 159 26
Gc12 22 0.51 3715 5151 4686 4117 8459 7087 4467 5481 3.9 73 15.9 10.2 575 76 156 25

Av13/17 23 3.90 4598 4745 4443 4584 7899 7034 5816 7364 3 70 17.5 11.6 415 63 133 25
Pn12L 24 2.98 3897 4280 4378 4113 6411 6993 2731 5203 2.9 69 17.3 13.5 399 62 154 23

Av12/15 25 2.78 4831 4295 4500 4383 6972 7105 4760 6419 2.9 70 16.8 12.9 400 59 145 29
Av9/15 26 10.56 4997 4781 5155 4259 7932 6924 4145 6840 3.4 71 16.9 11.7 484 70 156 20
Av12/18 27 4.52 4867 4770 4660 4529 6686 6680 4807 7247 2.8 69 17.2 13.2 383 58 142 21
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VRT recommendation on 
fertilizers by using zone
management

Example:

Different rates
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Prec
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Holistic approach to problem solving

Plant 

analyses
Crop 

inspectio
ns

Fertil
izer 

recommendations

Soil 

Inspections
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Productivity in Agriculture

Soil Properties

Physical properties Chemical Properties
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Physical Properties

• Soil Classification
• Tillage practises (basics)
• Irrigation (basics) 

Productivity in Agriculture
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Soil Classification maps used for VRT on N and P

Productivity in Agriculture
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Soil ClassificationSoil Classification
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Effective rootdepth = 130cm7.4 tons/ha

N = 130 kg/ha
P = 30 kg/ha

3.5 tons/ha 4.8 tons/ha

N = 65 kg/ha
P = 15 kg/ha

N = 90 kg/ha
P = 20 kg/ha

Profile at 80% of PAWC

Yield Predictions
- VRT on N and P
- Financing inputs
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Tillage practices

Productivity in Agriculture
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Different tillage implements
- One soil type
- Same land

Different tillage implements
- One soil type
- Same land

Soil compaction

30%30%

60%60%

90%90%

% Of available surface area
for nutrient uptake

60cm

60cm

60cm
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Irrigation – yield problems?

Productivity in Agriculture
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Poor quality irrigation water 
causes silt build-up in top soil
Poor quality irrigation water 

causes silt build-up in top soil
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Chemical properties

• Impact on yield results ?
• Cation ratios or ppm?
• Top- and subsoil analyses?
• Impact on soil physical properties?
• Impact on plant health?

Productivity in Agriculture
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After VRT 
correction with lime

VRT on N and P 
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New Interpretations

Sandy Avalon soil type in North West

Nutrient Analyses Impact on yield

%Ca
69% Highest yield

74% - 10% in yield

% K
11%

13%

Highest yield

- 14% in yield
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New Interpretations

Potassium accumulation on waterlogged soils

Too much of a good thing can be 
bad
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Lime helps to improve soil structure
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New Interpretations

No-till soils in Limpopo province with high clay content 

Irrigation

Dry land

- Highest yields where %Ca = 74%

- Highest yields where %Ca = 64% and %Mg = 28% ??



25

New Interpretations

High Mg-content High Ca-content
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Top- and sub-soil sampling ??

Productivity in Agriculture
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K = 130 ppm K = 30 ppm

Top soil Sub-soil

Soils in Mpumulanga
with 20-30% clay content
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Lodging
- Potassium is low in sub-soil

No lodging
- Potassium is high in sub-soil
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Mulder’s Chart in practice

 

Koper

Kalsium

Mangaan

Kalium

Yster

Fosfaat

Boor

Stikstof
Sink

Magnesium

Molibdeen

Mulder’s chart - interaksies

Onderdruk

Stimuleer
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Nutrient Management

P(ppm)

VRT with 
Phosphate
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Nutrient Management

NDVI images

Best vegetative growth,
first part of growing season

Worst vegetative growth,
last part of growing season

?
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Northern leaf blight
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Evaluering van Blaarmonsters

Naam Dasram Bdy Datum 2011/04/08
Plaas Strydam
Landboukundige Hannes Hattingh

No Gewas Sample# VERW NO  N Ca Mg K Na S P Fe Mn Cu Zn Mo B
% % % % % % % dpm dpm dpm dpm dpm dpm

1 Mielies 40-60 cm hoogte L15322 S1 1 4.88 0.43 0.20 3.61 0.04 0.39 0.61 263.45 103.46 10.83 32.29 0.85 4.38
2 Mielies 40-60 cm hoogte L15302 S1 2 4.84 0.47 0.26 2.69 0.01 0.42 0.61 213.18 132.11 12.67 23.88 0.29 1.06
3 Mielies 40-60 cm hoogte L15303 S1 3 4.81 0.51 0.19 3.01 0.01 0.41 0.52 225.28 90.13 9.10 36.94 1.01 3.56
4
5
6
7
8
9

10
11
12
13
14
15

Evalueer van Ontleding

No Gewas Sample# VERW NO  N Ca Mg K Na S P Fe Mn Cu Zn Mo B
% % % % % % % dpm dpm dpm dpm dpm dpm

1 Mielies 40-60 cm hoogte L15322 S1 1 L H H H L
2 Mielies 40-60 cm hoogte L15302 S1 2 L H H L L
3 Mielies 40-60 cm hoogte L15303 S1 3 L H L
4
5
6
7
8
9

10
11
12
13
14
15

Ontleding is laer as norm
Ontledings is hoër as norm
Onderdrukking van element kan voorkom
Ontledings is laag en onderdrukking kan voorkom

Leaf sample results

K Zn
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Precision Agriculture unlocks 
new potential to improve productivity

Any questions?



SOIL COMPACTION – TURNING AN ENEMY INTO A FRIEND 
 

Dr. Rianto van Antwerpen 
Senior Soil Scientist and Programme Manager, SASRI 

 

ABSTRACT 

Soil compaction has always been an important issue in the sugar industry because of 
various levels of mechanisation, mainly associated with infield loading and haulage of 
sugarcane. The effect of infield traffic on cane yield can be divided into two categories: soil 
compaction and stool damage. The latter refer to cane plants damaged by wheels resulting 
in an increased degree of yield decline. Once a stool is injured it never recovers and yield 
losses continue to increase in successive years. Yield losses of up to 30% in the first year 
after stools were damaged and up to 50% in the second year have been recorded. It is 
therefore imperative to ensure that sugarcane row spacings fit the wheel spacings of 
equipment used infield. The effect of stool damage on sugarcane yield and its solution is 
summarised in this paper.  

