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SYNOPSIS 

A phytotron is a powerful research tool providing controlled, 
reproducible conditions over a range of simulated climates for 
plant growth. Although these facilities are costly to build and 
maintain, they would enable the tree physiologist, silviculturist, 
forest pathologist, etc., to work more speedily, accurately and more 
efficiently — as well as allowing research which otherwise would 
be impossible. Not least of the advantages of a phytotron is that 
it brings together the tree physiologist, geneticist, and others to 
work on common or related problems. 

INTRODUCTION 

A phytotron, in essence, is a research tool in which plants may 
be grown in controlled and reproducible environments. The primary 
objective of any controlled environment equipment is either to 
grow a more reproducible plant at any time for testing the effect 
of some treatment, operation, or perhaps a pathogen, or to create 
a range of climates which will allow integration or differentiation 
of the individual climatic factors affecting plant growth and 
development. Equally important, a phytotron enables the experi
menter to create exactly the same environment again and again, 
which allows e.vperiments to be repeated in rapid succession inde
pendently of season of the year or time of day. 

Although the roles of phytotrons and other controlled environ
ment facilities are widely acknowledged in botanical and agri
cultural research, foresters are largely unaware of what a phytotron 
is and what it does. There is virtually no forestry literature on 
this subject. This article attempts to describe briefly a phytotron, 
then provides a few examples where controlled environment facili
ties would be useful in tackling some current problems facing 
foresters who are trying to grow trees more successfully and 
efficiently. A phytotron within New Zealand is scheduled to be 
built at Palmerston North by the Plant Physiology Section, D.S.I.R. 
It will be open to users from other departments and will allow 
many problems in forestry to be tackled. 

DESCRIPTION OF A PHYTOTRON 

Only facilities which are able to create a range of climates 
should be termed a phytotron. Morse and Evans (1962) have defined 
a phytotron "as a building in which a large number of controlled 
environments is provided for the study of the responses of plants 
to climatic changes". It is impossible, however, to have a phytotron 
in which all the environmental factors are represented in their 
complete ranges and with adequate gradations. Lang (1962) makes 
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the point that when planning such facilities it must be clearly 
decided which conditions should be varied, by how much, and 
which should be kept constant. These will depend on the research 
programme envisaged, the engineering control possible and the 
finance available. 

Since temperatures greater than 50°C are lethal to plants and 
growth is limited by temperature just below freezing, phytotrons 
are run at temperatures between 0 and 50°C, and generally for 
practical reasons from 10 to 40°C. Plants respond only to light 
between near-ultraviolet and near-infrared; plant material is dam
aged by intense ultraviolet light, while near-infrared rays do not 
provide enough energy for synthetic or destructive reactions and 
therefore are biologically inactive (Went, 1962). Natural sunlight 
or some form of artificial lighting may be used as the light source 
and generally provision is made for both types. Humidity is con
siderably more costly to control than temperature and is often 
only partially, controlled. Where it is financially possible, it is 
desirable to be able to control humidity over the entire temperature 
range. C.S.I.R.O.'s Ceres phytotron, in Australia, for example, has 
a series of 15 air-conditioned glasshouses operating at day 
temperatures between 15 and 36°C and at night temperatures of 
10 to 31°C. Smaller cabinets within these glasshouses provide even 
closer control of temperature and allow daylength to be pro
grammed as desired. In another part of the building, artificially-lit 
plant growth cabinets, similar to those installed at the Forest 
Research Institute, Rotorua, are available, which allow independent 
time control of light intensity, daylength, temperature and, in one 
type of cabinet, humidity. 

Control over the rooting medium can be partially achieved by 
growing the plants in perlite, vermiculite or some other inert 
rooting medium and watering the plants with a standard nutrient 
solution which may be formulated to meet the particular require
ments of the plant species. Alternatively, the phytotron study may 
be to determine the precise nutritional requirements of the plants 
by growing them in the controlled environment at different nutri
tional levels. As well as being supplied with a nutrient solution, 
plants are also normally watered at least once a day with de-
mineralized water. For other investigations, sand or soil may be 
preferred. There is no reason why experiments should be restricted— 
to a solid rooting medium, as water culture or root mist chambers 
would often provide greater control. 

