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Understanding FROST Better:  The CSA-Based Farming Method 
 
 It is not widely known or understood that Agricultural Crop vulnerability to Frost (or Drought) can be 
well reduced with more-effective nutritional strategies; and such damaging effects can be further reduced 
by the frost-defensive agronomic practices in the Carbon Systems Agronomy (CSA) Farming Method.  
CSA provides answers that do produce superior outcomes and it is an ever-evolving pursuit of improving 
Agricultural outcomes. Throughout history, some of the greatest minds that have ever lived knew only too 
well where to look for the answers we all seek. 
 

To be a successful farmer – one must first know the nature of the soil.” 
Xenephon, The Oeconomicus 400 BC 

 

“We know more about the movement of celestial bodies, than about the soil underfoot.” 
Leonardo Da Vinci   1452 - 1519 

 

“Look deep into nature and then you will understand everything better.” 
Albert Einstein 1879 - 1955 

 

Best-practice Agriculture must always be Truly Connected to Nature.   
 All Plants – Crops and Trees; have means to resist frost effects (just as much as they can resist 
drought or flood or any other adverse weather events) if they are sufficiently prepared, healthy and robust.  
The Keys to all forms of Crop Resilience; including disease and infestation; is created by the farmer who 
places a conscious-effort on manipulating soil-chemistry, understanding plant physiology and in the early 
preparation of crops so that they can become robust, nutritionally balanced and resistant.   
 

“You Can Only Control Nature – By Obeying It”  
(The First Principle of CSA)  

 

“Every battle is won or lost before it is fought” 
(Accredited to the Chinese General/Philosopher Tsun-Zhu) 

 

“Good begets Good” 
(CSA Maxim)  

 
 There is a common-sense found in all these sayings. Don’t fight Nature or you will lose, 
understand how Nature (soil/plants/weather) works; turn that to your advantage and Nature will help you. 
Always plan and prepare to avoid or overcome every possible disadvantage. Once right; and nature co-
operates, and your resources are deployed to their best efficiency and ability – your wins become greater 
and more frequent. The base on which you operate becomes more reliable and that in turn enables you to 
do better again. The CSA Farming Method is heavily centered on Principles First; as a means to break 
through all the useless clutter of so many business-only agendas in Agribusiness that will inevitably stop a 
farm from being ‘Agronomically Right’.  
 
 CSA emphasizes the constant need to be pro-actively concerned with fixing the causes of 
weakness, imbalance and loss by always focusing on the structural foundations of the farm ecology – the 
soil, the plant and the ‘answers-bank’ of knowledge currently used by the farmer. We educate all our 
clients in the science of nature and natural cause. Weaknesses exists of their own accord or because we 
have created them. The building of farm-strength; and the removal of weaknesses is a natural scientific 
path of analysis as well. It is the path we study and we use it in CSA to make farms more robust and 
agronomically right.  
 The science of making farms less-susceptible and more-robust already exists. It’s just not the 
‘science’ many others use.  So many times we hear the lament that you must treat the ‘causes’ and not 
the ‘symptoms’ and yet so many times the common-agronomy is just band-aids and bottle-cures that 
continually treat the short-term problematic symptoms; only for the problems to return again and again.   
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 The ‘robust’ farm is built over time and robust progress is continually demonstrated in better 
performance in the face of worsening weather events. Obviously there is a tolerance limit to all challenges 
– but the CSA Farming Method does stand out in the district as the ‘dry-survivor’ or the ‘frost-resistor’ or 
the ‘quality-yielder’ or just the farm that manages to stay in the black when prices are low. Focus on “How 
the Soil Works” and “How the Plant Works”; focus on the Principles that drive Nature and you will find all 
you need to succeed in the many challenges of Agriculture.  
   

CSA General Frost Resistance Strategies – Nutritive “Hardening” & Pro-Active Treatments 
  
 The CSA Strategies are highly Defensive and are used to ensure Frost can’t ‘Freeze’ and destroy 
the plant cell and wall membranes or more importantly reach into and kill or damage the vacuole in the 
centre of a cell. The vacuole is a cellular organelle; often the largest organelle in the cell. It is surrounded 
by a membrane and functions to hold water, other nutritive and energy materials or wastes. It 
also functions to maintain the proper pressure within the plant cells to provide structure and ongoing 
support for the growing plant. Frost damage takes a cumulative toll on plants and damage can be as 
destructive as death for the purposes of yield. Even small amounts of freeze-damage to the vacuole can 
render the cell an energy-sapping zombie without the possibility of any future productive capacity.  
 

Frost Suppression can be achieved via -  
 

• Building Hydrophillic Colloidal status in Cells – More Proteins/Starches 

• Raise Cell Osmotic Pressure and Brix Status – Boron, Phosphorus, Sugar Formations 

• Accumulate Internal Plant Silicon and External Leaf Silica.  