 
 
 
 
 
 

 
 



INTRODUCTION 

 
Soil compaction has always been an important issue in the sugar industry because of 
various levels of mechanisation, mainly associated with infield loading and haulage of 
sugarcane. Before 1950, vehicles used infield were relatively small. In addition, crop 
residues were generally returned to the field and crop rotation was the order of the day. In 
the period from 1950 to today, burning the sugarcane crop before harvest has become the 
norm for those who want to harvest more efficiently, and the size of vehicles used infield has 
increased substantially. It comes as no surprise then that, under this system, reduced soil 
health and declining yields have become major concerns.  
 
In 1998, sugarcane farmers in Malelane invited Eddie Meyer (our Agricultural Engineer at 
the time) and I to take a look at soil compaction and the resulting huge yield losses in their 
area. To us, the solution was simple: stop taking the big 30 to 50 ton rigs into the field. The 
farmers, however, told us that they wanted to continue driving their rigs into the field, and 
that we needed to find a solution! We then realised that we could not eliminate infield traffic; 
we had to manage it. This meant that a controlled traffic system had to be implemented; 
something that may be relatively commonplace for other industries, yet quite radical for the 
sugar industry. 
 
The effect of stool damage on sugarcane yield and its solution is summarised in this paper. 
 
 

SOIL MANAGEMENT PRINCIPLES 
 
The sugar industry has adopted four basic principles of soil management: 
 

• Regular residue supplies: The sugar industry has an enormous amount of residue 
to be dealt with at harvest (10 to 30 tons of leaf residue per hectare) and the easiest 
way get rid of this is to burn it. Today about 90% of the rainfed area is burnt before 
harvest and 100% of the irrigated area. This has led to significant decreases in soil 
organic matter resulting in other problems such as increased soil compactability.  

 
• Break crops: Very little use was made of break crops or crop rotation between 1950 

and 2000. In 1998, SASRI started with a campaign to raise the awareness of the 
benefits associated with crop rotation and today it is practised widely within the sugar 
industry.  

 
• Minimum tillage: Although not planned for deliberately, the sugar industry is 

fortunate that the crop is semi-permanent (on average, replanting is done only once 
in 10 years) and soil disturbance is thus minimal compared to annual crops. 

 
• Controlled traffic: Sugar industries worldwide lag far behind annual crops in this 

regard. The problem is that the stools are difficult to see after harvest (especially if 
covered with residue). Also, wheel spacing of infield equipment is completely ignored 
when planning crop row spacing on most farms, with the result that travelling over the 
stools is almost unavoidable – especially when contractors are uninformed on these 
issues.   

 
 



 

SOIL COMPACTION VERSUS STOOL DAMAGE 
 
The effect of infield traffic on cane yield can be divided into two categories: soil compaction 
and stool damage. The latter refer to cane plants damaged by wheels resulting in an 
increased degree of yield decline. Once a stool is injured it never recovers and yield losses 
continue to increase in successive years.  
 
It is imperative to ensure that sugarcane row spacings fit the wheel spacings of equipment 
used infield. A vehicle entering a field will cause compaction especially if the vehicle is fully 
loaded. However, if one of the wheels is driven over the row, the resultant stool damage is 
irreversible whereas soil compaction is reversible.   
 
One might argue that the wheels of a truck (2.4 m from outside to outside) will fit in the 
interrow (although not in the centre) if the row spacing is 1.5 m (spacing between row 1 and 
row 3 is 3 m) as is the case of most irrigated sugarcane fields (Diagram 1). However, 
focusing on one side of the truck might result in stool damage on the other side as cane 
rows are not perfectly parallel. Most drivers working for contractors do not care where they 
drive as long as they get the load to the mill. But why the focus on stool damage? 
 

2.4m
0.9 - 1.5m

1.8m

1.2m0.6m
 

Diagram 1: The top diagram shows conventional row spacing which could be anything 
between 0.9 to 1.5 m. The bottom part shows the recommended system aimed to reduce 
stool damage. Notice that the field is divided into dedicated traffic zones and production 
areas. 
 
 



 

Swinford and Boevey looked at the effect of compaction on cane yield and showed a drastic 
yield decline of between 25% and about 30% in the first year and between 30% and 50% in 
the second year, regardless of whether the vehicle was driven on the row or kept in the 
interrow (Figure 1). It is only when the row spacing of the crop is mentioned (1.4 m) that the 
reason for the almost equal yield reduction between interrow and on the row driving is 
understood – stool damage in both treatments!  

30

40

50

60

70

80

90

100

Control INTERROW
3.7 ton

INTERROW
5.7 ton

ROW
3.7 ton

ROW
5.7 ton

Yi
el

d 
re

la
tiv

e 
to

 c
on

tr
ol

 (%
) 

1 Ratoon

2 Ratoon

 
Figure 1: Relative yield as affected by stool damage (Swinford and Boevey, 1984). 
 
 
Torres and co-workers illustrated the effect of stool damage versus compaction by using 
light and heavy implements to drive in the interrow and on the row (Figure 2). Compared to 
interrow compaction by a light implement yield loss from driving the light implement over the 
cane row was only about 8% compared to just over 50% due to the heavier tractor & trailer.  
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Figure 2: Relative yield as affected by driving in the interrow and on the row (Torres et al., 
1990). 



One of our growers implemented the modified tram line system with a flat surface 
successfully (Picture 2). His yield decline under the tram line system was about 18% less 
compared to the conventional system, which is an enormous difference. In addition to the 
increased income from cane yield, he also saved by using less herbicide as canopy 
formation on the closely spaced rows was quicker and weed control is mainly required on 
the wider interrow area. 
 
 

ASPECTS TO CONSIDER 
 
The wheel arrangement of infield equipment is an important aspect to consider when aiming 
to reduce stool damage (Diagram 2). Even if soil compaction might be more severe with a 
double-axle single-tyre arrangement, it is the preferred design because the wheels are kept 
further away from the cane row.  
 

