SOIL TEMPERATURE AND BLACK PLASTIC
Note added 2014:

The original article (1992?) with diagrams and results is lost, but main results are summarised in the text. A further trial carried out in 1997 is presented as an appendix.

TESTING GARDEN MYTHS

No 1.: Warming the soil with black plastic.

Gardening is full of folklore. Not necessarily centuries-old country wisdom, but all sorts of little recipes and ideas that circulate through garden books and magazines, and over the garden wall. You would think that, as people put these various notions to the test, the truly useful ones would quickly become universal, while the lemons would just die out. Therefore if you hear a garden idea put forward often enough, it's likely to be true and you ought to adopt it - or at least try it out.

Probably most gardeners follow this kind of logic. The trouble is that when they try out a new idea they very often fail to include a "control" that would tell them whether the idea made any serious difference, or would have happened anyway, or whether the 'results' were due to some other cause entirely. They tend to judge the results in comparison with what is vaguely remembered from previous years, and view whatever happens in a positive light because they heard it recommended on Gardener's Question Time. It seems reasonable to assume that someone, somewhere, must have done a proper investigation. Or it might propagate like rumour: "Did it work, then, Sid?". "Yeah, reckon so." Later, "Sid tried it, said it really worked"....and another garden myth is on its way through the system.

Yet other myths start because they sound as if they ought to be right (like black plastic to warm the soil, see later); or because they sound really groovy (like companion planting) or because they are part of a fashionable movement (like a lot of Permaculture lore).

At CAT we demonstrate many garden principles, and deal with many more through visitors' questions and written enquiries. Are they really true? Are they too, untested garden myths? It's an awful thought. Anyway this year we decided it was time to start working our way through some of the standard notions of organic gardening, so that our recommendations to the public would be based on something more specific than general impressions. We also want to be more quantitative about our advice - to be able to say roughly how effective is procedure A or material B, so that people can select relatively effective ideas and not waste time on those which are relatively weak. This is a common fault in garden books - especially "alternative" style garden books - that they are full of tips and handy ideas but give the reader very little guidance on their relative effectiveness.

We thought it would be most useful to pick areas that are not likely to be undertaken by established research bodies such as MAFF or universities; by Gardening from Which? - which does a lot of very thorough trials; or by the HDRA - the premier organic gardening research organisation in Britain. These bodies all do very sound research, but they are all limited by what they can get funding for, and most funding is determined by matters of commercial significance. HDRA is sometimes an exception to this, because its thousands of members around the country often take part in trials of new methods and materials, but still it tends to stick to rather "respectable" areas of gardening concern.

At CAT we thought that perhaps we should test out slightly wilder fields of garden lore, the kind for which it would be impossible to envisage a grant from the ministry, but in which there is nevertheless a great deal of interest. This year we chose planting by the moon, about which there is a considerable literature, a large body of practice, and passionately held beliefs.

But - sorry -- we have not yet finished the moon experiment. Watch this space! By way of a taster we can now report on a preliminary study of the effect of various sheet-mulch materials placed on the ground in the spring to prepare it for sowing.

SPRING SHEET-MULCHES

Some seeds benefit from an early start, but often the ground is just too cold and wet and a lot of time is wasted waiting for the right conditions. So you often see black plastic recommended as a way of warming up the ground so you can sow earlier. It ought also to prevent the ground being made too wet by heavy rain.

This sounds a reasonable assumption. We all know black surfaces absorb light and turn them into heat: it is after all the basic principle of solar water heaters. The fact that it's such a common practice suggests that surely it must work because otherwise no-one would bother! And, well, it just stands to reason.  Simple enough to test, however, just stick in soil thermometers and compare with bare soil. This is what we did, and for good measure we also included clear plastic and a felt-like material made from recycled wool that had been recommended as a soil warmer.

We actually had 8 small one metre square plots, two of each of the 4 treatments: bare soil, black plastic, clear plastic and wool felt. Readings of temperature were taken with a digital probe thermometer with depth gauges, so readings could be taken accurately at different depths. We measured at 50mm and 100mm depth, in the middle of each square plot, at various times of day, during April and May 1995. We also measured air temperatures at the same time. At the end of the series, the mulch covers were removed and readings were taken on the newly-bare soil to determine the decay time of any warming effects.  

Results:

The principal result is shown in Fig. 1. Here you can see that soil temperature varies quite considerably from day to day. The average of daily readings for bare soil ranged from 9 degrees C to 19 degrees. As expected, the black plastic-covered soil was usually warmer than bare soil, but only very slightly, rarely more than 2 degrees, the average difference being 0.94 degrees C. In contrast, clear plastic has a much more marked effect, averaging 4.2 degrees higher. The wool felt, on the other hand, actually had a cooling effect, being on average 0.85 degrees colder than bare earth (fig 2).

