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Chapter 8: Pheroid technology in agriculture 

8.1. Chapter summary 

8.1.1 Development philosophy and context 

Whereas the previous chapters concern the health sector, the use of Pheroid™ in this 

chapter is focused on the agricultural sector. The development philosophy of this application is 

based on an integration of five factors in agriculture: need, sustainability, safety, cost

effectiveness and environmental impact. The purpose of the philosophy is to combine profitable 

production of agrochemicals with sustainability and environmental concerns. This approach has 

worked for a variety of agro-ecological zones. Each of the factors underlying the development 

philosophy deserves some attention. 

The patent as included below is in the format required at the date of submission by the 

European Patent Office for a peT application. In Example 1 described in the patent included 

below, a nematode infection of watermelons was diagnosed by the company OptiFert (Ltd) Pty. 

Irrespective of whether the diagnosis was correct, treatment with the invention led to improved 

plant health. In Example 4, speculation on the use of boron is presented by OptiFert. A number 

of field observations and some statistically laid out trials are included. The studies described in 

Examples 16 - 18 were contracted to the University of the Free State for the purpose of 

independent confirmation of enhancement and for risk mitigation of commercialization effort . 

Result collation, calculations and interpretation of these studies were performed by me. 

Example 19 was performed in conjunction with Monsanto. Photographic evidence of these field 

observations are available but was not taken up in the patent since the printing of the 

photographs is generally regarded as problematic by a number of patenting offices. Since the 

photographs were not included in the filed patent submission, it will not be included here, but for 

interest sake, comparative photographs of a grape trial are shown below. 

These photographs were taken at the same time and show the difference in table grape 

yield - the plants on the left is the control plot and that on the right the plot treated with a 
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modified Pheroid™ formulation containing a growth regulatory molecule (Comcat0J. The plots 

are situated next to each other. All growth, fertigation, irrigation and other conditions were 

similar. 

The filed patent submission contained no references and for that reason, some references 

(mostly websites) are included in the text. In addition, some sources used for background 

information is listed in 8.1.4. Figure legends are listed as per the instructions of the EPO, but for 

the sake of easy reading, the figures themselves are included in the text instead of at the end of 

the chapter. In the patent below, the Pheroid™ delivery system goes under the name of 

Elementol. A commercial product has subsequently been trademarked under the name of 

AnngroTM. 

8.1.1.1 Need 

The global food insecurity situation continues to represent a serious threat for humanity. 

The number of people suffering from hunger has been growing relentlessly in recent years with 

30 or more countries currently experiencing food emergencies. The global economic crisis is 

aggravating the situation. The Food & Agricultural Organization of the United Nations (FAO) 

estimates that the hunger crisis is affecting one sixth of all people. According to the FAO, 

increased investment in agriculture is a pre-requisite for overall economic growth as a healthy 

agricultural sector is essential to overcome hunger for the majority of poor countries - directly or 

indirectly, agriculture provides the livelihood for 70 percent of the world's poor. The gravity of 

the current food crisis is the result of 20 years of under-investment in agriculture and neglect of 

the sector. The World Summit on Food Security in November in Rome aims to mobilize 

substantial additional public and private sector investments in agriculture and rural infrastructure 

to boost nutritional food production and productivity. 

The Pheroid™ delivery system falls within the additive or adjuvant agrochemical category. 

While the term additive includes adjuvants, these terms are often used interchangeably and 

such will also be the case in this document. Adjuvants are now used to modify the toxicity of 

active ingredients and improve their ability to target specific pests. Formulation and adjuvant 

technologies are seen as 'enabling technologies' with which to develop safe, user-friendly and 

effective products and may be regarded as an essential part of the total 'delivery' system which 

should also include the packaging and application equipment. 

These adjuvants have a variety of uses within pesticide control and integrated pesticide 

management plans (IMPs). The current state-of-the-art of additives, adjuvants and their mode 

of action on crops surfactants and adjuvants, their role in terms of dispersion and emulsion 

stability, long-term shelf life, dispersibility of granules into water, and biological availability will 
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not be treated here as several excellent reviews exist, notably a report by Allan Knowles in 

2006 in the report entitled: Surfactants And Other Additives In Agricultural Formulations 

(Technical Insights). Similarly, the properties of adjuvants such as adsorption and lowering of 

surface and interfacial tension, micelle and/or liquid crystal formation and associated critical 

temperatures, Krafft and cloud points and electrochemical interactions are very well described. 

A plethora of adjuvants exist with an equally long list of functions (see Annexure 8.1). A 

holistic development approach is compatible with the use of agrochemicals and with integrated 

pest management (IPM), since it is based on biological processes, and expands good practices 

from crop and pest management to overall land husbandry. For that reason, Pheroid™ as 

modified for plants has been developed to combine a number of the functions or uses of 

adjuvants. From the list of functions or uses of adjuvants (see below), just about the only 

applications that Pheroid™ cannot fulfill is that of an antifreeze, inverting and preservation 

agent. Pheroid™ is as far as is known unique in its ability to combine the various functions of 

adjuvants as activator, wetting and spreading agent, sticker and extender, humectant, 

compatibility agent, anti-drift agent, antifoam/defoaming agents buffering agent, sequestering 

agent, carrier, solvent and anti-settling agent. In addition, Pheroid™ can fulfill a role similar to 

those adjuvants specifically formulated for crop bio-enhancement, such as crop oils, crop oil 

concentrates, mineral and vegetable oils. Pheroid™ is a stable milky white liquid with a proven 

long shelf life (>2 years). The first Pheroid™ application that has shown some profit is its use in 

agriculture in concert with bio-stimulants. 

8.1.1.2 Safety 

Health risks are associated with all phases of the handling of agricultural pesticides and 

additives, but most cases of overt poisoning occur in workers applying these agents. Spray 

formulations of pesticides usually contain wetting agents (stickers) and spreaders which may 

serve to increase or decrease the toxic potential by permitting the active agent to stick to more 

skin more readily. The degree of poisoning is related to the forms in which these substances 

are applied, the method of application, the method and time of harvesting, and the skills of the 

people who work at these tasks. 

Pheroid™ as developed for plants contains nano-sized delivery vehicles or carriers into 

which the compounds for delivery are packaged. In contrast to some surfactants and adjuvants 

used in agriculture, it is completely non-toxic by itself. When the carriers are packaged with 

nutrients or growth regulators, safety is therefore not a concern. However, when packaged with 

toxic compounds such as pesticides, the toxic potential of the formulations may be increased, 

as in the case of wetting agents and care should be taken when working with these 

formu lations. 
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As with other adjuvants, the physical administration of compounds by Pheroid™ requires 

that factors such as atomization, transport to target, droplet impaction, wetting and spreading, 

drying of droplets and deposit effects, uptake and translocation, and the biological effect is 

taken into account. 

8.1.1.3 Environmental im pact 

According to FAO, the minimum area considered essential for the production of a diverse, 

healthy, nutritious diet of plant and animal products,is approximately 0.5 hectare of cropland per 

capita. In 1961, approximately OA1 hectare of cropland was available per capita. In 2002, that 

figure has shrunk to 0.23 hectares/capita, necessitating an ever-expanding use of land for 

agriculture. Most soils degrade under long lasting intensive arable agriculture. 

Besides the use of adjuvants during the foliar administration of nutrients, growth regulators 

or pesticides, adjuvants such as wetting agents in it is also used for a variety of other reasons 

such as improving seed germination, reducing fairy ring damage, reducing soil compaction, 

improving irrigation efficiency, etc. Little research supports the use of adjuvants in all these 

scenarios. The use of Pheroid™ is currently being investigated in these conditions and/or 

situations. 

8.1.3 Possible impact of Pheroid™ technology in agriculture 

The most important trends currently impacting the agrochemical additive industry are: 

-+ Increasing consumer demand for good nutrition in their food. 

~ Executing regulatory reform. 

~ Changes to the regulatory system. 

v Enhancing the link between plant health and human nutrition. 

v Environmental load and environmental policy. 

Improving the nutritional value of staple food crops has traditionally been of secondary 

importance. Historically, the scientific improvement of staple food crops has focused on 

improving yield in terms of quantity (Morris & Sands, 2006). Market forces generally rewarded 

higher yield rather than higher nutrient content, and crop producers often sacrificed quality to 

quantity. This was one of the reasons for food fortification with micronutrients during 

downstream processing, often through regulatory interventions that go beyond market forces. 

The improvement of the nutritional characteristics is now coming to the fore and research in this 

area is slowly expanding as consumer demand evolves. Information in this regard can be 

obtained from AgBioForum 2007 (Unnevehr et at., 2007). 
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Agriculture growing within the context of global environmental awareness, safety and 

environmental issues necessitated a new approach to toxic compounds. Additives assist in 

more productive farming and when used appropriately it also supports environmental 

stewardship. The agrochemical industry is experiencing growth in new and safe adjuvants for 

pesticides and will be important for future growth markets. Some of the reasons for this trend 

are listed below: 

..... The growing ethanol and biofuels industry requires substantial increases in crop 

production. 

,~ The additive agrochemical industry is subject to growing scrutiny, especially with regards 

to water and land pollution and ecological impact. 

..... The industry is promoting best practices for users in an effort to reduce any safety and 

health risk and to minimize potential environmental impacts. 

..... By increasing crop productivity, fertilizer products have allowed more land to be returned 

to wildlife habitat. 

..... Environmental stewardship has an impact on the formulations used and potentially on the 

type of additives /adjuvants used. 

Pesticide molecules themselves have become less toxic in recent years, while the role of 

additives used in formulations and as tank mixes is increasingly pronounced. The toxicities and 

environmental impact of such additives and adjuvants are therefore receiving increased 

attention and new additives and adjuvants now have to meet the safety requirements of 

regulators with regard to both the user and the environment. The BCPC Pesticide Manual 

shows that powder-based additives (emulsifiable concentrates and wettable powders) have 

reached a plateau, while the number of liquid additives such as water-based suspensions and 

emulsions and micro-emulsions and microcapsules are increasing. The liquid forms, of which 

Pheroid™ is one, are also more popular because it is more easily accommodated by the 

spraying equipment and hydroponic systems. 

Despite the wide applicability of Pheroid™ technology in agriculture, the patent application 

described in this chapter will focus on the following four applications only: 

-.f micro-nutrient administration; 

+ growth regulatory factor administration; 


..... micro-nutrient deficiencies & enriched food and 


..... pesticides. 


The use of Pheroid™ in these applications is highlighted below. 
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8.1.3.1 Micronutrients, nutrients, growth-regulators and pesticides 

Micronutrients are essential for plant growth and are needed in very small or micro 

quantities. The micronutrients include boron, copper, iron, chloride, manganese, molybdenum, 

and zinc. They are a specialized category of fertilizers. In addition, such elements as calcium 

(Caz+) and magnesium (Mgz+) are required for specific functions in the plant, and especially 

during flowering and crop production, when the demand for these elements increase. New 

micronutrient and supplement products that could benefit production include biostimulants, 

organic acids, antioxidants, hormones and amino acids. 

Micronutrients are administered to crops in a number of ways: soil application, fertigation, 

foliar spray, seed treatment, or in combination with crop protection products. Each of these 

options has specific advantages and disadvantages depending on the nutrient, the crop and the 

soil characteristics. Similarly, the different product types (e.g. chelated/non-chelated, 

organic/inorganic, granularlfluid) have respective relative strengths. The various options have 

quite different impacts on the solubility and availability of the micronutrients, on the uniformity of 

application, as well as on health, safety and the environment. Because of the variety in both 

molecular form and method of administration, a variety of additives are generally added. 

Pheroid™ has been used with success with all the available forms and has been administered 

in conjunction with micro-nutrients and pesticides or on its own to soil, foliar application, seed 

treatment and fertigation. 

Micronutrient deficiencies are widespread. The most severe deficiencies are in zinc (Zn) 

and iron (Fe) with 50% of world cereal soils deficient in zinc and 30% of cultivated soils globally 

deficient in iron (Alloway, 2008). Steady increases in crop yields (ironically supported by the 

Green Revolution) have added to the progressive depletion of micronutrient pools in soil. 

Appropriate steps are now being taken in many countries, with the testing of harvest yield for 

presence and absence of not-allowed compounds such as cadmium and some nutrients. This 

factor is especially relevant to the import and export of agricultural goods. It is therefore a good 

business practice for the farmer to look after micronutrient balances. 

Micronutrient deficiencies has a strong negative agronomic impact and results in the 

following: 

... Decreased yields, either directly or indirectly; 

... less efficient use of other essential plant nutrients; 

..} nitrogen losses to the environment can be triggered; 

... lower water use efficiency; 

-+- crops' capacity to withstand difficult conditions is weakened; 

-----------..-~--..-- •.----------
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-+- crop quality deteriorates. 

-+- May contain undesirable elements (such as cadmium) with higher risks of having non-

nutritive trace elements present in edible parts 

The use of Pheroid™ with micro-nutrients and growth regulators may contribute to supply a 

growing demand for safe, nutritious food. Some micro-nutrients may act synergistically with 

Pheroid™ to enhance plant nutrient uptake, which also reduces potential environmental 

impacts. The patent submission below shows the enhancement in growth of plants and the 

increased yield obtained as a result of Pheroid™ being added to the normal micro-nutrients in a 

variety of plants. 

Farmers generally start treating micronutrient deficiencies when they have already suffered 

significant losses. The general practice is then to apply a mixture of micronutrients. 

Micronutrients are generally applied in combination with crop protection sprays (pesticides) or 

with foliar application of macronutrients. They are often available as prepared mixtures to 

prevent reactions that create water-insoluble compounds. Their use is limited in developing 

countries. The ability to turn specific deficiencies quickly around could save a season's crop. 

Some common farming practices may contribute to widespread occurrence of micronutrient 

deficiencies in crops by decreasing the availability of the micronutrients present in the soil. The 

pervasive use of glyphosate (see pesticides below) is increasingly suspected of impairing 

micronutrient uptake by crops, especially with regard to manganese, iron and zinc. From a 

market development perspective, it is necessary to distinguish between those nutrients that 

have a benefit for crop production (zinc and boron) and those that are not known to be 

beneficial to plants (selenium), but have known health benefits. Finland goes so far as to 

require the addition of selenium to fertilizers by regulation. Pheroid™ technology may offer a 

solution in these cases. 

Economists estimate that the elimination of micronutrient deficiencies will result in very high 

returns in terms of health, social and economic development. A report by the World Bank and 

the Asian Development Bank stated that eliminating micronutrient deficiencies could: 

-+- improve GOP by more than 5% 

+ enhance the intellectual capacity of populations by more than 10%; 


+- enhance worker productivity by 30 to 70% and 


+ reduce maternal deaths by up to 50%. 

The use of Pheroid™ in selectively treating micro-nutrient deficiencies in crops may make a 

contribution towards the above non-financial returns. This application also includes the 

cultivation of nutrient-rich foods with functional attributes. There is an expanding demand for 
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nutrient-rich foods with functional attributes. In contrast to food security, nutrition security has 

traditionally been the ambit of the health professionals. Increasing micronutrient content in 

crops in a balanced manner is already an important farming objective, as it results in improved 

quality of crops, which in its turn ensures market advantage, especially for the export market. 

Pheroid™ may have significant potential for adding value to some crops by enhancing the 

functional component content, such as an enrichment in calcium, zinc, iron or unsaturated fatty 

acids. Besides the 19 trials described below in support of the patent submission, 41 additional 

trials were performed on maize, wheat, tomatoes, citrus, grapes, lettuce, seed potatoes, apples, 

groundnuts, fungicides and herbicides. 

8.1.3.2 Pesticides 

Adjuvant in terms of pesticides is a broad term describing any additive to a spray tank that 

enhances pesticide activity. Adjuvants can determine the efficacy of a pesticide - applying 

fungicides, insecticides or herbicides without a recommended adjuvant and cause a 30 percent 

to 50 percent reduction in pest control. Using the wrong adjuvants or too high concentrations of 

adjuvant may cause crop damage. Using the correct adjuvant on a greenhouse crop is a critical 

decision. Examples of adjuvants are surfactants, spreader stickers, crop oils, anti-foaming 

materials, buffering agents, and compatibility agents. Surfactants are adjuvants that facilitate 

and accentuate the emulsifying, dispersing, spreading, wetting, or other surface modifying 

properties of liquids. 

The science of adjuvant technology has increased the effectiveness of pesticides, but only 

when used properly. Pesticide products have come of age and can now be designed to be 

target-specific at low dose rates, and with low toxicity to mammals and other non-target 

species. However, because of water solubility issues and the difficulty experience in the 

penetration of pesticides through the ,waxy surfaces of many insects, fungi, and plants, it is 

critical that a pesticide be teamed with the right adjuvant. 

The use of the herbicide glyphosate is pervasive throughout the world with global sales of 

$4.7 billion. Discovered by a Monsanto scientist in 1970, it has grown into one of the most 

widely used and most profitable agrochemicals used today. It is used on more than 150 crops 

for non-selective control of annual and perennial weeds, woody brush and trees, and for post

directed in tree and plantation crops, post-emergence on Roundup Ready (Monsanto) crops, 

and post-harvest in fallow periods and non-cropland (Glyphosate: Global coverage. 

http://www.fc-international.com/cropprotection/productfocus!?storvid=1652). 

8.1.4 References 

383 

http://www.fc-international.com/cropprotection/productfocus!?storvid=1652


:h<>r~to,. 8: Pheroid 

ALLOWAY, B.J. 2008. Zinc in Soils and Crop Nutrition. International Zinc Association (IZA), 
IFA, Second Edition, Brussels, Belgium and Paris, France. URL: 
http://www.fertllizer.org/ifa/Home-Page/LJBRARY/Publication-database.html/Zinc-in-Soils-and
Crop-Nutrition.html. Date of Access: 2 August 2009. 

BAIRD, JV., & ZUBLENA. ~I.P. 1993. Soil Facts: Using wetting Agents (Nonionic Surfactants) 
on Soil. North Carolina Cooperative Extension Service Publication. AG-439-25. 

Canadian Fertilizer Products Forum. Situational Analysis. 2009. Web Site Version; March 2007 

CZARNOTA, M., THOMAS, P. 2009. Using Surfactants, Wetting Agents and Adjuvants in the 
Greenhouse. Website of the University of Georgia. 

Glyphosate: Global Coverage. 2009. URL: http://www-fc
international.com/cropprotection/productfocus/?storyid=1652. Date of Access: 2 August 2009. 

IRISH, B.M., J.C. CORRELL, AND T.E. MORELOCK. 2000. The Effect of Surfactants On White 
Rust (Albugo occidentalis) of Spinach. Texas A & M University Horticulture, Web site Abstract. 
1. 

JORDAN, T. N. 2001. Adjuvant Use With Herbicides: Factors To Consider. Purdue University 
Cooperative Extension Service Publication WS-7. Pp 1-5. 

MCCARTY, B. 2001. Wetting Agents. Clemson University Cooperative Extension Service 
Publication. Pp 1-2. 

MORRIS, C.E. & SANDS, D.C. 2006. The breeder's dilemma-Yield or nutrition? Nature 
Biotechnology, 24(9):, 1078-1080. 

STANGHELLJNI, M.E., AND RM. MILLER. 1997. Biosurfactants: Their identity and Potential 
Efficacy in The Biological Control of Zoosporic Plant Pathogens. Plant. Disease. 81 :4-12. 

UNNEVEHR, L., PRAY, C., PAARLBERG, R 2007. Addressing Micronutrient Deficiencies: 
Alternative Interventions and Technologies. AgBioForum. 2007. URL: 
http://www.agbioforum.org/v10n3/v10n3a01-unnevehr.htm. Date of Access: 2 August 2009. 

384 


http://www.agbioforum.org/v10n3/v10n3a01-unnevehr.htm
http://www-fc
http://www.fertllizer.org/ifa/Home-Page/LJBRARY/Publication-database.html/Zinc-in-Soils-and


---Chapter 8:Pheroid technology in agriculture 

8.2 Bibliographic details on file at WIPO 

(WO/2007/096833) COMPOSITION IN THE FORM OF A MICROEMULSION 

CONTAINING FREE FATTY ACIDS AND/OR FREE FATTY ACID DERIVATIVES 

PUb. No.: WO/2007/096833 International Application No.: PCT/IB2007/050580 

Publication International Filing Date: 23.02.2007 

Date: 30.08.2007 

Chapter 2 Demand Filed: 13.02.2008 

IPC: 	 A01N 37102 (2006.01), A01N 25104 (2006.01), A01N 25128 (2006.01), A01N 37106 

(2006.01) 

Applicants: NORTH-WEST UNIVERSITY [ZA/ZA]; 1 Hoffman Street, Joon van Rooy Building, 2531 

Potchefstroom (ZA) (All Except US). 

GROBLER, Anne Frederica [ZNZA]; (ZA) (US Only). 

Inventor: GROBLER, Anne Frederica; (ZA). 


Agent: D M KISCH INC; POBox 781218,2146 Sandton (ZA). 


Priority Data: 2006/01725 27.02.2006 ZA 


Title: COMPOSITION IN THE FORM OF A MICROEMULSION CONTAINING FREE 

FATTY ACIDS AND/OR FREE FATTY ACID DERIVATIVES 

Abstract: 
1 t.The invention provides a plant supporting 

formulation which is also suitable for use as a I. ::}
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1 t· 'Sdelivery vehicle, or a component of a delivery 	 ~ .. 
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vehicle, for the delivery of one or more 	 ......................... 
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'__.""iD..... _phytologically beneficial substances to a plant, 
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and for enhancing the translocation of such 

delivered substance(s) in or on the plant, the 

formulation comprising a micro-emulsion constituted by a dispersion of vesicles or 

microsponges of a fatty acid based component in an aqueous carrier, the fatty acid 

based component comprising at least one long chain fatty acid based SUbstance 

selected from the group consisting of free fatty acids and derivatives of free fatty 

acids The dispersion is preferably characterized in that at least 50% of the vesicles 

or microsponges are of a diametrical size of between 50 nm and 5 micrometers. 

The dispersion is further also characterized in that the micro-emulsion has a zeta 

potential of between -25 mV and -60 mV. 
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8.3 Description of the invention in Patent W0/2007/096833: 

Plant supporting formulation, vehicle for the delivery and translocation of phytologically 

beneficial substances and compositions containing same 

8.3.1 Field of the invention 

This invention relates to a plant supporting formulation which in itself is phytologically beneficial 

and which is also suitable for use as a delivery vehicle, or a component of a delivery vehicle, for 

use in delivering to a plant, and for distributing or translocating in a plant, a variety of 

phytologically beneficial substances in the form of molecules, compounds. biologicals or 

chemicals that have a phytologically beneficial effect to plants [herein collectively referred to as 

"phytologically beneficial substances"]. The expression "plant supporting" is used herein to 

signify that the formulation has the property, without the addition of other phytologically 

beneficial substances for which it may serve as a delivery vehicle, to have a growth stimulatory 

effect on plants in at least one of the growth stages of a plant, to improve the production or yield 

of crop by the plant, or to improve appearance of the plant or to enhance disease resistance in 

the plant. It also relates to methods of producing the plant supporting formulation and delivery 

vehicle, and to the preparation of various formulations incorporating the formulation as a 

delivery vehicle and anyone or more of a variety of phytologically beneficial substances and to 

methods of administering such phytologically beneficial substances to a plant involving the use 

of the delivery vehicle of the invention which then also serves to effect the translocation or 

distribution of the phytologically beneficial substances in or on the plant. It will be appreciated or 

become apparent that reference to "beneficial effects" as it applies to a plant, is to be 

understood from a human perspective in that phytotoxic substances, such as substances used 
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as herbicides in the control of undesirable plants, are intended to be included within the group 

of sUbstances herein referred to as "phytologically beneficial substances". 

8.3.2 Background to the invention 

Vast quantities of a great variety of substances are applied to plants for the purpose of 

enhancing the growth of the plants in order to improve the production (in the case of crop and 

field plants) or appearance (in the case of ornamentals) of the plants. Such substances include 

the group defined above as phytologically beneficial sUbstances. It includes fertilizers, both of 

the macro- and micro-nutrient variety, growth stimulants or regulators, and pesticides, including 

fungicides, insecticides and herbicides. As used herein the word "plant" is intended to cover 

land and water plants, including sea plants, and "ornamentals" are intended to cover all plants 

that are not intended to produce a crop having economic value. 

The application of phytologically beneficial substances is generally regarded as an art that is 

in need of improvement as a large percentage of the applied substances are not absorbed by or 

retained on the plants to which it is applied. Apart from the consequential wastage of expensive 

material and hence the unnecessary increase in production cost brought about by such 

wastage, the unutilized substances also give rise to pollution of the soil and water resources. 

