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Background

Much was said and written in the general press over the last two years regarding the levels of 
optimum zinc application (especially to maize) and furthermore concerning the solubility and 
availability of zinc oxide when used in fertilizers. The emphasis was placed on the superior 
solubility of zinc sulphate and that it would be the better zinc source to use in agriculture. 
Suggestions were also made in the popular and scientific press that zinc levels in granular fertilizer 
should be elevated with zinc sulphate so as to achieve higher efficiency. Often, coating of granular 
fertilizer was suggested so as to contain more than 1% Zn. Soil norms also came under scrutiny 
and it was and still is suggested that the soil norm should be escalated to levels higher than 4 
parts per million (ppm) as extracted with 0,1 N hydrochloric acid. 

The biofortification of maize grain by means of additional zinc fertilization is also suggested so as 
to improve human nutrition. The economic feasibility of this practice for the SA maize farmer is 
however questioned. There is also a strong possibility that current practices already support the 
Zn levels needed in human consumed maize in RSA.

The aim of this document

The aim of this document is to challenge the above mentioned statements in the general press by 
making use of published, peer reviewed, scientific literature and Omnia generated laboratory, 
greenhouse and field trial data.

The following would like to be proven;

That the solubility and availability of zinc from zinc oxide and zinc oxysulphates as used by Omnia 
in granular and liquid fertilizers is more than adequate to sustain economic optimum maize 
production.

That the current Omnia norm of 1 to 2 ppm Zinc (DTPA extract) is economically justifiable and 
adequate to maintain yields of maize higher than 6 tons of grain per ha.

In general that current practices and norms as used by Omnia Ferilizer (Pty) Ltd. is sufficient and 
may be regarded as best management practices to produce maize and maintain adequate zinc 
levels in maize tissue and grain in the maize producing areas of RSA.
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The solubility of zinc oxide as compared to zinc sulphate

Mortvedt in Chapter 9 of Micronutrients in Agriculture (Mortvedt, Giordana and Lindsay, 1972) 
explains the solubility/availability scenario comprehensively. The following quote is taken from this 
chapter;

“Zinc oxide was more effective than Zinc sulphate with mixed application to rice
in two field experiments on a flooded calcareous soil in Egypt. Effectiveness
was related to the effects of these sources on Zn in soil solution; Zinc sulphate
dissolved soon after application, which caused a sharp increase in solution Zn
followed by a rapid decline. Zinc oxide dissolved more slowly and maintained
soluble Zn at intermediate levels for at least 9 weeks”

This quote illustrates that better solubility does not necessarily support better availability. The 
higher solubility causes zinc sulphate to immediately precipitate with fixing anions at high pH such 
as hydroxide, bicarbonate, carbonate and at low pH with phosphate and silicate.

To support the above and to give an additional perspective on the availability of zinc from zinc 
sulphate and zinc oxide, published solubility equilibria data were taken from the book of Lindsay 
(1979) and reworked to give Graph 1 below where the solubility of zinc (in Log ppm) from different 
sources is depicted against pH.

It must be kept mind that the optimum soil solution level as measured with 0,1 N hydrochloric 
acid is 3 to 4 ppm as stated by van Biljon, 2010 (that would be at a pH of 1). On the graph it would 
be at a level of 0,5 Log ppm. In soil the solubility would be far less (pH of between 5 and 6).

Figure 1: Zinc solubility from different sources against pH 
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From Figure 1 it can be seen that zinc supply from soil phases might normally not be adequate to 
sustain required zinc levels, so zinc supplementation in a more soluble form will normally be 
needed. However, it is quite clear that under normal soil pH levels (pH 5 to 7 measured in water) 
zinc oxide can maintain optimum zinc levels in soil with ease.

What is interesting is that even so called unavailable zinc phosphate appears to be available at 
lower pH (pH<6,5). The crux of the matter is thus clear, i.e. that pH as such dominates the 
availability of zinc. When most fertilizers are applied, the pH in the band is strongly acidic caused 
by the nitrification of reduced nitrogen and the transformation of mono calcium phosphate to 
dicalcium phosphate. The latter reaction for instance, results in a pH of as low as 1 (Lindsay, 1979).

Most of the arguments put forward for the preferential use of zinc sulphate would hold true if 
water pH levels in soil are assumed to be above 7, which is not always the case in practice. 
Ironically, most zinc sulphate promoting entities conduct trials at water pH above 6.5 where zinc 
sulphate will have a relative benefit of water solubility (Westfall, Amrani and Peterson, 1999, van 
Rooyen, December 2010). 

The above again proves that the lower cost, “slow release” option of zinc oxide would still remain 
a valid choice as time and research has proven.

It needs to be mentioned that zinc oxysulphates (acidified oxides) are used extensively by the 
fertilizer industry. They have a solubility between zinc sulphate and oxide, giving the best of two 
choices.

