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1. Understanding how every 100 drops of rainfall is critical and was 
naturally utilized.

2. The significance of the Earth’s former soil carbon sponge and its 
regeneration.

3. Regenerating our in soil reservoirs, rainfall buffers, resilience and 
longevity of green growth.

4. Regenerating our upland wetlands as the source for most of our 
sustained river flows.

5. Regenerating natural shelterwoods to limit evaporation and 
desiccation impacts.

6. Not wetting soil surfaces in protecting strategic soil water reserves 
in arid regions. 

7. The ‘rootability’ of soils in governing available soil water resources 
and plant survival.

8. The harvesting of water by vegetation from humid air flows in arid 
regions.

9. Salt pans and foliage as hygroscopic sinks that harvest water to aid 
plant survival. 

10. The biochemical production of soil water from the decomposition of 
organic matter.

11. The mycorrhizal uptake of water from soil surfaces at well below 
plant wilting points. 

12. Practical innovations to triple crop water use efficiency to aid arid 
zone food production.

13. The practical treatment, recycling and production of endless safe 
water for arid regions. 

14. How surface mulches protect, rehydrate and cool soil surfaces to 
aid plant growth.  

15. The natural cooling of land surfaces via latent heat fluxes to reduce 
evaporation losses.

16. Limiting the production and aridification effects from humid hazes 
over arid regions.

17. Coalescing our warming aridifying humid hazes into dense cooling 
clouds.

18. The enhanced natural nucleation of rain to help recharge our in soil 
reservoirs.
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19. Limiting the formation of high pressure heat domes and desiccation 
over arid regions.

20. Enhancing the biotic inflow and condensation of cool moist air into 
arid regions. 

21. Storm Water Dreaming; traditional and ecological options to restore
monsoonal rainfalls.

Each of these components processes in the natural hydrology of landscapes raise
opportunities to limit water loses, increase water availability and efficiencies and 
help rehydrate degraded lands. While specific practical options exist to 
regenerate each of these processes, they operate collectively as a dynamic and 
synergistic whole often via positive flow on benefits beyond just their direct 
effect. 

While these regeneration strategies are effective, natural and safe they need to 
be diagnosed and tailored to the needs in each specific site to best overcome the
various limiting factors resulting from our degradation of these processes via our
agricultural practices.  We can and must do this, urgently.

Walter Jehne  Regenerate Earth  July 2019

1. Understanding how every 100 drops of rainfall is critical and was 
utilized naturally.

Water is essential for life. As most of our water on land comes via rain, rain is 
also critical for life. 

While we focus on how much rain different regions get, what matters far more is 
what happens to the rain that we do get. What matters is not just the rain in your
life; but the life effects of your rain.  

What happens to each of every one of 100 raindrops that may fall, not their total 
number. 

In natural stable productive bio-systems 98 of these raindrops fall on soils, that 
mostly infiltrate them into their spongy surface and store them in their ‘in soil 
reservoirs’.

Whereas 2 drops out of 100 fall on water surfaces a further 10-20 drops may flow
belowground  from saturated in soil reservoirs to recharge; springs, streams, 
wetlands and aquifers or to the sea.

The remaining 80 odd raindrops are then taken up slowly from these in soil 
reservoirs by the roots of plants and transpired back into the air to form humid 
hazes, clouds and rain in a hydrological cycle. 

In transpiring this water into the air plants also fix CO2 from the air into sugars 
via photosynthesis. These sugars are the energy source for most life. The organic
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compounds produced from this sugar in turn are the building blocks for all life 
and the soil carbon sponge that aids rain to infiltrate soils.

Whereas these sponges, in soil reservoirs and hydrological cycles had extended 
over most of the 14 billion hectares of land on Earth to annually fix some 2-300 
billion tonnes of carbon, over the past 10,000 but particularly 100 years we have 
massively cleared and oxidised these landscapes and soils. 

This has contributed to the abnormal rise in CO2 levels and the structural 
compaction of many soils. 

So much so that while 98 drops out of 100 still fall on soils, 50 of these often run 
off and are lost out to sea via erosive floods that overflow the 2/100 drops we 
can store in our dams before they silt up. A further 20-30 drops may fail to 
infiltrate into soils and may evaporate from surface inundations. 

Our degraded soils, in soil reservoirs and residual 50% vegetation cover may 
now transpire less than half of the water it did naturally, significantly impairing 
the Earth’s hydrological cycle and its cooling.

By degrading our soils and in soil reservoirs we are effectively denying ourselves 
access to most of the 80/100 raindrops that had previously been stored in these 
protected hydrological buffers.