There appears to be no reference in the literature to the use of a designed biological 

delivery system to address the enhanced administration of specific nutrients or growth 

regulators to plants and I or the systemic translocation of such nutrients or growth regulators 

throughout the plants. It is known in the agricultural field that nutrients and other phytologically 

beneficial substances may be formulated with so- called chelating agents or adjuvants. Unlike 

the present invention the chelating agents are a clearly distinguishable group with no reference 

to a delivery system and are used as micro-nutrient sources that are formed by combining a 

chelating agent with a metal through coordinate bonding. Stability of the metal-chelate bond 

affects the availability to plants of the micronutrient metals - copper, iron, manganese and zinc. 

An effective chelate is one in which the rate of substitution of the chelated micronutrient for 

other cations in the soil is quite low, thus maintaining the applied micronutrient in chelated form. 

Chelates are generally only applicable to cationic substances. A chelating agent, such as 

EDTA, is thought to have a negative impact on the environment. 

According to prescriptions for chelates in the Preliminary Organic Materials List by the 

California Departments of Food and Agriculture, natural chelates are allowed but synthetic 

chelating agents are restricted for use only with micronutrient sprays for a documented 

deficiency. All other uses of synthetic chelates are prohibited. EDTA, lignin sulfonates and 

lignosulfonic acids are considered to be synthetic chelating agents. Recently, a shuttle system 
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for the delivery of cations was announced. The shuttle system consists of long chain 

polysaccharides which can complex with cationic nutrients in clusters (nanoclusters), thus 

rendering the nutrient-chelate complex neutral. The chelators (shuttle ligand) then envelop the 

enclustered nutrients and shuttle them to the cell wall where they deliver their nutrients. The 

delivery are thought to take place through a random process whereby the pores on the plant 

and the shuttle ligand both contract and expand as a result of a thermal vibration, a natural 

phenomenon. It is thought that when contraction of the chelator and expansion of the pore 

synchronize, the nutrient is delivered. Upon unloading the mineral, the shuttle ligand is 

repulsed from the plant surface, and is attracted back to the nanocluster where it can repeat the 

process again and again. The shuttle chelating system may extend to other dormant cations in 

the soil. However, the system is still based on the use of chelates, can complex only to cationic 

compounds and do not penetrate the plant tissue. 

Cloak Spray oil, marketed in South Africa by Nutri-Tech Solutions, is an organic blend of 

emulsified, cold press canola oil and omega-3 fish oil. Cloak oil is thought to be a high quality 

spreader, sticker synergist (see below) which is claimed to improve the performance of all foliar 

fertilizers. However, no claims are made regarding either the translocation of substances within 

the plant or the delivery of other substances or fertilization by the root system of the plant. 

The most established method of introducing material or substances into plant cells is by 

spraying of the substance in the presence of a wetting agent, spreader or sticker. By this 

technique material is sprayed onto leaves of plants in the presence of a wetting agent which 

would cause the material to adhere to the waxy outer layer of leaves, thereby increasing contact 

time between the material to be absorbed by the plant and the plant leaf itself. While some of 

the material gets taken up, the wetting agent, which usually contains an adherent, causes the 

leaves to become sticky and attract dust, which in turn may lead to occlusion of the stomata. 

Carriers for the agricultural sector have been described but relate to methods of application and 

not to the enhancement of the action of the active compound due to increased delivery to the 

target cell or organism. The closest approximation to a delivery system that may be used to 

overcome barriers to entry in plants are to be found in the use of adjuvants for enhancing the 

activity of some active compounds in the herbicide and hormone classes. 

While these techniques work adequately in the appropriate environment on some 

compounds that are easily absorbed by leaves, they are not regarded as being generally 

suitable for the effective delivery of a number of macro- and micro-nutrients, as well as a large 

number of pesticides and growth regulators. There has thus been a long-felt need for an 

appropriate process by which compounds may be introduced selectively into plant cells there to 

enhance growth or to treat plant diseases or deficiencies. 
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Adjuvants are chemically and biologically active (not chemically inert) compounds and may 

be classified according to their function (activator or utility), their chemistry (such as 

organosilicones), or source (vegetable or petroleum oils). They produce pronounced effects. 

Most adjuvants are incompatible with some materials and conditions and may result in toxic 

effects in plants and animals, and some adjuvants have the potential to be mobile and pollute 

surface or groundwater sources. The use of adjuvants may be problematic near water, as 

adverse effects may occur in some aquatic species. 

8.3.3 Object of the invention 

It is an object of the invention to provide a plant supporting formulation which by itself has 

beneficial effects in terms of the growth, appearance, production and/or yield of plants to which 

it is applied in use, and which formulation is also suitable for use as a delivery vehicle, or a 

component of a delivery vehicle, for the delivery of one or more phytologically beneficial 

substances to a plant, and distributing or translocating phytologically beneficial SUbstances in 

plants, to provide for formulations incorporating such vehicles with or without at least one 

phytologically beneficial substance whereby at least some of the disadvantages of existing 

formulations may at least be reduced, to provide a method for producing such vehicles and a 

method of preparing formulations incorporating such vehicles and at least one phytologically 

beneficial substance, and to provide a method of administering such phytologically beneficial 

substances to a plant involving the use of the delivery vehicles of the invention Which then also 

serves to effect the translocation or distribution of the phytologically beneficial substances in or 

on the plant. 

8.3.4 General description of the invention 

According to the present invention there is provided a plant supporting formulation which is 

phytologically beneficial and suitable for use as a delivery vehicle, or a component of a delivery 

vehicle, for the delivery of one or more phytologically beneficial substances to a plant, and for 

enhancing the translocation of such delivered substance(s) in or on the plant, the formulation 

comprising a micro-emulsion constituted by a dispersion of vesicles or microsponges of a fatty 

acid based component in an aqueous carrier, the fatty acid based component comprising at 

least one long chain fatty acid based substance selected from the group consisting of free fatty 

acids and derivatives of free fatty acids. 

The dispersion is preferably characterized in that at least 95% of the vesicles or 

microsponges are of a diametrical size of between 50 nm and 5 micrometer. It will be 

understood that the vesicles or microsponges in the dispersion are elastic and not necessarily 
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of perfectly spherical shape and accordingly the term "diametrical size" is not to be understood 

as a term of geometric precision. It is further to be understood that it is not practicable to 

determine such diametrical size in three dimensions without the use of highly sophisticated 

instrumentation. It is accordingly to be determined in two dimensions by means of microscopic 

observation and thus refers to the maximum measurement across observed vesicles or 

microsponges as seen in two dimensions. 

The dispersion is further also characterized in that the micro-emulsion has a zeta potential 

of between -35 m V and -60 mY. 

The fatty acid based component may be selected from the group consisting of oleic acid, 

linoleic acid, alpha-linolenic acid, gamma-linolenic acid, arachidonic acid, eicosapentaenoic acid 

[C20:5w3], decosahexaenoic acid [C22:6w3] and ricinoleic acid, and derivatives thereof 

selected from the group consisting of the C1 to C6 alkyl esters thereof, the glycerol-polyethylene 

glycol esters thereof, and the reaction product of hydrogenated and unhydrogenated natural oils 

composed largely of ricinoleic acid based oils, such as castor oil, with ethylene oxide. 

In one form of the invention the fatty acid component of the micro-emulsion may consist or 

include a mixture of esterified fatty acids, and in this regard it is preferred to make use of the 

product known as Vitamin F Ethyl Ester. This product is commercially available under the trade 

description of Vitamin F Ethyl Ester [CLR 110 000 Sh. L.U.!g from CLR (Chemicals 

Laboratorium Dr Kurt Richter GmbH of Berlin, Germany)]. The typical fatty acid distribution of 

this product is as follows: 

<C16 0 

C16.0 8,3% 

C18.0 3,5% 

C18.1 21,7% 

C18.2 34,8% 

C18:3 28,0% 

>C18 1,6% 

unknown: 2,1% 

The fatty acid component may alternatively include or consist of the long chain fatty acids 

known as eicosapentaenoic acid [C20:5w3] and decosahexaenoic acid [C22:6w3]. Such a 

product combination is available from Roche Lipid Technology under the trade name "Ropufa 

'30' n-3 oil". It has been found useful to incorporate these acids where a hydrophobic 

substance is desired to be delivered to the plant. An alternative product that may be used for 

this purpose is one of the group of Incromega products available from BASF. 
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The fatty acid component may in addition to the aforementioned sUbstances or mixtures of 

substances also include the reaction product of hydrogenated natural oils composed largely of 

ricinoleic acid based oils with ethylene oxide. It is preferable for this substance to be produced 

from castor oil of which the fatty acid content is known to be predominantly composed of 

ricinoleic acid. This product may be modified as to the extent of hydrogenation, ethylation and 

the addition of groups such as polyethylene glycol. A range of such products is being marketed 

by BASF under the trade description of Cremophor of various grades. According to a preferred 

form of the invention for certain applications there is provided a delivery vehicle in which the 

Cremophor grade, or other composition of modified ricinoleic acid used, is one in which the 

ricinoleic acid molecules are modified by the addition thereto of polyethylene glycol groups 

which comprise between 35 and 45 ethylene oxide units. 

The vehicle may incorporate a suitable gas dissolved in the fatty acid mixture, the gas being 

selected to be suitable to impart the requisite size distribution of vesicles and the requisite zeta 

potential to the micro- emulsion. 

The gas is preferably selected from the group consisting of nitrous oxide, carbon oxysulfide 

and carbon dioxide. 

According to another aspect of the invention there is provided a method for producing a 

plant supporting formulation or delivery vehicle according to the present invention as defined 

above, comprising the steps of mixing the fatty acid based component with water to obtain a 

micro-emulsion, and introducing a suitable gas into the mixture, the gas being selected to be 

suitable to impart the requisite size distribution of vesicles and the requisite zeta potential to the 

micro-emulsion. 

The mixing of the fatty acid component is preferably effected with heating and stirring, 

preferably by means of a high speed shearer. 

The gas may be introduced into the water either before or after the fatty acid based 

component of the micro-emulsion is mixed with the water. Thus in one form of the invention the 

gas may be dissolved in the water to obtain a saturated solution of the gas in water, and the 

saturated solution of the gas is thereafter mixed with the fatty acid component of the micro

emulsion being prepared. The saturated solution of the gas in water may be prepared by 

sparging the water with the gas, or by exposing the water to the gas at a pressure in excess of 

atmospheric pressure for a period of time in excess of the time required for the water to become 

saturated with the gas. In an alternative form of this aspect of the invention an emulsion of the 

fatty acid component in water may first be prepared and may thereafter be gassed by exposing 

the emulsion to the gas. This is preferably done by sparging. 
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The gas is preferably selected from the group consisting of nitrous oxide, carbon oxy sulfide 

and carbon dioxide. 

The phytologically beneficial substance that may be delivered to a plant by means of the 

delivery vehicle according to the present invention may be anyone or more of the sUbstances 

known to be useful as a plant nutrient, a plant pesticide including a herbicide, fungicide, 

bactericide, insecticide, anti-plant virus agent, a plant growth regulator, a plant immune 

modulator, a biostimulant, or genetic material for the transformation of the plant to allow the 

incorporation of a new characteristic or property in the plant. Such property may inter alia 

consist of drought resistance, pest resistance and enhanced fruit production. 

A formulation is typically available in forms that can be sprayed on as liquids. It includes the 

active ingredient(s) of substance(s) as listed in the present invention, any additives that further 

enhance effectiveness, stability, or ease of application such as surfactants and other adjuvants, 

and any other ingredients including solvents, carriers, or dyes. The application method and 

species to be treated determine which formulation is preferable. 

The invention accordingly also provides a plant nutrient composition comprising at least one 

plant nutrient in the delivery vehicle described above. Plant growth in its germination, 

vegetative or productive phases may be stimulated by enhancing the delivery of nutrients, 

including nutrients in the gas phase. The plant nutrients may be selected from the group of 

elements consisting of carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, 

magnesium, sulphur, iron, manganese, zinc, copper, boron, molybdenum and chlorine. 

The invention further provides a plant pesticide composition comprising a pesticidally 

effective concentration of at least one plant pesticide in the delivery vehicle described above. A 

pesticide is any substance or mixture of SUbstances intended for preventing, destroying, 

repelling, or mitigating any pest. 

Pesticides do not only refer to insecticides, but also to herbicides, fungicides, and various 

other substances used to control pests. Under United States law, a pesticide is also any 

substance or mixture of substances intended for use as a plant regulator, defoliant, or 

desiccant. It is intended to use the term in this broad meaning thereof in this specification. 

It is accordingly within the ambit of this application to provide a vehicle for, and to provide 

formulations that include anyone or more phytologically beneficial substances in the form of 

pesticides selected from the group consisting of the following chemical and biological (organic) 

pesticides: synthetic arsenic, Bt liquid w/xylene, Bt liquid-no xylene, Bt wettable powder, 

beneficial organisms, biodynamic preparations, bordeaux mixes - copper, hydroxide/fixed 
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copper, boric acid, carbamates, chlorinated hydrocarbons, chromate ions, citric acid, copper 

hydroxide, copper sulfate, herbal preparations selected from cinnamon, cloves, garlic, mint, 

peppermint, rosemary, thyme, and white pepper, herbicides - synthetic, hydrated lime, 

imidacloprid - a neonicotinoid insecticide, indoxacarb (p) - a chiral oxadiazine insecticide, insect 

extracts, isocyanate, lauryl sulfate, lime sulfur, malathion, malic acid, methyl bromide, methyl 

sulfoxide, milky spore disease - B popillae, nematocides-synthetic, nematodes, nicotine, oils 

selected from carrot oil, castor Oil (U S P or equivalent), cedar oil, cinnamon oil, citronella oil, 

citrus oil, clove oil, corn oil, cottonseed oil, dormant oils, garlic oil, geranium oil, lemon grass oil, 

linseed oil, mint oil, peppermint 011, rosemary oil, sesame oil, soybean oil, summer oils, thyme 

oil and weed oils, organophosphates selected from acephate, azinphos-methyl, bensulide, 

cadusafos, chlorethoxyphos, chlorfenvinphos, chlorpyrifos, chlorpyrifos-methyl, chlorthiophos, 

coumaphos, ddvp (dichlorvos), dialifor, diazinon, dicrotophos, dimethoate, dioxathion, 

disulfoton, ethion, ethoprop, ethyl parathion, fenamiphos, fenitrothion, fenthion, fonofos, 

isazophos, malathion, methamidophos, methidathion, methyl parathion, mevinphos, 

monocrotophos, naled, oxydemeton-methyl, phorate, phosalone, phosmet, phosphamidon, 

phostebupirim, pirimiphos-methyl, profenofos, propetamphos, sulfotepp, sulprofos, temephos, 

terbufos, tetrachlorvinphos, tribufos (def) and trichlorfon, pentachlorophenol, pesticides 

synthetic, petroleum distillates, petroleum oil spray adjuvants, 2-phenethyl propionate (2

phenylethyl propionate), pheromones, piperonyl butoxide, plant extracts selected from 

hellebore, pyrethrum, quassia, sabadilla, citronella, sesame (includes ground sesame plant 

stalks), eugenol and geraniol, potassium sorbate, putrescent whole egg solids, pyrethroids 

synthetic, rock salt - weed control, rotenone, ryania, sea animal wastes, soap based herbicides, 

sodium chloride, sodium lauryl sulfate, soil fumigants, streptomycin, strychnine, sulfur, virus 

sprays, and Zinc Metal Strips (consisting solely of zinc metal and impurities). 

The invention also provides for a herbicidal composition comprising a herbicidally effective 

concentration of at least one herbicide in the delivery vehicle described above irrespective of its 

mode of action and hence includes herbicidal formulations in which the mode of action is any 

one of the group having the following modes of action, namely: 

+ 	 Auxin mimics (2,4-0, c!opyralid, picloram, and triclopyr), which mimic the plant 

growth hormone auxin causing uncontrolled and disorganized growth in susceptible 

plant species; 

+ 	 Mitosis inhibitors (fosamine), which prevent re-budding in spring and new growth in 

summer (also known as dormancy enforcers); 

+ 	 Photosynthesis inhibitors (hexazinone), which block specific reactions in 

photosynthesis leading to cell breakdown; 
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v Amino acid synthesis inhibitors (glyphosate, imazapyr and imazapic), which prevent 

the synthesis of amino acids required for construction of proteins; 

~ Lipid biosynthesis inhibitors (fluazifop-p-butyl and sethoxydim), that prevent the 

synthesis of lipids required for growth and maintenance of cell membranes CWeed 

Control Methods Handbook, The Nature Conservancy, Tu et al., 2007). 

It is accordingly within the ambit of this application to provide a vehicle for, and to provide 

formulations that inelude anyone or more phytologically beneficial substances in the form of 

herbicides selected from the group consisting of the following 2,4-D (2,4-dimethylphenol), 

Clopyralid, Fluazifop-p-butyl, Flumetsulam - a triazolopyrimidine herbicide, Fosamine 

Ammonium, Glyphosate, Hexazinone, Imazapic, Imazapyr, Pieloram, Sethoxydim, Triclopyr. 

It also provides for a fungicide composition comprising a fungicidally effective concentration 

of at least one fungicide in the delivery vehicle described above. The fungicide may be selected 

from the group consisting of 1 ,3 dichloropropene, 2,5-dlchlorobenzolc acid methyl ester, 8 

hydroxyquinoline, acibenzolar- S-methyl, Agrobacterium radiobacter, ammonium phosphite, 

ascorbic acid, azoxystrobin, Bacillus subtilis DB 101, Bacillus subtilis DB 102, Bacil/us subtilis 

isolate B246, Bardac, Benalaxyl, Benomyl, Bifenthin, Bitertanol, Borax, boric acid equivalent, 

boscalid, bromuconazole, bupirrmate, captab, carbendazim, Carboxin, chlorine dioxide, 

chloropicrin, chlorothalonil, chlorpyrifos, copper ammonium acetate, copper ammonium 

carbonate, copper hydroxide, copper oxychloride, cupric hydroxide, cymoxanil, cyproconazole, 

cyprodinil, Dazomet, Deltamethrin, Dichlorophen, Dieloran, didesyl dimethyl ammonium 

chloride, difenaconazole, dinocap, diphenylamine, disulfoton, dithianon, dodemorph, dodine, 

epoxiconazole, famoxadone, alkohols, antioxidants, Fenamidone, Fenarimol, Fenbuconazole, 

Fenhexamid, Fludioxonil, Flusilazole, Flutriafol, Folpet, fosetyl-AI, furalaxyl, furfural, guazatine, 

hexaconazole, hydroxyquinoline sulphate, imazalil, iprodione, iprovalicarb, kresoxim-methyl, 

lime, lindane, mancozeb, maneb, mefenoxam, Mercaptothion, Metalaxyl, metalaxyl-M 

(mefenoxam), metam-sodium, methyl bromide, metiram, mineral oil, mono potassium 

phosphate, myelobutanil, octhilinone, oxycarboxin, paraffinic complex (light mineral oil), 

penconazole, pencycuron, phosphorous acid, polysulphide sulphur, potassium phosphite, 

potassium phosphonate, prochlorax zinc complex, prochloraz, prochloraz manganese chloride 

complex, prochloraz zinc complex, procymidone, p rofe n ofos , propaconazole, propamocarb HCI, 

propiconazole, propineb, pseudomonas resinovorans, pyraclostrobin, pynmethanil, QAC, 

Quazatme, Quinoxyfen, Quintozene, salicylic acid, silthiopham, sodium-o-phenol phenate(Na 

salt), spiroxamme, sulphur, TBTO, Tebuconazole, Thiabendazole, Thiabendazole, thiophanate 

methyl, thiram, tolelofos-methyl, triadimefon, triadimenol, tributyltin oxide, Trichoderma 

harzianum, Tridemorph, Trifloxystrobm, Triflumuron, Triforine, Triticonazole, Vinclozolin, zinc 

oxide, Zineb and Zoxamide. 

------------------.--.. ----- -----
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It also provides for a bactericidal composition comprising a bactericidally effective 

concentration of at least one bactericide in the delivery vehicle described above. The 

bactericide may be selected from the bactericides known to be suitable for use on plants to 

combat bacteria infecting plants. 

It also provides for an insecticide composition compnslng an insecticidally effective 

concentration of at least one insecticide in the delivery vehicle described above. The 

insecticide may be selected from the group consisting of (E)-7-dodecenyl acetate, (E,E)-8,10 

dodecadlen-1 -01, 1 ,3 dichloropropene, 3(S) ethyl-6-lsopropenyl-9-docadlen-1yl acetate, Allium 

sativum, Bacillus thuringiensis Serotype H-7, Bacillus thuringiensis subsp israelensis, Bacillus 

thuringiensis var aiziwai kurstaki, Bacillus thuringiensis var kurstaki, Beauverra bassiana, 

Bradyrhizobium japonicum, Bradyrhizobium japonicum WB 74, Bradyrhizobium sp Luinus VK, 

Bradyrhizobium sp X S21 , Bradyrhizobium spurn, Chlorpyrifos, Dimilm, E8.E10- dodecadienol, 

EDB, Metarhizium anisopliae var acridium isolate IMl 330 189, Paecilomyces Iilacinus strain 

251 , Rhizobium leguminosarum biovar phaseol;, Rhizobium leguminosarum viciaeT J 9 

Rhizobium meliloti, Spmosad, Sulfur, Trichoderma harzianum, Z-8-dodecenylacetate, 

Abamectin, abamectin, acephate, acetamiprid, acrinathnn, aldicarb, alpha-cypermethrin, 

aluminum phosphide, amitraz, azadirachtin, azinphos-methyl, benfuracarb, beta-cyfluthrin, beta

cypermethrin, bifenthnn, borax, brodifacoum, bromopropylate, buprofenzin, buprofezin, 

cadusafos, carbaryl, carbofuran, carbosulfan, cartap hyrochloride, chlorphenapyr, chlocpynfos, 

citronella oil, clofentezine, codlimone (E,E-8,10- dodecadlene-1 -01), copper, coumatetralyl, 

cryptophlebia leucotreta, cyanophos, cyfluthrin, cyhexatin, Cypermethin, cyromazine, d

allethrin, dazomet, deltamethrin, demeton-S-methyl, diazinon, dichlorvos, dicofol, difenacoum, 

diflubenzuron, imethoate, disulfoton, emamectin, endosulfan, esfenvalerate, ethoprophos, 

ethoprophos, ethylene dibromide, etoxazole, fenamiphos, fenamiphos, fenazaquin, fenbutatin, 

fenbutatin oxide, fenitrothion, fenoxycarb, fenpropathrin, fenpyroximate, fenthion, fenvalerate, 

ferric sodium EDTA, pronil, fipronil, flufenoxuron, f1umethrin, fosthiazate, fumagillin, furfural, 

gamma-BHC, garlic extract, hydramethylnon, imidaclopid, indoxacarb, lambda-cyhalothrin, 

lavandulyl, senecioate, lufenuron, magnesium phosphide, mancozeb, maple lactone, 

mercaptothion, metaldehyde, metham- sodium, methamidophos, methidathion, methiocarb, 

methomyl, methyl bromide, methyl -parath ion, mevinphos, milbemectin, mineral oil, novaluron, 

omethoate, ortho-phenylphenol, oxamyl, oxydemeton- methyl, parafinic complex (mineral oil), 

parathion, permethnn, phenothoate, phorate, phosmet, phoxim, pirimicarb, polysulphide 

sulphur, potassium salts of fatty acids, profenofos, propargite, propoxur, protein hydrolysate, 

p roth iofos, pyrethnns, pyriproxyfen, quinalphos, rape oil, rotenone, silicon based repellent, 

sodium fluosilicate, spmosad, spirodiclofen, sulfur, tartar emetic, tau-fluvalinate, tebufenozide, 

temephos, terbufos, tetrachlorvinphos, tetradecenyl acetate, tetradifon, thiacloprid, 
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thiamethoxam, thiodicarb, thiram, trichlorfon, triflumuron, trimedlure, zeta-cypermethrin, zinc 

phosphide. 

It also provides for a viracide composition comprising a viracidally effective concentration of 

at least one viracide in the delivery vehicle described above. The viracide may be selected 

from the viracides known to be suitable for use on plants to combat viruses that infect plants. 