Economic optimum application of zinc for maize production

To determine the economic optimum level of zinc in soil, either by inherent soil fertility or freshly 
applied zinc, the data of two field trials conducted by Omnia on maize (Trial code: CAW-2009-15) 
were used. Both trials were situated in the Lichtenburg area on two different soils containing 
different inherent levels of Zn.

Different levels of zinc sulphate were added to a liquid fertilizer plant mixture to observe the 
response to additional zinc.

The inherent soil zinc was calculated in kg per ha using the soil extractable value (DTPA) in ppm, 
soil depth of 15 cm and soil density. To this value the total zinc levels applied with the fertilizer 
were added. Against these levels a response function of maize grain produced per total zinc level 
(kg per ha) was calculated and is depicted in Figure 2a.



Figure 2a: Response curve of maize to total available soil zinc (15 cm 
depth. Near neutral soil, 10% clay. 0,7 ppm inherent soil zinc (DTPA 

extractant). LSD at p (0,10) is indicated.

Figure 2b: The potential margin loss due to under or over fertilization of zinc of a modest 
yield of maize. Data from from Figure 2a were used with a price ratio of zinc to maize of 45.
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The above function (Fig 2a) gives a biological optimum yield at a soil level of approximately 4.8 kg 
of available zinc per ha. This level seems to be lower than a level of 7.6 kg per ha at 15 cm depth 
(3.8 mg/kg HCl extract) reported by Van Biljon, Wright, Fouche and Botha, 2010 but close to the 
current FSSA norm (van der Linde et al, 2007) of  between 1.5 (3.3 kg/ha) and 2 mg/kg (4.4 kg/ha), 
taking into account that 0.1 N HCl was used as zinc extractant by these authors. It is also 
substantially  lower than the recommended levels in the popular press where critical levels of 
between 6 (13.2 kg/ha) and 9 mg/kg (19.8 kg/ha) HCl extractable Zn are suggested for sandy and 
clay soils respectively (van Rooyen, December, 2010). 
 
With a current cost price ratio of zinc to maize grain of 45 and the above production function the 
economic optimum zinc amount that needs to be available is 4 kg of zinc per ha. This holds true 
for higher yields as well as deduced from a percentage model. That equates to approximately 1.8 
ppm Zn (DTPA) to be extractable if no zinc is to be applied. This critical level is higher than stated 
in scientific literature where 0,8 ppm DTPA extractable (1.76 kg Zn per ha) is regarded as the 
critical value (Lindsay and Norwell, 1978). The response function showed a negative response at 
the highest level of Zn applied (5 kg of zinc per ha). 

This model was tested at a new site with slightly higher clay percentage and a pH of 5.3 (KCl). The 
inherent zinc concentration in the soil was 1.9 ppm DTPA. In this case no significant response was 
indeed achieved by additional zinc addition, despite a yield achieved of more than six tons maize 
per ha. As in the above trial there was a negative effect of zinc (200 kg maize grain less) at the 
highest application rate of 5 kg zinc per ha.

The graphs shown in the article of van Rooyen, December 2010 also show a decline in root mass 
of 17,5% for maize and 10,8% for green beans if zinc is over fertilized.

There could be several reasons for the depressive effect of high zinc applications but the most 
common belief is inhibition of biochemical pathways and trace element cation competition, 
especially with iron (Mortvedt et al, 1972, Reichman 2002, Zagardoy, Morales, Lopez-Millan, 
Abadia and Abidia 2009). 

These data confirm the danger of over fertilizing with zinc especially taking economics into 
consideration as well as the potential yield depression.

Biofortification

Omnia R&D investigations into zinc applications on maize have considered the effect on yield as 
well as the ability to improve the concentration of zinc in the grain (Trial code: CAW-2009-15). 
Figure 3 illustrates the response found when zinc was added at increasing concentrations to the 
planter mixtures. At the Elandsfontein site where soil zinc was rated as low, increases in zinc 
concentration of maize grain were noted but it did not differ statistically from the standard practice 
where zinc was added at a level of 0.25%. With the exception of the 0.25% concentration, all 
treatments met the mandatory requirement of 18.5 mg kg-1 zinc. Responses to increasing zinc 
levels at Grootpan were far less pronounced where soil zinc was rated as adequate. There were 
no statistical differences between the treatments. Whilst there is a benefit to increasing zinc 
concentrations from the point of view of human health, the farmer does not receive a premium for 
this and so is unlikely to incur the additional cost.
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The second set of trials to investigate the biofortification of grain with zinc were conducted in 
conjunction with Professor Cakmak and the HarvestPlus Foundation (Trial code:_Maize Zinc (Prof 
Cakmak)_30 Sep 2010). Zinc Sulphate heptahydrate was applied either at planting (50 kg ha-1) or 
as a foliar (9 kg ha-1) at 6 and 9 weeks after emergence as well as a combination of these 
practices, all of which were compared to a control. The trials were situated on two farms in the 
North West province close to Lichtenburg and soils were analysed using the DTPA extract. As with 
the previous set of results, all grain including that from the controls met the government standard 
of a minimum of concentration of zinc of 18.5 mg kg-1. 