 
 
Diagram 2: An illustration of the distance between the wheels and cane rows comparing a 
double-axle with single wheels (left) versus single axle with double wheels (right). 
 
 
Although the raised beds (Picture 1) help to keep vehicle wheels in the interrow, they are not 
always applicable because the non-slewing type mechanical loader (Picture 6) cannot 
operate in a field with an uneven surface.  
 
Fertiliser placement also had to change. Normally sugarcane farmers broadcast the fertiliser 
but this is not advisable with tram line spacing as it is more efficient to band it over the tram 
line – a swath of about 1.0 m.  
 
 

Picture 1: Raised beds in a tram line planting 
system (Photo: Alan Garside). 

Picture 2: Tram line spaced sugarcane with 
a flat soil surface. 



 
EQUIPMENT 

 
A change in systems is accompanied by a change in the equipment to do the job. However, 
in this case, the cost of adapting equipment for the tram line system was minimal.  
 
The ridger (Picture 5) had to be slightly adjusted at almost no cost to open four plant rows 
with every pass (this equipment is owned by most sugarcane farmers).  
 
The bed former (Picture 6) is optional and not required if the soil surface is to be kept flat. 
The alternative is to use a conventional disk implement to create the raised bed.  
 
A slewing type loader (Picture 3) is preferred but is not a necessity as damage by the non-
slewing version (Picture 4) is minimal and should be weighed against the cost for a slewing 
model which is roughly double that of the non-slewing cane loader.  
 

Picture 3: Slewing loader (Photo: PW Lyne) Picture 4: Non-slewing loader 
 

 

  
Picture 5: 2 X Dual row ridger Picture 6: Bed former (Photo: Peter Tweddle)
 



 
In the table below the current sugarcane production system is compared with the proposed 
tram line system.   
 
Traditional system: Wheel spacing 1.8 to 
1.9 m and row spacing 0.9 to 1.5 m (rows 
with spacings 1.2 to 1.5 m are problematic). 

Tram line system: Wheel spacing 1.8 to 1.9 
m and interrow spacing 1.8 to 1.9 m with 2 
cane rows spaced 0.4 to 0.6 m. 

Mis-matched row and wheel spacing. Matched row and wheel spacing. 
Heavy infield equipment causing severe 
stool damage 

Heavy infield equipment with no stool 
damage.  

Excessive tillage required at replant to 
alleviate soil compaction. 

Tillage reduced and tillage area reduced as 
the compacted interrow area is not disturbed.

Weed control required over the total area.  Area for weed control is reduced by at least 
30%. 

 

 
 

CONCLUSION 
 
There is evidence that yield decline is a problem in some areas of the sugar industry and it is 
assumed that stool damage is responsible for a significant portion. Soil compaction is not our 
focus anymore; stool damage is, and all our efforts now are aimed at avoiding it as far as 
possible.  
 
 

REFERENCES 
 
Swinford, J.M. & Boevey, T.M.C. (1984). The effects of soil compaction due to infield 
transport on ratoon cane yields and soil physical characteristics. Proc. S. Afr. Sug. Technol. 
Ass 58: 198-217. 
Torres, J.S., Yang, S.J. & Villegas, F. (1990). Soil compaction and sugarcane stool 
damage to semi-mechanized harvesting in the wet season. Sugar Cane 5: 12-16. 



Managing in-Field Traffic
-
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R van Antwerpen

Soil compaction – turning an 
enemy into a  friend



Background:
1950’s 2000’s



Four Basic Principles
for soil management

•Regular residue supplies 
•Break Crops
•Minimum tillage
•Controlled Traffic

☺
☺





Eliminate Traffic…

…we need to manage it !

Yield loss due to Traffic…

We Can’t

Pr
ob
lem



Front wheel = Highest Soil Pressure

Truck & Trailer on Radials
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Stool damage vs soil compaction



Problem:
Soil compaction - or is it? 



Effect of Infield Traffic



Effect of Infield Traffic

Soil compaction Stool damage

Reversible Irreversible



Stool damage vs soil compaction

1.5 m

1.8 m



Stool damage

1.5m

Area
compacted

Up to
100%

1.5m

60 – 80%

1.8m





Effect of compaction on yield
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Row spacing = 1.4m!

Stool damage



Soil Compaction vs Stool Damage
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We can live with soil compaction 

but not stool damage!



IMPORTANT PRINCIPAL !

Cane row spacing must fit the wheel 
spacing of your infield equipment.

OR
Wheel spacing of all equipment used 
in fields must fit the cane row spacing.Keep the wheels off th

e row !!



… and this is an option, but ...



… expensive!!

Also – none available in 
the sugar industry.



Kaalrug – 1999; 63%Clay, 3.2% SOM
Penetrometer resistance (kPa)
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Double axle single tyres
vs single axle double tyres

15 ton 15 ton



The proposed system



Equipment required to facilitate 
tramline planting of sugarcane
Equipment required to facilitate Equipment required to facilitate 
tramline planting of sugarcanetramline planting of sugarcane

Photo: Dr Alan GarsidePhoto: Dr Alan Garside



Donald Roseveare



Bed 
former



Dual row whole stalk cane planter



0.65m

1.8 to 2.1m



0.65m 1.15m

Tramline Row Spacing 
D Roseveare

Ave. Diff Range
t/ha t/ha t/ha

2008/09 Conventional 107 80 – 151
Tramline 127 19.6 83 – 157

2009/10 Conventional 109 90 ‐ 125
Tramline 128 19.0 100 ‐ 155



Tramlines at 
harvest …



Non-slewing & 
Slewing type 

loaders



Sugarcane is harvested roughly 
once a year and will only be 

replanted after about 10 harvests

Sugarcane is harvested roughly Sugarcane is harvested roughly 
once a year and will only be once a year and will only be 

replanted after about 10 harvestsreplanted after about 10 harvests



Permanent 
Interrow area

Permanent 
row area



Photo: Dr Alan GarsidePhoto: Dr Alan Garside



DIRECT PLANTED DUAL ROWS
Photo: Dr Alan GarsidePhoto: Dr Alan Garside



Photo: Dr Alan GarsidePhoto: Dr Alan Garside



Photo: Dr Alan GarsidePhoto: Dr Alan Garside



Stool damage is reduced and crop performance increased.