The invention further provides a plant growth regulator composition comprising a plant 

growth regulating effective concentration of at least one plant growth regulator in the delivery 

vehicle described above. The plant growth regulator may preferably be dl-alpha-tocopherol, or 

the physiologically active isomer thereof, which product is also known as Vitamin E, which 

presence is particularly useful in regulating the onset of the reproductive phase of plants, Le. 

may be used to regulate the onset of the flowering of the plant and hence to advance the fruit 

bearing phase of the plant. More generally however the delivery vehicle may be used to deliver 

to a plant anyone or more of the products in the group consisting of: 

2-(1-2-methylnaphthyl)acetamlde, 2-(1 -2-methylnaphthyl)acetlc acid, 2-(1 -naphthyl)acetamlde, 

2-(1 - naphthyl)acetlc acid, 2,4-D (sodium salt), 3,5,6 TPA, 4-mdol-3-ylbutync acid, 6-benzyl 

adenine, alkoxylated fatty alkylamine polymer, alkylamine polymer, aminoethoxyvinylglycine 

hydrochloride, ammoniated nitrates, auxins, calcium arsenate, carbaryl, chlormequat chloride, 

chlorpropham, chlorthal- dimethyl, cloprop, cyanamide, daminozide, decan-1 -01, dichlorprop, 

dichlorprop (2-butoxyethyl ester), dimethipin, dinocap, diquat dibromide, diu ron, ethephon, 

fluazlfop-p-butyl, gibberellins, glyphosate- isopropylamine, glyphosate-trimesium, haloxyfop-P

methyl, indolylacetic acid, maleic hydrazide, mepiquat chloride, methylcyclopropene, mineral oil, 

n-decanol, octan-1 -01, paclobutrazole, paraquat dichloride, pendimethahn, prohexadione

calcium, salicylic acid, sodium chlorate, thidiazuron, trinexapac-ethyl, and uniconazole. 

The invention also provides for a method of enhancing the structural and functional integrity 

of plants or parts of plants. 

The invention also provides for a method of administering a phytologically beneficial 

substance to a plant, comprising the step of formulating the substance in a delivery vehicle 

according to the invention and as described herein, and applying the formulated product to the 

plant. The application may be by means of aerial or surface application, either mechanical or 

by manual spraying, by incorporation in water borne irrigation system, or by trunk injection 

where appropriate. 

The invention also provides for a method of supporting the local defense and acquired 

resistance of plants according to the mechanism described below by simultaneously supplying 
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precursors for defense signaling molecules, antioxidants, ethylene, oleic acid and 

hexadecatrienoic acid. 

The involvement of salicylic acid (SA) as a signal molecule in local defenses and in 

systemic acquired resistance (SAR) is well known. SA synthesis is activated by exposure to 

pathogens or ultraviolet light. Salicylic-acid signaling is mediated by at least two mechanisms, 

with feedback loops to modulate the effect. These feedback loops may also provide a point for 

integrating developmental, environmental and other defense-associated signals, and thus fine

tune the defense responses of plants (SHAH, J., 2003. The salicylic acid loop in plant defense. 

Current Opinion in Plant Biology. 6: 365-371). 

Studies had suggested a role for lipid peroxidation in the SA-activated expression of 

resistance genes. SA activates the expression of a-dioxygenase (a-DOX1 ). a-DOX1 oxidizes 

16-C and 18-C fatty acids, the last of which is a component of the formulation of the invention. 

In addition, fatty acids 16:3 and 18:3 are precursors for the synthesis of oxylipins, which are 

potent defense signaling molecules. Various research findings thus indicate that fatty-acid

derived signal(s) are involved in modulating SA-signaling in plant defense (SHAH, J., 2003. The 

salicylic acid loop in plant defense. Current Opinion in Plant Biology. 6: 365-371). 

Multiple stimuli can activate SA synthesis/signaling. Chloroplasts/plastids in plants may be 

the source of signals that affect responses to pathogens. Chloroplast/plastid function/integrity is 

important for the outcome of plant-pathogen interactions. Chloroplasts/plastids are also 

important for lipid metabolism and the generation of lipid-derived signals. A lipid signal is 

required for the activation of at least one of the pathways by salicylic acid. Ethylene, which 

contributes to fruit ripening and colouring, potentiates signalling through this pathway. Studies 

show that the presence of oleic acid - a component of the invention - is necessary for the lipid 

derived signal(s) in both resistance pathways. Furthermore, the genetic suppression of 

resistance is associated with a lowered content of hexadecatrienoic acid (C16:3). The delivery 

of the 16:3 by an exogenous source should therefore contribute to plant resistance. 

8.3.5 Examples of the invention 

The invention will now be illustrated, purely by way of examples with reference to the 

following non-limiting description of Preparations, Examples and Figures in which 

Figure 1 is a graph illustrating the increase in number of nodes on cucumber plants treated by 

use of the plant support formulation of the invention as described in Example 5; 
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Figure 2 is a graph illustrating the increase in leaf size of cucumber plants treated by use of the 

plant support formulation of the invention as described in Example 5; 

Figure 3 is a graph showing the numbers of medium to large cucumbers harvested at different 

times from plants treated with a plant support formulation according to the invention 

compared to untreated control plants as described in Example 5; 

Figure 4 is a graph showing the numbers of extra large cucumbers harvested at different times 

from plants treated with a plant support formulation according to the invention compared 

to untreated control plants as described in Example 5, 

Figure 5 is a graph showing the total numbers of cucumbers harvested at different times from 

plants treated with a plant support formulation according to the invention compared to 

untreated control plants as described in Example 5, 

Figure 6 is a graph showing the numbers of green peppers harvested at different times from 

plants treated with a plant support formulation according to the invention compared to 

untreated control plants as described in Example 5; 

Figures 7, 8, 9 and 10 are micrographs of sections of baby marrow plants treated with plant 

support formulations according to the invention as described in Study 1 of Example 6; 

Figures 11 and 12 are graphs illustrating the growth of Clivia plants treated with different plant 

support formulations according to the invention as described in Study 2 of Example 6; 

Figure 13 is a graph showing the average head diameter of Elemental R-treated lettuce plants 

versus control plants over a 12 week period after transplantation as described in Example 

16; 

Figure 14 is a graph showing the average comparative growth in plant height of Elementol R

treated lettuce plants versus control plants over a 12 week period after transplantation as 

described in Example 16; 

Figure 15 is a graph showing an example of a plant by plant comparison of Elementol R-treated 

lettuce plants versus control plants as described in Example 16, using plants with a 

similar number of leaves at 1st treatment; 

Figure 16 is a graph th'at illustrates the average % enhancement in Fm:Dm ratios during the trial 

period caused by Elemental R-treatment of the lettuce plants versus control plants as 

described in Example 16; 
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Figure 17 is a graph that illustrates the difference in the Elementol R-treated lettuce plants and 

control plants in terms of the % moisture as described in Example 16; 

Figure 18 is a graph that illustrates the respiration rate per mg protein for the study period in the 

Elementol R-treated lettuce plants and control plants as described in Example 16; 

Figure 19 are two graphs showing a comparison of the average chlorophyll A and B contents 

per mg of protein per fresh mass between Elementol R-treated lettuce plants and control 

plants for the period of the study as described in Example 16; 

Figure 20 is a graph that reflects the chlorophyll AB ratios obtained from the chlorophyll 

corrected for mg of protein and fresh mass as described in Example 16; 

Figure 21 is a graph showing the changes in average number of flower buds formed during the 

first few weeks after transplantation \:NAT) in Elementol R treated and control tomato 

plants as described in Example 17; 

Figure 22 is a graph showing the average % enhancement in flower bud production of 

Elementol R treated and control tomato plants as described in Example 17; 

Figure 23 is a graph that shows the linear increase of accumulative average yield for 3 tomato 

plants over the period of the study as described in Example 17; 

Figure 24 is a graph that shows the average accumulative fruit to average accumulative bud 

ratio of tomato plants treated as described in Example 17; 

Figure 25 is a graph that shows the average % of moisture found in the fruit of Elementol R 

treated tomato plants versus control plants as described in Example 17; 

Figure 26 is a graph that shows the effect of ComCat® (CC), Elementol R (E) and combinations 

thereof on changes in accumulative number of fruit harvested from 3 plants per group 

over a period of 13 weeks as described in Example 18; 

Figure 27 is a graph that shows the total accumulative fruit mass observed from plants treated 

with ComCat® that is entrapped in Elementol R as compared to the increase observed 

with Elementol R or ComCat® individually as described in Example 18, 

Figure 28 is a graph that shows the increase in fresh fruit mass by the combination of Elementol 

Rand CC as described in Example 18, 
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Figure 29 is a graph that shows the respiration rate per protein content after the first 

administration (week 5) and the second administration (week 9) of the Elemental R, 

Comcat® and combination treatment as described in Example 18; 

Figure 30 is a graph that illustrates the comparative amounts of chlorophyll B per mg of protein 

as determined in week 13 of the trial described in Example 18; 

Figure 31 is a graph that shows the comparative Brix readings in week 13 for Elemental R 

treated, CC treated and the combination treated plants described in Example 18 with 

HCI04 as background; 

Figure 32 is a photograph of germinating radishes on germination paper in the in vitro study 

described in Example 19, 

Figure 33 is a graph that illustrates the comparative average length measured for coleoptiles of 

wheat for the fertilizer control, and the various dosages of Elemental R described in 

Example 19; 

Figure 34 is a graph that shows the enhancement in the yield of grain from wheat by a single 

administration of Elemental R cultivated in field trials as described in Example 19; 

Figure 35 is a graph that shows the average comparative plant, root and leaf weights of maize 

plants cultivated from seeds treated with the fungicide Captan, with a combination of 

Captan and Elemental R or with untreated seeds as described in Example 19. 

8.3.5.1 	 Preparation 1: Preparation of plant supporting formulation suitable for 

use as a delivery vehicle for use in delivering a phytologically 

beneficial substance to plants 

A formulation according to the invention may be made up as follows: 

Step 1: 	 A desired volume of water is saturated with the indicated gas (in this example 

nitrous oxide but the same general procedure with minor modifications is used when 

employing carbon dioxide) at ambient pressure using a pressure vessel and 

sparger. The vessel is connected to a supply of nitrous oxide via a flow control 

valve and pressure regulator. The closed vessel is supplied with nitrous oxide at a 

pressure of 2 bar for a period of 96 hours, it having been determined that at the 

aforementioned temperature the water is saturated with nitrous oxide over such 

period of time under the above-mentioned pressure. In the case of the preparation 

of the basic or stock formulation (herein referred to as Elemental B) to be used on 
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Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

its own, or when it is to be used as a delivery vehicle for nutrients or the majority of 

synthetic organic pesticides unchlorinated water is used. Where the stock 

formulation is intended to be used as a delivery vehicle for peptides or 

biocatalisators to plants the water is phosphate buffered to a pH of 5.8. 

The following fatty acid based compositions was made up: 

First, Vitamin F Ethyl Ester CLR 110 000 Sh. L.U./g obtained from CLR Chemicals 

Laboratorium Dr. Kurt Richter GmbH of Berlin, Germany which is composed mainly 

of 21% oleic acid, 34% linolenic acid, and 28% linoleic acid that are modified by 

esterification with an ethylene group of the carboxy terminal, was heated to 75°C. 

Secondly, pegylated, hydrogenated fatty acid, ricinoleic acid (also known by the 

INCI name as PEG-n- Hydrogenated Castor Oil), was heated to 80
c 

C and mixed 

with the first group offatty acid based Vitamin F Ethyl Ester at 70
c 

C. The ratio of the 

first group of fatty acids to the latter fatty acid was generally 3:1 for foliar application. 

In the case of the addition of the preparation to large containers supplying plants by 

drip irrigation in controlled environments on a continuous basis, the ratio was 5:1 to 

6:1. 

dl-a-Tocopherol of varying percentages (final concentration of between 0.1 % when 

used as general anti-oxidant (Elementol B) and 0.25% v/v when used as regulator 

of plant reproductive phase or for synchronization (Elementol R) was added to the 

heated fatty acids mixture above, either as anti-oxidant or as growth modulator. 

The water or buffered water was heated to 73°C and mixed with the fatty acid mix 

with the aid of a high speed shearer to a final concentration of between 3.2 and 4%, 

depending on the specific use of the preparation. This fatty acid mixture constituted 

the basic preparation that contains vesicles of sizes in the nanometer range as 

determined by particle size analysis on a Malvern sizer. 

To the basic preparation may be added additional ethylated fatty acids DHA 

(decahexonoic acid) and EPA (eicosapentanoic acid). The preferable amount of the 

two fatty acids for this invention was 0.5%. The addition of these fatty acids results 

in die formation of microsponges rather than vesicles, with particles between 2-5J.lm 

in size, as determined by particle size analysis on a Malvern sizer. 

This basic preparation is diluted with water for administration to the plants. The 

dilutions were generally 1:1 for stem application, 1:10 for ornamentals in open 

settings, 1 :200 for stool beds, 1 :600 and 1 :800 for orchards, 1:1000 for open field 

crops and controlled environments, 1 :1500 for colouring of fruit, and 1 :5000 in 
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hydroponic systems depending on the method of administration, the type of 

cultivation (e.g. drip irrigation, foliar spraying by hand, tractor or plane). 

Stable particles of fairly homogeneous sizes ranging from 50nm to 50~m can be 

manufactured with ease on a large scale. The size and shape of the particles can be 

reproducibly controlled. The zeta potential of the Elementol Band Elementol R prepared as 

described above were determined by means of a Malvern zeta-sizer and found to be -46mV 

and -38mV respectively. Variations in the particle size of the micro emulsions may be effected 

by varying the composition and variations in the zeta potential of the emulsion may likewise be 

effected by varying the composition. 

8.3.5.2 	 Preparation 2: Typical preparation of a formulation containing a 

phytologically beneficial substance in the plant supporting formulation 

according to the invention as component of a delivery vehicle 

Step 1: One or more phytologically beneficial substances may be entrapped in the basic 

Elementol or buffered Elementol preparations described above, by thorough mixing 

of the desired substance into the Elementol formulation at room or field temperature 

before dilution for administration as described in step 6 of Preparation 1. Mixing 

may occur by shaking or stirring. After mixing, preparations are generally allowed to 

'cure' for at least 30 minutes, but not more than 3 hours, before dilution with water 

for administration. In the case of substances with large molecular weights such as 

peptides, the preparations are left overnight at 4°C. 

8.4 	 Examples of the invention 

8.4.1 	 Example 1: Use of Elementol as delivery vehicle for foliar nutrient 

administration on watermelon 

8.4.1.1 Introduction 

Contrary to previous watermelon crops on a selected 160 Ha plot, the watermelon crop of 

this study had a low yield potential even though there were no changes when compared with 

previous practices. The following was observed during January 2005 

1) 	 Premature senescence occurring during January of 2005. It was a scattered 

phenomenon. 
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2) 	 The latter was mainly ascribed to nematodes resulting in the reduction of root 

efficiency. This resulted in many fruits becoming deformed and suffering "blossom 

end rot". 

3) 	 Foliar fungal infections were common, irrespective of the pro-active application of 

fungicides on a 10 day basis. The fungicides were alternated to reduce the risk of 

resistance by the fungi 

8.4.1.2 Trial 

The decision was made to maintain the fungicide program, but to introduce a nutrient 

application as a foliar spray. 

The experimental spray, per hectare, contained the following: 

5kg CaCI2 dissolved in 26.0 litres of water; 

1.0 litres of "amino acid complexed Calcium" (100 gJlitre Ca); 

o5 lit res of "amino acid complexed Copper" (75 gllitre Cu); 


6 ml Elementol B. 


The concept had the following as objectives: 

1) 	 To boost the plants' internal resistance to the fungal infection with the copper and 

Elementol Band 

2) 	 To have calcium available at the "meristem", to improve "cell wall integrity" during any 

future foliar and root development, resulting potentially, in additional fungal resistance 

and improved foliar and root efficiency. 

The Elementol B was added to the amino acids and the blend was allowed to "cure" for 15 

minutes before dilution. The dilution was done by adding .5 lit res of the CaCI2 water. The 

CaCI2 water was prepared 48 hours in advance. The purpose for the advance dissolution ofthe 

CaCI2 was to subject the chlorine to "uv" hoping to have a reduced effect of this element during 

the trial. The 1.56 liter "amino acid/Elementol blend", along with the 28.5 liters "Ca-enriched" 

water resulted in a total of some 30 liters of the preparation being applied per hectare. 

Application was by aerial foliar spray. 

The same application was repeated 10 days later, having increased the Elementol B in the 

preparation to 12 ml/ha. 

8.4.1.3. Control 
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The control strips were treated identically to the trial strips, but excluded the Elementol B. 

8.4.1.4. Repetition 

Since both the trial and the control received two aerial applications, repetition integrity was 

obtained by using a SATLOC differential global positioning system (DGPS). This instrument 

was mounted on the aircraft as standard equipment. Each "spray run" during the first 

application was saved. This allowed for the second application to be applied with less than 0.5 

meter deviation from the first application. 

8.4.1.5 Observations 

Within 48 hours of the first application, there was a visual difference between the treated 

strips and those of the control. The trial strips showed signs of "rejuvenation". The treated 

plants showed up a much darker shade of green compared to the control. At the same time 

these plants were showing an observable increase in flowering compared to the control. This 

phenomenon prompted the grower to request a second application with an increased Elementol 

B component (12 mlfha). 

Both applications were done during January 2005. 

The Elementol B treated watermelons, irrespective of the very low applied volumes (6 ml & 

12 ml respectively), senesced well after the control. This delay in senescence varied between 2 

to 5 weeks. Although deforming amongst fruit was not reduced by this treatment, it did 

significantly reduce the blossom end rot. 

Due to the scattered occurrence, across the field, of the initial problem, only observations 

were made. 

8.4.2 Example 2: Use of Elementol B as delivery vehicle for foliar 

administration of fungicide on sugar beans 

8.4.2.1 Introduction 

Planting of Sugar beans on a 120 Ha plot was done on seedbeds measuring 910mm apart 

(old 3 feet spacing). 

8.4.2.2 Trial 

This trial had the following as objective: 

--------------~------~--.--.-------
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Spraying Elemental B as a foliar application together with a fungicide, by tractor, to observe 

any reaction by the plants with regards to flowering/yield. 

For the trial, an area of 10 hectares was demarcated, using GPS technology and ground 

markers. 

The experimental spray, per hectare, comprised of the following: 

200 litres of water 

40 ml of Elemental Basic 

250 ml Punch® C, 

8.4.2.3 Control 

The control area comprised of 10 hectares on the same block. A buffer area of 30 meters 

separated trial and control. The spray applied here contained no Elemental. 

8.4.2.4 Repetition 

Provision was made for repetition by demarcating both trial and control blocks using GPS 

technology and ground markers. Two sprays were administered. 

8.4.2.5 Observations 

Sampling the pods was done by hand. The sampling method used was 10 x 10 meter 

random rows, This method was also used to sample the control 

8.4.2.6. Conclusion 

The sampling result was as follows/; 

Punch® C with Elemental B: 2,390kg / ha 

Punch®, no Elemental: 2,180kg / ha 

Subsequent studies showed that Elemental B contributed to the antifungal effect, as well as 

to the yield improvement. 

8.4.3 Example 3: Determination 	of phytotoxicity and beneficial effects of 

Elementol R by foliar administration on strawberries 

8.4.3.1 Introduction 
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The planting of the strawberries on the 12 ha trial plot commenced during early April 2005. 

The plant material is all first generation. The planted blocks slope down in a westerly direction 

and the elevation is roughly 100 meters above mean sea level. The soil has a clay content of 

less than 5% and an organic carbon content of 0.5%. 

8.4.3.2 Trial 

This trial had the following as objective: 

Spraying Elementol R as a foliar application, by tractor, to observe any reaction of the plants 

with regards to flowering. 

The experimental spray, per hectare, comprised of the following: 

200 litres of water 

250 ml of Elementol R 

The spraying was done under the following conditions: 

Temperature: 23° Celsius (The l::.. between wet and dry bulb < 58 C) 

Humidity: 28% 

Droplet distribution: averaging 15/ cm2 

Treated blocks: Blocks 6 & 7 

Control block: Block 5 

Physiology Spraying commenced only once 20% of the plants initiated flowering. 

8.4.3.3 Control 

Closing the control tunnel # 5 during the application of the Elementol R to blocks 6 & 7 

prevented contamination by drift. 

8.4.3.4 Observations 

The two treated blocks, by random sampling, yielded in access of 100% more flowers than 

the control block. This observation was made 21 days after application. No signs of 

phytotoxicity were observed. 
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8.4.4 Example 4: 	Use of Elementol B as delivery vehicle for foliar boric acid 

administration on citrus (Navel var. Lina) 

8.4.4.1 Introduction 

The trial orchard was a 15 Ha orchard on which the trees are about 12 years old, meaning 

that the trees are mature. The plant population per hectare is 617 trees/ha. Una navels are an 

early variety. Getting these to the market first has great financial advantages to the grower. 

High levels of gibberellic acid, within fruit bearing plants, results in delayed colouring of fruit. 

Field experience indicated that the vegetative growth rate of most plants may be reduced by 

applying, as a foliar spray, a calculated volume of Boron. The Boron source generally used was 

boric acid (HsBOs). 

At the same grower, during the trial season, bone acid was applied, in a calculated fashion, 

to lemons that have been over-nitrified. Over-nitrification of lemons leads to vigorous growth 

with a reduction in fruit formation. Harnessing this growth phenomenon was achieved using 

boric acid. 

8.4.4.2 Trial 

Having achieved the inhibition of vigorous growth with boric acid on the lemons, it was assumed 

that such an application in combination with Elementol B may result in early colouring of Navels 

on the trees thus saving on de-greening with ethylene in a controlled atmosphere chamber. 

This trial was set out on Navels, variety Lina. The surface area was 15 hectares. The 

objective was early colouring on the trees. No controls were demarcated within the trial area. 

Orchards of growers adjacent to the trial were monitored as a possible control. 

The experimental spray, per hectare, comprised of the following: 

2000 liters of water 

130 ml of Elementol B 

1 kg Boric acid 

The boron was dissolved I suspended in water prior to adding the Elementol. A curing time 

of 30 minutes was allowed before the water was added for final dilution. 

8.4.4.3 Observations 
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The treated Linas changed colour on the trees approximately 2 weeks earlier than the 


adjacent controls. These navels were picked a week earlier than any other in the vicinity. 


8.4.5 Example 5: Controlled environment investigations into the impact of 

Elementol R on cucumber plant yield 

8.4.5.1 Materials and Methods 

8.4.5.1.1 Materials 

Dicla plastic-covered tunnels (2um thick plastic with inherent UV-protection for plants) with 

2x 5000 liter tanks and pumps, saw dust growth medium, 15 liter plastic bags, seedlings 

(cucumber) from Dicla, South Africa, green pepper seedlings from King Arthur, Stihl mistblower, 

calcium nitrate from Ocean or Omnia (South Africa), NutriVeg (Omnia) or HydroGro (Ocean), 

nitric acid (Ocean), potassium sulphate (Ocean). 

8.4.5.1.2 Methods 

General set-up: One tunnel and tank each were allocated to the test product, and one tunnel 

and tank each was used as control. The tunnels were cooled by air cooling with opening and 

closing of flaps. Flaps and doors were usually closed at between 18:00 and 19:00 for the night, 

and opened at between 06:00 and 08:00 every morning, depending on temperature. The 

orientation of the tunnels was north to south, catering for the prevailing wind direction to assist 

with cooling. No artificial heating or cooling system was used in the tunnels. 

Plants: 

Cucumbers: 720 Cucumber seedlings of 3 weeks old were transplanted from seedling trays to 

plastic bags containing saw dust in each of the tunnels at the start of summer. Planting were 

done in 6 rows of 120 plants per row. The strongest plants were selected for the control tunnel. 

Green peppers: 500 King Arthur seedlings were planted in 10 liter plastic bags filled with saw 

dust in the test tunnel, while 504 similar seedlings were planted in 15 liter plastic bags filled with 

saw dust. The plants were grown outside the tunnels for the first 2 months without any addition 

of Elemental R, and then moved to the tunnels, for their pepper-bearing season. Addition of 

Elemental R to test plants was started two weeks after the transfer of the plants from the 

outside to the tunnels. A significant difference in yield of green peppers was observed in the 

test. The possibility was investigated that plants may just be happier inside the test tunnel for 

reasons other than the treatment with Elemental R. To control for this possibility, Elemental R 

treatment was interrupted for a 10 day period (day 120 - 130), after which it was resumed. 

--..~-.-----------------------~ 
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8.5.4.1.3 Irrigation 

Cucumbers: Small plants received 15 minutes of drip-irrigation 3 times a day through 4 


liter/hour drippers, thus a total of 3 liters/day. The irrigation was increased to 30-40 minutes/ 


day (>4Iitres/day) after 6 weeks, when plants started bearing fruit that could be harvested and 


to accommodate the high summer temperatures of up to 45°C inside the tunnels. 


