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Remove Willows to conserve Water ?

A discussion on where this might be worthwhile,

and what further information may be needed.

Summary

Removal of willows growing in or within ~10-15m of streams probably can significantly increase the quantity of water available to rural people during periods when little or no water flows at the surface.

How to estimate the water used by willows ?

Although water use by plants (i.e. transpiration) depends on a variety of factors, a useful first estimate can be made from a first approximation that

……plants tend to use about as much water as would evaporate from a similarly exposed area of water ,………… provided that
· ample water is readily available to the plants, and

· the plants are growing well and have a dense canopy, and

· if the plants are trees, the trees do not grow isolated or in lines, but form a closed stand of more than 1 ha, and

· the plants do not readily shut their stomata (leaf pores) in response to high VPD (Vapour Pressure Deficit is a measure of the air’s dryness).

How much water does evaporate from an exposed water surface ?

The Australian Bureau of Meteorology has summarised observations made at many meteorological stations of ‘pan evaporation’ recorded in Class A pans with bird guards. Maps show the average annual (potential) evaporation throughout Australia. Note that this annual pan evaporation ranges from under 1000 mm in cool, humid places to over 4000 mm in hot, dry places, and that such annual pan evaporation is mostly much greater than the precipitation actually received.

In the less moist parts of SE Australia, pan evaporation during summer (Dec. – Feb.) typically averages 6 – 10 mm/day: e.g. Mount Gambier 6.0. Canberra 7.6, Wagga Wagga 8.8, Deniliquin 9.5. 

For the following calculations, I use 7 mm/ summer day, as this might be the typical potential evaporation in areas where water use by willows lining streams could be a significant problem, i.e. inland of the coastal ranges of SE Australia where willows may be abundant on streams but little or no water flows at the surface in some summers.

So what does this amount to?

………….Note that a 1 mm layer of water amounts to 1 litre/square metre……………

A single willow of modest size

With an optimum water supply, a dense, 10 sq m crown (i.e. a willow of modest size, whose crown densely shades 10 sq m of level ground when the sun is overhead) would thus transpire 10 sq m x 7 mm = 70 L of water per summer day, or 70 x 90 days = 6 300 L/summer….when potential evaporation is 7 mm/day.

A massive infestation 20m wide and 1km long 

Two rows of very large willows each with 10 m wide crowns lining a 1 km stretch of river would use 10m x 2 x 1000m x 7mm x 90 days = 12 600 000 L/summer.
Is this significant?

Not, while water supply is ample in and off the stream: Water loss from willows on or away from the stream would then be about the same as from any other dense, healthily growing vegetation or from exposed water surfaces. Replacement of willows with other vegetation should make little difference to the water yield at such a time.

Not, while little or no water is available to the willows. 

Yes, when soils beside the stream are dry but the stream is still running above the ground.

In the above 1 km stretch, if half of the willows’ crowns had been over the dry ground and half over the water, the removal of the willows should save 6 300 000 L/summer.

While their roots have ready access to water, willow crowns that shade dry grasses or dry ground still evaporate roughly as much as would evaporate from an exposed surface of water. Crowns shading the water evaporate similarly, while evaporation from the densely shaded water is reduced by some 90%.

Yes, doubly so, when both the soils and the surface of the river bed are dry but the stream is still running underground. Removal of the willows could save 12 600 000 L/summer in this situation, provided that this amount of water would have been readily available to the willows’ roots. That could be locally significant where people depend on extracting water from below the surface of the river bed. 

Removal of willows off stream and from dry waterways without subterranean flows probably does little or nothing to improve water yield during dry periods.

Discussion

The above are rough estimates. The true result may well be 50% higher or lower than an estimate done by the above method.

Furthermore, the accuracy of the estimate depends on the applicability of the four stated conditions to each situation and on how far the main proposition (crop water use = evaporation from an exposed water surface) is correct. It is also assumed that the transpiration from a crown above the water replaces the evaporation from the water surface below it. These various stipulations and assumptions may be reasonably applicable under a range of circumstances, but all of the following should be checked.

· plants tend to use about as much water as would evaporate from a similarly exposed area of water ?

Water loss from trees can be roughly similar to water loss from an evaporation pan because both are driven mainly by solar energy. It so happens, that other influences (humidity and wind) are lesser and tend to cancel any differences between trees and evaporation pans.

Studies of crop water use (CWU) often compare their results to pan evaporation. A study at Wagga Wagga (3) found that Eucalyptus grandis and Pinus radiata plantations there used ~ 90% as much water as evaporated from evaporation pans, and calculated that CWU elsewhere in Australia would also be roughly similar to pan evaporation, except where the air is very dry, e.g. at Alice Springs and Tennant Creek, because these two tree species tend to shut their stomata at high VPD, irrespective of ample water supplies. 