Permanent 
Interrow area

Permanent 
row area

Herbicide costs is reduced.
A firm soil surface for optimal traction is created.
Total cane row length is 11111 m/ha

1.2 m 8666 m/ha
1.5 m 6667 m/ha

Advantages of the proposed system.



Make sure that the row spacing 
matches the wheel spacing!

Make sure that the row spacing 
matches the wheel spacing!

Keep the wheels off th
e row !!



ENHANCING FERTILIZER: A NEW OPTION 
 

André Cilliers 
Product Manager, Lake International Technologies 

 
 

ABSTRACT 
 

The fertilizer industry worldwide is highly competitive, and most producers are continuously 
looking for ways to differentiate themselves from their competitors.  Apart from this, there is 
a global move towards environmentally friendly farming and crop production.  With regard to 
the former, some blenders have recognised the value of enhancing their NPK blends by 
means of adding additional nutrients. 
 
Biofix surface bonding technology enables blenders to enhance the value of their products 
by facilitating the attachment of value-adding powders onto granular fertilizers assuring even 
field distribution. 
 
Biofix Surface Bonding Technology uses a natural, fully biodegradable emulsion polymer 
made from natural components of vegetable origin which is backed by a full team of 
engineers and chemists with extensive knowledge of the fertilizer industry, and attachment 
technology.  Biofix is being used with success both nationally and internationally as an agent 
to attach value-adding powders to fertilizers. 



www.biofix.co.za

Enhancing Fertilizer: A 
New Option

Andre Cilliers
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What do the experts say?
• Shoji and Gandeza (1992) say that the ideal 
fertilizer should have a minimum of the 
following three characteristics:
– A single application should supply enough 
nutrient throughout the entire growing season to 
meet the plant demand for optimum growth.

– A maximum percentage recovery to achieve the 
largest return for the cost of the input.

– Minimum detrimental effects on the soil, water 
and atmospheric environment.



www.biofix.co.za

Biofix® provides a method of 
attaching Trace Elements or any 
value adding powder to 
granules using an 
environmentally friendly 
emulsion and customized 
equipment.



www.biofix.co.za

What is 
• Completely natural binding agent for granular 
fertilizers, organic.

• Biodegradable in the soil.

• Used to attach required trace elements to 
granular fertilizers such as LAN, 2:3:2 etc.

• Particle size: preferably 150 microns or less.

• Attachment of any Value Adding powders.

• Nutrition for beneficial soil microbes.
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How does                        Work?
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LAN                                    LAN + Trace Combo
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Advantages and Facts of TEA

• TEA (Trace Element Attachment) is the 
best/cheapest way to evenly apply trace elements 
to a field.

• Other alternatives: 
– chelated foliar applications – very expensive, quick fix;
– liquid fertilizers – chemical reactions could limit 
availability, solubility problems (blocked nozzles);

– fritted trace elements (Segregation can prevent uniform application)
• (JJ Mortvedt, 1986 “Methods of Applying Micronutrient Fertilizers to Correct Deficiencies of Crops”, Outlook on Agriculture Vol 15 # 3)

• Apply only what is required.
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The Ideal Coating Procedure
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Lake’s Coating Plant, Natalspruit
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What is the Best Method to Attach?

Batch Systems:
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What is the Best Method to Attach?

Batch Systems:
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What is the Best Method to Attach?

Batch Systems:
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What is the Best Method to Attach?



White 
Urea in 
receiving 
hopper

Biofix sprayed on 
urea on belt

Sulphur powder 
added in drum

Sulphur and 
Biofix coated 

Urea

www.biofix.co.za



www.biofix.co.za

Continuous  and Batch 
Systems

Belt Coating, Australia

Drum Coating into mixer, 
Australia

Belt Application 2

Drum Coating out of 
mixer, Australia

Paddle Blender, Brazil

Paddle Blender Biofix Spray, 
Brazil

Bagging Plant, Brazil
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Manufacturing – Umbogintwini, Durban
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Thank you…



SYNERGY BETWEEN ORGANIC AND INORGANIC FARMING: 
SOME SUCCESS STORIES 

 
Henk Kuperus 

Agronomist, Atlas Organic Fertilizers (Pty) Limited 
 
 

ABSTRACT 
 

Some meaningful advantages regarding inorganic as well as organic fertilizers will be 
presented and the combination thereof in practical farming today evaluated. The author will 
reflect on some success stories from “synergy farmers” using “synergy fertilizers”. 
 
The following aspects will also be covered: 
 

• What does synergy in crop nutrition mean; 
• Why is synergy better; 
• What does a car’s engine and crop nutrition have in common; 
• The 4x4 side of fertilizers; 
• Biological farming. 

 
 

SUMMARY 
 

The concept and importance of organic material and soil organic content has in recent years 
been much discussed. Therefore the aim of this presentation is to give some aspects of the 
synergy found in fertilizing with the combination of organic and inorganic fertilizers. 
 
Synergy may be defined as two or more things functioning together to produce a result not 
independently obtainable. Thus in terms of fertilizers, applying organic and inorganic fertilizer 
together produce a result that could not be obtained separately. If done correctly, mixing both 
organic and inorganic fertilizers result in an improvement of both soil and crop. The 
advantages gained when both is applied together is synergy fertilizer (blend of organic and 
inorganic fertilizer). 
 
How do a car’s engine and the theory of synergy come together? A car’s engine needs both 
OIL and FUEL.  If you only focus on fuel at some stage you will be in trouble as the efficient 
functioning of your car’s engine will be reduced. High maintenance costs will also arise. Oil is 
needed to lubricate the working parts of the engine in order that it will move smoothly against 
each other, and will not wear out. The same is for fertilization: oil is like organic material and 
fuel like inorganic fertilizer to the soil. Oil make the fuel be more efficient. Together more 
sustainable production is possible and even higher returns achievable. 
 