Precautions are taken in most phytotrons to maintain sterile 
conditions by fumigating all experimental material entering the 
building. The argument is made that, if fungicides or insecticides 
have to be used to control pathogens in a phytotron, they could 
affect plant growth and development and most are effective only 
within a relatively narrow temperature lange which would upset 
many experiments. Others argue that satisfactory modern fungi
cides and insecticides effective over a wide temperature range are 
now available, and in some instances would allow pathogen-host 
relationships to be studied in the phytotron. 

Fuller detailed descriptions of different phytotrons are available 
in Went (1957), Morse and Evans (1962), Colonial Sugar Refining 
Co. (1964) and von Wettstein (1967). 

91 



EXTRAPOLATION OF RESULTS FROM THE PHYTOTRON 
TO THE FIELD 

It is normal practice in a phytotron to set the day and night 
temperatures at known, constant levels for the whole duration of 
the day and night periods respectively, which is very different from 
the fluctuating temperature conditions of a forest. Just what 
influence short-term fluctuations in temperature have on growth has 
been little studied. In one of the few studies on this subject, Evans 
(1963) found that both leaf area and dry weight in tomato increased 
significantly with increase in amplitude of the short-term fluctu
ations, from near constant up to ±2.5°C, round the mean tempera
ture of 22.5 °C. This would suggest that short-term fluctuations in 
temperature have an important influence on growth. Both short-
and long-term fluctuations could be provided in most phytotrons 
if so desired. 

Another example of the atypical conditions for growth within 
a phytotron is the lack of independent temperature control for 
root growth. Most users of a phytotron are well aware that root 
temperature has important effects on plant growth, yet few phyto
trons can provide different temperatures for shoot and root growth. 

The moisture conditions of plants grown in a phytotron are also 
very different from those raised outside and can seldom be satis
factorily controlled. As most nurserymen know, it is extremely 
difficult to provide plants with adequate water, yet not overwater 
them, or on the other hand starve them of water, so difficulty is 
experienced in providing optimum watering without attempting any 
fine degree of control of water stress in a plant. More intensive 
study may yet resolve this problem. 

Plants raised in the artificial conditions of a phytotron are very 
different from those grown outside. This is not a criticism of the 
phytotron as a tool for botanical research since it was never 
designed to imitate nature, but to provide controlled and repro
ducible conditions for growing plants. Since phytotron conditions 
are artificial, care is required in extrapolating results from the 
phytotron to the field. However, there are many examples in the 
literature (e.g., Evans, 1963) where this has been accomplished 
successfully. Wilson (1966) compared the growth of a range of 
agricultural crop plants raised in artificially lit controlled environ
ment cabinets with that of comparable plants grown outside. Despite 
the large difference in the two environments, good correspondence 
was found between temperature control of growth in the two 
climates. 

GENERAL CONSIDERATIONS 

Although complete humidity control is not available in all phyto
trons, precise humidity control would be very advantageous in a 
number of forestry problems, for example, in studying conditions 
favouring Dothistroma pini attack on pines, determining the 
drought resistance of different types of planting stock, or in 
investigating the effect of humidity on xylem development in 
trees. Sinnott (I960) notes several references in herbaceous plants 
where relative humidity was reported to influence xylem develop
ment. 
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Among the other facilities present in some phytotrons are cold 
rooms which, for example, enable the frost resistance of plants 
to be accurately assessed. Access to these facilities would be par
ticularly valuable to New Zealand tree breeders and silviculturists. 
McWilliam (1966) notes that one of the most important roles for 
controlled environment facilities in plant breeding is in providing 
critical stress environments. By subjecting plants to environmental 
stresses near the limit of their tolerance, differences in tolerance 
which were never suspected are often shown and may subsequently 
be incorporated in a breeding programme. 

Other phytotron work of interest to the plant breeder has demon
strated that the hybrid offspring of corn, Phalaris and Arabidopsis 
spp. show marked superiority in growth rates over the parental 
ecotypes at both temperature extremes, but this superiority becomes 
progressively less as the conditions approach nearer and nearer 
those optimal for growth. It would be interesting to determine 
whether this is also true of many of the vigorous species hybrids 
used in forestry — e.g., Larix eurolepis (L. decidua X leptolepis). 