Peppers: Treatment of small plants were similar to that of the cucumbers, but the volume of 


irrigation was increased after 8 weeks to >5Iiters/day/pJant. 


8.5.4.1.4 Test product 

The test product is a plant beneficial delivery system, called Elemental R. It was hypothesized 

that this system may increase 

a) the solubility and 

b) the absorption of nutrients, and more specifically calcium. 

The test product was administered by root irrigation. Elemental R was mixed with the 

nutrient of the tank that supplied irrigation to the test tunnel. 

The nutrient mixture for irrigation was as follows: 

To each tank filled with 50001 of borehole water, 500ml nitric acid was added to lower the 

pH to 6.0, after which 2kg of nutrient mix and 2kg Calcium nitrate were pre-mixed with water 

and added to the tank in that order. For the test tank and tunnel, pre-mixing was with 1 liter of 

Elemental and water. In the case of the green peppers, 500 g of the calcium nitrate was 

replaced with 500g of potassium sulphate when the plants started bearing fruit. Every two 

weeks, 1OOml of a disinfectant such as Prasine, were added to the full tank to prevent growth of 

algae. Every 4th day, the plants were flushed with borehole water only, after which nutrient 

feeding continued. 

8.5.4.1.5 Analysis 

Cucumbers 

The following parameters were investigated during the various phases of plant growth: 

i) Plant length 

ii) Leaf length 

iii) Nr. of nodes 

iv) Cucumber yield 
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Plant length: During the initial growth period it is possible to measure plant length. Twenty 

randomly selected plants of each row (120 plants for each tunnel) were measured for length 

from the level of the saw dust to the highest branching from stem. The plastic bags of the plants 

measured were marked with lime, to prevent repeated measurement of the same plants. The 

average length of the plants in each row was calculated and used for comparison. 

Leaf length of the bottom two leaves of a plant was determined, using a similar number of 

plants and selection and calculation procedure as described for plant length. 

Number of internodes: The number of branches formed was counted, using a similar number of 

plants and selection and calculation procedure as described for plant length. 

Cucumber yield: The cucumbers were harvested. Only those cucumbers fit for sale in an up 

market chain store were counted and weighed. Cucumbers that were bent, yellow or of which 

the general appearance were not according to market requirements, were not taken into 

account. 

Green peppers 

The green pepper experiment was stopped due to the approach of winter. An electrical 

heating system installed in the tunnels proved to be insufficient and plants were exposed to 

temperatures below 2°C. 

Only the saleable yield was determined for the green peppers. 

8.4.5.2 Results and Discussion 

8.4.5.2.1 Cucumbers 

Plant length was determined for 120 randomly selected seedlings at ages of 4, 5, and 6 

weeks after transplantation. The average length, representing average growth for each tunnel 

was calculated. Table 1 illustrates the average weekly growth of the seedlings. Whereas the 

average control plants were initially taller (week 4) than the plants of the test tunnel, the plants 

that were irrigated with the added Elementol R, grew faster than that of the control tunnel as 

determined two weeks after the start of the Elementol R treatment. 
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Table 8.1: Average growth in length (cm) 

Elemental Control 

I 

Iwee:s 
4.08 4.5 

- 
I 5 6.33 6.45 

I 6 13.04 12.9 

Figure 8.1 illustrates the increase in number of nodes by the addition of Elemental R to the 

nutrient mix 3 weeks after transplantation of the seedlings and initiation of treatment. The 

nodes were determined for 20 randomly selected plants in each of the 6 rows, taking care that 

different plants were used than for the length determination. In each row, the plants treated 

with Elemental R contained more nodes after 3 weeks of treatment, although the increase was 

less than 1 (0.73) node per plant when averaged. The standard error is smaller for the plants 

that were irrigated by the Elemental-nutrient mixture, indicating a synchronizing effect on plant 

growth. 

When an increase of 0.73 nodes per 3 weeks of treatment are projected to a total growth 

period of 18 weeks, the average difference in number of nodes/plant as a result of Elemental R 

administration is 4.4 nodes/plant, which is statistically significant. The importance of increased 

nodes is that it indicates the number of both leaves and fruit-bearing buds that the plant will 

develop. 

300 	 14 

12250 

... 
t:10 ra

200:: 	
8 -1i 

0 
~ 	 VI 

(II 
VI 	 -0 -(II 0 

-0 150 t:
0 
t: 6 0 -


~ -0 	 t: 

z "- lOa (II 

4 > 
<t 

50 2 

a 0 

Row 1 Row2 Row 3 Row 4 RowS Row 6 

leg Elementol B ~ Control: Sum 

.....Elementol B Ave 

Figure 8.1 illustrates the increase in number of nodes on cucumber plants in each of the rows of 

the plants treated with the plant support formulation of the invention 
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Figure 8.2 illustrates the increase in leaf size by Elemental R root administration. Leaf 

length was determined for 120 plants in each tunnel, 20 plants per row three weeks after the 

start of Elemental R administration. As is the case with plant length, the sizes of the leaves of 

the plants in the test tunnel were slightly smaller than that of the control plants before Elemental 

administration was started. The difference in leaf size caused by Elemental treatment is 

significant and is important in the development of the plant, since the leaves are responsible for 

the photosynthesis. Once again, the standard error was smaller for the plants that received 

Elemental R. 
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Figure 8.2 illustrates the increase in leaf size of cucumber plants in the different rows within the 

tunnel treated with the plant support formulation of the invention. 

It is generally accepted that the period of yield for cucumbers is 12 weeks, although some 

producers harvest fruit for a period of 16 weeks. In fig ures 3 and 4 the yield of the plants over a 

12 week period is illustrated, thus plant age as illustrated below is the summation of 3 weeks 

from seeding to seedling growth (untreated) + 3 weeks of a pre-harvesting Elemental R treated 

growth + 12 weeks of harvesting with Elemental R treatment. Although plants were still 
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producing flowers at week 20, the investigation was stopped at that point, due to a heavy white 

fly infestation in the absence of a formal pesticide program. 

At the start of harvesting, cucumbers were classified as medium to large (up to 37cm). 

However, by the end of the 4th week and up to the 20th week of harvesting, the cucumbers 

harvested were between 41 to 47cm in length, resulting in a lower number of cucumbers, but a 

better harvest in terms of weight. For that reason, the results on yield are separated for the two 

time periods. Figures 8.3 and 8.4 illustrate the harvest of medium to large and extra-large 

cucumbers. 

---,-_._-----------,-,----_._---
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Figure 8.3 shows the numbers ofmedium to large cucumbers harvested at different times from 

plants treated with a plant support formulation according to the invention compared to untreated 

control plants. 

It is necessary to remark that harvesting of the two tunnels occurred simultaneously, and 

therefore the yield is linked to specific days of the week. This may be slightly artificial, as 

harvesting of the control tunnel 3 days later than the test tunnel, may have given a more equal 

distribution of cucumber yield for weeks 9 to 13. During week 14, a breakdown of the electrical 

supply to the irrigation and pumps over a 48h period caused a significant decrease in yield in 
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both control and Elementol-treated plants. The stress caused by non-irrigation seemed to be 

better tolerated by the Elementol-treated plants, as can be seen from figure 8.4. 
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Figure 8.4 shows the numbers ofextra large cucumbers harvested at different times. 
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Figure 8.5 shows the total harvested cucumbers during each month from plants treated with a 

plant support formulation according to the invention compared to untreated control plants. 

414 




----

Chapter 8: Pheroid technology in agriculture 

Table 8.2 shows the total difference as well as % difference between the yields in 

cucumbers from the two tunnels. 

k
Table 8.2: Difference in yield 

Experimental Control 

um 7797 5941 

% of total 56.75498617 43.24501 

Ratio 0.761959728 

%diff 31.24053 i 

Nr/month 3898.5 2970.5 


Nr/plant/month 5.414583333 4.125694 


Fruit/plant 16.24375 12.37708 

-" 

8.4.5.2.2 Green peppers 

Figure 8.6 illustrates the yield of the green peppers over a 70 day period. Harvesting was 

started 3 months (90 days) after planting, whilst treatment with Elementol R started two weeks 

pre-harvesting. After day 160, plants were exposed to such low temperatures that the 

experiment was stopped, although the plants were still producing harvestable fruit. 

The impact of Elementol R on the yield of green peppers is illustrated in figure 6. The first arrow 

indicates the start of the 10 day interruption of treatment with Elementol, whereas the second 

arrow indicates when Elementol R treatment was resumed. Each point indicates the combined 

harvest for that tunnel over a ten day period. A decrease in yield is immediately observable 

after interruption of Elementol R treatment in the test tunnel. The yield decreased and 

stabilized at a level similar to that of the control tunnel, indicating that the increased yield can be 

specifically ascribed to the presence of the Elementol R. 
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Figure 8.6 illustrates the numbers of green peppers harvested at different times from plants 

treated with a plant support formulation according to the invention compared to untreated 

control plants. 

Table 8.3 shows the total yield and % difference in yield per tunnel. 

Table 8.3: % Difference in yield per tunnel 

Experimental Control .~ 

~_ta~I__~______ __________~~3~OO~3~~---~--2~4~5~8 ~ 
~oftota_I--____-~--~-~--------~--~54~.~9=89-9~3~--~~4-5-.-0-10-O_7_1_4_2~i 
• % difference over total period 22.1725% 

% difference before treatment interruption 42.35294% 

The determination of the % difference between the two groups can in reality only be made 

for the time period before the interruption of treatment, since it is difficult to estimate the long

term effect of such an interruption. 

8.4.5.3 Conclusion 

The impact of Elementol R on the yield of fruit of two different plant species was 

investigated - that of cucumbers and green peppers. The addition of Elementol R to the plant 

nutrients mixture resulted in statistically Significant increases of yield of harvestable fruit in both 

plant species. 
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8.4.6 	 Example 6: Penetration and distribution in dicothyl plants 

investigation into the potential of Elementol B technology for 


agricultural applications 


The background to the projects is as follows: 

8.4.6.1 	 Background to the study 

Elementol B consists mainly of a function-specific number and combination of unsaturated 

fatty acids and nitrous oxide. 

Preliminary studies were undertaken to determine 

1) the permeationl penetration of Elementol B into plants and the translocation of Elementol B 

in the plants over time and 

2) the possible contribution of Elementol B to the delivery of plant nutrients to plants. 

8.4.6.2 	 Methods and Materials 

8.4.6.2.1 	 Elementol preparation 

45g Basic Elementol medium was diluted with 225g nitrous oxide saturated purified water 

(N20-H20) at room temperature. The mixture was shaken vigorously and 12501J1 of the 

fluorescent marker Nile Red (1.6IJg/IJI, Molecular Probes, Holland) was added. 

8.4.6.2.2 	 Study 1 

Test subjects 

Hydroponically cultivated (n=3) baby marrow plants (dicothyl) in bloom stage planted in 

bags containing wood chips (support medium) were obtained from a nursery for this pilot study. 

Plants were allocated as follows: 

Plant1: Control - Nothing administered 

Plant 2: Addition of 100 ml prepared Elementol mixture to the support medium bag with 

wood chip to investigate root application. 

Plant 3: The whole plant was sprayed with the Elementol mixture except for one leaf which 

was covered with plastic before spraying. 

.--~---.-----~-----.--.-~.. ---------..--- .~---

417 




After the administration of the Elementol mixture as described above, the plants received no 

further nutrients but were watered daily. After 3 weeks, harvested baby marrows were 

compared in terms of size and weight. 

Permeationjpenetration and translocation visualization 

Leaves were dissected to obtain plant tissue from locations devoid of prominent veins as 

well as crosscuts from prominent veins. Root dissections were performed along the length of 

the superior root. The absorption and translocation of the fluorescently labelled Elementol were 

visualized by Confocal Laser Scanning Microscopy on a !\Iikon PCM2000 with an inverted Nikon 

Eclipse 300 microscope, equipped with Spectra Physics Krypton/Argon and Helium/Neon 

lasers. The following objectives were used - Plan Apo 100)(/1 4 Oil DIC H, Plan Apo 60xf1 4 Oil 

DIC H, and a Plan Fluor/O 75 DIC M. Confocal images (micrographs) were digitally captured 

via fluorescence detectors and photomultipliers. Real time micro-imaging was done with a 

Nikon DMX video camera system. Depth studies were obtained using a 3D scanning head in 

combination with a depth z-step drive. 

Results 

The results are illustrated in the micrographs obtained by confocal laser scanning 

microscopy in figures 8.7 to 8.10. 

Figures 8.7 and 8.8 are micrographs of sections through the roots and a leaf of the control baby 

marrow plant (i.e. the plant that was not treated with the formulations according to the invention. 

In these micrographs, no Elemental was administered to the plant. Material is visualized 

because of autofluorescence. 
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II}:. ..........' -. 174.66 om., 


Figures 8.9 and 8.10 are micrographs of sections of baby marrow plants treated with plant 

support formulations according to the invention (Plant 2). In the micrograph in Figure 9, nearly 

all vesicles of the Elementol have permeated the celIs of leaf itself, with few of the Elementol 

vesicles remaining in prominent veins of the plant. 

Elementol R (pre-labeled with the red fluorescent marker Nile Red) was absorbed by the 

plant through the leaves and is visible in cross sections of prominent veins of both the covered 

as well as the treated parts and in dissections of the leaves. Leaf penetration and translocation 

throughout the leaves occurred in less than 60 minutes (average time approximately 20 

minutes). In Plant 3, vesicles of Elementol B penetrated the plant through the roots and are 

visualised in the root segments as well as the cross sections of prominent veins. Root 

permeation and translocation were observed in less than 60 minutes. 

The weights found for the first baby marrows harvested are given below: 

Plant 1: Although several flowers were observed on this plant, no baby marrows were 

present on the date of harvesting, while plants 2 and 3 produced fruit from a single 

application of Elementol B and water. 

Plant 2: 64,95g 

Plant 3: 28,38g 

The study was not continued. 

8.4.6.2.3 	 Study 2: Enhanced uptake and / or delivery of nutrients in hydroponical/y

cultivated clivias 

The uptake of some of the minerals and trace elements from supplied hydroponic media is 

sometimes problematic. Study 1 showed in a very small number of plants that Elementol 

vesicles are taken up by plants and may even contribute to their growth. In study 2, a basic 
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hydroponic nutrient mixture was entrapped in Elementol vesicles and growth of the plants was 

monitored. 

Test subjects 

5 groups of 6 Clivia seeds each were planted in wooden chips in carton plant holders. The 

groups were treated daily as described below: 

Group 1 received 5ml of H20; 


Group 2 received 5ml of hydroponic medium diluted in H20 to the stipulated concentration; 


Group 3 received 5 ml of hydroponic medium mixed with a low concentration Elementol B 


(1.98%) to the stipulated concentration; 

Group 4 received 5 ml of hydroponic medium mixed with a high concentration Elementol B (4%) 

to the same concentration used in Groups 3 and 4; 

Group 5 received 5ml of hydroponic medium diluted with nitrous oxide saturated H20 to the 

same concentrations used for the other groups. 

Results 

Bulb formation: 

After 5 weeks bulbs were investigated with the following results: 

Group 3 showed significant bulb formation with 2 of the seeds showing the formation of 

multiple bulbs from a single seed, whereas group 5 showed bulb formation but the bulbs 

seemed soft and slimy. Group 1 showed poor small bulb formation. Group 2 showed bulb 

formation, but bulbs weighed only 38% of the bulbs of group 3. 

Vegetative growth: 

The vegetative growth was determined by measuring the length of the longest leaf of the plant 

after the indicated time periods, as indicated in figures 8.11 and 8.12, which illustrate growth 

over time and a comparison of growth after 5 weeks. 
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Figures 8.11 illustrate the comparative growth after 5 weeks as measured by leaf of the longest 

leaf of Clivia plants treated with different plant support formulations according to the invention. 
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Figures 8. 12 illustrate the growth over time as measured by leaf of the longest leaf of Clivia 

plants treated with different plant support formulations according to the invention. 
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The growth ofthe 2 groups containing hydroponic nutrients dissolved in H20 or N20-HzO but no 

Elemental B is much on a par, with the leaves of group that received NzO-HzO slightly longer 

than the plants that received water only (results not shown). Of the groups that received 

hydroponic nutrients mixed with Elemental B, the group that received the low Elemental 

concentration showed the best growth of all groups, whereas the group that received the high 

Elemental concentration showed the worst growth. The plants were grown in carton plant 

holders and problems with drainage were clear from the mold growth in the wooden chips and 

on the cartons of plant holders that received the high Elemental concentration, as well as from 

the sliminess of the bulbs of this group. At this stage no conclusions can be drawn from this 

group. An Elemental dilution series will have to be investigated. 

8.4.7 Example 7: Use of Elementol R as delivery vehicle for foliar nutrient 

(Calcium) administration on strawberries 

8.4.7.1 Introduction 

The planting of the strawberries on the 12 ha trial plot commenced during early April 2005. 

The plant material is all first generation. The planted blocks slope down in a westerly direction 

and the elevation is roughly 100 meters above mean sea level. The soil has a clay content of 

less than 5% and an organic carbon content of 0.5%. 

8.4.7.2 Trial 

This trial had the following as objective: 

Spraying Elemental B and calcium as a foliar application, by tractor, to observe any reaction 

by the plants with regards to improved calcium levels in the leaves. 

The experimental spray, per hectare, comprised of the following: 


250 litres of water 


250 ml of Elemental 


5 kg CaCI2 


8.4.7.3 Trial and Control 

The trial blocks were numbers 5, 6 & 7, whilst the control blocks were 1, 2, 3 & 4. The trial 

blocks were treated with the mentioned combination, whilst the control blocks were treated 

using a commercial 'fulvic acid I CaCIz" complex. The percentage calcium in both trial and 

control was the same. 
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8.4.7.4 Observations 

The leaf calcium levels in the trial blocks were determined 21 days after application and 

found to be as follows: 

~ 
Table 8.4: Calcium leaf levels in treated plants 

Block Pre treatment %Ca Post treatment %Ca %gain 

5 0.86 1.00 16.28 

6 0.85 1.01 18.52 

7 0.88 1.07 21.59 

The leaf calcium levels in the control blocks were determined 21 days after application and 

found to be as follows: 

Table 8.5: Calcium leaf levels in control plants 

Block Pre treatment %Ca Post treatment %Ca % loss 

1 0.86 I 0.85 
1 

1.16 

2 1.15 0.84 26.95 

3 1.08 0.80 25.93 

4 1.03 I 0.84 
i 

18.45 

8.4.7.5 Conclusion 

It is clear from the results that there is a definite improvement in the leaf calcium levels when 

CaCI21 in combination with Elemental R is applied to strawberries. 
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8.4.8 Example 8: Use of Elementol R in foliar administration to determine 


effects on Cherry Bell peppers 


8.4.8.1 Introduction 

Planting was done on a 1.2 ha test plot using seedlings from the nursery. The plants were 

drip irrigated. Spacing within the row left the plants 300mm apart, whilst the rows were double 

rows measuring 450mm apart. Plant population per hectare was 30,000. 

The fertilisation approach was to supply some 300 kg/ha of nitrogen, mainly in the form of 

calcium nitrate and potassium nitrate. The yield objective was 30 ton/ha. Flowering occurs 

during December and continues, while harvesting starts in late February and continues to the 

end of June. Prime picking is from mid March to mid May after which the volumes start to taper 

off. During peak picking 4 tons/ha may be harvested every 10 days. 

8.4.8.2 Trial 

This trial had the following as objective: 

Spraying Elementol R as a foliar application to observe the effect on "increased flowering" 

as well as early colouring towards the harvesting period. 

The experimental spray, per hectare, comprised of the following: 

200 litres of water 

200 ml of Elementol R 

8.4.8.3 Control 

The control area comprised a small area on the same block and received no Elementol R. 

8.4.8.4 Observations 

More flowers were observed in the trial compared to the control towards the end of 

December, but no counts were made. 

Towards the end of January, fruit in the trial showed signs of advanced colouring compared 

to the control, but observation was made difficult due to high temperatures resulting in colouring 

on the control too. The feel is, however, that there was a better colouring on the trial compared 

to the control. 
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8.4.8.5 Conclusion 

It is unclear whether the Elemental did in actual fact contribute significantly to the advanced 

colouring of the cherry bells since other factors, such as the temperatures, fertilisation 

distribution, etc may have influenced the result. The grower did however feel that there was a 

difference. 

The real significance is that the grower yielded 29ton/ha over the harvest period of which 24 

ton were of commercial value. This yield is substantially better, compared to the area average. 

Due to the grower's observations, he increased the application of Elemental R to 250 ml/ha 

for 4 consecutive weeks when plants start flowering with the following results: 

..; Plants were larger with better leaf coverage; 

+ The yield of fruit harvested was increased by 15% due to Elemental R 

administration; 


..;.. The colouring of the Elemental-treated plants is "aggressive". 


The grower found that at least 3 treatments were necessary before maximum impact of 

Elemental R was observed. 

8.4.9 Example 9: Use of Elemental B as delivery vehicle for foliar nutrient 

administration on sunflower 

8.4.9.1 Introduction 

Planting was done in seedbeds measuring 910mm apart (old 3 feet spacing). The plant 

population at planting was calculated at 40,000 seeds per hectare with an expected emergence 

of between 35,000 and 38,000 plants. 

8.4.9.2 Action (trial) 

Two fields about 1 Km apart were involved, not because they were destined or prepared for 

a trial, but simply because they were in close proximity to each other and one could serve as a 

control for the other. The trial plot was about 95 ha in extent and the control plot about 200 ha. 
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The trial plants were sprayed with the following: 

1 liter/ha "AminoPotas" ( 1 OOg/l"K" complexed or chelated with amino acid) 


% -liter/ha "Aminocalcium" (100g/l"Ca" complexed or chelated with ammo acid) 


5 kg/ha urea (2.3kg "N" as NH4) 


50 mlfha Elemental B 


27 liter/ha water. 


The spray mixtures were made up in a mixing tank car and application was by aerial 

spraying. 

8.4.9.3 Control 

The control was sprayed with the same mixture, excluding Elemental B. 

8.4.9.4 Observations 

Measurements made to ascertain the difference in yield between the trial and control was 

done by the separate "weigh in" of the combine harvester's hopper (the bin into which the seed 

flows once separated from the flower bowl). 

8.4.9.5 Conclusion 

The sampling result was as follows: 

Trial 2,735kg I ha 


Control 1 ,650kg I ha 


Difference 1,085kg I ha 


Average enhancement 65.8%. 


8.4.10 Example 10: Use of Elementol R in degreening apples 

Elemental R was applied by hand spray at the start of fruit formation in a trial row of an 

orchard, while other rows in the orchard received no treatment. The Elementol R sprayed 

apples degreened substantially before the untreated apples. 

Similar results were obtained with Cherry Bell peppers with aggressive colouring due to 

Elemental treatment (4 applications) application rate 1litre I ha (see 8.4.8). What makes the 

colouring results of the apples, citrus and cherry bell pepper significant is the fact that these 

results show that the administration of Elemental R had the same impact on C3 and C4 plants, 

on annuals and perennials, on controlled environment and open field trials. 
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8.4.11 	 Example 11: Effect of Elemental foliar application on vines 

Two vines in the same vineyard were selected to compare the effect of a single application 

of Elementol B to the whole vine, including the stems with hand spray, but excluding the roots. 

The diameter of the treated vine stems were significantly thickened and foliar index 


dramatically increased. The yield of fruit was also higher. 


8.4.12 	 Example 12: Fungal protection by Elemental and increase of shelf 

life of roses with Elemental B 

Red Success roses known to be highly susceptible to white rust infestation were treated 

with Dithane made up and applied according to the manufacturer's specification. Trial plants 

were sprayed with similar Dithane formulations to which Elementol B was added to obtain a 1 in 

10 dilution. 

It was found that the Dithane/Elementol B treated plants had no sign of white rust when 

plants all around it became infected, and moreover seemed to last for a very long time after 

picking before it started wilting. 

8.4.13 	 Example 13: A comparative study of the enhancement of the 

efficacy of Round-up by Elemental 

8.4.13.1 Aim 

The eradication of "steenboksuring". 

Weed: Steenboksuring, a hardy and stubborn weed that is nearly impossible to eradicate with 

any treatment. 

8.4.13.2 Treatment 

Roundup Turbo was used as herbicide in the following manner: 

Reference control plots were treated and evaluated in the same manner as the treatment plots 

with respect to added herbicide and culturing practices. Various treatment plots were allocated. 

The treatment is described in more detail below 
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Test Treatment 

A concentration of 0.6% Roundup Turbo and 40ml Elementol B was diluted to 40 litersl and 

applied to 1 hectare (ha). A field of 80 ha was sprayed with this mixture. 