• Ensure strong levels of Carbon-bonded L-Cys-Sulfhydryl Thiols in Cell Tissues 

• High-end Cellular Calcium, Potassium, Sulphur PPM Sap Status 

• Generally Strong Nutritive Status; especially in Copper, Zinc, Carbon and the Amino L-Cysteine.  

• Balanced Nitrogen Status 
 
And the ‘Attack’ Job CSA is currently working on  

• A specifically targeted and fast-response, long-lasting pre-frost foliar means to suppress Ice 
Nucleation Active Bacteria (INAB) in and on the plant already; and thereby limit the destructive 
ability of INAB to initiate and accelerate Frost Damage.   

 

Understanding the Enemy – The Significant Role of INAB in All Frost Damage 
 
 Another fact about Frost that does not seem to widely known is the central role certain species of 
Bacteria play in promoting and expanding frost damage. Ice Nucleation Active Bacteria (INAB) actively 
participates in ‘bringing it on’. Frost serves their life-cycle and purpose well and INAB are well-placed to 
take advantage. INAB are already in-situ – In the Ground, Plant and in the very Rain that falls:  
 They are commonly found on the leaf surface areas and inside plants; waiting for their opportunity. 
INAB are ‘the fangs of frost’; they cause damage and they seek to feed off the damage to reproduce. 
Their external protein structures are designed to literally suck heat from the moisture around them and to 
lock water molecules into an ice-forming matrix. They literally make frost happen.  
 
 CSA Defensive methods used to promote frost resistance are mostly-effective because they 
purposefully reduce the INAB populations inside the plant and on the plant surface areas. Silicon is 
especially effective in that; as is the strong function of L-Cys-Sulfhydryl Thiols in plants which is promoted 
by having a good synthesis of carbon, sulphur, zinc and the amino acid L-cysteine. High Copper status is 
also very good at suppressing internal and external plant INAB activity. Even though we often associate 
Copper with fungicide use; it does seem to have a multi-cellular and complexed function to suppress over-
active bacterial events. In the absence of Ice Nucleation Active Bacteria (INAB) pure water can be cooled 

to -10C without freezing. Pure water does not freeze at 0C. Just still nights and cold temperatures are 
not enough to make frost happen. Frost needs a wide-spread ice-nucleating trigger – and INAB provide it.  
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The ‘INAB’ & ‘Ice+’ Bacterial Frost Initiators:  
 

• Frost Initiation and subsequent damage is usually started by INAB and INAB are everywhere there 
is green plant material. INAB circulate through air and water; from the ground to the upper-

atmosphere. In the absence of INAB, plant tissue can survive at -7C for extended periods (hours) 
without any adverse effects.  

• Pseudomona Syringae is another Ice+ bacterium that has the same external shape as an ice 
crystal and can initiate frost formation at a higher temperature than would otherwise occur. 

• The Ice+ INAB do this to feed and reproduce. They purposefully cause frost-burn type lesions on 
the leaves as a means to increase the volume of repair-exudates on which they will feed.  

 

The Process of Frost Damage on Crops: 
 

• Frost is not an instantaneous or sudden event. Frost ‘evolves’ once the water moisture, air 
movement/temperature and facilitating ice-forming agents all come together to create the ideal 
specifications for frost.  

• INAB is not entirely essential for a frost to occur – but INAB is a major driver for frost to occur and 
all the physical, chemical and biological factors required to resist the spike in INAB activity are 
essential for a crop to resist a greater-damaging frost event.  

• Almost every ice crystal started life with an INAB nucleus in it; some ice crystals do nucleate 
around dust particles but INAB is never far away from any frost events.  

• The most susceptible periods for cold induced sterility frost damage in Cereals are Zadoks Z41 
and Z65.These growth stages closely equate to very early booting and the external appearance of 
the pollen tube.  

• Z41 is not often recognized as a susceptible stage of growth. The frosts are early, not actively 
related to flowering and crops are often regarded as too immature to be susceptible.  

• Agricultural crops are much more susceptible to frost damage than native plants. Native plants 
seem to have a lot more naturally resistant cell-composition related physical properties. Unlike 
commercial crops where the nutrition and health-status can be quite varied and possibly 
compromised by being over-stimulated and simply NPKS driven.    

 
 

Ice Plus (Ice+) Pseudomona Syringae ‘enabling’ ice crystal formation on a leaf. 
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The Life-Cycle of INAB 
 

• INAB remain within the rain drops falling to earth and many are carried into the soil by rain.  

• As a seed germinates the INAB seem to ‘hitch a ride’ back to the soil surface on the emerging 
coleoptile and so they are able to be on the leaf surface from day one.  

• When mature they become airborne to rise up into the atmosphere or to spread out across the 
landscape and colonize other plants and their leaves.  

• INAB will become increasingly active as the temperature drops to -2C and super-active at -5C.  
The ice crystals spread in a mechanical pattern, being controlled by the need to disperse the latent 
heat released on freezing.  