The availability of simulated rain in a phytotron for forestry 
research would be very useful to plant ecologists as well as forest 
pathologists and silviculturists. Pinus radiata in parts of its native 
habitat along the Pacific coast of California obtains only some 15 
in. of rain in some years and it must largely depend on the frequent 
coastal fogs which envelop this coastal belt. Simulated rain con
ditions in a phytotron would enable the role of these coastal fogs 
on the ecology of P. radiata to be elucidated and the relative effi
ciency of the tree in obtaining water in this manner could be 
conveniently studied. 

The main limitations of phytotrons in use today for forestry 
research is in the height of plants they can accommodate. In Ceres 
phytotron, plants up to 15 ft tall can be grown in only a small part 
of the phytotron. The Colonial Sugar Refining Company's phytotron 
at Brisbane, however, was designed to accommodate plants 20 ft 
tall and in this it is well suited for forestry research. It may be 
argued: Why stop at 20ft; why not 30 or 40ft? The cost of con
structing and maintaining the larger units required for trees taller 
than 20 ft would be prohibitive, and probably would yield little 
more valuable information. Even with a 20 ft working height, 
adult grafted material or vegetative cuttings could be grown for 
at least two years under controlled conditions, which would be a 
tremendous asset in tackling the problem of aging in forest trees 
and also flowering, where a tree size factor may well be involved. 
Studies like these are urgently required if forestry is to continue 
to be an efficient user of land. Other agricultural crops are making 
large strides at increasing their annual returns and forestry must 
keep up with them if it is to remain an economic proposition. 

Phytotrons are also in demand for protection forestry and for 
this purpose they may require slight modification, as the environ
mental conditions at high altitudes are obviously much more ex
treme than those normally encountered in most commercial forests. 
Holzer (1966) found, for example, that ecotypes of Picea abies 
for high altitude afforestation in Austria could successfully be 
screened in controlled environment cabinets and the screening 
indicated in many cases why the plants could not be grown under 
these extreme conditions — e.g., unsuitable photoperiod. Using field 
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testing in addition to the growth chamber studies, the results 
enabled suitable ecotypes to be selected much more quickly than 
would have been possible without these facilities. Hellmers (1957) 
provides another excellent example where the phytotron of the 
Earhart Plant Research Laboratory in California was used in 
selecting plants to replace or supplement the native vegetation 
on rapidly eroding slopes. Hellmers estimated that under field 
conditions "5 to 10 years, or longer" would have been required 
to select these plants. The phytotron enabled this to be accom
plished in less than 1 year. 

Phytotrons, because of high costs of building, equipping and 
maintaining such units, should be used only to answer specific 
problems, and not merely for growing plants to see what they 
look like under different conditions. The difference in cost between 
using controlled environment facilities and field experimentation 
is, however, not so great as might be apparent at first glance. Too 
often no account is taken of the higher cultural and overhead 
costs involved in managing an experimental area or the full costs 
of travelling to and from the field. Forestry research must obviously 
remain basically a field science, but controlled environment facili
ties can profitably be used to complement these field studies. Many 
lines of empirical research in forestry are not yielding the expected 
results, and they could often be more ably tackled by a more 
mechanistic approach using controlled environment facilities. 

In entomology, controlled environment facilities could play a 
large part in understanding resistance and susceptibility of a 
tree to insect attack. The green spruce aphis (Elatobium abietinum) 
is at present causing some concern among British foresters for its 
attack on Sitka spruce (Becan, 1966). Attack by this insect seems 
to be related to water stress in the plant. Even in the most severe 
infestation, however, individual trees stand out green and un
harmed. Access to adequate controlled environment facilities, or 
a phytotron allowing entry of this aphis, would obviously help 
to resolve what climatic factors influence aphis attack and aid 
in findir.g what physiological conditions are involved in host resist
ance and susceptibility. In a study of this nature, the time saved 
in obtaining results would largely pay for these facilities. 