Reference treatment 

Roundup Turbo was used as herbicide in the following manner: 

The herbicide was diluted to a final concentration of 2.8% of Roundup Turbo without the 

addition of Elementol B. A similar volume was applied per hectare to a similar acreage (80ha). 

8.4.13.3 Control plot 

The treatment plots were set out in strips within a bigger field planted with Smutsvinger 

grass. The untreated areas of this field were used as control plot 

8.4.13.4 Method of application 

The method of application was exactly the same for both test and reference treatment in terms 

of dosage rates and application equipment (nozzle with pressure). The herbicide was applied 

by spraying with tractor and spraying apparatus. The herbicide was applied once only, during 

the mid-winter. No wetting agent or adjuvant was added to either of the test or reference 

treatments. 

8.4.13.5 Results and observations 

a) One week after application, the grass or steenboksuring showed wilting in the test 

but reference plants did not. 

b) After two weeks, the test treated plants showed typical phytotoxic symptoms Le. a 

yellowing of the leaves (chlorosis), which was followed by necrosis. 

c) One and a half month after application, most of the steenboksuring showed severe 

phytotoxicity while all of the grasses were dead. 

d) 	 Observations reported include all variations, either inhibitory or stimulatory, between 

the treated and the untreated (control) plants. Such variations may be formative 

(leaf and stem deformation) effects, and/or growth and development rates. 

8.4.13.6 Conclusion 

Despite using 79% less Roundup Turbo in the test treatment, the resultant death of the 

weed was enhanced in the presence of Elementol B. 
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8.4.14 	 Example 14: A comparative study of the enhancement of apple 

stool beds and nursery trees by Elemental R 

Stool beds: This is a conglomerate of stems cultivated from a specific rootstock, examples of 

which are M7 or M9. The purpose of this cultivation is to produce a large quantity of "stems" 

onto which apple varieties of choice may be grafted. Such varieties may be Gala, Royal Gala, 

Brae burn, Oregon Red Spur, etc. During such cultivation, success is measured by the amount 

of stems available for grafting from any conglomerate. Stem thickness is the main criteria whilst 

root quality and volume is secondary. Stems that are too thin do not allow for grafting. 

Nursery trees: This is rootstock that has been grafted prior to being transplanted for initial 

growth. The idea is to get these to grow to at least 1.5 meters in height before it is considered 

ready for commercial transplanting. 

8.4.14.1 Trial objective 

The primary objective was to introduce Elementol R with the purpose to establish the effect 

it has on the improvement on stem thickness in a nursery environment. This effect was first 

noticed on randomly treated oak trees. The secondary objective was to enhance the growth of 

the grafted trees for commercial transplantation. 

8.4.14.2 Method 

The application method was as a foliar spray along with some foliar applied nutrient spray. 

80 Stool beds were treated with 100ml Elementol R 120 liter water, meaning 1.25ml Elementol 

R was applied along with nutrients per stool bed. This application started during November 

2005 and was repeated every 10 days. The programme was maintained until the present. 

8.4.14.3 Control 

The control stool beds received the same treatment except that no Elementol R was added. 

8.4.14.4 Result 

Results obtained during the first week of February 2006: The treated beds yielded 63/100 

(63%) graftable stems, whilst the control yielded only 34/100 (34%). The average stem 

thickness was 11 mm. 
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Results obtained during the second week of February 2006: The trees grafted from 

rootstock stems that are on the Elementol R programme are on average 2m tall, while those 

cultivated without Elementol are on average 1.5m tall. The Elementol R treated trees have 

started to feather, i.e. side shoots have developed, whereas feathering is completely absent in 

the trees where Elementol R was not applied. 

Cognizance must be taken that approximately 6 weeks of development remains for both 

control and trial. Though it is anticipated that the control may improve, it is unlikely to match the 

trial with Elementol R. Many variations of the invention may be devised without thereby 

departing from the spirit of the invention as formulated in the above statements of the invention. 

8.4.15 	 Example 15: A comparative study to determine the effect of 

Elementol R on the germination of hardscaled seeds 

Arrow Leaf clover seed is known to be a hard scaled seed that lacks consistency in 

germination. The Elementol formulation according to the invention was shown to be beneficial 

with regards to the germination of these seeds by soaking quantities of the seed in clean water, 

undiluted Elementol R and in a 5% solution of Elementol in water for 24 hours and then packing 

the soaked seeds on seed beds, and observing the germination thereof. It was found that the 

seeds that had been soaked for 24 hours in the 5% solution of Elementol in water had a 30% 

better germination rate than the two other groups of seeds. 

8.4.16 	 Example 16: The biostimulatory effect of Elementol R: Effect of 

Elementol foliar administration on the growth and development of 

lettuce 

8.4.16.1 Material, plant growth and treatment 

Plant: Lettuce or cos, romaine (Lactuca sativa) of the family: Asteraceae I Compositae 

(aster/daisy family). 

Cultivar: Lettuce (Lactuca sativa L), cultivar Red Poem, was used and was well established 

(approximately six weeks old) when purchased from a local nursery. 
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8.4.16.1.1 Culturing method: Non-Circulating Hydroponic "Drip" system 

PVC pipes with holes to fit the pots were used and connected to a reservoir and an 

aquarium pump to supply the plants with equal amounts of water and nutrients via the PVC 

pipe. Leaks were sealed to ensure that no water leaks from the system. A reservoir that 

contains the nutrient solutions were placed under the pipes and an aquarium pump supplied the 

plants with water and nutrients. The pump was connected to a timer to control the amount of 

water and nutrients supplied to the plants. The runoff was caught in a separate reservoir thus 

non-circulating the system and was discarded. To control the amount of water for each plant, 

drippers were used to regulate pressure in the system and supply equal amounts of water (± 

9ml four times a day) to each plant. The non-circulating drip system ensured that the plants 

received optimal water supply and the nutrient medium pH and EC (electrical conductivity) were 

constant. The EC of nutrients in the supplying reservoir as well as the runoff reservoir was 

measured, which enabled a determination of the amount of nutrients supplied versus the 

amount discarded. The amount of nutrients used by the plant or retained by the support 

medium can thus be calculated. Thus when the EC drops or increases too much, the nutrients 

could be added or retained from the nutrient solution supplied to the plants accordingly. A PW 

9526 Digital Conductivity meter was used to measure the EC in miliiSiemens per centimeter 

(mS.cm-1). Non-circulation of the nutrient medium may curb the spread of diseases in the 

system from infected plants to uninfected plants. 

8.4.16.1.2 Growth Medium, Nutrients and transplantation 

Coconut fibre was used as support medium in the hydroponic system. It is an inert medium 

with the ability to retain enough water and air for good root development and good water 

retention. 

A Hydrotech nutrient solution with the following composition was used: 

Macro elements: Nitrogen (1\1) 68 g/kg, Potassium (K) 208 g/kg, Phosphorous (P) 42 g/kg, 

Magnesium (Mg) 30 g/kg, Sulphur (S) 64 g/kg. 

Microelements: Iron (Fe) 1254 mg/kg, Copper (Cu) 22 mg/kg, Zinc (Zn) 149 mg/kg, Manganese 

(Mn) 299 mg/kg, Boron (B) 373 mg/kg and Molybdenum (Mo) 37 mg/kg. 

Nutrients consisted of a mixture of Hygrotech nutrient solution and Calcium nitrate nutrient 

solution in equal amounts: 36g of Hygrotech and 36g of Calcium nitrate were dissolved in 2 L 

of water and then added to a reservoir containing 38 liter (L) of water. The pH and electrical 

conductivity of the nutrient solution are an indication of the dissolved ions present in the nutrient 

solutions and were monitored. 
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The lettuce were transplanted from the original containers into the hydroponic containers 

containing coconut fibre as well as course gravel in the bottom of the container to ensure 

adequate drainage of water and aeration to the roots. Before the lettuce was transplanted they 

were rinsed of any additional soil that might still be around the roots. The plants were weighed. 

After transplantation the plants were placed in the system and left to acclimatize for one week 

before experimentation began. 

The plants were also placed in random order each week to ensure they receive equal 

amounts of sunlight, heat, water etc. 

8.4.16.1.3 Glass House Conditions 

The study was done inside a glass house to ensure optimum temperature as well as 

humidity levels to the plants in the hydroponic system. Most of the atmospheric conditions 

could be controlled effectively and the risk of diseases was minimized. The temperature of the 

glass house was measured on a weekly basis at twelve in the afternoon right above the 

hydroponic system with a thermograph. 

The temperature in the glass house was regulated by an air conditioner. The temperature 

was regulated at maximum 24°C and minimum 15°C. The maximum temperature was 28°C 

and the lowest temperature was 4°C. The maximum and minimum temperature was obtained 

by using a thermohydrograph and both a daytime and night temperature was taken. 

The relative humidity (RH) was measured by using a swirl thermohydrograph and both day 

time and night time humidity was taken into consideration. The relative humidity could be 

determined in percentage of maximum humidity of the atmosphere, %RH. The highest RH% 

was 98% and the lowest RH% was 29% (26 March 2006). 

8.4.16.1.4 Light Intensity 

Light intensity inside the glass house was measured with a Quantumlradio/photometer. Light 

intensity was determined at twelve daily right above the hydroponic system. Clouds and 

overcast conditions influenced the light intensity. The changing of the season also affected the 

light intensity. During the winter months the light intensity was lower than that taken during the 

warmer months. The maximum light intensity at 12hOO was 4600 IJE m-2sec-1
. The lowest light 

intensity at 12hOO was 850 IJE m-2sec-1
. 

Care was taken to expose all plants to equal amounts of sunlight and other a-biotic factors. 

Plants were moved into different arrangements every week. 
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8.4.16.1.5 Plant Treatment 

Control plants (C) received no treatment at all. Treatment with Elemental R as described 

above was prepared as follows: 

3 ml Elemental R was mixed with 250 ml H20. 

Leaf treatment of the test plants consisted of spraying the Elemental R mix onto the leaves 

until saturation state but just before drip status. The plants were sprayed with spray bottles and 

care was taken not to contaminate the system or the support medium. The plants were treated 

every four weeks (week 1, 5 and 9) till the end of the study. For every two plants used as 

control, 3 plants were treated with the Elemental R mix. By treating two or more than two plants 

with the same treatment, a good average could be obtained per treatment. 

8.4.16.1.6 Treatment of Diseases 

Various diseases occur on lettuce. Fungal diseases were treated systemically with 

Funginex®. The plants were treated whenever fungal disease was noted by applying diluted 

Fungine~ (3ml of fungicide added to 500 ml of H20) onto the leaves. 

8.4.16.2 Measurement of growth and development related parameters 

Before transplantation of the young lettuce plants they were weighed and thereafter they 

were weighed weekly with a Mettler PJ 3000 balance. The weight of the non-plant material and 

pot was determined and was subtracted from the total mass to determine the plant weight after 

each week's growth 

8.4.16.2.1 Growth and development 

The growth of the lettuce heads were measured on a weekly basis. The average head 

diameter values were calculated from three diameter values. The plant height was measured 

from the top of the coconut fibre to the top of the tallest leaf. The average head diameter and 

height for each treatment was then calculated. 

Treatment with Elemental enhanced the average growth of the plants as determined by 

head diameter by an average of 11 % over the trial period (see Figure 8.13). The asterisks 

indicate the time of treatment. Three treatments with Elemental were given during the trial 

period). 
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Figure 8.13 shows the average head diameter of Elementol R-treated lettuce plants versus 

control plants over a 12 week period after transplantation 

The % enhancement was calculated according to the following formula: 

ave head diameter of test plant - ave head diameter of control plants .__.. _______________ X100% Enhancement 
ave head diameter of control plants 

The average comparative growth in plant height of the plants was very similar for the treated 

and control plants until week 11 when the plants reached maturity (see Figure 8.14). Note the 

dramatic increase in growth in week 11. The enhancement in growth correlated with flowering 

the Elemental R treated plants were the first to flower, suggesting that Elemental R might 

shorten development time. 
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Figure 8.14 shows the average comparative growth in plant height of Elemental R-treated 

lettuce plants versus control plants over a 12 week period after transplantation 

Another measurement of the enhancement of plant development is to compare the number 

of leaves of the treated and control plant (See Figure 8.15). The asterisks indicate the weeks of 

treatment (week 1 and 5). The average enhancement over the 5 week period was calculated to 

be 20.7% 
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Figure 8.15 illustrates a plant by plant comparison of Elementol R-treated lettuce plants versus 

control plants using plants with a similar number of leaves at 1st treatment. 

8.4.16.2.2 Fresh and Dry Mass (Fm:Dm), Fm:Dm ratio and % water 

This ratio indicates the amount of water and dry mass present for each gram of plant 

material. Dry mass is the amount of dry material left after all water has been removed and is an 

indication of the effectiveness of growth. The fresh and dry mass of the plants was measured 

every two weeks. To determine the fresh mass ten cylindrical disks of exactly the same size 

were cut from fresh leaves and the mass of each disc was determined. The disk was placed in 

a Labotec oven at 72°C for 72 hours. The dry mass was then determined. The fresh mass to dry 

mass ratio was obtained by dividing the fresh mass by the dry mass. 

The total average % enhancement in Fm:Dm ratios caused by Elementol R treatment over 

the trial period was calculated to be 39.5% (see Figure 8.16 and 8.17). 

To determine the % of moisture in the leaves, the following calculation was used: 

(Fresh mass Dry mass) 
% Moisture::;:; X 100 

Fresh mass 
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Figure 8.16 illustrates the average % enhancement in Fm:Dm ratios during the trial period 

caused by Elementol R-treatment of the lettuce plants versus control plants. 
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Figure 8.17 illustrates the difference in the Elementol R-treated lettuce plants and control plants 

in terms of the % moisture. 
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The % moisture indicates the amount of water present in the plant. The amount of water 

present in lettuce must be in correlation with the dry mass of the lettuce. The moisture % was 

relatively stable during the period of the trial, although the % moisture of the Elementol-treated 

plants maintained a 5% moisture content during the last 6 weeks of the trial (week 8 to week 

14), indicating that Elementol treatment results in some water retention ability. The higher 

moisture content is not sufficient to explain the much higher increase in Fm:Dm ratio. 

8.4.16.3 Measurement of Physiological Related Parameters 

Plant respiration, photosynthesis, chlorophyll, protein (12% SOS PAGE) and sugar content 

were used as physiological parameters. Besides reflecting the health of the plant, these 

parameters may give an indication of the reason for the enhancement in growth and 

development by Elementol. Each of these parameters ( except sugars) was determined once a 

week for all plants. 

8.4.16.3.1 Protein content 

Protein was measured on a two weekly basis from week one onward according to the method 

described below. ± 1 gram of fresh mass was taken weekly to determine the protein 

concentration of each plant. The fresh leaves were grounded in 5cm3 mM Tris-HCI buffer (pH 

6.8) containing 2 mM EOTA, 14 mM 13-2- Mercapto-ethanol and 2 mM PMSF using a mortar 

and pestle. The crude extract was centrifuged on a cooled bench centrifuge for ten minutes at 

12 000 rpm. The supernatant was removed and diluted 5 times. The protein concentration of 

the dilution was determined according to the Bio-Rad method of Bradford (1976).The 

absorbency of the dilution was determined at 595 nm with a Bio-Rad microplate reader with 

bovine gamma globulin as standard with a concentration of 0.5 mg/ml. By taking four readings 

per plant the protein concentration could be determined reasonably accurately. 

The protein concentrations of the treated plants and controlled plants were determined 

weekly and showed no significant difference. 

8.4.16.3.2 Respiration and Photosynthesis 

The O2 consumption rate for respiration as well as the rate of photosynthesis could be 

determined by means of pressure manometry, using a submersible differential Gilson 

respirometer. Readings, expressed in nmol O2 per hour per gram of fresh mass, were taken 

every few minutes. This method was adapted from Stauffer (1972). A steady state of gas 

exchange method was followed. Respiration was measured in dark conditions, whilst both 

photosynthesis and respiration was measured in conditions of constant light intensity. 

------..----~--
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Ten leaf disks per plant were cut from fresh leaves with approximately 1.5 cm diameter. The 

disks were removed at random from random leaves to ensure well-representative results for 

each plant. The disks were weighed, then placed into a Warburg reaction vessel with 500IJI 

distilled H20. 300IJI 12% KOH was added to the centre well along with folded filter paper to 

enlarge the absorption area for CO2 from the inter vessel atmosphere. KOH absorbs CO2 to 

form bicarbonate and ensures that only the amount of O2 consumption and synthesis is 

measured. Each vessel was attached to the apparatus and left to equilibrate in the dark for the 

required period. Equilibration took place while the machine was oscillating at 25°C in a water 

bath. After equilibration the atmospheric and manomertric valves were closed to ensure an air 

tight system. Readings (R) were taken at pre-determined time intervals: R1 is the manometer 

reading difference between 10 and 20 minutes in the dark. P&R is the manometric reading 

difference between 40 and 50 minutes in the light. R2 is the manometnc reading difference 

between 65 and 75 minutes in the dark. The manometric readings correspond with a change in 

gas volume, which equals the amount of O2 consumed and synthesized. The rate of respiration 

and photosynthesis is obtained by the following formulas: 

Respiration: 

IJI O2conserved = + +2 

Minutes R1 Minutes R2 


Photosynthesis 

O2 R2 _____ +2111 O2 produced = + + 
Minutes P&R Minutes R1 Minutes R2 

The rate of IJI 0 21minute was converted to 

IJI 02/h/g Fm --+ (l1lJl/min x 60 minutes) + g Fresh mass 

The gas exchange values were corrected according to the method of Gregory and Purvis 

(1965) using the following equation: 

AVq x (T)(Pb - 3 Pw)

X= 


(T + 273)(P') 

Where 
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x =Total volume of gas measured (mm3
) at standard temperature and pressure (STP) !J..Vg = 

Volume change on respirometer 

T' =Standard temperature, 273°K 

T Temperature of warm bath, 25·C 

Pb = Prevailing atmospheric pressure, mm Hg 

Pw = Vapor pressure of water at the prevailing temperature at which the experiment was 

conducted 

P' = Standard pressure, 760 mm Hg 

If: 1 ul volume x 273 [645 mm Hg (BFN) - 3 - 23. 756] 

(2S"C + 273)(760) 

273 (618 244) 
= 

(298)(760) 

= 0.745234 J..l1 at 25°C 

Thus 1 J..l1 =0 7.45234 J..l1 real volume in Bloemfontein (BFN) 

[Oil in atmosphere = ± 21 % 

1 mol O2 = 22.414 dm3 (liter) 

=22.414 liters (dm3
) =1 mol O2 

If: 1 liter =0.0446149 mol O2 

At sea level: 1 J..l1 = 0.0446149 J..lmol O2 

At BFN 1 J..l1 = 0.745234 J..l1 = 0.0332485 f,Jmol O2 

To convert tJl O2 to J..lmol O2: 

tJl 02/h/g Fm --+!J.. tJl tJl 02/h/g Fm x 0 0332485 f,Jmol O2 

Respiration and photosynthetic rates were determined every week and by applying the 

above mentioned formula, the values are corrected to compensate for difference in air 

pressures at sea level or at higher altitudes. The respiration and photosynthesis rates as well as 

the photosynthesis respiration ratios were relatively constant and comparable over the 13 week 

period of this trial. However, when the respiration rate is corrected for the protein content, 

enhancement of the respiration rate is found in the Elementol treated plants. 

The respiration and photosynthesis rate were measured and placed in correlation with each 

other. Photosynthesis rate must always exceed the respiration rate because the gain of carbon 

must exceed the usage of carbon or else there will be a net loss of carbons. The higher the 
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photosynthesis respiration ratio, the better the growth rate, as there is a higher net profit of 

carbon when ratios are high. The ratio was relatively constant over the 13 weeks of the trial. 

Photosynthesis, like respiration, shows a "U" shape; when the lettuce was planted the 

plants were very green and had a high chlorophyll content. The rate of both photosynthesis and 

respiration were high during the initial growth period as the high metabolism of young plants 

also requires a high photosynthesis rate to supply the plant with adequate amounts of sugars 

which is respired. Photosynthesis and respiration then decreased after which photosynthesis 

rate increased again. Photosynthesis rate must always exceed respiration rate to supply the 

plant with enough sugars for primary metabolism and to supply the plant with sugars during 

secondary metabolism as well as to store additional compounds for later usage. The 

photosynthesis rate increased during the last few weeks to accompany the rise in respiration 

rate. A higher photosynthesis is also due to more chlorophyll present in the last few weeks. 

Higher chlorophyll content results in better photosynthesis ability. 

The respiration rate of the Elementol treated plants is generally slightly higher than that of 

the controls, but the differences are not statistically significant, except in week 5 directly after 

the second Elementol treatment (figure 8.18). 
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Figure 8.18 illustrates the respiration rate per mg protein for the study period in the Elemental 

R-treated lettuce plants and control plants. 
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8.4.16.3.3 Chlorophyll content 

The synthesis of new living material requires an input of energy which is obtained from the sun 

through the process of photosynthesis. Chlorophyll is an essential component in 

photosynthesis. Chlorophyll is the main light absorbing pigment. Chlorophyll molecules are 

specifically arranged in and around pigment protein complexes called photosystems, which are 

embedded in the thylakoid membranes of chloroplasts. A few different forms of chlorophyll 

occur naturally, including chlorophyll A and chlorophyll B. Protecting pigments are also formed 

by many plants. Some of these accessory pigments, particularly the carotenoids, serve to 

absorb and dissipate excess light energy, or work as antioxidants. Other pigments such as 

caretenoids play a role in light absorption at different wavelengths The overall reaction of 

photosynthesis is shown in the following equation (producing one hexose sugar) (Stern, 2003). 

During photosynthesis two light reactions are involved which include Photosystem I (PS I) 

and Photosystem II (PS II). These harvest light at different wavelengths for maximum efficiency. 

These two systems have to work co-operatively in order to be efficient. Systems can be light 

dependent or light independent. A major reaction during photosynthesis involves the transport 

of electrons from water to NADP, possibly through the mechanism known as the Z scheme. The 

rate of photosynthesis can be measured by determining the amount of carbon dioxide 

consumed or amount of oxygen released by using manometric techniques. Different types of 

photosynthesis occur and are termed C3 photosynthesis (most plants), C4 photosynthesis, most 

grasses, and CAM (Crassulacean Acid Metabolism) photosynthesis, which occur in most of the 

succulent plants. Factors influencing photosynthesis include light intensity and amount, 

availability of water, adaptation to sun and shady areas, availability of CO2, temperature, leaf 

age, and carbohydrate translocation. 

Chlorophyll content was determined weekly by using the extraction method of MacKinney 

(1941) by cutting 10 equal size disks at random from random leaves of the plant. The disks 

were grinded in 80% acetone in a mortar with a pestle on ice and the homogenate were 

centrifuged in a cooled bench centrifuge for 10 minutes at 12 000 rpm. The supernatant was 

diluted 5X. The absorbance values of each dilution were determined by using a Pye unicam 

SP8-400 uv/vis spectrophotometer. Absorbance values were measured at 663 nm as well as 

645 nm in a 1 cm glass cuvette. 

The concentrations of Chlorophylls were determined as follows (MacKinney (1941»: 
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Chlorophyll A (mg/g) = [12 7 (A663) - 2 69 (A645) x (V- (1000 x W))] 

Chlorophyll B (mg/g) = [22 9 (A645) - 4 68 (A663) x (V- (1000 x W))] 

Where 

A = Absorbency of the dilution at the given wavelength 

V =Final volume of extract 

W =Fresh mass of disks used. 

When a comparison is undertaken between the amount of chlorophyll in the experimental 

and control plants, one should correct for the amount of protein and fresh mass, as these has 

been shown to differ between the two groups. The Elementol R treated plants show an average 

increase in both chlorophyll A and B when compared to the control plants (figure 8.19a and 

fjgure 8.19b). 
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Figure 8.19a shows the average chlorophyll A and B contents per mg of protein per fresh mass 

between Elemental R-treated lettuce plants and control plants for the period of the study. 
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Figure B.19b illustrates the average chlorophyll B contents per mg of protein per fresh mass 

between Elementol R-treated lettuce plants and control plants for the period of the study. 

Interestingly, the enhancement in especially chlorophyll A but to some extent also in 

chlorophyll B reflects a similar enhancement in Elementol-treated plants as that observed in 

plant height, number of leaves and amount of protein. An average enhancement of 14% and 

20% over the total study period was observed for chlorophyll A and B respectively, while an 

average enhancement of 42% and 34% was observed during the last 4 weeks (week 9 to 13) of 

the study for chlorophyll A and B respectively. The combined results strongly suggest that the 

increase in chlorophyll content caused by Elementol treatment is directly responsible for the bio

stimulatory effect of Elementol R. 