Instead we have made our irrigation, industrial and domestic water essentials 
dependent on and vulnerable to the water able to be stored in our silted or dry 
dams able to hold  2/100 raindrops.

As climate extremes, rainfall variability, aridification and water demands 
intensify this is dangerous.    

We cant solve this problem by building more dams. Our 50,000 existing dams 
already confirm this. 

We can however practically Regenerate the Earth’s soil carbon sponge and its ‘in
soil reservoirs’ to safely store and access the up to 50/100 raindrops we now lose
as flood runoff and evaporation. 

There are simple natural solutions to our pending water crises. Each community 
has local practical points of agency to secure their water essentials and 
sustainable future through these solutions.   We can do this but only if we 
regenerating the Earth’s soil carbon sponge urgently, everywhere. 

2. The significance of the Earth’s former soil carbon sponge and its 
regeneration.

Life needs water. While microbial life evolved 3.8 billion years ago in the ocean in
abundant water, life did not colonise the dry rocky land until 3.4 b years later till 
it could secure its water needs. 
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It did this initially by fungi, tubes of liquid protoplasm that grew from estuarine 
edges onto the rocky land to solubilise mineral nutrients essential for its growth. 
However as fungi, like us, cant fix sugars they could not grow independently on 
land until they formed symbioses with algae that could. 

These symbiotic fungal-algal associations, lichens, were then able to grow 
autonomously across the land, absorbing water from dew, solubilising nutrients 
and fixing their own carbon energy sources.

As they grew the lichens left behind organic detritus in the mineral particles to 
form the initial soil carbon sponge. This sponge enabled that mixed detritus to 
retain more dew and rain and develop into deeper soils enabling more 
productive microbial and plant life to rapidly evolve and spread.

So much so that over the next 100 million years deep organic soils and dense 
forests formed over most of the land resulting in the massive draw down of 
carbon into the soil sponge, peat and coal.

Then as now it is the deposition of carbon into mineral detritus by microbial 
symbionts that creates the Earth’s soils, terrestrial hydrology, bio-systems, 
hydrological heat dynamics and sustainability.  

As such we can use these same accelerated processes to regenerate the Earth’s 
soil carbon sponge and in so doing regenerate productive bio-systems, their 
hydrology and our former cooler climate. As in nature doing so is as simple as 
A,B & C. To do so we need to;

A. Maximize the draw down of carbon by plant photosynthesis on an area and
longevity basis.    B. Minimizing the oxidation of biomass carbon back to CO2 
via fire and microbial respiration.     C. Maximizing the bio-conversion of 
organic residuals by specific fungi into stable soil carbon.

Given that we govern the processes regulating A, B and C via our land 
management, specifically the ratio of B/C we can significantly enhance the 
regeneration of the sponge in most agro-ecosystems.

Whereas our current highly oxidative industrial agriculture is often oxidizing 
120% of A and C via B and degrading former productive soils and bio-systems 
into desert, practical profitable options exist to limit B to less than 50% of A  so 
as to rapidly regenerate the sponge via turning A into C.

Whereas nature can readily turn up to 200 tC/ha/an of A into C, leading 
innovative farmers are bio-sequestering up to 10 tC/ha/an. By contrast our 
oxidative agriculture often loses 5-10 tC/ha/an.

However as in nature 420 million years ago, the addition of stable carbon to soils
also generates a series of positive feedback, multiplier processes that further aid
the bio-productivity of that soil. Effectively each gram of added carbon can 
deliver major further dividends in that it can;

 Directly hold up to 8 grams of extra water to aid the soil’s hydrology. 
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  Greatly aid the surface charges and availability of nutrients and bio-
fertility of that soil. 

 Provide the substrate and habitat for the microbes that aid soil structures 
and bio-fertility.

 Enhance soil structures to aid the proliferation of roots to depth and 
resource access, and 

 In so doing aid the productivity and resilience of plants growing in that 
soil.

3. Regenerating our in soil reservoirs, rainfall buffers, resilience and 
longevity of green growth.

As raised above, the microbial bio-sequestration of stable carbon into soils can 
greatly enhance the physical structure of soils and thus the ability of roots and 
microbes to proliferate to great depths.

Whereas the structure in many oxidised industrial soils that are losing carbon 
degrades or compacts to bulk densities above 1.8 grams/cc, soils with high 
microbial activity and increasing carbon often develop softer spongier structures 
with far more air voids and bulk densities as low as 1.1 g/cc.

Such compacted more dense soils with fewer voids and lower porosity mostly 
have far lower rainfall infiltration rates and water storage capacities that the 
softer, spongier lower density soils.  