When an experiment on plant growth could be carried out either 
in a phytotron or in the field, the former offers many advantages. 
Considerably more experimental work would be required for the 
field study because of the greater variation in growth. Went (1962) 
presents figures indicating coefficients of variability of a variety 
of tomato plants grown in a conventional glasshouse (20?/o) com
pared with that for similar plants raised in an artificially lit room 
at constant temperatures (5%). As Went points out, this means 
that, when this variety of tomato is used in experiments, only 
one-sixteenth of the number of plants is needed to get the same 
significance of results when grown in the artificially lit room 
instead of the conventional glasshouse. It would be most interest
ing to compare the coefficients of variability of some of our forest 
tree species grown outside with those of similar plants raised 
under artificial conditions. 

The ability to raise more uniform plants under controlled con
ditions has wider implications than solely in being able to reduce 
the number of plants per experiment and so increasing the effi-
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ciency of the phytotron user compared with his co-workers. In 
addition, the results — even with a trial to verify them under forest 
conditions — would be available much more rapidly and on a 
sounder scientific basis than those from field studies. 

Results are obtained more quickly with controlled environment 
facilities than from field studies for many reasons. Obviously, the 
ability to manipulate the environment however and whenever de
sired will greatly hasten the rate at which an experiment can be 
completed, as well as increasing the precision of the experiment. 
Thus, there need be no delay in waiting for suitable weather to 
test a new weedicide, as any particular weather conditions may 
be programmed at whatever time they are desired. Similarly, 
access to a phytotron frees the forester from being completely de
pendent on season of the year; he can provide cold, winter-like 
conditions in the middle of summer if he so desires, and instead 
of having to wait another year before the experiment can be 
repeated, he can provide exactly the same conditions in successive 
experiments. In field studies, it is virtually impossible to repeat 
exactly an experiment, because the environment has changed mean
while. There is always an element of the unpredictable in field 
studes, where the results are at the mercy of the vagaries of the 
site and weather. 

Another advantage of a phytotron is that it allows the funda
mental and applied botanists to meet on common ground. Thus, 
at present there is considerable interest in the technique of tissue 
culture in studying xylem development. Growth of trees in a con 
trolled environment is an obvious bridge between the fundamental 
botanist with his tissue culture studies and the field forester who 
is concerned with the timber yield of forest trees. 

The wood production, and hence the productivity, of a tree 
depends upon the duration and intensity of cambial activity which 
is partly controlled by factors within the tree itself, but is also 
affected by several external conditions which include soil nutrients, 
water supply, light intensity, daylength and temperature. The 
phytotron provides the means of elucidating the relationships of 
these environmental factors on wood formation and, by providing 
a controlled environment, allows the internal factors affecting 
cambial activity to be more easily studied. 

Most of the work published to date on the growth of forest 
tree species under controlled environment conditions has been 
on thermoperiodism or other temperature effects on growth (Hell-
mers, 1962, 1963, 1966) — although this has barely scratched the 
surface of this subject generally. The work on thermoperiodicity — 
i.e., the effect of day and night temperature differential on growth 
— is a good example of the type of information which would not 
be available without controlled environment facilities. It would 
also be interesting to find out how the optimal temperature re
quirements for growth differ with age and size of tree. 

Finally, consider the case where a new herbicide requires to be 
tested, as many of the advantages in using controlled environment 
facilities may be summarized in this one example. 

By raising the plants under controlled conditions, a more uniform 
batch of plant material can be produced and, since the actual 
environment may be programmed to meet any particular require
ment, the plant material can be of the desired physiological state, 
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regardless ot season of the year. When the herbicide is being applied, 
the environment may be set differently. Often the success of a herbi
cide application depends upon the prevailing weather. Many herbi
cides differ in their stability with temperature, etc., and this too may 
be readily tested with this equipment. After the herbicide has 
been applied, the environment may be immediately changed to 
meet new requirements. Thus, the experimenter has complete 
control of the weather conditions at the three crucial stages in 
the experiment, the Pretreatment growing conditions, the environ
ment while the herbicide is being applied, and the weather follow
ing the herbicide application. Finally, this same set of known 
environmental conditions may be created exactly again and again 
or run with slight modifications which would allow the effect of 
different factors of the environment on the success of the herbicide 
treatment to be assessed. Being able to programme the different 
environmental conditions within fine limits enables results to be 
obtained more quickly and precisely than would be possible under 
field conditions. 
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