Despite the difference in relative enhancement of chlorophyll A and B, a comparison 

between the corrected chlorophyll A to B ratios in the Elementol-treated and control plants 

showed no difference (figure 8.20). 
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Figure 8.20 reflects the chlorophyll A:B ratios obtained from the chlorophyll corrected for mg of 

protein and fresh mass. The nearly identical curves confirm the absence of any phytotoxic effect 

on the photosynthesis apparatuses of the plants. 

8.16.3.4 Sugars content 

The amount of sugar present is a direct result of the amount of nutrients available. 

Increasing the Nand P rates gradually increased glucose content in lettuce but decreased the 

shelf life (www.ars.usda.gov). The respiration rate as well as photosynthesis rate has an effect 

on the amount of avaflable sugars. 

The UV method of Boehringer Mannheim (Kit nr. 10716260035) was used to determine 

sucrose, fructose and glucose concentrations present in lettuce leaves. Sucrose is present in 

much higher concentrations than glucose. A statistically significant but small increase in the 

amount of sucrose was found in control plants compared to Elementol R treated plants. 

Glucose on the other hand was slightly higher in the treated than in the control plants. 

8.4.16.3.5 Brix 

Plant phloem sap contains many substances which supply the plant with energy. One of the 

terms used in reference to quality is called Brix index and this concept was introduced by a 19th 

century German chemist, AF.W. Brix. The Brix value is a measure of the percent soluble solids 

content (SSG) in a solution. Although Brix is often expressed as the percentage of sucrose, it is 

important to realise that the "sucrose" here is actually a summation of sucrose, fructose, 
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vitamins, amino acids, protein, hormones and other solids (www1.agric.gov.ab.ca). The main 

storage form of carbohydrates in plants, namely starch, is insoluble and therefore does not 

contribute directly to the Brix value. 

Each degree of Brix is equivalent to 1 gram of sugar and other SSG per 100 grams of juice. 

Generally, the higher the Brix, the higher sugar content, especially increased sucrose and 

glucose levels (Baxter et a/., 2005) and this normally results in better taste (Baxter et a/., 2005, 

www1.agric.gov.ab.ca). High Brix, high EG and low pH are generally associated with high fruit 

quality (www.cals.ncsu.edu). 

When a crop is cultivated under favourable conditions, such as hydroponic systems where 

there is unlimited supply of minerals and other required nutrients, sufficient sunlight and 

temperature, a higher Brix in the plants can be expected in those produce 

(www1.agric.gov.ab.ca). Bisogni et a/. (1976) found correlation between SSG and sweetness, 

flavour and overall quality. Winsor (1966) reported that the best quality of fruit were those high 

in both sugars and organic acids (www1.agric.gov.ab.ca). 

Brix equals the % dissolved solids in the phloem sap. A high Brix sap has a reduced water 

activity, with a corresponding reduction in freezing point, as well as a proportionally greater 

tendency to retain moisture. 

Produce with higher Brix also have a longer shelf life, and are more resistant to pest 

infestation and disease. While temperature, pH, etc can influence if and how fast organisms will 

grow, water activity may be the most important factor. Water Activity is thus a critical factor in 

determining shelf life as well as field success. Brix sap levels in excess of 12% also generally 

ensure against sap-sucking insect infestations. 

Most importantly, high Brix provides proportionally greater nutritional content of the food and 

ensures good, true nature-ripened flavour, especially where the refractometer shows a diffuse 

or spread reading, indicating a variety of complex dissolved plant proteins and flavour 

components in good measure. 

Brix is often used to determine the quality of some selected foods. Brix readings are 

readings of all dissolved substances present in the lettuce leaf and not only the sugar or 

sucrose content. Brix is in fact used to determine quality of lettuce. 

The Brix refractometer was calibrated at room temperature using a 10% sucrose solution 

with a Brix reading of 1.3475. Neutralized HGI04 was used as standard. The reading was 
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subtracted from the Brix reading as well as the % sugars. After calibration a sample was placed 

in the refractometer and the Brix readings were taken in Brix readings as well as % sugar. 

Another method was used to determine the Brix reading: ± 0.1 grams of fresh mass were 

grounded in 200 III water (thus the sample was diluted 4x) and 20111 of sample was placed on 

the refractometer and the Brix readings were taken. 

Despite the lower sucrose content, the Brix values indicate a better quality lettuce obtained 

from the Elementol treated plants. Since Brix reflects the insolubles in the lettuce, the 

Elementol-treated lettuces are enriched in plant material other than sucrose. The % 

enhancement in Brix by Elementol treatment obtained with the HCI04 method was 15% and 

that with the water method 12%. The 3% difference obtained with these two methods should be 

the result of the higher presence of organic acids, hormones or oil-based vitamins, as those are 

soluble in HCI04 . 

8.4.17 	 Example 17: The biostimulatory effect of Elementol R 

administration on the yield and quality of fruit in a controlled 

environment 

8.4.17.1 	 Material, plant growth and treatment 

Cultivar: Tomato Lycopersicon esculentum Mill of the family: Solanaceae cv 

Seedlings: Floradade seedlings, approximately six to eight weeks old, were purchased from a 

local nursery in Bloemfontein. Twelve of these seedlings were transplanted to the 

prepared hydroponic system in the glasshouse. This glasshouse was situated on 

the roof of the Plant Science building of the University of the Free State. 

8.4.17.1.1 	 Culturing method 

Two identical recycling ebb and flow hydroponic systems were set up. Each system consisted 

of 2 rectangular asbestos trays (90cm x 20cm), filled with the support medium which consisted 

of diSinfected, medium size, silica gravel. Three seedlings per tray were transplanted ±30cm 

apart and rows ±42cm apart. This spacing allows ±0.135cm2 per plant, resulting in 9 plants 

/1.22m2. 

In order to limit algae and bacterial growth, black non-translucent PVC piping, fittings and 

reservoirs were used to construct the recycling systems. Each system had a separate 70 litre 

reservoir, with a small water pump inside. Both these pumps were connected to a single digital 

timer, which regulated the intervals of watering cycles. The watering time was synchronized in 
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order that the trays were filled up to a specific level, where after the timer switches off, and the 

water drained into the reservoir. The plants were flooded six times a day for 5 minutes, ranging 

from 06:00 to 18:00. 

8.17.4.1.2 Greenhouse conditions 

The temperature in the greenhouse was partially controlled by an air conditioner. Average 

night and day temperatures ranged from 1600C to 25°C, respectively. Three instruments, 

namely a thermometer, thermohygrograph and a swirl hygrometer, were used to determine the 

temperature. The thermometer was mounted on the eastern wall (facing north). The 

thermohygrograph was placed strategically inside the greenhouse to provide a 24h record of 

the greenhouse conditions from Monday to Friday. The thermohygrograph provide an indication 

of both the temperature as well as the relative humidity. The light intensity of three different 

locations was measured with an L1-185A model photometer at a height of 2m from floor level. 

Light intensity varies considerably with latitude and time of the year. This is a result of the 

inciination of the earth and rotation around the sun. Mid-day light intensity (L1) decreased as the 

winter months approached, followed by an increase from the 14th week after transplant (yVAT) 

until termination in the 25th WAT. 

The temperature, relative humidity and the irradiance intensity were measured following the 

same procedure as the weekly measurements. The readings were taken every two hours from 

8:00 to 16:00 for one day during May and July. The relative humidity (RH) is the ratio between 

the weight of moisture actually present in the air and the total moisture-holding capacity of a unit 

volume of air at a specific temperature and pressure (Smith & Bartok, 2006). The mid-day RH 

initially increased to 82%, but from the 18th week after transplantation, a drop by as much as 

50% is noticed (24th WA). RH is temperature dependant, seeing that warm air has a higher 

moisture-holding capacity than cooler air, therefore as the temperature of air increases, the 

relative humidity decreases even though the amount of water remains constant. However, in 

this case the temperature remains relatively constant; therefore the drop in RH might be a result 

of vigorous growth of the plants, resulting in dense and high transpiration until commencement 

of the harvesting period. The growing vigour and transpiration rate cease naturally as the 

harvesting period comes to an end. 

8.4.17.1.3 Nutrient solution 

The nutrient solution applied, namely Hygrotech Hygroponic, is an optimized mixture of 

nutrients specifically developed for hydroponic tomato production. This mixture initially 

consisted of Hygroponic Mix and calcium nitrate. Potassium nitrate was added from third flower 
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truss to the end of the trial. The combination of the prescribed concentration of each component 

was dissolved in tap water. 

The reservoirs were filled with 70 litres of nutrient solution and replenished as necessary. 

Every alternating week, before refilling, the reservoirs were flushed with clean tap water to 

dispose with any harmful substances that might have accumulated. The pH and EC of the 

nutrient solution in each reservoir were measured before and after refilling the reservoirs, using 

a PHM 85 Precision pH meter and a PW 9526 digital conductivity meter respectively. 

8.4.17.1.4 Treatments 

During the second WAT, the plants were raked up with black nylon twine in order to support 

the plants. During the 2nd week, the first of six applications of applicable treatments were 

applied. The treatments are summarized below: 

Table 8.6: Treatments applied to tomatoes 
- -

: Treatment Abbreviation Treatment composition 

Control C no application 

Elementol R P 3ml Elementol R/250 ml H20 (2xdist) 

The plants were specifically arranged in an effort to have both sun and shade plants for 

each treatment. The only differentiation between plants was therefore the particular foliar 

treatment. 

8.4.17.2 Physical parameters growth, development and yield of plants 

8.4.17.2.1 Plantheight 

The height of each plant (from the level of gravel to highest tip) was determined with a 

measuring tape. As soon as the plants reached the roof and the weight of the plant pulled the 

plants down, this procedure were ended. 

Plants of both treatments showed a linear increase in height, with an average height for 

both the treated and control plants ranging between 130 and 160cm in week 10 after 

transplantation. 

8.4.17.2.2 Regenerative development 

The impact of Elementol R on the yield of plants was evaluated firstly by counting the 

number of flower buds on the plants. The development and growth of plants are directly related 
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to the formation of flower buds, flowers and fruit. Flower buds were recorded as soon as a 

clearly distinguishable flower bud appears, and flowers when a definite yellow colour is 

apparent. The first flower buds appeared three weeks after transplant to reach an average of 

approximately 25 buds for Control (C) plants at Y weeks after transplantation. 

Although Elementol R (Er) treatments had no statistically significant effect on plant height, 

treatment with Elementol R resulted in a statistically significant increase in average number of 

flower buds, especially between 5th and yth week after transplant (Figure 8.21). 

Figure 8.21 shows the changes in average number of flower buds formed during the first few 

weeks after transplantation (WA T) in Elementol R treated and control tomato plants. 

Compared to Control plants, the Elementol R treatment stimulated bud formation 

significantly as from week 6. The % enhancement was calculated according to the formula 

described in Example 16 (8.4.16.2.1), with an enhancement of 92% recorded, with an average 

enhancement in flower buds of 44% from week 4, when clearly distinguishable flower buds 

could be counted, to week Y (table 8.Y below and Figure 8.22). 
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Table 8.7: Average flower buds 

WAT 
I 

Er C % enhancement 

4, 16.5 13 I 26.92308 

5 21 16.5 27.27273 

6 30 23 30.43478 

7 48 25 92 

Average % enhancement week 4-7 44.15765 
, I 

To prevent damage to developing plants, and due to impracticality of bud counting in 

densely populated hydroponics setup, it was decided to terminate this procedure 7 weeks after 

transplant. 
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Figure 8.22 is shows the average % enhancement in flower bud production of Elementol R 

treated and control tomato plants. 

8.4.17.2.3 Yield 

The contribution of Elementol R to yield could not be determined in Example 16, where leaf 

and plant growth were the relevant parameters. In the case of the tomato plants however, an 

enhancement in flower buds should reflect an enhancement in the yield of plants, if the nutrition 

given to the plants hydroponically is sufficient. The fruit was therefore counted. Fruit needed to 
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reach 5mm in diameter before its appearance was recorded. The average accumulative yield of 

fruit during the study period is recorded in table 8.8 (see also Figure 8.23). 

Table 88 A If . Id (totaI)nverage accumu a Ive Yle 

WOH Control E 

1 0.0 0.0 

2 1.5 6.0 

3 13.5 12.0 
i I 

4* 39.0 49.5 

5* 49.5 63.0! 
6* 51.0 63.0 

7* 64.5 96.0I 
8* 72.0 97.5

I 
9* 81.0 114.0I i 

10* 88.5 126.0 

11 105.0 142.5 

12 121.5 I 157.5 

I 
i 

13 123.0 178.5 

The weekly increase in yield for both the control and treated plants is linear from week 3, 

with a lag phase from transplantation to week 3. The Fisher t-test (1 tailed), which returns the 

probability associated with a Student's t-Test and determines whether two samples are likely to 

have come from the same two underlying populations, was used to analyse the yield data. The 

probability value (p-value) was determined as 0.000261, meaning that the probability that the 

yield series obtained for the Elemental R treated fruit and control fruit is the same or equal, is 

less than 1 in a 1000. 
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Weeks after transplantation 

Figure 8.23 shows the linear increase of accumulative average yield for 3 tomato plants over 

the period of the study. 

The average enhancement in yield calculated over the period of the study, excluding week 

1, again using the formula described in example 16, was 53.7%. 

The average accumulative yield per plant was calculated. As expected, the % enhancement 

in fruit yield per plant was exactly equal to that obtained for total accumulative yield (53.7%). 

A calculation of the fruit to bud ratios for both groups (table 8.7) shows a progressive but similar 

decrease over the first 7 weeks, after which bud counting was terminated. In week 7, only 26 

fruit are grown from every 100 buds (see figure 8.24). This is probably due to insufficient 

nutrition for both groups in view of the high yields obtained, despite the use of a nutrient mix 

optimized for hydroponically grown tomatoes. The higher the yield, the greater would be the 

impact of insufficient nutrition. Therefore a greater enhancement in yield of Elemental R treated 

plants compared to control plants could probably have been obtained if the nutrition were to 

have been adjusted to the increased yield. 
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Figure 8.24 shows the linear increase of accumulative average yield for 3 tomato plants over 

the period of the study. 

8.4.17.2.4 Physical parameters of fruit 

Moisture content 

Both total fruit yield and soluble solids content plays an important role in the economic 

success in the processed tomatoes market. For choice of tomatoes for processing purposes, 

specific attention is paid to biochemical quality. Fruit with high soluble solids content, for 

example, contain less water and are sweeter and consequently require less processing and 

addition of sugar to prepare pastes of proper texture (Baxter et al., 2005). In addition, a number 

of organoleptic and nutritional parameters are used to define fruit quality. These quality 

parameters include sugars, titratable acidity (TA), electrical conductivity (EC), vitamin C and 

phenolic compound content, soluble solid content (SSC) and firmness, to name but a few 

(Anza, Riga & Garbisu, 2006). 

The average moisture content would thus give an indication as to the quality of the tomato. 

To determine the moisture content, a slice of each representative tomato fruit was placed in a 

Petri dish (of which the weight was pre-determined) and weighed by means of a Sauter RL 200 

microscale. It was then placed into a Labotech oven at ±68°C for 7 days. After the dehydration 

period, the Petri dish containing the tomato slice was weighed again. The loss in weight 

represents the amount of moisture present in the tomato. On average, the Elementol R treated 
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fruit contains slightly less moisture than the control group although the difference is not 

statistically significant (Figure 8.25). 
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Figure 8.25 shows the average % of moisture found in the fruit of Elementol R treated tomato 

plants versus control plants. 

Elementol R treated fruit generally had a lower moisture content relative to total tomato 

mass, indicating a fruit with more insolubles, such as sugars and protein, resulting in tomatoes 

of higher quality). 

The average % enhancement of dry mass (Om) of Elementol treated fruit is -1.05% over the 

study period, indicating that no difference exist between the treated and control plants. 

However, the comparative dry mass has a wide distribution. The T-test of probability that the 

two ranges originated from the same group (Le. similarity) was calculated as 0.330525. A 

reverse pattern is observed when the moisture mass Om ratios are compared. This may 

indicate that the procedure used for this determination is not accurate. A possible cause is that 

the organic acid and oil content of the fruit is not taken into account. 
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8.4.17.3 Biochemical parameters of fruit 3 1 Electrical conductivity (EC) and pH 

8.4.17.3.1. Electrical conductivity (EC) and pH 

Every second week, 15 fruit, representative of each treatment, were objectively selected. A 

part of the fruit was ground up in a test tube using a Polytron Homogenizer. The pH and EC of 

the tissue were determined, by means of a PHM 85 Precision pH meter and the PW 9526 digital 

conductivity meter, respectively. 

A greater flow in electrical current implies a higher concentration of dissolved ions in the 

fruit. Both total fruit yield and soluble solids content plays an important role in the economic 

success in the processed tomatoes market. For choice of tomatoes for processing purposes, 

specific attention is paid to biochemical quality. Fruit with high soluble solids content, for 

example, contain less water and are sweeter and consequently require less processing and 

addition of sugar to prepare pastes of proper texture (Baxter et a/., 2005). 

The EC of the fruit showed a progressive increase. The average EC determined for control 

plants over the study period was 3.395, while that for the Elementol R treated plants was 3.393. 

An inverse relationship, althowgh it be with a very moderate slope, are evident when the relation 

between pH and EC values of the fruit are compared. 

The average pH of the control fruit for the period of the study was determined to be 4.245, 

while a pH of 4.248 was found for the fruit of the Elementol R treated plants. Therefore, despite 

the greatly enhanced yield of the treated plants, no difference in the quality of the fruit in terms 

of moisture, dry mass, EC or pH was found. The close correlation in values also indicates the 

accuracy of the measurements. 

8.4.17.3.2 Carbohydrates 

The fruit quality and yield of tomatoes are largely determined by one of the biochemical 

components of fruit quality, namely the amount of soluble sugar content (Damon et a/., 1988, 

Islam et a/., 1996). The glucose and fructose concentrations in the apoplast are present in a 

ratio of approximately 1:1 (Damon et a/., 1988), with the hexose concentrations at least four 

times greater than the sucrose at all stages of development. Guan and Janes (1991) found that 

sucrose levels are relatively low in tomato fruit, are independent of light intensity and that it 

continues to decline during development. The sucrose content of light- and dark-grown fruit in 

their studies did not show any significant differences. The accumulation of carbohydrates may 

therefore be driven by the metabolism of sucrose. 
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Preparation of samples for assaying the carbohydrate content of the harvested tomatoes: 

Samples were prepared by adding 10g of representative fruit tissue to 5ml twice distilled water 

in a test tube. This mixture was homogenised for ±30 seconds with a Polytron Homogeniser. 

The remaining material on the side of the test tube was rinsed into the test tube with an 

additional 2ml of twice distil/ed H20. The test tube was shaken for 30 minutes, followed by 

vigorous Vortexing, and then quickly poured into a small measuring cup. While the puree was 

being stirred on an electronic stirrer, the pH was adjusted to ±8.00 by using 1 M and 5M KOH, 

where after the solution (±13 - 17ml) was made up to a final volume of 20m!. An aliquot (±1.5ml 

in microfuge tubes) of the solution was centrifuged at 12 000 rpm for 10 minutes. The 

supernatant was collected with a Pasteur pipette and transferred to a clean tube. Assay 

samples were stored at -20°C until final analysis. 

To determine the sugar content of the fruit, the Sucrose/D-Glucose/D-Fructose - kit (10 716 

260 035), manufactured by Boehringer Mannheim I R - Biopharm was used. The prescribed 

procedure was adapted to 1 ml volumes. Dilution factors were taken into account when 

calculating the carbohydrate content. 

Table 8.9 shows the comparative glucose, fructose and sucrose content for the harvested 

fruit in week 13 of the study. 

.__.. 
I Table 8.9: Comparative sugar content I 

mg/Fm Elementol R Control 

Glucose 13.73 13.52 

Fructose 14.45 13.32 

Sucrose 30.11 28.04 

The Elementol R-treated tomatoes showed a considerable increase in fructose and sucrose 

content, resulting in sweeter tomatoes, which are preferred by the consumer. 

8.4.17.3.3 Brix 

The Brix value is an indication of the percent total soluble solids (TSS) in the fruit juice. 

Every second week, the Brix value of the same puree of the 15 representative fruit used for pH 

and EC, were determined. The procedure of grounding up a part of the fruit in a test tube using 

a Polytron Homogenizer, are therefore exactly the same as for determination of pH and EC of 

the fruit. The puree container was then slightly tilted in order to collect a clear juice sample with 

a pasteur pipette. The Brix value was determined by means of a refractometer. High Brix, high 

EC and low pH are associated with high quality (www.cals.ncsu.edu). Despite the fact that no 

statistical difference between control tomatoes and Elementol treated fruit was observed with 
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regards to EC and low pH or moisture content of the fruit observed during the 131h week of 

harvest, fruit from Elementol treated plants with an average Brix value of 8% outperformed the 

control plant, that had an average Brix value of 7.4%. Both groups had a significantly higher 

Brix value than the average published value for tomato. 

In conclusion, Elementol R treatment enhanced both the yield of tomatoes as well as the 

quality of the harvested fruit in terms of % moisture, insolubles and sugars. 

8.4.18 	 Example 18: Enhancement of uptake and translocation of a 

commercial bio-stimulant by means of Elementol R 

8.4.18.1 	 The aim of this study 

The previous two examples showed that Elementol R on its own can act as a bio-stimulant 

in terms of plant growth and yield. This study investigates whether the pre-entrapment of a 

commercial bio-stimulant, ComCat®, into Elementol R can enhance the uptake and 

translocation of this bio-stimulant, resulting in an increase in plant growth and yield beyond that 

observed with Elementol R or the known slight effect of ComCat®, on hydroponically grown 

lettuce and tomatoes. 

8.4.18.2 	 Experimental set-up 

The experimental set-up was similar to that described in Examples 16 and 17, except that 

the bio-stimulant (alone and in combination with Elementol R) was administered. The study was 

executed in a similar fashion to those described in Examples 16 and 17 and will not be 

described again. 

8.4.18.2.1 	 The commercial biostimulant ComCat® 

ComCat®, an eco-friendly plant strengthening agent, contains one of a group of 

phytohormones, called brassinosteriods (Schnabl, et a/., 2001). Brassinosteroids is a growth

promoting steroid found in higher plants. Brassinosteroids are thought to act at low 

concentrations to affect the growth of plants, by enhancing the elongation of stems and 

regulating gene expression in plants. Improved seedling development, strong roots and shoots, 

optimum flower development have been observed with the use of ComCat®. Brassinosteroids, 

as pure phytohormones, have been reported to not only increase crop yields but also crop 

quality (Prusakova et a/., 1999). ComCat® contains high-quality, biochemical active substances 

which have been extracted from synecologically active wild plants. 
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Due to interference from cultivators most cultivated plants have lost ability to defend 

themselves against pathogens. ComCat® increases the resistance of plants to all types of 

stress and pathogens. Brassinosteroids play a decisive part in activating the plant's own 

resistance and tolerance mechanisms. ComCat® is the first of its kind to have succeeded in 

catalyzing this activation of the plant's own ability of defense in an optimum way. Plants develop 

induced resistance that increases the plant's ability to resist pathogens. 

This bio-stimulant is a water-soluble powder, and when applied to crops as a foliar spray or 

a seed treatment, it increases root development, accelerates nutrient absorption, intensifies 

nutrient assimilation, induces flower bud formation, increases yields (Huster, 1999, Schnabl et 

al., 2001, Pretorius quoted by Alam, 2004) and induces the natural resistance of plants against 

pathogens and biotic stress (AgraForUm as quoted by Alam, 2004, Huster, 1999, Schnabl et 

al., 2001). Khripach et a/. (2000) also claimed that this newly discovered phytohormone has the 

ability to regulate the uptake of ions into the plant cell. 