As root growth is greatly restricted in drier soils with bulk densities above 1.6 
g/cc, the depth and volume of soil resources available to the plant, especially in 
times of stress can be greatly reduced.  Whereas most roots in dense oxidised 
soils are often restricted to the upper 20 cm of soil, roots often readily penetrate 
and proliferate to over 2 meters depth in well structured carbon rich soils. 

This ten-fold increase in the volume of soil water and nutrient resources available
to the plant from these ‘in soil reservoir’ buffers can have a profound effect in 
enhancing its productivity and resilience especially in times of stress and 
enabling bio-systems to survive climate extremes.  

The greater volume of these root accessible in soil reservoirs is of critical 
importance in seasonal and arid climates to maximize the infiltration and 
retention of their increasingly unreliable rainfalls. 

For example well structured soil to a depth of 2 meters may readily be able to 
infiltrate, retain and slowly make available up to 1000 mm of stored rain over the
next months to sustain the growth and survival of plants as well as recharge 
springs wetlands and aquifers via subsoil flows. By contrast our oxidised 
compacted soils 200 mm deep may be able to retain and supply less than 50 
mm of rain. 

This can profoundly influence the hydrology, productivity and viability of regions.
For example the retention of just 300 mm more of the monsoonal rain that falls 
over much of northern Australia in such restored in soil reservoirs could 
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substantially rehydrate and regenerate vast regions and provide reliable 
evaporation protected water all year at minimal cost where and when needed.

More important than the volume provided, such in soil reservoirs would buffer 
and sustain this supply of water despite the increasingly unreliable extreme 
rainfalls. By sustaining the availability of water during dry periods it can greatly 
extend the longevity of green growth and reliability of plant yields often 10 fold 
to sustain the food needs and preventative health of dependent communities. 

The regeneration of our in soil reservoirs would also help in limiting the increased
dangerous flood peaks and their erosive destruction of soils, agricultural 
industries and infrastructure. 

Vast expenditures of capital and embodied energy are currently invested in hard 
civil engineering infrastructure to manage and repair such extreme flood peaks 
or secure critical water needs. These costs could be greatly reduced by investing
small parts of this in regenerating our in soil reservoirs  and buffers to naturally 
secure and supply; safe reliable water equitably to all.

4. Regenerating our upland wetlands as the source for most of our 
sustained river flows.

While water is essential, it is also heavy weighing 1gram/cc or 1 tonne per cubic 
meter. 

It follows that distributing this heavy water except via gravity can rapidly 
become too costly. 

Similarly elevated water reserves that can be distributed where needed by 
gravity are valuable. 

As such the regeneration of our often common former natural upland wetlands 
may be a priority.

Fortunately nature often greatly assists in this as moist air is forced to rise over 
higher land and in doing so cools, forms ice nuclei and then precipitates more 
abundantly on these higher landscapes. Similarly depressions and flat land on 
the top of ranges often naturally form a range of small lakes, tarns, wetlands and
bogs that stored and re-distributed much of the water for the landscapes below.

For example over 70% of the water that flows through Australia’s 100 million 
hectare Murray Darling Basin catchment originated in the ranges to the East and 
had been stored in and buffered by some 40,000 small natural upland wetlands 
and bogs that represented some 2% of the area of the basin.

These upland wetlands and bogs are likely to have been even far more 
significant to the hydrology of North America, South America and Eurasia where 
beavers and nutria evolved and created vast numbers of upland beaver ponds 
and then meadows that performed as similar hydrological buffers. 
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The extensive mountain snow-packs that previously blanketed many of the 
higher ranges had similar effects but now risk diminishing as global warming and
aridification extremes intensify. 

While they were often small on an area and volume basis these upland wetlands 
were and are critical in that they helped continually passively recharge the in soil
reservoirs of the soil profiles all the way down these mountain slopes to the sea. 
To a large extent they provided the hydrological source and hydro-static head for
the continual slow rehydration of these slopes, often extending into rain-shadow 
and much drier regions than in the upland ranges supplying this water. 

 It follows that our exploitation and structural degradation of the soils in these 
upland wetlands and hydrostatic recharge zones can have profound effect, not 
so much on the rainfall of the uplands but on the speed of runoff, buffering and 
infiltration of water into thein soil reservoirs of these slopes. 

Over 50% of the upland wetlands feeding the Murray Darling Basin have been 
drained, cultivated or heavily grazed on account of their often more fertile higher
carbon wetland soils. How much this may have impaired the hydrology of the 
slopes below them is difficult to quantify but indicated by the increased dieback 
of old forests and trees and gully erosion on the affected slopes.   