Combined (synergized) fertilizers are both good (good x good or 4x4) = very good for plant 
production. One can do so much more with a 4x4 than a normal bakkie, especially in a sandy 
soil, or heavy clay when wet. In most soil types the synergy fertilizer will prove to be better. 
How could the forgotten concept of soil rest be implemented today? 
 
Success stories cover subtropical fruit and vegetables that were unmistakably improved by 
synergy fertilizers. Both yield and quality as well as shelf-life were improved. 



SYNERGY BETWEEN ORGANIC 
AND INORGANIC FARMING: 

SOME SUCCESS STORIES.
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What does synergy mean

Synergy, in general, may be defined as two or 
more things functioning together to produce a result 
not independently obtainable.

The term synergy comes from the Greek word 
syn-ergos, meaning “working together”

http://en.wikipedia.org/wiki/Greek_language


What does synergy in crop nutrition mean

My own definition:
The combination of organic and inorganic 
nutrients (fertilizers) in such a manner that 
the benefits of both is available to the soil 
and the crop.



Why is synergy better

Meaningful advantages of organic and inorganic fertilizers

Organic fertilizers:
More nutrients (list) 
Higher availability for 
uptake
slow nutrient release
C=key to nutrient cycles

Inorganic fertilizers:
“Single” element 
available (“Straights”)
Easy to handle
Readily available (to buy)
Quick reaction / effect



The synergy equation: 
(basic advantages of synergy fertilizers)

More nutrients available (“Volledige
spyskaart”)

Balanced nutrition
Quick and “slow release” nutrient 
content
Increased availability of all nutrients (Org 

acids)

Nutrient cycles in place (Microbe activity and 
stimulation)



The synergy equation: Continue
(basic advantages of synergy fertilizers)

Life giving C to soil (Soil biology food) 

Readily available (to buy)
“Softer” on soil environment (Buffering)
Best of both in 1 bag



“Softer” Synergy

fertilizer 

on roots of Avocado



This is what our trees need



What does a car’s engine and crop nutrition 
have in common

Both oil and fuel are necessary for 
power output;
Fuel makes the engine go;
Oil lubricate the moving parts;
Both are needed for sustained 
performance.



What does a car’s engine and crop nutrition 
have in common

If you only focus only on fuel:
• high maintenance (wear-and-tear);
• Reduced power output with time;
• Shortened engine life;
• Higher temperatures = higher risk.



What does car’s engine and crop nutrition 
have in common

≡ What does Oil do :
≡ Lubricate the moving parts;
≡ Protect against wear and tear;
≡ Lowered temperatures, low risk;
≡ Ensure engine longevity.



The car’s engine and crop nutrition :
Inorganic nutrients are like fuel, it makes 

the plants “go” while organic nutrients 
make it more efficient while protecting 
against wear and tear.

Using both oil and fuel in a engine is 
more expensive initially, but cost saving 
in the long run.

A car’s engine can be replaced -
But   a  farm’s  soil ???



The 4x4 of fertilizers

Organic fertilizer = Good
Inorganic fertilizer = good
Synergy fertilizers = Organic x inorganic
Thus synergized fertilizers is 

Good x good
or  4 x 4



The 4x4 of fertilizers

From the outside 
bakkies appear the 
same



The 4x4 of fertilizers
BUT… one can do so much more with 4x4 than 

a normal bakkie. 



The 4x4 of fertilizers

i. Deep sand (Sandy soil) low traction : 4x4 will 
get you through (add “legs” to the fertilizer)



Macadamias at the South Coast- Sandy soil





South Coast Bananas –Sandy soil



Sandy Free State soil, dryland production



The 4x4 of fertilizers

i. Deep sand (Sandy soil) low traction : 4x4 will 
get you through (add “legs” to the fertilizer)

ii. Clay soil (Wet) : 4x4 will get you through 
(surprising but true: microbial activity)



Synergy fertilizer 
on clay soil 
(30%+) at 
Burgershall
Experiment 
station, 
Kiepersol



Synergy fertilizer 
on clay soil 
(35-40%)  
Komatipoort



The 4x4 of fertilizers

i. Deep sand (Sandy soil) low traction : 4x4 will 
get you through (add “legs” to the fertilizer)

ii. Clay soil (Wet) : 4x4 will get you through 
(surprising but true: microbial activity)

iii. Rocky terrain: 4x4 will get you through (extra 
CEC to the soil fraction)

4x4 fertilizers are for every soil type



Success stories with synergy fertilizers

Sugarcane: Pongola. A good sugar farmer 
experienced a slight increase on the farm average 
yield (120 to 125 t/ha) while increasing the farm 
average RV by 2% by using a synergy fertilizer 
product.

-From his mouth: “it pays for itself”
Now after more than 4 years the cane regrow (ratoon) 
with more energy and better color than before 
changing to Atlas.



Success stories with synergy fertilizers

Sugarcane: Komatipoort. 
A big farming operation made a long term decision for 

sustained performance, while building soil health. 
They decided on the combination of organic and 
inorganic fertilizers to achieve their vision. 

The company experienced a 20% increase in yield after 
changing to a combination of organic and inorganic 
fertilizers.



Success stories with synergy fertilizers

Papayas: Lowveld: A big papaya farm experienced a 
distinct improvement on fruit quality and especially 
shelf-life from papayas after changing to a synergy 
fertilizer practice. 

Also the negative impact of winters were in the past 
(inorganic) very visible on the plants, and since 
changing to synergy fertilizers the plants appear 
better throughout winter. The plants go stronger into 
winter and also recovers quicker after winter.



Success stories with synergy fertilizers

Tomatoes: Pongola. After adopting the synergy 
fertilizer strategy, a farmer has improved his 
productivity. He used to pack 4.5 – 5 kg tomatoes in a 
box, now after changing to a synergy fertilizer product, 
the average box weight 5.5 – 6 kg. (nutrient density)

He was called by the market agent asking what he has 
done for the shelf-life of the tomatoes is incredible, 
and some local traders will only buy one branded 
box…

-From his mouth: “it pays for itself”



Success stories with synergy fertilizers
Butternuts: Vaalwater. A farmer was used to load 3300 

10 kg (±10.5kg avg.) bags of butternuts on a interlink (to 
be safe at the weigh-bridge) 

He was notified that the truck was overloaded after 
loading the butternuts from the first planting with a 
synergy fertilizer programme. He said that he didn’t 
notice any particular better size fruit, because of the 
high density plantings, but the fruit weight (nutrient 
density) was far better.  