8.4.18.2.2 Foliar administration schedule 

Lettuce 

The treatments for the different groups of plants were prepared as follows: 

According to ComCat® dosage directions: ComCat® 2g I L 

Thus = 0.5 g 1250 ml 

i) ComCat® (CC): 0.5 g CC + 250 ml H20 

ii) Elementol R (E): 3 ml E + 250 ml H20 in 

iii) Full strength ComCat® and Elementol combination (CC/E): 0.5 g CC + 3 ml E + 250 

ml H20 

iv) Half strength ComCat® and Elementol combination (%CC/E): 0.25 g CC + 3 ml E + 

250 ml H20 

v) Quarter strength ComCat® and Elementol combination (%CC/E): 0.125 g CC + 3 ml 

E + 250 ml H20 

----------------------------_.----------------------------------------
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Tomatoes 

Table 8.10: Treatment schedule for tomatoes 

i Treatment name Abbreviation Treatment composition 

Elementol R PE 3ml Elementol R I 250 ml H20 (2xdist) 

Com Cat CC 0.5g Comcat/250 ml H20 

I ComCat & Elementol CC/E 

0.5 Comcat& Elementol R 0.5 CC I E . 0.25g Comcat + 3ml Elementol R 1250 ml 

8.4.18.3 Results 

8.4.18.3.1 Growth and development and head diameter 

Lettuce 

Pre-entrapment of CC in E did not greatly influence plant head diameter or plant height. 

Some of the plants did not increase 100% which means that they did not double in size. Some 

plants that were treated with CC and E individually performed the best of the treated plants but 

differences were not statistically significant, except from week 11 onwards, when Elementol R 

treated plants outperformed all other treatments. Some of these combinations may have an 

inhibitory effect on the plants, whereas E and CC individually both had a stimulatory effect. 

The plants reached a maximal head diameter during the first 7 to 8 weeks, after which the 

head diameter decreases, probably because the plants were constantly pruned to obtain leaf 

material to do physiological experiments. 

Tomatoes 

ComCat® application resulted in a slightly reduced growth rate. However, when ComCat® is 

applied together with Elementol of either concentration (CC/E and 0.5CC/E), this reduction in 

vegetative growth is alleviated in a dose-dependent fashion, but growth is still significantly 

below that of Elementol R alone. 

8.4.18.3.2 Average flower buds of tomatoes 
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Elementol R alone, as well as ComCat® (CC), and combination treatments showed a 

marked increase in flower buds, especially between 5th and 7th week after transplant. No clear 

difference was measured between these treatments, although CC showed the least increase. 

8.4.18.3.3 Average tomato yield 

No clear differences were observable for fruit size and mass between all treatments. 

ComCat® (CC) application failed, as bio-stimulant, to enhance both fruit size and mass in 

hydroponically grown tomatoes. Full strength ComCom® with Elementol R application had no 

effect on changes in fruit size and mass, but CC/E combination application resulted in higher 

fruit size and individual fruit diameter and fresh mass (see below). This suggests that this low 

ComCat® / Elementol concentration decelerate the decrease in fruit mass observed for the 

whole harvesting period which implies better phYSical yield for harvesting period. The table 

(Table 8.11) below reflects the average yield/ plant. 

Table 8.11: Average no. offruitlplant 

Control E CC CC/E 

Avg Avg Avg Avg 
.."'~. 

0.0 0.0 0.0 0.0 i 

0.5 2.0 0.5 1.7 

4.5 4.0 2.0 5.0 

13.0 16.5 6.5 15.3I 

16.5 21.0 12.5 27.0 

17.0 I 21.0 12.5 28.7 

21.5 32.0 23.5 39.3 

24.0 32.5 24.5 43.7 

27.0 38.0 29.0 55.0 

29.5 42.0 30.0 59.7I I 
35.0 47.5 33.0 64.7 

40.5 52.5 35.0 73.3
I 

41.0 59.5 37.0' 78.0 I 
Elementol R stimulated the yield of tomatoes significantly (Example 17). However, when 

ComCat® is mixed with Pheroids, both in full (CC/E) and half (0.5CC/E) strength markedly 

stimulated fruit production (see Figures 8.26 and 8.27). 
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Figure 8.26 shows the effect of ComCat® (CC), Elementol R (E) and combinations thereof on 

changes in accumulative number of fruit harvested from 3 plants per group over a period of 13 

weeks and subsequent mass of fruit harvested. WA T =Weeks after transplantation. 
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Figure 8.27 shows a dramatic increase in total accumulative fruit mass observed when plants 

are treated with ComCat® that is entrapped in Elementol R as compared to the increase 

observed with Elementol R or ComCat® individually. 
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The % enhancement in terms of yield was calculated as 99% and 81% CCfE and O. 5CCfE 

respectively and total harvested mass as 199% and 204% for CCfE and 0.5CCfE respectively 

when compared with that obtained with CC. The enhancement of 33% and 21 % for CCfE and 

0.5CC/E respectively is far less when compared to Elementol, which on its own caused an 

increase in fruit yield and mass (figure 8.26 and 8.27). Elementol as novel carrier molecule was 

demonstrated to be an efficient translocator of ComCat® molecules. It would also indicate that 

Elementol R enhanced the uptake of ComCat® to exert its bio- stimulatory effect. A synergistic 

effect of these two products may also come into play. 

8.4.18.3.4 Moisture % and fresh and dry Mass (Fm:Dm) ratios 

Lettuce 

All treatments had a stimulatory effect on the plant Fm:Dm ratios 

Tomatoes 

CC alone showed a higher average fresh fruit mass than E alone. However, pre-entrapment 

of CC into E increased the average fresh mass of the tomatoes still further (see figure 8.28). No 

significant difference was observed between CC/E and 0.5CC/E, except for week 13 and as the 

standard deviation on Fm is quite large, it may not be significant. 
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Figure 8.28 shows the increase in fresh fruit mass by the combination ofElementol Rand CC at 

lower concentrations. The bars indicate the standard deviation and P represents Pheroid™. 
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8.4.18.4 Physiological Related Parameters in lettuce 

8.4.18.4.1 Protein content measured one week after each treatment 

Protein content was highest in week 2 and showed a decrease over the 12 weeks of the trial 

for all treatments. From weeks 4 to 12, CC had on average the least amount of proteins. In the 

final week all plants had relatively the same amount of proteins. The CC/E combination had the 

best stimulatory effect on proteins. 

8.4.18.4.2 Respiration rate 

All plant treatments showed relatively the same respiration rate. In week 9 the CC/E treated 

plants had the best respiration rate. Respiration rate decreases until week 9 except for CC/E 

combination and increases again the last 4 weeks. All plant treatments show this "U" shape, 

due to higher energy requirements during early growth and flowering. The CC/E combination is 

the only treatment to show an increase in respiration rate (figure 8.29). Thus in week 9, the 

CC/E combination treatment had a stimulatory effect on the plants. All treatments involving E 

had a higher respiration rate during this week than CC alone. 
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Figure 8.29 represents the respiration rate per protein content after the first administration 

(week 5) and the second administration (week 9) of the Elementol R, Comcat® and 

combination treatment. 

When the respiration rate is expressed in terms of the amount of protein a fluctuation is 

observed. The respiration per amount of protein for the CC/E treated plants shows a repeated 

increase after the plants had been treated (week 5 and week 9, see figure 8.29). Thus the 

combination of E and CC stimulates respiration rate per mg of protein. At the end of week 13 

the E plants had the highest respiration rate per mg protein, probably because the Elementol R 

treated plants flowered before plants treated with CC or combinations of CC and E, requiring a 

high respiration rate to supply adequate amounts of energy for flowering. 

8.4.18.4.3 Photosynthesis rate 

Again during week 9 the photosynthesis rate for CC/E was very high. In week 11 the 

photosynthesis rate dropped considerably indicating that the stimulation caused by CC/E may 

be of short duration. At the end of week 13 the :4CC/P combination group showed the highest 

photosynthesis indicating that the :4CC/P combination stimulates photosynthesis for longer. 

Expressing photosynthesis rate in terms of the amount of protein presents roughly the same 

result as respiration per mg protein, except that the :4CC/P treated plants show the highest 

photosynthesis rate at the end of week 13, indicating that this treatment may have a longer 

lasting effect on photosynthesis rate per mg protein. 

Photosynthesis must always exceed respiration rate. The higher the gain of photosynthesis 

on respiration, the higher the accumUlation of carbons, resulting in the synthesis of more 

sugars. More sugars can be respired and thus the gain of energy is better. This energy acts as 

"fuel" for metabolic pathways. Bigger ratios result in better growth. Again the :4CC/P 

combination shows an increase in photosynthesis respiration ratio from week 5 to week 13. This 

combination has the best ratio at the end of week 13. 

8.4.18.4.4 Chlorophyll content 

Despite fluctuations Pheroid™ treatment resulted in an overall increase in chlorophyll. By 

determining the amount of chlorophyll a in correlation with the amount of protein present in the 

plant, the study shows the following: 

The E treatment has the most chlorophyll A per mg of protein for week 13, followed firstly by 

:4CC/E, secondly by %CC/E, and thirdly by CC/E, then by CC. Thus the least amount of CC in 

combination with E stimulates chlorophyll A the most. CC had an inhibitory effect on the amount 
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of chlorophyll A and this inhibitory effect is enhanced by the entrapment of CC in Elementol R 

vesicles. However, dilution of the CC concentration led to an increase in chlorophyll Almg 

protein. Thus the dosage of the CC should be decreased when entrapped in Elementol R. 

Chlorophyll B showed a similar pattern. In the case of chlorophyll B, an overall increase is 

observed. In figure 30 the amount of chlorophyll B per mg of protein is shown. Here the -XCC/E 

combination and }2CC/E combination also shows the best chlorophyll B concentration per mg of 

protein. E also has a high concentration of chlorophyll B per mg of protein. Thus lower amounts 

of CC used with E stimulated both chlorophyll A and B synthesis. CC inhibited chlorophyll B 

content, but the combination of CC/E inhibited the amount of chlorophyll B dramatically, 

illustrating that pre-entrapment in E enhanced the uptake and translocation of CC. The dilution 

of CC by 75% seemed to have negated the inhibitory effect of the CC. For this inhibitory effect 

to take effect, the entrapment of the CC in E had to have resulted in a dose- dependent uptake 

and translocation of the CC by E, as can be observed in figure 8.30. 
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hiiI Week 13 11.0902 9.41316 6.54122 11.4181 13.4557 

Figure 8.30 illustrates the comparative amounts of chlorophyll B per mg of protein as 

determined in week 13 of the trial. 
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8.4.18.4.5 Sugar content 

Both glucose and sucrose content is stimulated by the entrapment of CC in E. The sugar 

content of the plants are similar for CC and E, but the combination of CC/E increased the 

sucrose content by an average of 91 % and that of glucose by an average of 64%. Again an 

increase of both sucrose and glucose concentration is found as the strength of the ComCat® 

decreases. 

8.4.18.4.6 Brix 

In table 8.12 below the Brix measurements with HCI04 as background is presented (see 

also Figure 8.31). Brix values measures all dissolved substances present in the lettuce leaf and 

not only the sugar or sucrose content. Brix is in fact used to determine quality of lettuce. A high 

Brix reading indicates many dissolved substances as well as many sugars which indicate a 

good quality and healthy leaf. This may have contributed to low growth rates and poorly 

developed plants. 

I Table 8.12: Average Brix readings for treated plants with HCI04 

I:reatment Brix reading (%) 

4.4261 ± 0.2867 

CC 4.7652 ± 0.3586 

I CC/E 6.6760 ± 0.5235 

The enhancement in Brix readings by the combination is indicative of the higher uptake and 

translocation of CC by the Elementol carrier. 
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Figure 8.31: The comparative Brix readings with standard deviation in week 13 for Elementol R 

treated, CC treated and the combination treated plants. 

8.4.19 	 Example 19: In vitro and in vivo effect of Elemental R on seedling 

growth 

8.4.19.1 	 Aims of the study 

To investigate the effect of Elementol R on germination and seedling growth in both C3 and 

C4 plants. In the process of photosynthesis, CO2 and water are substrates and carbohydrates 

and oxygen are the products (Jakob and Heber; 1996). Plants are classified as C3, C4 or CAM 

according to their mechanism of photosynthesis. The C3 path involves the Calvin cycle, 

whereas the C4 path uses a cycle where 3- phosphoglyceric acid is not the first product. C4 

photosynthesis provides a mechanism for high rates of carbon assimilation and is more 

resistant to the process of photo respiration. 

The inherent effect of Elementol R on its own and mixed with an antifungal (see maize field 

trials below) were investigated. 

8.4.19.2 	 In vitro effect of Elementol R on seedling growth 

The conditions in terms of humidity and temperature were controlled as .described in 

Examples 16 to 18. Three groups of radish seed were treated as follow: 
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Table 8.13: Seed treatment summary 


i 

I

Group Control Elementol 125 Elementol 250 


I Dosage 201 Water/ha 125 ml/201/ha 250 ml/201/ha 


I Abbreviation C E125 E250 


Seeds were soaked in the above treatments overnight and then exposed to germination 

paper. The effect of the different treatments was measured with regards to its influence on 

radish root length (see Figure 8.32). The increased root length on both sides of the short control 

seedlings is due to both faster germination and growth. An enhancement in root length above 

control of 53.3% and 52.6% was observed for Ep125 and 250 respectively. 

Figure 8.32: A photograph of germinating radishes on germination paper in the in vitro study. 

8.4.19.3 In vivo effect of Elementol R on seedling growth in glass house trials 

The following study was done on wheat (Cultivar Wheat Kariega) in glass house trials. The 

growing conditions in terms of temperature and relative humidity were relatively constant. Plants 

were planted in earth and irrigated by drip irrigation. 

The treatments consisted of two groups: a reference group (RG) receiving fertilizer and a 

test (E) group receiving Elementol R. Seeds of the reference group were planted with fertilizer 

(3:1 :0) according to supplier's instructions. Plants were treated with Elementol R at the three 

leave stage with similar concentrations than that described for the in vitro trial above, but with 

20ml El100Uha at both the flag leave stage and just before flowering. Treatment was 
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administered through foliar application. The trial outlay consisted of a randomized block design 

and ran for 3 and half months. 

The following parameters were investigated weekly: 


,... Any signs of phytotoxicity, 


+ Differences in seedling size and height 

Table 8.14 below illustrates the early response in small seedlings, but is representative of 

the general response. 

Table 8.14: Wheat coleoptile's average growth (mm) IC-----" 
Control Ep 125 I Ep250 Ep500 I 

22 24 27 28 
I I 

The growth response varied proportionately with the amount of dose of Elemental. The 

administration of Elemental R resulted in a linear dose response in terms of wheat coleoptile 

growth (see Figure 8.33). 
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Figure 8.33: The comparative average length measured for coleopti/es of wheat for the fertilizer 

control, and the various dosages of Elemental R. 
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The standard deviation from the linear dose response is exceptionally small, indicating a 

high confidence level in the data. Such a linear dose response can be used to indicate that a 

specific intervention on a biological system results in a specific response. Thus the response in 

coleoptile growth is specifically due to the administration of a specific dose of Elementol R. 

Figure 8.33 shows that the maximum dose has not been reached and that further enhancement 

in growth may be possible with a higher dose. The enhancement in growth, using a dose of 

500ml/ha Elementol R was calculated to be 27.3%. No signs of toxicity (leaf burn, necrosis etc.) 

were observed. 

8.4.19.4 Field trials 

8.4.19.4.1 In vivo effect of Elementol R in wheat field trials 

The cultivar was PAN 3377. Wheat was cultivated according to normal farming practices in 

the Central Free State, South Africa. 

As in the glass house trials, the two groups consisted of a fertilizer control (3:2:1) and 

Elementol R at dosage of 500mll100L water/ha. Treatment was limited to a single application at 

the three leave stage. The trial outlay was a randomized block design. The trial lasted 7 

months. 

The yield was determined and is presented in figure 8.34. An average increase of 108kg in 

yield per hectare was observed with the Elementol R treated group as compared to the 

reference fertilizer group. No phytotoxicity was observed. 
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Figure 8.34: The enhancement in the yield of grain from wheat by a single administration of 

Elemental R cultivated in field trials. 
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8.4.19.4.2 In vivo effect of Elemental R in pea field trials 

Peas were cultivated according to normal farming practices on the farm Koedoesfontein in 

the North West Province, South Africa, with the following exception: 100 dry peas each were 

soaked overnight in either 500ml borehole water (control group) or 5% Elementol R. The diluent 

was water from the same source. While peas from the control group absorbed all water during 

soaking, peas from the Elementol group absorbed only 300ml of the 5 % Elementol R. Peas 

were planted in two separate blocks to prevent any possible contamination between the two 

groups. The plants were irrigated by daily sprinkling. 

Germination and seedling growth was observed from day 7. On day 10 a comparison was 

made of the number of seedlings that measured at least 300mm in height in each block. In the 

block where the seeds were soaked in Elementol R, 57 seedlings were counted on day 10, 

whereas 18 seedlings were present in the control group. This represents an enhancement in 

germination and seedling growth of 3.1 times. Furthermore, the germination of the Elementol R 

group needed only 0.6 times as much water as the control group. This aspect may prove to very 

valuable in dry regions. 

8.4.19.4.3 In vivo effect of Elemental R in dry maize field trials 

A genetically modified cultivar, supplied by a large seed producing company was used. One 

bag of treated seed was split and one portion of the seeds in the bag was treated with Captan, 

while another portion was treated with Captan mixed with Elementol R in the following manner: 

Captan is a broad- spectrum contact fungicide that has been used on corn seed since the 

1950s. It is usually dyed pink and leaves a pink dust in the seed bag and planter box. It is very 

effective against a broad range of soil fungi. The prescribed amount of Captan was mixed 

directly with the seeds (Captan reference group). For the test group, seeds were mixed with a 

similar amount of Captan in 2% Elementol R. The seeds of both groups were briefly mixed or 

stirred with their individual treatment and then left to dry. Seeds were planted in blocks of 3 or 5 

rows stretching the length of the maize field with untreated blocks on both sides of each of the 

treatment groups in the North West Province, South Africa. Culturing was done according to 

general dry land farming practices with no irrigation. 

Plants of each of the untreated, the reference Captan group and the Elementol RlCaptan 

group were collected by pulling up every fifth plant in a row. Plant collection started 5 m into the 

field and continued towards the centre of the field until fifty plants of each group were collected. 

The total plant mass, the root mass and the leaf mass of each plant were determined. 

Figure 8.35 shows the comparative average masses for each of the groups. Untreated seeds 
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acted as control. Treatment of the seeds with Captan alone did not result in any change of 

growth of the plant leaves, and only a slightly enhanced root mass, whereas seeds treated with 

the 2% Elemental RlCaptan mix showed increases in leaf mass, root mass and therefore total 

plant mass. 
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Figure 8.35: The average comparative plant, root and leaf weights of maize plants cultivated 

from seeds treated with the fungicide Captan, with a combination of Captan and Elementol R or 

with untreated seeds. 

Many variations of the invention may be devised without thereby departing from the spirit of 

the invention as formulated in the above statements of the invention. 

8.4.20 	 Example 20: Translocation of Elementol vesicles prepared with 

CO2 instead of N20 

Elemental C was prepared as described in Preparation 1 for Elemental B but CO2 was used 

as gas during the preparation procedure. The size of the vesicles was determined to range 

between 300nm and 2!-1m. The z-potential was measured as -44mV, using a Malvern Z-sizer. 

The vesicles dispersed in the CO2 containing Elemental C was labeled fluorescently with 

Nile red to a final concentration of 1 !-1M. Using a brush, a leaf of an ivy plant was painted with 

this mixture. A control of water was painted on the leaf of a second ivy plant. After 30 minutes, 

the leaves on the opposite side of the painted leaves were collected and investigated for the 
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presence of fluorescence, using confocal laser scanning microscopy as described in Example 

6, Study 1. Fluorescent vesicles were present in the collected leaf of the plant painted with the 

fluorescently labeled Elementol C, whereas no such fluorescence was found in the leaf 

collected from the plant painted with water. The fluorescence did not correspond to the auto 

fluorescence observed for chloroplasts or thylakoid membranes. The fluorescence observed in 

the test leaf was thus shown to be the result of translocation from one leaf to the opposite leaf 

by the CO2- containing Elementol C. 

Molecular modeling indicates that the relevant properties of nitrous oxide and carbon 

dioxide in the preparation of Elementol vesicles and microsponges are shared by carbon oxy 

sulphide. 

8.5 	 Claims of invention WO 2007096833 20070830 

1. 	 A plant supporting formulation which is phytologically beneficial comprising a micro

emulsion constituted by a dispersion of vesicles or microsponges of a fatty acid 

based component in an aqueous carrier, the fatty acid based component comprising 

at least one long chain fatty acid based substance selected from the group consisting 

of free fatty acids and derivatives of free fatty acids. 

2. 	 A plant supporting formulation according to claim 1 wherein the dispersion is 

characterized in that at least 95% of the vesicles or microsponges are of a diametrical 

size of between 50 nm and 5 micrometer. 

3. 	 A plant supporting formulation according to claim 1 characterized in that the micro

emulsion has a zeta potential of between -35 mV and -60 mY. 

4. 	 A plant supporting formulation according to claim 1 wherein the fatty acid based 

component is selected from the group consisting of oleic acid, linoleic acid, alpha

linolenic acid, gamma-linolenic acid, arachidonic acid, eicosapentaenoic acid 

[C20:5w3], decosahexaenoic acid [C22:6w3], and ricinoleic acid, and derivatives 

thereof selected from the group consisting of the C1 to C6 alkyl esters thereof, the 

glycerol- polyethylene glycol esters thereof, and the reaction product of hydrogenated 

and unhydrogenated natural oils composed largely of ricinoleic acid based oils, such 

as castor oil, with ethylene oxide. 

5. 	 A plant supporting formulation according to claim 1 wherein the fatty acid component 

of the micro- emulsion consists or includes a mixture of esterified fatty acids. 

6. 	 A plant supporting formulation according to claim 5 wherein the fatty acid component 

of the micro- emulsion consists of the product known as Vitamin F Ethyl Ester. 
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7. 	 A plant supporting formulation according to claim 1 wherein the fatty acid component 

of the micro- emulsion includes or consists of the long chain fatty acids known as 

eicosapentaenoic acid [C20:5w3] and decosahexaenoic acid [C22:6w3]. 

8. 	 A plant supporting formulation according to claim 5, 6 or 7 wherein the fatty acid 

component of the micro-emulsion in addition includes the reaction product of 

hydrogenated natural oils composed largely of ricinoleic acid based oils with ethylene 

oxide. 

9. 	 A plant supporting formulation according to claim 8 wherein the reaction product of 

hydrogenated natural oils composed largely of ricinoleic acid based oils with ethylene 

oxide is produced from castor oil. 

10. 	 A plant supporting formulation according to claim 1 which incorporates a gas 

dissolved in the fatty acid mixture. 

11. 	 A plant supporting formulation according to claim 10 wherein the gas is selected from 

the group consisting of nitrous oxide, carbon oxysulfide and carbon dioxide. 

12. 	 A method for producing a plant supporting formulation comprising the steps of mixing 

a fatty acid based component with water to obtain a micro-emulsion, and introducing 

a suitable gas into the mixture, the gas being selected to be suitable to impart the 

requisite size distribution of vesicles or the requisite zeta potential to the micro

emulsion. 

13. 	 A method according to claim 12 wherein the mixing of the fatty acid component is 

effected with heating and stirring, preferably by means of a high speed shearer. 

14. 	 A method according to claim 12 wherein the gas is introduced into the water before 

the fatty acid based component of the micro-emulsion is mixed with the water. 

15. 	 A method according to claim 14 wherein the gas is dissolved in the water to obtain a 

saturated solution of the gas in water, and the saturated solution of the gas is 

thereafter mixed with the fatty acid component of the micro-emulsion being prepared. 

16. 	 A method according to claim 15 wherein the saturated solution of the gas in water is 

prepared by sparging the water with the gas, or by exposing the water to the gas at a 

pressure in excess of atmospheric pressure for a period of time in excess of the time 

required for the water to become saturated with the gas. 

17. 	 A method according to claim 12 wherein the gas is selected from the group consisting 

of nitrous oxide, carbon oxy sulfide and carbon dioxide. 

18. 	 A formulation for the use in the treatment of a plant comprising a carrier vehicle 

constituted by a plant supporting formulation according to anyone of claims 1 to 11 

and which further includes a phytologically beneficial substance selected from the 

group of substances known to be useful as a plant nutrient, a plant pesticide including 

a herbicide, fungicide, bactericide, insecticide, anti-plant virus agent, a plant growth 
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regulator; a plant immune modulator, a biostimulant, and genetic material for the 

transformation of the plant to allow the incorporation of a new characteristic or 

property in the plant, including drought resistance, pest resistance and enhanced fruit 

production. 

19. 	 A formulation according to claim 18 characterised in that it is in a form that can be 

sprayed onto plants as a liquid and which incorporates further additives that enhance 

effectiveness, stability, or ease of application. 

20. 	 A formulation according to claim 18 comprising at least one plant nutrient which is a 

source of at least one element selected from the group of elements consisting of 

carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magnesium, 

sulphur, iron, manganese, zinc, copper, boron, molybdenum and chlorine. 