As the areas are relatively small, the natural regeneration of these upland ranges
and wetlands via the regeneration of natural tree covers, control of excessive 
grazing and the minimal restoration of earthworks and swales warrant priority. 
The re-introduction of beavers into regions where they existed naturally has 
resulted in significant rapid rehydration and regeneration benefits.    

While not as effective the restoration of litter weirs and wetland floras including 
of Phragmitis and Lomandra can be effective in the regeneration of such upland 
wetlands and natural chain of ponds hydrological landscapes in other regions.   

5. Regenerating natural shelterwoods to limit evaporation and 
desiccation impacts.

While such upland ranges and recharged soils often supported mixed forests 
below the snow line, the often extensive slopes below and partially hydrated by 
them may support a sequence of floras from closed and open woodlands, 
savannas, frost hollows, wetlands and rangelands in drier areas. 

Many of these dryer open woodlands and rangelands sustained a wide range of 
scattered trees that formed natural shelterwoods with some 5-50 trees per 
hectare that were effective in sustaining the hydrology and thus productivity and
bio-diversity of these habitats and limiting their desertification. 

These scattered tree canopies were critical in sustaining bio-systems in often 
marginal sites via;

 Shading soils and understoreys to limit their heating and desiccation.
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 Greatly reducing soil surface wind speeds and the evaporation of water 
from soils.

 Reducing the erosion and scouring of surface soils by hot dry winds.
 Protecting soil surfaces and creating biotic habitats via surface litter.
 Bringing up nutrients from deep subsoils via the deep tree roots.
 Harvesting dust and moisture from arid air flows to aid the nutrition and 

plant growth. 

Physiologically these shelterwood canopies and effects contributed significantly 
to enhance;

 The hydrology of the soils and pastures growing under and around these 
shelterwoods.

 The longevity of green growth via the more efficient retention and 
availability of water.

 The palatability, nutrient value and feed conversion efficiency of these 
pastures.

 The productivity and bio-diversity of the more protected pasture 
communities.

 The resilience of these pastures and plants in them to increased drought 
stresses.

Given that up to 50 raindrops out of 100 that may unreliably fall in such bare 
regions is often lost by evaporation, the existence of such protective 
shelterwoods can greatly reduce such water losses. 

Their increased soil protection, litter and reduced evaporation can also limit the 
ascent of salt from subsoils via capillary soil water flows and thus the salinization
and degradation of these landscapes.

Whereas such shelterwoods occurred naturally in most at risk arid zone 
grasslands and rangelands our consistent overgrazing and browsing of these bio-
systems over the past 10,000 years has to date turned some 5 billion hectares of
former natural rangelands into man-made deserts and wastelands. 

Our clearing and degradation of some 6.3 bha of the 8 bha of former primary 
forest has now created another 5 bha of grassland and rangeland some of which 
is at risk of desertification if overgrazing and poor management practices 
continue and as climate aridification and extremes intensify.

Conversely the natural regeneration of these shelterwood ecologies have and 
can contribute to preventing this desertification and even reverse it to rehydrate 
and regenerate some of our 5 bha of man-made desert and wastelands. 

Highly effective strategies for doing this have been demonstrated by innovative 
farmers including in Africa and Australia. Their urgent widespread extension is 
critical to aid in the rehydration and regeneration of our marginal rangelands at 
risk of further desertification with climate changes.
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6. Non wetting soil surfaces in protecting strategic soil water reserves 
in arid regions. 

Water is critical for life, particularly in arid regions to prevent them reverting into
deserts.

As such much depends on whether bare soil surfaces in these regions can;

1. Maximize their absorption of any moisture from rain or nightly dew that 
may occur.

2. Limit the evaporation of that moisture from the soil despite it extreme 
heating.

3. Protect that soil surface from erosion by frequent high winds and 
occasionally water.

While soils that can achieve this may have a chance to sustain microbial life and 
possibly support the growth of pioneer plants, soils that cant often revert to inert
unstable mineral detritus and desert. 

To maximize the potential to support life, nature has evolved sophisticated 
microbial strategies to achieve each of the above in bare arid zone soils. As in 
the initial formation of soils 420 million years ago these involve fungi, algae and 
their symbioses, lichens forming waxy crusts on these soils that bind soil 
particles together to limit their erosion and seal of the surfaces from capillary 
water losses. 

While these crusts also prevent the rapid inflow of water into the protected soil 
surface area, the lateral runoff of such water can be absorbed in much smaller 
protected infiltration zones that also concentrate this water in more favourable 
micro-sites with a potential to sustain plant growth.   

Many of the lichen and algal crusts also contain bio-chemicals that are highly 
hygroscopic with the ability to absorb water from the air or ant dew that may 
condense on the surface each night and wick this into the soil. Up to 1 mm of 
dew per night may be harvested via such processes.