He measured some bags on farm which some even 
weighed up to 14 kg.



Success stories with synergy fertilizers
A world recognized banana consultant regards the 

combination of organic and inorganic fertilizers as the 
best way to produce top quality bananas. – He says 
that he has seen the results.

He said that Synergy fertilizers tend to be more 
expensive but if proven cost effective it is one of the 
best fertilizers on the market, and a farmer could not 
go wrong down this road



Success stories with synergy fertilizers

A mature (in years) consultant who was trained in the 
so-called “old school” where “NPK was the way” is 
today totally convinced of synergy fertilizers after 
seeing the results gained by farmers.

He today recommends farmers to synergize their 
fertilizer programmes.



Soil Resting
It is difficult in our financial world, today
It sounds “not intelligent “ to do.

HOWEVER
Some farmers themselves have 

experienced the benefit thereof. 



Soil Resting

Green 
manures 
or cover 
crop



Soil Resting

Crop rotation



Soil Resting
It should be a principal not another option.



ATLAS Organic Fertilizers

Act 36: Group 1 
registered
50 kg bags

Atlas Head office
078 451 9206 of 8

www.atlasorganies.co.za

http://www.atlasorganies.co.za/


Magnesium:  A forgotten Mineral Nutrient in Crop Production 
 

Ismail Cakmak 

Sabanci University, Faculty of Engineering and Natural Sciences, 34956 Istanbul, Turkey, 
cakmak@sabanciuniv.edu 

 
 
 

ABSTRACT 
 
Sustaining high crop yield is largely determined  by  (i) maintenance of high photosynthesis 
rate, (ii)  transportation of the  photoassimilates into actively growing parts of plants  (e.g., 
sink organs such as seeds and roots), and (iii) ability of plant to use assimilated carbon for 
their growth and development. Magnesium (Mg) is one of the exceptional mineral nutrients 
which affect all these steps. Magnesium has also further critical physiological functions 
contributing significantly to growth of plants such as activation of number of enzymes, 
biosynthesis of proteins and formation and utilisation of ATP in metabolic process.  Despite 
large number of critical functions of Mg in plant growth, scientific research conducted on Mg 
and attention given to Mg fertilization in farming systems is surprisingly very little. Therefore, 
Mg is often considered a forgotten element in crop production and physiology. Increasing 
number of evidence is available demonstrating that impairment in phloem translocation of 
carbohydrates into roots and thus decline in root growth is the earliest reaction of plants to 
Mg deficiency. The impairment in root growth by Mg deficiency takes place very rapidly, 
even before any noticeable changes in shoot growth, chlorophyll concentration or 
photosynthetic activity occur. As expected, a severe decline in root growth as a result of Mg 
deficiency is associated with serious disturbances in root uptake of nutrients and water, 
especially under marginal soil conditions. Since Mg deficiency in agricultural soils is 
increasingly becoming a limiting factor, especially in acid soils and intensive crop production 
systems, particular attention should be given to Mg nutrition of crop plants. Besides its vital 
functions in plant systems, Mg has also protective roles against cardiovascular and hearth 
diseases. Improving Mg concentrations of food crops is, therefore, of great importance for 
human nutrition and health.  
 



Ismail Cakmak
Sabanci University, Istanbul, 

Turkey

MagnesiumMagnesium: : 
Forgotten Element Forgotten Element 
in Crop Productionin Crop Production



Basic Functions of Magnesium

• Chlorophyll (a constituent and in biosynthesis).
• Activates more enzymes than any other cation
(e.g. carboxylases, phosphatases). 

• Bridges enzymes with ATP.
• ATP formation,   ATP utilization.
• Partitioning and utilization of photoassimilates.
• Protein synthesis.
• Sucrose synthesis and loading into the phloem.
• Photosynthesis (light and dark reactions).



Magnesium is the central ion of chlorophyll
Mg deficiency causes leaf chlorosis



Chlorophyll maximum 35% of total Mg

Scott and Robson, 1990. Aust. J. Agric. Res..



Magnesium bridging and Enzyme with ATP

MgMg



CO2 Fixation and Ribulose -1,5,-bisphosphate 
(RuBP) carboxylase
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Modulation of RuBP carboxylase in the stroma of chloroplasts 
for CO2 fixation is another key reaction by Mg! 

Marschner, 1995 



Leaf yellowing in the form of interveinal
chlorosis on older leaves is characteristic for 

Mg deficiency in crop plants

Up to 35% of the total Mg in plants is bound in chloroplasts



Bean Leaves 
with low Mg



Bean Leaves with 
adequate Mg



Mg: very low Mg: low Mg: adequate



Mg Deficiency in Wheat Leaves



Soils with high Risk for Mg deficiency

• Soils with low pH (high soluble Al) 
• Sandy soils 
• Soils with high ratios of exchangeable Ca/Mg or 
K/Mg
• Soils over-fertilized  with potassium fertilizers
•......



Correction of    Correction of    
Mg DeficiencyMg Deficiency



Mg-Fertilization

• Rate of Mg soil application ranges between 
20 und 80 kg MgO/ha for many crops. 

• Generally, sandy and acid soils need  more 
Mg (due to leaching and interaction with Al).

• Potatoes, maize, sugarcane and sugar beet 
are particular crops with higher Mg demand.

Foliar Spray of Mg fertilizers



Magnesium Hydroxide Mg(OH) 0.0009 
Magnesium Oxide MgO 0.0006 
Magnesium Carbonate MgCO3 0.0106 
Magnesium Chloride        MgCl2 54.2500
Magnesium Sulphate       MgSO47H2O 71.0000
K-Mag K2SO4 - 2MgSO4 28.0000

Water Solubility
(gm/100 ml H2O)

FormulaMg Compound

http://en.wikipedia.org/wiki/Solubility_table
Kmag.com

Solubility of Mg Compounds

http://en.wikipedia.org/wiki/Solubility_table


Adequate Adequate 
Mg SupplyMg Supply

Low Mg Low Mg 
SupplySupply



Adequate Adequate 
Mg SupplyMg Supply

Low Mg Low Mg 
SupplySupply

After spray of After spray of 
soluble Mg to soluble Mg to 
low Mg plants low Mg plants 



Adequate Adequate 
Mg SupplyMg Supply

Low Mg Low Mg 
SupplySupply

Low Mg SupplyLow Mg Supply
after MgOafter MgO



Spray of MgOSpray of MgO--
based Mg fertilizerbased Mg fertilizer



What is the first reaction of 
plants to low Mg supply ?