21. 	 A formulation according to claim 18 comprising a pesticidally effective concentration 

of at least one plant pesticide selected from the group consisting of insecticides, 

herbicides, fungicides, plant regulators, defoliants, and desiccants. 

22. 	 A formulation according to claim 21 wherein the pesticide is selected from the group 

of chemical and biological (organic) pesticides consisting of synthetic arsenic, Bt 

liquid w/xylene, Bt liquid-no xylene, Bt wettable powder, beneficial organisms, 

biodynamic preparations, bordeaux mixes - copper, hydroxide/fixed copper, bone 

acid, carbamates, chlorinated hydrocarbons, chromate ions, citric acid, copper 

hydroxide, copper sulfate, herbal preparations selected from cinnamon, cloves, garlic, 

mint, peppermint, rosemary, thyme, and white pepper, herbicides synthetic, 

hydrated lime, imidacloprid - a neonicotinoid insecticide, indoxacarb (p) a chiral 

oxadiazme insecticide, insect extracts, isocyanate, lauryl sulfate, lime sulfur, 

malathion, malic acid, methyl bromide, methyl sulfoxide, milky spore disease - B 

popillae, nematocides-synthetic, nematodes, nicotine, oils selected from carrot oil, 

castor Oil (U S P or equivalent), cedar oil, cinnamon oil, citronella oil, citrus oil, clove 

oil, com oil, cottonseed oil, dormant oils, garlic oil, geranium oil, lemon grass oil, 

linseed oil, mint oil, peppermint oil, rosemary oil, sesame oil, soybean oil, summer 

oils, thyme oil and weed oils, organophosphates selected from acephate, azinphos

methyl, bensulide, cadusafos, chlorethoxyphos, chlorfenvinphos, chlorpyrifos, 

chlorpyrifos-methyl, chlorthiophos, coumaphos, ddvp (dichlorvos), dialifor, diazinon, 

dicrotophos, dimethoate, dioxathion, disulfoton, ethion, ethoprop, ethyl parathion, 

fenamiphos, fenitrothion, fenthton, fonofos, isazophos, malathion, methamidophos, 

methidathion, methyl parathion, mevinphos, monocrotophos, naled, oxydemeton

methyl, phorate, phosalone, phosmet, phosphamidon, phostebupirim, pirimiphos

methyl, profenofos, propetamphos, sulfotepp, sulprofos, temephos, terbufos, 

tetrachlorvinphos, tribufos (def) and trichlorfon, pentachlorophenol, pesticides 
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synthetic, petroleum distillates, petroleum oil spray adjuvants, 2-phenethyl propionate 

(2-phenylethyl propionate), pheromones, piperonyl butoxide, plant extracts selected 

from hellebore, pyrethrum, quassia, sabadilla, citronella, sesame (includes ground 

sesame plant stalks), eugenol and geraniol, potassium sorbate, putrescent whole egg 

solids, pyrethroids - synthetic, rock salt - weed control, rotenone, ryania, sea animal 

wastes, soap based herbicides, sodium chloride, sodium lauryl sulfate, soil fumigants, 

streptomycin, strychnine, sulfur, virus sprays, and Zinc Metal Strips (consisting solely 

of zinc metal and impurities). 

23. 	 A formulation according to claim 18 including a herbicidally effective concentration of 

at least one herbicide having a mode of action selected from the group consisting of 

auxin mimics, mitosis inhibitors, photosynthesis inhibitors, amino acid synthesis 

inhibitors and lipid biosynthesis inhibitors. 

24. 	 A formulation according to claim 23 including a herbicide selected from the group 

consisting of 2,4-D (2,4-dlmethylphenol), Clopyralid, Fluazifop-p-butyl, Flumetsulam 

a triazolopyrimidine herbicide, Fosamine Ammonium, Glyphosate, Hexazinone, 

Imazapic, Imazapyr, Picloram, Sethoxydim, Triclopyr. 

25. 	 A formulation according to claim 18 including at least one fungicide selected from the 

group consisting of 1 ,3 dichloropropene, 2,5-dlchlorobenzoic acid methyl ester, 8 

hydroxyquinoline, acibenzolar-S-methyl, Agrobacterium radiobacter, ammonium 

phosphite, ascorbic acid, azoxystrobin, bacillus subtilis DB 101 , bacillus subtilis DB 

102, Bacillus subtilis isolate B246, Bardac, Benalaxyl, Benomyl, Bifenthin, Bitertanol, 

Borax, boric acid equivalent, boscalid, bromuconazole, bupirimate, captab, 

carbendazim, Carboxin, chlorine dioxide, chloropicrin, chlorothalonil, chlorpyrifos, 

copper ammonium acetate, copper ammonium carbonate, copper hydroxide, copper 

oxychloride, cupric hydroxide, cymoxanil, cyproconazole, cyprodinil, Dazomet, 

Deltamethrin, Dichlorophen, Dicloran, didesyl dimethyl ammonium chloride, 

difenaconazole, dinocap, diphenylamine, disulfoton, dithianon, dodemorph, dodine, 

epoxiconazole, famoxadone, alkohols, antioxidants, Fenamidone, Fenarimol, 

Fenbuconazole, Fenhexamid, Fludioxonil, Flusilazole, Flutriafol, Folpet, fosetyl-AI, 

furalaxyl, furfural, guazatine, hexaconazole, hydroxyquinolme sulphate, imazalil, 

iprodione, iprovalicarb, kresoxim-methyl, lime, lindane, mancozeb, maneb, 

mefenoxam, Mercaptothion, Metalaxyl, metalaxyl-M (mefenoxam), metam-sodium, 

methyl bromide, metiram, mineral oil, mono potassium phosphate, myclobutanil, 

octhilinone, oxycarboxin, paraffinic complex (light mineral oil), penconazole, 

pencycuron, phosphorous acid, polysulphide sulphur, potassium phosphite, 

potassium phosphorate, prochlorax zinc complex, prochloraz, prochloraz manganese 

chloride complex, prochloraz zinc complex, procymidone, profenofos, propaconazole, 
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propamocarb HCI, propiconazole, propineb, pseudomonas resinovorans, 

pyraclostrobin, pyrimethanil, QAC, Quazatine, Quinoxyfen, Quintozene, salicylic acid, 

silthiopham, sOdium-o-phenol phenate(Na salt), spiroxamine, sulphur, TBTO, 

Tebuconazole, Thiabendazole, Thiabendazole, thiophanate methyl, thiram, tolclofos

methyl, triadimefon, triadimenol, tributyltin oxide, Trichoderma harzianum, 

Tridemorph, Trifloxystrobin, Triflumuron, Triforine, Triticonazole, Vinclozolin, zinc 

oxide, Zineb and Zoxamide. 

26. 	 A formulation according to claim 18 including a bactericidally effective concentration 

of at least one bactericide selected from the bactericides known to be suitable for use 

on plants to combat bacteria infecting plants. 

27. 	 A formulation according to claim 18 including an insecticidally effective concentration 

of at least one insecticide selected from the group consisting of (E)-7-dodecenyl 

acetate, (E,E)-8,1 0 dodecadien-1 -01, 1 ,3 dichloropropene, 3(S) ethyl-6-isopropenyl

9- docadien-1yl acetate, Allium sativum, Bacillus thuringiensis Serotype H-7, Bacillus 

thuringiensis subsp israelensis, Bacillus thuringiensis var aiziwai kurstaki, Bacillus 

thuringiensis var kurstaki, Beauveria bassiana, Bradyrhizobium japonicum, 

Bradyrhizobium japonicum WB 74, Bradyrhizobium sp Luinus VK, Bradyrhizobium sp 

X S21 , Bradyrhizobium spurn, Chlorpyrifos, Dimihn, E8.E10- dodecadienol, EDB, 

Metarhizium anisopliae var acridium isolate IMI 330 189, Paecilomyces lilacinus 

strain 251 , Rhizobium leguminosarum biovar phaseoh, Rhizobium leguminosarum 

viciaeTJ 9, Rhizobium meliloti, Spinosad, Sulfur, Trichoderma harzianum, Z-8

dodecenylacetate, Abamectin, abamectin, acephate, acetamiprid, acrinathrin, 

aldicarb, alpha-cypermethrin, aluminum phosphide, amitraz, azadirachtin, azinphos

methyl, benfuracarb, beta-cyfluthrin, beta-cypermethrin, bifenthrin, borax, 

brodifacoum, bromopropylate, buprofenzin, buprofezin, cadusafos, carbaryl, 

carbofuran, carbosulfan, cartap hyrochloride, chlorphenapyr, chlorpyrifos, citronella 

oil, clofentezine, codlimone (E,E-8,1 0-dodecadlene-1 -01), copper, coumatetralyl, 

cryptophlebia leucotreta, cyanophos, cyfluthrin, cyhexatin, Cypermethin, cyromazine, 

d-allethrin, dazomet, deltamethrin, demeton-S-methyl, diazinon, dichlorvos, dicofol, 

difenacoum, diflubenzuron, imethoate, disulfoton, emamectin, endosulfan, 

esfenvalerate, ethoprophos, ethoprophos, ethylene dibromide, etoxazole, 

fenamiphos, fenamiphos, fenazaquin, fenbutatin, fenbutatin oxide, fenitrothion, 

fenoxycarb, fenpropathrin, fenpyroximate, fenthion, fenvalerate, ferric sodium EDTA, 

pronil, fipronil, flufenoxuron, flumethrin, fosthiazate, fumagillin, furfural, gamma-BHC, 

garlic extract, hydramethylnon, imidacloprid, indoxacarb, lambda-cyhalothrin, 

lavandulyl, senecioate, lufenuron, magnesium phosphide, mancozeb, maple lactone, 

mercaptothion, metaldehyde, metham-sodium, methamidophos, methidathion, 
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methiocarb, methomyl, methyl bromide, methyl-parathion, mevinphos, milbemectin, 

mineral oil, novaluron, omethoate, ortho-phenylphenol, oxamyl, oxydemeton-methyl, 

parafinic complex (mineral oil), parathion, permethrin, phenothoate, phorate, 

phosmet, phoxim, pirimicarb, polysulphide sulphur, potassium salts of fatty acids, 

profenofos, propargite, propoxur, protein hydrolysate, prothiofos, pyrethrins, 

pyriproxyfen, quinalphos, rape oil, rotenone, silicon based repelJent, sodium 

fluosilicate, spinosad, spirodiclofen, sulfur, tartar emetic, tau-fluvalinate, tebufenozide, 

temephos, terbufos, tetrachlorvinphos, tetradecenyl acetate, tetradifon, thiacloprid, 

thiamethoxam, thiodicarb, thiram, trichlorfon, triflumuron, trimedlure, zeta

cypermethrin, zinc phosphide. 

28. 	 A formulation according to claim 18 including a viracidalJy effective concentration of at 

least one viracide selected from the viracides known to be suitable for use on plants 

to combat viruses that infect plants. 

29. 	 A formulation according to claim 18 including a plant growth regulating effective 

concentration of at least one plant growth regulator selected from the products in the 

group consisting of 2-(1 -2- methylnaphthyl)acetamide, 2-(1 -2-methylnaphthyl)acetic 

acid, 2-(1 -naphthyl)acetamide, 2-(1 - naphthyl)acetic acid, 2,4-D (sodium salt), 3,5,6 

TPA, 4-indol-3-ylbutyric acid, 6-benzyl adenine, alkoxylated fatty alkylamine polymer, 

alkylamine polymer, aminoethoxyvinylglycine hydrochloride, ammoniated nitrates, 

auxins, calcium arsenate, carbaryl, chlormequat chloride, chlorpropham, chlorthal

dimethyl, cloprop, cyanamide, daminozide, decan-1 -01, dichlorprop, dichlorprop (2

butoxyethyl ester), dimethipin, dinocap, diquat dibromide, diuron, ethephon, fluazifop

p-butyl, gibberellins, glyphosate- isopropylamine, glyphosate-trimesium, haloxyfop-P

methyl, indolylacetic acid, maleic hydrazide, mepiquat chloride, methylcyclopropene, 

mineral oil, n-decanol, octan-1 -01, paclobutrazole, paraquat dichloride, 

pendimethalin, prohexadione-calcium, salicylic acid, sodium chlorate, thidiazuron, 

trinexapac-ethyl, and uniconazole. 

30. 	 A formulation according to claim 18 including a biostimulatory effective concentration 

of at least one biostimulant selected from the group of products known as 

phytohormones. 

31. 	 A formulation according to claim 30 wherein the phytohormone is a brassinosteriod. 

32. 	 A method of administering a plant support formulation as claimed in anyone of claims 

1 to 11 to a plant comprising the step of applying the formulation by means of aerial 

or surface application, by incorporation in water borne irrigation system, or by trunk 

injection where appropriate. 

33. 	 A method of administering a phytologically beneficial substance to a plant, comprising 

the step of applying a formulation as claimed in anyone of claims 18 to 31 to the 
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plant by means of aerial or surface application, by incorporation in water borne 

irrigation system, or by trunk injection where appropriate. 

34. 	 A method of stimulating at least one of the growth stages of a plant, or of improving 

the production or yield of crop by the plant, or the appearance of the plant or of 

enhancing disease resistance in the plant comprising the step of administering to the 

plant a plant support formulation as claimed in anyone of claims 1 to 11. 

35. 	 A method of providing a plant nutrient to a plant comprising the step of applying to the 

plant a formulation as claimed in claim 20 to the plant, or where appropriate, the 

locus thereof. 

36. 	 A method of combating plant pests comprising the step of applying a formulation as 

claimed in claim 21 to the plant or, where appropriate, the locus thereof. 

37. 	 A method of stimulating growth or yield of a plant comprising the step of applying a 

formulation as claimed in claim 30 or 31 to the plant. 

8.6 	 National phases 

This invention has entered Nation Phases in the countries/regions listed in table 8.15 below. 

The information is obtained from the WIPO website. Some of the national reference numbers 

are hyperlinked to the relevant websites of the countries/regions. 

Table 8.15 I 

Country/region 

Australia 

! National entry date 

26.08.2008 

I National reference nr. 

! 2007219122 I 

status 

Published: 18.09.2008 
I 

I 
Canada 25.08.2008 2644354 i 

China 23.10.2008 200780014678.3 i J 
Europe 28.08.2008 2007713166 Published: 12.11.2008 

j 

New Zealand 570799 I 

The French title of the invention as registered in Canada is: PREPARATION DE SUPPORT 

DE PLANTES, VEHICULE POUR LfADlVIlNISTRATION ET LA TRANSLOCATION DE 

SUBSTANCES BENEFIQUES SUR LE PLAN PHYTOLOGIQUE ET COMPOSITIONS LES 

CONTENANT 

The detail and abstract of the Chinese submission is given below: 

C1ffU) % : 200780014678.3 

T7;:$tj\ 
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CN101426369 2009.05.06 

A01 N37/02(2006.01)1 

A01 N37/02(2006.01 )1;A01 N37/06(2006.01 )1;A01 N25/04(2006.01 )1;A01 N25/28(2006.01)1 

jJj)! 1iE B: 2006.2.27 ZA 2006/01725 

2007-02-23 PCTIIB2007/050580 
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8.7 Conclusion 

There is a need in the agricultural sector for (a) product(s) that can make a contribution to 

food security, environmental conservation and sustainable agricultural production. The use of 

Pheroid™ instead of the currently available additives used in agriculture may make a significant 

contribution. While Pheroid™ technology cannot be used to nullify improper and sloppy 

agricultural practices, it can help to minimize environmental impact. Furthermore, since yield is 

increased, less land can be used to deliver more and dosages of toxic compounds may be 

decreased. 

The concept of sustainable production requires the conservation of land and environmental 

friendly practices. It can only work if the different technical areas of plant production and 

protection, land and water use and remediation, environmental and ecological care and agro

practices are considered simultaneously in an integrated way. 
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ANNEXURE 8.1 

Extracted from Bulletin 1314 I October 2006; University of Georgia and Ft. Valley State 

University, the U.S. Department of Agriculture and counties of the state cooperating. 

TYPES OF SURFACTANTS 

Anionic Surfactants 


Alkylbenzene sulphonates 


Alkyl naphthalene sulphonates 


Alcohol sulphates 


Ether sulphates 


Alkyl sulfosuccinates 


Sulphonated naphthalene Iformaldehyde condensates 


Lignosulphonates 


Polycarboxylates 


Olefin sulphonates 


Phosphate ethoxylates 


Tristyrylphenol phosphates and sulphates 


Tau rates 


Nonionic surfactants 


Alkylphenol ethoxylates (APE) 


Tristyrylphenol (TSP) ethoxylates 


Alcohol ethoxylates 


Aliphatic acid ethoxylates (PEG esters) 


Sorbitan esters and ethoxylates 


Castor oil ethoxylates 


Amine ethoxylates 


Polymeric surfactants 


Alkylpolyglycosides (APG) 


Organosilicones 


Cetylenic diols 


Cationic Surfactants 


Quaternary ammonium compounds 


Amine salts 


Amine oxides 


Amine ethoxylates with low EO content 
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Amphoteric surfactants 

DEFINITIONS 

Surfactants are adjuvants that reduce surface tension within the external surface layers of 

water. There are four different types of surfactants: 

Anionic Surfactants are negatively charged, and enhance foaming and other spreading 

properties. For example, shampoo for hair contains sodium or ammonium laureth sulfate, which 

is the preferred anionic surfactant for hair. Using an anionic surfactant in the greenhouse can 

cause problems with sprayers that have an agitator, or any system where the foam could 

disrupt water flow or pump suction. 

Cationic Surfactants are positively charged, and are often very toxic to plants as they can 

disrupt membrane ion balance. Cationic surfactants are not widely used for pest control, but 

they are more commonly used in heavy-duty cleaning compounds. Don't grab a bottle of engine 

wash surfactant used to clean the tractor. The results can be devastating to plant materials. 

Amphoteric Surfactants, depending upon the pH of the solution, will form either a positive 

or negative charge in water. Their use in horticulture' crop protection is rare. These products are 

used very specifically to match the properties of specific pesticide formulations to carrier 

components or other materials, and are generally not available for use in the greenhouse as a 

stand-alone product. 

Nonionic Surfactants do not have a charge in solution and are the most commonly used 

surfactants for the horticulture industry. When used properly, do not harm plants, remain stable, 

and do a good job of breaking water surface tension. However, application rate is critical. When 

applied at too high a rate plant injury may result. 

Nonionic surfactants are now being researched in relation to controlling fungal infection, 

especially in hydroponic systems. When a fungal zoospore is coated with a nonionic surfactant, 

it does not function well. Dr. Ann Chase (pathologist at the University of Florida) and others are 

currently reviewing the effect of these products on fungi. 

Wetting Agents are commonly mixed in growing media. They allow the media, such as 

peat moss, which is'often hydrophobic (water-hating) when dry, to accept water into its 

collective structure. Wetting agents work much like surfactants, breaking the surface tension of 

water and help the water transfer from particle to particle. However, their chemistry is different 
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from most surfactants. Many contain polyoxyethylene esters, ethoxy sulfates, or derivations of 

these components. 

When applied at too high a rate, a wetting agent can cause membrane permeability 

problems and cause toxicities that kill roots and leaves Occasionally, media from commercial 

companies contain too much wetting agent. This can cause disfigured, off-color, slow growing 

plants. Temperature and weather can affect how the plant will react to the presence of a large 

amount of wetting agent in bark or peat soils. 

Other Adjuvants 

Penetrants dissolve or penetrate waxy layers on leaves and allow other chemicals to 

interface with plant cells or insect epidermal tissue and enter the spaces between the epidermal 

cells, sometimes called "cell free space." Penetrants can contain petroleum by-products, crop 

oils, complex alcohols, and other hydrocarbon-based materials. They work well under very 

specific conditions and with very spedfic crops grown outdoors. In the greenhouse, stand-alone 

products are rare. 

Anti-condensates. Greenhouse walls made of various films, especially in poly houses with 

poor ventilation, have condensate problems and drip in the most inopportune places. Anti

condensates act like surfactants, making it easier for water to spread throughout the surface of 

the film instead of collecting as droplets on the plastic and dripping on plants. By creating a film, 

the water can be carried off as a thin sheet along the pipe or plastic film. They work great, but 

should never, ever be used on plants or on soil. 

Thickeners are used to reduce drift of sprays. They may contain polyacrylamide, 

polyethylene polymers, polysaccharides (long-chain sugars), or vegetable oils. These products 

not only help volatile pesticides become less volatile, they also cause the carrier solution to 

become more viscous and heavier. This is beneficial when spraying an outdoor production area 

near a housing subdivision. It reduces drift, odor, and waste. However, when thickeners are 

applied at too high a dosage, they can cause surface deposits on foliage, excessive exposure 

to the pesticide, or clog spray nozzles. Use these adjuvants only in outdoor situations and only 

after reading the label for information about compatibility and phytotoxicity. 

Emulsifiers. Emulsifier agents work by coating tiny particles or groups of the liquid 

molecules and preventing them from coagulating with other like molecules. The emulsifiers 

allow oil and water solutions to mix. These products are usually added by the manufacturer and 

are commonly mixed with petroleum-based pesticides to help them mix more readily with water. 
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Spreader and Stickers. Spreaders are compounds that cause the surface tension of the 

pesticide to be reduced in such a way that it easily spreads into a very thin film over a surface. 

Like surfactants, spreaders and stickers increase the efficiency of the pesticide dramatically. 

They may contain fatty acids, latex, aliphatic alcohols, crop oils such as cottonseed, or 

inorganic oils. Each formulation is very different. 

Stickers are very much like thickening agents or oils in that they cause the pesticide solution 

to adhere to the leaf surface, resisting rain, evaporation and runoff. Some products use 

emulsified polyetheylenes, others use polymerized resins, fatty acids or petroleum distillates. 

Stickers are commonly used in field crops (like corn and soybeans) where residue on leaves is 

not a problem. However, in greenhouses, they can cause a mess, especially on leaves with 

indentations such as Pileas, or hairy plants such as Dusty Miller. Some spreader/sticker cause 

phytoxicity in tender annuals and herbs. 

Oils. There are two types of oil: crop oils that are derived from soybean and other crops, 

and inorganic oils that come from petroleum refineries. Some are used as suffocates, which 

cover the insect and cut of its air supply. Others are used as penetrants to break apart the chitin 

layers (such as with scales) and cause the insect to die. Still others are used like surfactants, 

forming film over the leaf, breaking down the cuticle, and allowing the pesticide to enter its 

target. Some oils are blended with surfactants, to take advantage of the properties of both 

adjuvants. Oils are rarely recommended for greenhouse use. 

New Product Classes 

Alkyl polyglucosides. As complex as this term sounds, it simply refers to modified sugars. 

It has been found that some modified sugar molecules have surfactant-like properties and may 

be used as spreader/stickers. Although this class of adjuvant has been around for some time, it 

is only now becoming popular due to its organic origins, biodegradability, and the fact that it is 

environmentally friendly. There are low foaming and high foaming types, and many are very 

good wetting agents. Originally developed as environmentally safe cleaning agents (car wash 

cleaners) in England, they have transitioned to being used in laundry detergents and as 

agronomic adjuvants. These products have very low potential for phytotoxicity because they are 

derived from plant sugars. Research on these materials is on-going. Current work indicates they 

work well with glyphosate herbicide. 

Organosilicates are not exactly new; they were developed in the 1970s, and have many 

uses including silicone-based sprays for waterproofing. About 10 years ago, their use as spray 

adjuvants for crop production was discovered. Organosilicate surfactants are very good at 

--...--.------------
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increasing the "rainfastness" of pesticides. They also reduce the surface tension and allow 

everything from micronutrients to fungicides to enter the leaf stomates. These products have 

phenomenal wetting abilities. Depending on the pesticide they are used with and the application 

rate, results may be good or bad, so be careful when using these products. Phytotoxicity can 

occur if these products are used at too high a rate or used when temperatures are above 90 

degrees F. Some research suggests that the wetting properties of these surfactants are so 

good that they can also allow bacteria and fungi to invade plants more easily (via stomata). A 

sanitary facility, careful applications, and rotation with other surfactants is required to realize the 

benefits with these products. Applications of organosilicone surfactants in 90+ degree F 

weather can cause plant damage. 

Inorganic Salts. There is continuing research on the use of certain inorganic salts as 

surfactants. However, most of this work is related to herbicide applications. Many of these 

products are salts of sodium, potassium and ammonium. Others contain calcium, iron, zinc and 

magnesium salts and are used in industrial cleaning agents and adjuvants. They also cause 

plant problems, particularly on greenhouse crops. 
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