While these lichens and algae may desiccate each day as soil temperatures rise 
to over 60 oC, their hygroscopic bio-chemicals protect them and enable then to 
resume this dew absorption each night.

Effectively these pioneer microbial symbioses are functioning as an initial 
biological mulch that may harvest and concentrate the limited water resources 
and create the micro-environment needed for the initial colonizing plants to 
germinate and survive.

 In turn these plants may then create more conducive larger-environments via 
protective mulch and shading effects to aid the further growth of those or 
secondary successional plants and biota.
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Many farmers may see such non wetting soils as problems and impediments in 
growing crops conventionally in such arid soils and regions given they may limit 
irrigation inflows or produce spatially variable growth responses. 

However such unexpected outcomes need to be compared relative to the yields 
or soil capital degradation that may have occurred without these protective 
resilience building processes. 

As regions and climates aridify agro-ecosystems in such arid regions we need to 
understand how and why natural arid zone adaptation strategies have evolved 
and how we can use them to help design locally appropriate rehydration and 
regeneration practices that can sustain water resources, food production and 
viable communities in these critical but at risk arid regions.   

7. The ‘rootability’ of soils in governing available soil water resources 
and plant survival.

As water is a key limiting factor for the growth of plants in arid regions, 
processes that increase the availability and secure supply of water for plant 
growth can be critical for plant survival. 

While the previous processes focused on the infiltration, retention and protection
of water in soils, for that water to be used by plants it must be available for its 
uptake by plant roots. Hence the extent, proliferation and particularly the depth 
of root growth is often critical to plant survival.

A range of factor may limit the growth of roots in soils including; the plant’s 
genetics, shoot growth and its supply of plant sugars to the roots as well as the 
physical shear strength, porosity, aeration and presence of hard-pans or toxic 
chemical conditions in a soil profile. Similarly the effect of various biotic factors 
such as; symbiotic or pathogenic micro-organisms, pests and root competition. 

It follows that the creation of healthy soils that limit the effect of these 
impediments on root growth can greatly aid the growth and survival of plants 
particularly in the more stressed arid environments. 

Hence the microbes that aid the aggregation, improved structure, lower shear 
strength and bulk density of soils greatly aid the degree and depth of root 
proliferation and their access to the vastly greater water and nutrient resources 
in theses well developed in soil reservoirs. 

Similarly the symbiotic microbes that protect the roots from diseases, de-toxify 
chemicals, solubilise essential but limited nutrients and help plant roots 
proliferate, function and survive in adverse soils can also be critical to plant 
growth and survival particularly in such extreme arid habitats. 

These soil health conditions are often critical in enabling arid zone plants to 
sustain very extensive efficient root systems to great soil depth with root/shoot 



11

ratios of up to 10:1. These root systems enable plants to fully utilize the in soil 
reservoir habitats also created by these microbial processes.

By contrast the root systems of our opportunistic annual plants mostly selected 
for in agriculture are often restricted to the surface cultivated soil layers and 
much less extensive and have root/shoot of as low as 1:10. While they are well 
adapted for rapid opportunistic growth and then seed production under ideal 
conditions, they are highly vulnerable once stressed and senesce to regrow from 
seeds once conditions again improve. Sustaining them needs high continued 
irrigation and fertilizer inputs.   

However these irrigation and fertilizer inputs also induce these and all plants to 
restrict their root growth to the surface soils receiving these inputs, thereby 
further reinforcing their dependence on these inputs and vulnerability without 
them. These inputs may also impede the microbial ecologies critical for 
maintaining soil structures and the in soil reservoirs at depth further restricting 
root growth and access to these deeper resources and buffers critical for plant 
survival under stress . 

If we are to sustain viable agro-ecosystems in drier areas as climates aridify, we 
must fundamentally re-design how we create and utilize the potential of such in 
soil reservoirs and their access by roots. As in nature we can foster soils and root
systems that are highly effective and buffered in sustaining productive resilient 
plants systems in such habitats, despite the increasing climate extremes.

However to do so we need to recognize that our current agricultural systems 
reliant on the rapid opportunistic growth of shallow rooted annuals on compacted
soils and the continued input of irrigation and fertilizer is not viable for these arid
agro-ecosystems as climates aridify further.   

8. The harvesting of water by vegetation from humid air flows in arid 
regions.

While most know that 71% of the Earth is oceans and further 3% is lakes and 
rivers on land, fewer know that river of water flow continuously over most of its 
surface in the air, including most deserts.  This air can contain up to 5% water by
weight which can precipitate as rain, snow, dew, fog or mist.