Figure 3 shows what happens when the mulches are removed. The first reading was taken at 4pm after the mulch materials had been on for several weeks, and shows the established result of soil<black<clear. After the covers are removed, we observe a gradual convergence of temperatures, until the following morning there is no significant difference.

Discussion:

The results here show that black plastic makes hardly any difference to soil temperature, at least at this time of year under our conditions. Clear plastic, however, made a very significant difference, while an "insulating" material resulted in slightly cooler soil.

With the benefit of hindsight, we can now create a model of what is actually happening. In April and May the air temperature is gradually rising and the sun is getting stronger. The soil temperature tends to lag behind air temperature, so any insulating material will actually delay soil warm-up. But of course the soil is also directly warmed by the sun, and may often be warmer than the air, especially on a sunny day.

The clear-plastic presumably acts like a cloche or greenhouse, allowing light radiation through but trapping the longer-wavelength infra-red and warm air next to the soil. In contrast, the black plastic does not transmit light directly, but merely warms up itself, and transmits long-wavelength radiation indirectly to the soil, but not very efficiently. This interpretation is supported by the fact that the differentials between bare soil and plastic covers - and particularly clear plastic - are greater on sunny days, and that the differentials are much less at night.

So the conclusion appears to be: if you want to warm the soil up, use clear, not black plastic.

BUT. As Fig 2 shows, the effect does not last once the cover is taken off. To get the benefit of soil warming it would be necessary to sow the seeds while the cover is still on, and leave it until germination. If sowing as late as early May, care would need to be taken that the soil did not get too hot: we recorded temperatures of 32 degrees on one hot day. It may be that the benefit of clear plastic would be more marked earlier in the year, and I hope others will be moved to do further experiments to refine these preliminary results.

The other effect of a plastic cover is on the moisture content of the soil. This can operate both ways: obviously in a downpour it will completely protect the ground against further wetting, and this could be a great benefit in a very wet spring. For this purpose black would do as well as clear. On the other hand, the plastic layer also prevents evaporation from the soil, and so to a great extent conserves pre-existing soil moisture. In this experiment, when the covers came off after six weeks, the soil underneath was pleasantly moist, perfect for seed sowing. This suggests that if the soil is already too wet, it should be left bare to dry out on sunny days, then covered if rain threatens. Once the correct moisture level is reached, the covers can be left on and will maintain approximately the same level. This is just a guess: perhaps next year we can repeat the experiment and measure moisture levels as well. Or would someone else like to try it?

For devotees of black plastic, there is a consolation: it does of course suppress weed growth, while clear plastic encourages it. This is not much of a problem in practice in the early part of the year: we found a few germinated annuals under the clear plastic, and a rime of algae and moss, but these were easily hoed off. The soil under the black plastic was, however, clean and of good texture and "ready to go", as it was also under the wool felt.

So: if anyone else has results to compare, especially ones which contradict the above, let's hear them. 

[image: image1.png]n 12491 Tempersture Tiytak

New Overlay of 4 traces

18623 Tempersture TiytahC

= 18780 Tempersture TiytakD
u 7581 Temperature TinyakB

Foost

Foozt

Fooso

Foooo

Foost

19 Mar 1997

Foozt

Fooso

Foooo

18 Mar 1997

Foost

Foozt

Fooso

Foooo

Foost

17 Mar 1997

Foozt

Fooso

Foooo

Foost

16 Mar 1997

Foozt

Fooso

Foooo

15 Mar 1997

Foost

Foozt

Fooso

Foooo

Foost

14 Mar 1997

Foozt

Fooso

Foooo

Foost

13 Mar 1997

Foozt
B s R e s s s

NR®2e X9
mt aunjeladuws]




POSTSCRIPT

This set of traces from Tinytalk temperature loggers supports the original observations. The blue line shows bare soil, with a daily range of between 2° and 4°C. A single layer of black plastic does affect the temperature, but not a great deal – about 1°C. The black line shows ‘bubble plastic’ – not clear plastic as in the original trial. This can be expected to have a certain ‘greenhouse effect’ plus an insulating effect, and the data bear this out, with strong effects in the day and an insulating effect at night. The insertion of an extra layer of black plastic underneath the bubble has no extra benefit; it inhibits the extra daytime temperature, and does not improve insulation at night. 