Basic Functions of Magnesium

• Chlorophyll (a constituent and in biosynthesis).
• Activates more enzymes than any other cation
(e.g. carboxylases, phosphatases). 

• Bridges enzymes with ATP.
• ATP formation,  ATP utilization.
• Partitioning and utilization of photoassimilates.
• Protein synthesis.
• Photosynthesis (light and dark reactions).
• Sucrose synthesis and loading into the phloem.
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Days of treatment Days of treatment 

Days of treatment Days of treatment 

-Mg +Mg

Sucrose

Chlorophyll

Max. Quantum eff.

PS-II e-transport

+Mg

-Mg

Sucrose, chlorophyll and maximal quantum efficiency and 
electron transport rate of PSII in sugar beet plants with 

deficient (O) and adequate (●) Mg supply.
Hermans et al., 2004. Planta





Effect of Mg deficiency on starch content in sugar 
beet leaves, as detected by lugol staining

Hermans et al., 2005. Planta 220: 541-549

- Mg Days 12Days 12 +Mg 

- Mg Days 16 +Mg 

- Mg Days 20 +Mg 

Before any change 
in shoot growth, 
photoassimilates 
accumulate in 
leaves



Iodine staining of starch in Arabidopsis thaliana to reveal 
the presence of starch before the appearance of chlorotic
symptoms  

- Mg+ Mg

Hermann and Verbruggen, 2005. J. Exp. Botany.

http://jxb.oxfordjournals.org/content/vol56/issue418/images/large/jexboteri215f04_ht.jpeg


Control   Low Low Low
K          Mg        P

16 3 1 23

84 97 99 77

Cakmak et al., 1994a

Relative distribution of total carbohydrates
between shoot and roots (%)



+Mg -Mg
3.4 ±0.8 0.7 ±0.3

Translokation von 
Saccharose aus den Blattern

(mg Glucose equiv . g-1 DW . 8h-1)

Cakmak et al., 1994b. J. Exp Bot.
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Accumulation of photoassimilates 
in source leaves and reduced root 

growth are the first reactions of 
plants to low Mg supply



PHLOEM TRANSPORTPHLOEM TRANSPORT
Mg Mg playplayss critical role in phloem transportcritical role in phloem transport

MgMg



Model of phloem loading of sucrose mediated 
by proton-sucrose co-transport

MgATP

Mg plays a key role in phloem loading of sucroseMg plays a key role in phloem loading of sucrose

concentrations of 
Mg at the phloem 
loading sites

Concentrations of 
Mg at the phloem 
loading sites



Consequences for Growth and Yield
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Before any visible 
change occurs in 
shoot, root growth is 
impaired under low 
Mg supply.

In field, the situation 
with with impaired impaired root root 
growth growth under low under low 
Mg supply Mg supply is not is not 
recognisedrecognised!!!!

Low Mg
High Mg



-Mg

Sink Organs are Sink Organs are 
therefore therefore veryvery sensitive sensitive 

to Mg deficiencyto Mg deficiency
Cakmak and Kirkby, 2008. Physiol. Plant.

-Mg+Mg

-Mg
+Mg



Low Low 
MgMg

Adequate Adequate 
MgMg



Low MgLow Mg
Low Mg after Low Mg after 
MgSOMgSO44 SpraySpray

Adequate Adequate 
MgMg



-Mg
Video Record of Video Record of 
Shoot and Root Shoot and Root 

GrowthGrowth

-Mg+Mg



ALUMINUMALUMINUM TOXICITY: GLOBAL SOIL PROBLEMTOXICITY: GLOBAL SOIL PROBLEM

30 - 40% World’s arable 
soils are acidic

Al 3+ inhibits root growth and 
function

Al toxicity is an important constraint to 
agricultural productivity worldwide



Magnesium in Acid Soils



Low Mg Adequate Mg

+Al+Al +Al+Al --AlAl--AlAl

Effect of varied Mg supply on growth of soybean 
plants with and without Al supply

Hakli et al., 2011 (unpublished)



Malate2- and K+ efflux 
from the root apices 
of tolerant genotype

Al-tolerant  &  Al-sensitive

Al3+ Al3+

Al3+

Al3+

Al3+

Al3+
Al3+

Al3+

Al3+

Al3+

Al3+

Malate2- chelates Al3+

and detoxifies these 
harmful cations

O-

C

C

Al

Al3+

Al3+

3+
C

O-

C

OH

Mechanism of Al3+ tolerance in Plants

Courtesy: Dr. P. Ryan, CSIRO



Root exudation of 
citrate in 2 soybean 
genotypes depending 
on Al and Mg 
concentrations  in 
nutrient solution 
(+Mg:  50 µM Mg) 

Silva  et al., 2001. Plant Cell Physiol. 42: 546-554

+ Mg

- Mg

Exudation of Citrate by Roots

Al  Addition, µM

http://pcp.oxfordjournals.org/content/vol42/issue5/images/large/pce06702.jpeg


Impairments in maintenance 
of phloem transport of sugars 
into the sink organs (e.g., 
roots and seed) by Mg 
deficiency may affect the size 
and number of sink organs 
and consequently yield.

Mg deficiency-induced decreases in single grain 
weight and number of grains per ear are well-known
(Beringer et al.).

ConclusionConclusion



Very early impairments in 
root growth and related 
decline in root surface by 
Mg deficiency may have 
serious impacts on the 
acquisition of mineral 
nutrients and uptake of 
water by roots, 
especially under water-
limited and nutrient-
deficient soil 
conditions.