Many plants, from arid region regularly harvest some of this aerial water as 
condensation on their leaf surfaces that have been cooled due to their transfer of
latent heat to drive transpiration and use this to augment water supplies from 
the soil to help them survive extreme dry periods. 

Up to 2 mm of moisture per night may be harvested by some rid zone plants via 
this process and wicked into the plant or soil to help the plant survive. 

While growing in higher rainfalls, redwood forests in the Californian coast range 
may obtain up to 70% of their total water supply from such fog condensation via 
their foliage that has evolved to maximize this condensation and harvesting 
effect.
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Other arid zone plants such as Tamerisk,  Prosopis and Atriplex species have 
evolved foliage with bio-chemicals that are hygroscopic and help them absorb 
water from the air to survive dry periods. 

Natural shelterwoods of these plants are often important pioneer colonisers of 
semi arid regions enabling further understorey shrubs and grasses to colonise 
the shaded protected habitats below. 

For example Australia has extensive areas of desert with very low unreliable 
rainfall of under 100 mm/an that are still vegetated and green substantially via 
the ability of the adapted Acacia, Casuarina, Hakea and Atriplex shelterwoods to 
harvest such water and create such shaded habitats.

Such shelterwoods can be highly effective along ridge lines in funnelling more 
humid air into saddles along the ridge and enhancing its condensation at night 
as that higher pressure air passes over the ridge into a zone of lower pressure 
and lower water retention capacity. 

This process can contribute naturally to help recharge the many upland wetlands
that may form in such saddles along ridges. 

These processes were understood and used since neolithic times by first nations 
people such as the Celts to manage forests and build dew ponds in such saddle 
sites to give them a reliable source of stock and domestic water at high 
elevations even with low rainfalls. 

We too can use these processes to harvest water from the air in arid regions 
most nights to meet essential stock and human needs. 

Well designed and located roof surfaces can condense and harvest up to 1 litre 
of water per square metre of roof surface per night to help augment essential 
water needs. 

Combined with well designed shelterwood and ridge reforestation strategies they
can contribute greatly to increasing the harvesting of additional water, its 
protection from loss by evaporation and its efficient use. 

  

9. Salt pans and foliage as hygroscopic sinks that harvest water to aid 
plant survival. 

Salt pans are a characteristic natural feature of many arid landscapes, 
particularly those formed on old marine sediments or with dry bare unprotected 
surfaces as any water that may fall as rain is evaporated but leaves behind salts 
that may have been in the rain or from the soil on that surface.

As such salt is washed laterally by storm rains into depressions it can form salt 
pans that are far too saline for most plants to grow in them and are often 
regarded as waste lands. 



13

Efforts are sometimes made to drain such salt pans via deep salt drains. 
However these are mostly unsuccessful as significant continued rain is needed to
try to flush the salt out of the surface and sub soils into the drain and the 
discharge from the drain may often salinize and kill areas downstream. 

Naturally the zone around the salt pans is often colonized by a succession of salt 
tolerant plants to create an adapted and stable separate bio-system. These 
natural adapted bio-systems are often healthy and as productive in their context 
as agricultural systems beyond them on higher ground.  

Rather than being more stressed or dying in drought periods these salt adapted 
and exposed plants often survive better than agricultural plants on higher soils 
at greater distance from the salt pan. 

This raises the question of whether the salt pan may be assisting the adapted 
fringing plants to obtain more water during such droughts to help sustain them 
and survive. 

Certainly probes into the salt pan confirm that the sub-surface layers are mostly 
moist and remain moist even in extended periods without rain. By contrast the 
equivalent sub-soils in the higher soils with agricultural plants are comparatively 
far drier. 

While the very high albedo reflectance from the surface salt and dry crust would 
limit evaporation of water from the salt pan during dry hot days the question is; 
could the salt pan be absorbing water from the air at night hygroscopically when 
it cools and thereby retain its higher sub-soil moisture.  

As the water in the sub-soils of the salt pan are hyper saline they should kill 
plants at that salt level. However if the plants were obtaining most of the water 
for their physiological survival from the mycorrhizal fungi that form symbioses 
with the adapted plants surrounding the salt pan they would not be exposed to 
such toxic hyper-saline salt levels. 

This is because mycorrhizae take up water actively across their selective hyphal 
membranes from the hyper-saline salt solution leaving behind most of the salt 
ions in the soil, thereby providing the mycorrhizal plants with water that is below 
its toxic salt limit. Non mycorrhizal plants reliant on the passive non selective 
uptake of water from the hyper-saline soil solution would invariably die.