Figure 3 Grain responses to soil and foliar applications of zinc sulphate
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Figure 4 The effect of soil and foliar applications of zinc sulphate on 
concentrations of zinc in the grain.
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There was little response to the zinc applications at Grootpan which had high levels of zinc in the 
soil. The only treatment to show a marked increase in grain zinc was where zinc was applied at 
planting and as a foliar, though the increase was not sufficiently large enough to be statistically 
significant. The Lombardslaagte site by comparison had lower soil zinc concentrations, but the 
foliar applications alone and in combination with the planting applications were statistically higher 
(P<0.05) than the control and planting treatment alone.

Before a decision is taken on whether or not zinc should be incorporated into a fertilizer 
recommendation, it is recommended that the soil status be determined. It appears that soils with 
adequate levels of zinc have the ability to meet the crop demand even under high yielding 
situations and produce grain with acceptable zinc concentrations. In situations where zinc is rated 
as low (see DTPA norms mentioned 
above) the accepted practice of enriching liquid fertilizers with 0.25% Zn appears to meet 
demand.

Not all zinc oxides are equal

There have been concerns that zinc oxides may differ in terms of solubility depending upon their 
origin. With this in mind a pot trial was implemented using wheat as an indicator of the availability 
of the different zinc oxides for growth (Trial 
Code: TS-ZnO sources-Wheat-2010-05). Plants were grown in perlite and irrigated with a 
hydroponic solution free of zinc. Zinc treatments were band placed at planting and measured to 
supply equal amounts of elemental zinc. Two controls were included in the trial, the first receiving 
no zinc and the second was a treatment of zinc sulphate which is known to be readily soluble and 
hence available for plant uptake. 

Plants were harvested just prior to flowering and shoot and root mass measured and zinc 
concentration of the tissues analysed.

Marked differences were found in the response of the wheat to the different sources of zinc. As 
anticipated, the Control receiving no zinc performed poorly in terms of shoot and root biomass 
and concentration of zinc in the tissues. Amongst the treatments, statistically significant 
differences were measured (P<0.05). The general trend that was observed being that treatments 
with higher biomasses tended to have lower concentrations of zinc in their tissues and vice versa. 

When the zinc uptake was calculated per pot, the treatments rated as high in the plant tissue 
outperformed the rest and the increase was statistically significant (P<0.05). These results are 
shown in Figure 4 where it can be seen that zinc oxides labelled ZnO 1, ZnO 2 and ZnO 3 are 
superior in terms of total uptake. The response to zinc sulphate is interesting as it performed well 
in terms of biomass but not in terms of total uptake supporting the point of view stated earlier, 
that after quickly dissolving into the solution, levels decline rapidly at a near neutral pH.



This work confirms that it is important to screen zinc oxides for their ability to supply plants with 
zinc before incorporating them into fertilizer products. It also supports the 
theory mentioned above that most zinc oxides are as efficient zinc sources as zinc sulphate, 
primarily depending on pH and the presence of potentially zinc precipitating anions. 

The danger of blending high density zinc sources into bulk fertilizer blends

Lastly, a word or two needs to be spoken regarding the danger of blending zinc containing 
granules into bulk blends. Granular zinc products generally have a high concentration of zinc (close 
to 40% and higher) as well as a high density (more than 1.3). This means that low volumes of zinc 
product need to blended with a huge mass of blended fertilizer material. Typically 10 to 15 kg of 
zinc product need to blended into close to a 1000 kg of fertilizer. This gives a granule ratio of 
approximately one zinc containing granule for every 100 to 200 fertilizer granules. Figure 5 
illustrates this inefficiency where copper sulphate (typically blue colour) was blended into a bulk 
fertilizer blend. This inefficiency will translate into inefficient plant nutrition and resultant yield and 
income loss. Chemically granulated products containing zinc is the best option or value for money, 
but zinc coating could also be considered provided adequate amounts of zinc are present.

 

0

0.5

1

1.5

2

2.5

3

Control ZnO 1 ZnO 2 ZnO 3 ZnO 4 ZnO 5 ZnSO4

Zinc Sources

Z
in

c
m

g
/p

o
t

a  bc  b  c  acd  d  bcd 

Figure 5 Total zinc uptake per pot using wheat as an indicator plant 
(Treatments sharing the same letter do not differ significantly).

Figure 5: An illustration of the poor distribution of 
a small quantity of a high concentration/high 
density product into a bulk blend. In this example 
copper sulphate was used. The distribution of a 
zinc product would be worse.
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Summary

From a literature survey and Omnia R&D results it is confirmed that certain aspects 
were overstated in the recent popular press relating to zinc availability and 
efficiency.

In particular the following are challenged;

�That zinc oxide is an inferior source of zinc if compared to zinc sulphate under all 
conditions.

�Adding to the above, that all zinc oxide sources can be considered equal 
regarding inferior quality.

�The need for generally higher zinc addition to fertilizers.
�The need for higher norms for DTPA soil extractable zinc.
�The need for higher zinc fertilization for biofortification purposes.
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