+Mg -Mg



Due to its fundamental 
role in phloem export of 
carbohydrates, 
nutritional status of 
plants with Mg is of 
great importance during 
the reproductive growth 
stage of plants, 
especially under stress 
conditions which restrict 
root uptake of Mg such 
as drought stress, low 
pH, excess N….

KMgKMg

Biofuel Crops!!



Inhibition of 
Phloem 
Export

Carbohydrate 
Accumulation

ROS 
Generation

Need for late foliar 
application of Mg

fertilizers

Reduced root 
uptake of nutrients 

and water

Reduced root 
growth and 

surface

Over-reduction
of e-transport

Chlorosis
Necrosis

Restricted transport 
of sucrose in roots

Light
Photooxidation

Inhibition of 
Phloem 
Export

Carbohydrate 
Accumulation

ROS 
Generation

Need for late foliar 
application of Mg

fertilizers

Reduced root 
uptake of nutrients 

and water

Reduced root 
growth and 

surface

Over-reduction
of e-transport

Chlorosis
Necrosis

Restricted transport 
of sucrose in roots

Light
Photooxidation

Cakmak and Kirkby, 2008. Physiol Plant
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Thank you…SabanciSabanci UniversityUniversity

Thank you...Thank you...
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An innovative approach to emerging An innovative approach to emerging 
farmer development and productivityfarmer development and productivity

Lynette Lynette BezuidenhoutBezuidenhout

Managing Director,Managing Director,

MpumalangaMpumalanga AgriAgri Skills Development and Skills Development and 
TrainingTraining



Founded by SA Golden Leaf Pty Ltd in 2005
Changed to Section 21, non‐profitable Company in 2006

“When in Business...”
Funded by 

Seda/Stp ‐ Incubation
Umzinyathi District Municipality –Incubation

AgriSETA ‐ Learnerships
Private Training, Private Companies

Skills Development Facilitation

Company backgroundCompany background







INNOVATION – winter is here!



Core Business unitsCore Business units

SKILLS DEVELOPMENT 
FACILITATION

Develop and submit 
WSP’s and ATR’s
Ensure levies are 
claimed back
Application for 
Discretionary Grants

SKILLS PLANNINGSKILLS PLANNING

TRAINING SERVICE 
PROVIDER

Short Courses
Skills Programmes
Learnerships

TRAININGTRAINING
“Mobile FET 
College”

AGRI 
INCUBATION

Constant nurturing
Measure development 
through jobs created 
and economic growth

DEVELOPMENTDEVELOPMENT
“Virtual Incubation”



Development MODELDevelopment MODEL

Potential 
Farmers in 

rural 
areas

NATIONAL 
CERTIFICATE: 
Plant/Animal 
Production
NQF 1,2,3,4

6‐10 months intensive theory and 
practical training

AGRI 
INCUBATION

3 Year intensive enterprise 
development

SUSTAINABLE 
SMALL 

ENTERPRISE

SUSTAINABLE 
COMMERCIAL 
ENTERPRISE

Evolve to Incubation

Availability 
to land

NATIONAL 
CERTIFICATE: 
New Venture 
Creation  for 

an Agri
Business
NQF 2

AND/ORAND/OR

Phase 
1&2

Phase 3



VIRTUAL INCUBATIONVIRTUAL INCUBATION

Main focus:
Incorporating technical skills, business 
management, social development and life skills

Providing on‐site consultancy, extension and 
training services

Provide assistance in business advice, monitoring, 
financial and administrative control and support

Provide a mechanical, technology and financial 
platform



VIRTUAL INCUBATION STAGESVIRTUAL INCUBATION STAGES

– Business Start‐up Principles

– Technical and Technology Skills Transfer

– Structured Mentorship Programme

– Production Stimulation 

– Technology and Mechanical Support Service

– Marketing

– Sustainable Infrastructure



VIRTUAL INCUBATION VIRTUAL INCUBATION 
MONITORINGMONITORING

Performance Criteria

– Legal status

– New SMME’s established

– Clients supported (current 120)

– Jobs created

– % growth in income



SORRY, NOT DONE YET!!SORRY, NOT DONE YET!!



CHALLENGESCHALLENGES

Land rights issues
Water rights issues

Buildings and infrastructure
Security
Transport

Mechanization and implements



Remain calm, even when it seems hopeless



Fingertip facts 2009/10 Fingertip facts 2009/10 

• Total funds received for 2009/10: 

R1,550,000.00

• Average investment/project: R35,227.00

• Average income/project: R28,151.00

• Average investment/ha: R4,587.00

• Average income/ha: R3,666.00



Verification of Performance 2010/11Verification of Performance 2010/11

• Total new SMME’s:  28

• Total Clients supported:  98

• Jobs created:  31

• % Economic growth: +38%



SilwanendlalaSilwanendlala Coop Coop –– Early 2010Early 2010



PRODUCTION END 2010PRODUCTION END 2010



SUNSUN‐‐CURED VIRGINIA TOBACCOCURED VIRGINIA TOBACCO



VIRTUAL INCUBATION potentialVIRTUAL INCUBATION potential



ConclusionConclusion

• No one alone

• No short‐cuts

• No quick‐fix

• Partnerships ‐ imperative

• Endurance ‐ not negotiable



THANK YOUTHANK YOU



mmEMBERS OF

TTHE FFERTILIZER SSOCIETY OF SSOUTH AAFRICA

CCorporate MMembers
Foskor (Pty) Limited

Omnia Fertilizer
A Division of Omnia Group (Pty) Limited

Sasol Nitro
A Division of Sasol Chemical Industries Limited

oordinary MMembers
ArcelorMittal South Africa Limited

Atlas Organic Fertilizers (Pty) Limited

Chemplex Corporation Limited (Zimbabwe)

Grasland Ondernemings (Pty) Limited

H Pistorius & Company

Industrial Commodities Holdings (Pty) Limited

Kalkor (Pty) Limited

Lake International Technologies (Pty) Limited

Mgwali Commodities (Pty) Limited

NWK Limited

PBD Boeredienste (Pty) Limited

Profert (Pty) Limited

AAffiliate MMembers
ZFC Limited (Zimbabwe)

Zinchem
A Division of Zimco Group (Pty) Limited
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