Based on this evidence and these processes the salt pans may be acting as 
critical water harvesting mechanism in these arid regions and under drought 
conditions that may aid the survival of the adapted natural mycorrhizal plants 
that colonize the saline habitats around the salt pan. 

By providing shade, organic matter and also often harvesting water from the air 
at night including hygroscopically via their leaves with high salt content in the 
case of the many saltbushes, these plants would progressively buffer and 
hydrate that site enabling an ever more bio-diverse and less salt tolerant biota to
establish and help regenerate these productive resilient landscapes.  
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10. The biochemical generation of soil water from the decomposition of 
organic matter.

As arid regions dry out, securing any water to sustain life becomes critical for its 
survival. Microorganisms, particularly fungi have advantages in this due to their 
extensive intimate contacts with soil water films, their hygroscopic water uptake 
capacity and capacity to generate water. 

They do this via their natural bio-decomposition of the organic matter stored in 
healthy soils.

Just as the formation of each gram of sugar or organic matter by plant 
photosynthesis requires sunlight and 6 grams of CO2 and 6 grams of water; the 
microbial bio-decomposition of organic matter re-generates this 6 grams of water
plus 6 grams of CO2 plus the release of this energy. 

While limited in quantity and inadequate for mass transpiration, this bio-chemical
water can be critical to enable fungi and their associated plant symbionts to 
survive in arid times or conditions.  

The microbial bio-sequestration of organic matter into soils thus effectively 
stores both solar energy as well as water in these organic matter sinks. Both this 
energy and water can then be released as needed by the microbial bio-
decomposition of this organic matter. Oxygen is of course produced as a waste 
product from, and required for, the respective formation and decomposition of 
such matter. 

Given that healthy soils may accumulate up to 20 tonnes of organic matter per 
hectare per annum this represents the biochemical storage of some 120,000 
litres of water per hectare per annum. 

Similarly as healthy soils may contain some 1000 tonnes of organic matter per 
hectare this indicates an embodied biochemical water sink and potential 
availability of some 6 million litres per hectare. This is equivalent to flooding that
hectare of land to a depth of 60 cm (2 feet) of fresh water.

While inadequate to sustain maximum transpiration rates for long, these 
embodied biochemical water sinks and microbial storage and release processes 
in healthy organic soils can greatly enhance the microbial ecology, longevity of 
green symbiotic plant growth and survival of life in dry regions. 

By contrast degraded oxidised agricultural with often very low level of organic 
matter can not just infiltrate and retain much lower quantities of rain, even in 
high rainfall areas, but have much lower stores and capacities to make such 
embodied biochemical water available in dry periods. As a result plants on these 
soils will often wilt and die far more rapidly with drought stress than those in 
nearby natural soils with organic matter, even where both record similar very low
soil water contents.
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Mineral desert soils often without organic matter and thus water retention and 
supply capacities often cant sustain plants planted in them unless they are 
constantly irrigated. By incorporating organic matter into these soils it is often 
possible sustain them for longer with less reliance on irrigation via a combination
of factors, including this access to embodied bio-chemical water.

As regions aridify with climate changes the maintenance and regeneration of 
‘green deserts’ across some of our 5 billion hectares of man-made desert and 
wasteland will become even more critical. Nature has evolved highly effective, 
often hidden strategies to do this to help plants to colonize and survive in these 
extreme habitats. We can and must learn and respect how to do this as well. 

11. The mycorrhizal uptake of water from soil surfaces at well below 
plant wilting points. 

As rain infiltrates soil it fills voids between mineral particles and then spreads 
over their surfaces. Water is also absorbed by the organic matter that helps 
create this open spongy soul structure. 

How much is retained depends on the capacity of the exposed surfaces to hold 
that water via their capillary forces, with the excess water draining into sub-soils 
or aquifers and/or springs.  

Plant roots absorb free ‘soil solution’ water from these surface films for as long 
as their suction, or negative tensions, exceed the capillary forces holding that 
water to the soil surface. 

This govern the wilting point of that soil, the tension at which water flow to, and 
absorption by, the plant becomes very restricted. 

While soils at wilting point may still contain water, this is mostly unavailable to 
the roots of plants. 

By contrast fungi, via their vast network of much finer hyphae that colonize over 
the surface of soil  particles and the organic matter matrixes can still absorb 
water directly from these surfaces at tensions well beyond those of roots and 
without relying on its capillary flow to the roots.

 The fungal hyphae then use or transport that water to the roots of their 
symbiotic host plants and exchange it for sugars they need to grow but can 
produce. 

As a cubic metre of healthy soils may contain up to 25,000 kilometres of 
mycorrhizal hyphae (twice the diameter of Earth) their capacity to access and 
absorb moisture from soils already below the wilting point of plants is 
substantial, and often critical in helping plants to survive such arid periods. 