Evaporation of rain intercepted by the crowns merely replaces transpiration that would otherwise have occurred while water was freely available to the roots.

· ample water is readily available to the plants ?

This is evidently far more true of willows than most other shrubs and trees when water levels drop. The most abundant and widespread willows in SE Australian rivers are Crack Willow (Salix fragilis) and Weeping Willow (S. babylonica). It is not known to what extent water remains readily available to riparian willows as water levels drop, and disappear below the stream bed. In the extreme drought of early 2003, nearly all streams in the Canberra region stopped flowing at the surface, forming strings of shrinking and increasingly isolated pools. The willows at these streams remained bright green, while the riparian Leptospermum showed extensive crown death. The roots of riparian eucalypts (except for the specially adapted species Eucalyptus camaldulensis) and of wattles remained largely or entirely confined to levels at and above the usual high water mark.

However, Salix babylonica and S. fragilis growing at the edge of the bank, often had masses of fibrous roots that had floated in the water when it was at its usual high level. These ‘foxtail roots’ were often 50-100cm long and their tips thus typically remained in touch with the receding water. Measurements confirmed that these foxtail roots (largely fibrous , but usually also with some fleshy roots) did absorb water. Where there were pools, the maximum drop in water level observed was 85 cm. In addition, plenty of new, vigorous, fleshy roots formed just underground in the receding wet zone of the sediments in the stream beds.

Willow seedlings have been recorded to increase root depth by ~1 cm/day (7). In early 2003, the water level in an isolated pool of the Numeralla River dropped by 3-4 mm/ day, i.e. slow enough for willow roots to keep up. This drop was probably less than evaporation (~6mm), and was mitigated by subsurface flow (evidenced by surface flow seen at a rock barrier upstream).

Willows are thus more likely to maintain ready access to receding water tables than other trees, except, perhaps, for special riparian species, such as Casuarina cunninghamiana and Eucalyptus camaldulensis.
· the plants are growing well and have a dense canopy ?

Crop Water Use (CWU) is likely to equal pan evaporation only when the foliage is green and dense enough to potentially cover the ground below several times (e.g. ref. 3), a density that is normal for willows during December to April. An estimate for some willows in Sweden was that CWU = pan evaporation when the leaf area is three times that of the ground area (4).
· if the plants are trees, the trees must not grow isolated or in lines, but form a closed stand of more than 1 ha ?

Riparian willows tend to be isolated or in lines, and are thus subject to greater water loss (than stands) because of the additional energy brought in by warm winds: the ‘washing line effect’ (3). Evaporation from isolated trees can more than 50% higher than from water of the same area. A large, isolated Crack Willow (Salix fragilis) was found to transpire twice as much as pan evaporation (6).

Water loss from streams may also be boosted if willow roots transfer water from the stream to the dry banks faster and further than transport by capillary movement. This has not been quantified.

· the plants do not readily shut their stomata (leaf pores) in response to high VPD (i.e. when the air is very dry)?

While such a stomatal response is known to occur in Eucalyptus grandis and Pinus radiata(3) and in other Australian trees, the indications are that response to VPD is weak or absent in Salix babylonica and S. fragilis. In Salix viminalis there was a close correspondence between the diurnal patterns of transpiration and diurnal patterns of solar radiation and, and there was no sign of transpiration being depressed at higher VPD (5). Similarly for Salix fragilis (6).

Water quality

Removal of willows can degrade water quality, if removal of the shade increases the water’s temperature and light and if this boosts the development of blue-green algae (1). Also, if willow removal causes erosion. Because willows absorb water from the stream itself, they probably also absorb nutrients from the water and transfer some of these via leaf shed to the soil. Removal of willows could thus contribute to eutrophication.

Removal of willows can also improve water quality by avoiding the accelerated leaf input in autumn. Where the water is stagnant, a period of excessive leaf decay can cause shortage of oxygen (2). 

Conclusion

The above type of estimation may suffice to justify the removal of some riparian willows for water augmentation, if the result is clear cut and the project is small in scale. If the water savings are dubious and the scale of the contemplated willow removals is large, more information is needed on all the above questions. In any case, other considerations may either support or prohibit the willow removal. It may be cheaper and more reliable to provide the extra water by providing extra storage facility. Partial removal of willows may be preferable to some landholders, retaining the benefits of willows (and only where they are wanted) but reducing their water use by having fewer trees and keeping them small by regular lopping (eg. for fodder).
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