 

 

Strategies for Killing INAB; searching for the Practical.   
 
 There are several published strategies; most of which are not practical.  
Some products are spray-on microbes that are supposed to out-compete or consume INAB. Other 
bacterias like Psuedomonas Fluorescens A506  has a leaf protective function if you can ensure there are 
enough of them there. There are aqua-phobic products that basically keep water off the plant for awhile – 
rationale being if the moisture’s not there it can’t freeze; but that tactic seems half-baked given the 
inter/intra-cellular water is just as high a target for INAB inside the plant. Apparently covering your 
paddocks with smoke will work. Good luck with that.  
 There are several other ideas including the spraying of GM variants of INAB that don’t induce 
freezing. That research product needs further validation and is not available for commercial use anyhow. 
The main problem with any INAB-targeting measure is that it has to be there and effective before the frost 
occurs; it has to be fully operational all the time for several months.   
 CSA has focused on maximizing as many defensive measures as possible because they can be 
built up as part of the standard growing program and they remain active and useful for the life of the plant 
– and many of them will double-up as dry survivor methods as well. CSA principles focus on building far 
greater plant robustness and that applies to hot, cold, wet or dry extremes.  

INAB : Tobias Weidner: Max Planck Institute for Polymer Research 
As temperature drops INAB withdraw heat from surrounding water and use their ice-
nucleating proteins to lock water molecules into an ice-matrix pattern. They do this 
‘job’ so well they are commonly used as additives inside snow-making machines.  
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 The defensive measures will work to varying degrees, nothing is ever completely effective but in 
the WA 2016 frost events (that caused several hundred million dollars in damage) CSA clients reported 
low-level damage compared to their district, low screenings, good hectoliter weights and a few actually 
went through unscathed. One Full CSA Program client experienced 13 frost events over a 2 month period 
and still increased yields while being surrounded by properties with total wipe-outs (to the fence line – as 
per below). In this example we are referring to the same cereal varieties and sowing times, similar soil 
profiles and all the usual ‘same-as’ requirements that eliminates an assertion of being ‘just-lucky’ 13 times. 

 
Of all the potential ‘spray-on’ intervention methods the pre-frost use of a complexed Liquid 

Potassium Silicate, Boron, Copper, L-Cysteine (nutrition-based foliar) does offer a protective effect when 
frost events are likely. The problem with a complexed K-Silicate solution is that its ‘frost-protective’ 
features may simply spike for a week or two and is therefore very short lived. The K-silicate is 
progressively ‘re-allocated’ by the plant for multiple alternate uses. So you either use a lot of it, several 
times as your one-shot option, or you use it in a far more tactical way to ‘harden’ your CSA defensive-built 
position anyhow. Trial sprays have been done by Ferti-Tech on small hectares closer to the frost-risk 
periods to test how long the spike-boosted-defensive effect works at various applied rates. The concept 
works but CSA Practice does not consider the stand-alone use of a K-Silicate based frost preventative 
foliar as truly farm-practical when you consider the hectares involved and the critical pre-frost timing that 
the application requires. Combinations of Polymer-polyglycerol (PGL) and Polyvinyl-alcohol (PVA) are 
known to be very effective at suppressing surface INAB across many different strains. That capability sits 
best with CSA ‘Analysis of Need’ by finding the most appropriate quick-intervention pre-emptive spray that 
satisfies the broad-spectrum, wide-application need for a longer-lasting effectiveness. Foliar appropriate 
formulations will be made and trialed as an ongoing response to frost mitigation. PGL/PVA while not 
‘killing’ INAB is capable of immobilizing and disrupting its functional protein action. If frost is forecasted; or 
the probability is highly expected; this PGL/PVA based formulation foliar may be one of the most logical 
intervention sprays that might prove more practical on very short-notice; to provide an all-of-season (circa 
2 month) frost suppression.  
 

Having said all that; CSA Principles dictate that the better; most cost-effective option to maximize 
frost-protection and create a perpetual ‘safe-guard’, is to focus on building up the natural soil chemistry 
and rhizosphere ecology to continually produce the required protective elements within the plant over its 
entire life cycle anyhow. CSA Growing Programs create Frost and Drought Protection by Default. This 
approach via farm-customized CSA analysis and programs; Liquid Inject formulations to manipulate soil 
chemistry and strategic Foliar application is proving to be quite effective (as per the 2016 example above).  

 
 

 
 
 
 
 

 
 

FROST RESISTANCE IS PART OF THE USUAL, 

IN-SEASON, IN-PROGRAM, IN-BUDGET  

CSA FARM PROGRAM PRACTICE 
For more Information contact  

Ferti-Tech 08 9725 6877 
Ferti-Tech also wishes to acknowledge some source materials regarding INAB 

provided by WA Farmer John Hicks.  

 