More significantly, where a roots can only absorb water from these soil films 
passively via capillary flows induced by the tensions they can exert, symbiotic 
fungi in arid regions also often contain solutes that give them very high osmotic 
tensions, or hygroscopic water absorption capacities.



16

 These hygroscopic absorption capacities readily exceed the capillary force 
holding that water to the soil particles and enable them to actively suck up water
from very thin water films even in arid soils. 

This direct uptake of water across the hyphal membranes can occur at many 
times the wilting point tensions of plants, and even from sub-soil salt water 
strata to enable the fungi and their green host plants survive, even if not 
necessarily actively grow, in many extreme arid sites and periods

Most non mycorrhizal plants would invariably have desiccated and died of 
drought well before this.

It follows that our understanding and utilization of these natural symbiotic 
adaptations to surviving aridity may be critical to sustaining food production and 
bio-systems as water stresses intensify due to our widespread degradation of our
soils, their hydrology and induction of climate extremes.  

These processes will also be critical in the regeneration of some of the 5 billion 
hectares of man-made desert and wasteland we have created to date, as the 
aridification of vast regions intensifies.  

12. Practical innovations to triple crop water use efficiency to aid arid 
zone food production.

13. The practical treatment, recycling and production of endless safe 
water for arid regions. 

14. How surface mulches protect, rehydrate and cool soil surfaces to 
aid plant growth.  

15. The natural cooling of land surfaces via latent heat fluxes to reduce 
evaporation losses.

16. Limiting the production and aridification effects from humid hazes 
over arid regions.

17. Coalescing our warming aridifying humid hazes into dense cooling 
clouds.

18. The enhanced natural nucleation of rain to help recharge our in soil 
reservoirs.

19. Limiting the formation of high pressure heat domes and desiccation 
over arid regions.

20. Enhancing the biotic inflow and condensation of cool moist air into 
arid regions. 
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21. Storm Water Dreaming; traditional and ecological options to restore
monsoonal rainfalls.

Can we rehydrate California 2?

Soil regeneration in the rehydration of arid and at risk agro-
ecosystems.

A workshop on applying relevant practical options;  Pacines Ranch 
California 28 August 2019 

Here in California we are at the front line facing a new reality; the aridification of 
our climate.

The systemic decline in our rainfall, its reliability, flows from snow melt and soil 
moisture levels. 

Agro-ecosystems are stressed by increasing droughts, pests, diseases and 
extreme wildfires. 

Investments in more dams that don’t fill and irrigation infrastructure cant avoid 
these realities.

Instead we need to learn how we can regenerate and rehydrate bio-systems 
naturally and grow more reliable ‘crop per drop’ despite the lower rainfall and 
greater evaporation and extremes.  

While its little comfort, California is not alone as such aridification impacts many 
regions and their dependent communities globally; be it in Australia, Chile, South
Africa, Spain, Greece or Syria. 

Can we learn from and avoid the consequences of this aridification in other 
regions, in time?

Can we learn from nature and how it sustains healthy productive ‘green deserts’ 
often on less than 100 mm, or 4 inches, of unreliable rainfall a year and use this 
in sustaining our agro-ecosystems?

The workshop at Pacines Ranch on 28 August 2019 will examine the processes 
governing the natural hydrology of our agro-ecosystems and how we can 
regenerate them to help rehydrate landscapes.

More specifically it will help us analyse how we may have altered these and 
provide options for how relevant processes can be regenerated to create more 
productive and resilient bio-systems despite and to buffer the systemic 
aridification impacts via practical, profitable rehydration actions.

As California well knows, water is life; and we must urgently secure the 
rehydration of key regions.  
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We can do this as nature did to re-create California’s highly productive hydrated 
bio-systems; but only if we regenerate the natural hydrological and landscape 
processes that govern these outcomes. 

Qver the past 10,000 years our land management has created 5 billion hectares 
of man-made desert and wasteland on this finite planet with 14 bha of ice free 
land. As climate extremes and aridification intensifies over the next decades we 
risk the degradation, desertification and loss of a further 3 bha. 

As President Roosevelt advised us ‘ A Nation that destroys its soils, destroys 
itself’. 

We have the potential and responsibility to avoid this further desertification by 
regenerating our at risk agro-ecosystems and some of our current arid wasteland
in our own existential self interest. The understanding and practical methods for 
doing this discussed at this workshop can help make us response able to meet 
this imperative not just for California but globally, hopefully in time.  

So what are the natural soil and hydrological processes being examined via this 
workshop that can help us in our practical and profitable rehydration and 
regeneration of our landscapes?


