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12 identical glasshouses used for environmental research at the Levin 
Horticultural Research Centre. 

Table 1: DISEASE RESISTANCE IN TOMATOES 

A Commercially acceptable tomato cultivars are 
available with resistance to: 

Leaf Mould, Oadosporium fulvum (Cke) 
Verticillium wilt, Verticillium spp 
Fusarium wilt, Fusarium spp 
Tomato mosaic virus 

B Tomato breeding material is available with 
resistance to: 

Bacterial diseases: 
Bacterial canker, Corynebacterium michaganense 
(E.F.SM) Jensen 
Bacterial wilt, Pseudomonas solanacearum ( E.F.SM) 
E.F.SM 

Fungus diseases: 
Corky Root, Pyrenochaeta lycopersici (Selineider 
and Gerlach) 
Didymella, Didymella lycopersici ( Kleb.) 
Early Blight, Alternaria solani (Ell and G Martin) 
Gray leaf spot, Stemphyllium solani (Weber) 
Late ·blight, Phytopthora infestans (Mont. de Bary) 
Septoria leaf spot, Septoria lycopersici (Speg.) 

Virus disease: 
Tomato spotted wilt virus 

Pests: 
Root knot eelworm - Meloidogyne spp 
Potato root eelworm - Heterodera rostochiensis 

IMPLICATIONS OF THE REVOLUTION 

1. Marketing 
In the past, when production quality and timing were 
unreliable, growers' marketing was simply a matter of 

Temperatures and C02 levels in 12 glasshouses are controlled 
and recorded by this larger unit. 

This unit automatically controls temperature (by heating 
and ventilation) and relative humidity in a single 
glasshouse. 

offering the product and accepting the best bid. This 
contrasts strongly with the generally orderly marketing 
of industrial products. Industrial goods can be stored 
indefinitely which greatly assists marketing. All 
horticultural products are perishable but considerable 
progress is being made towards better means of short term 
storage, using techniques including refrigeration, gas 
storage and control of ethylene levels in flower stores. 
Development in cool storage of flower buds, followed by 
controlled flower opening, is just one of the exciting 
new developments which must ultimately affect 
marketing. However, given the reliability of greenhouse 
production now available, changes in marketing are 
almost inevitable and possibly it is in the growers' best 
interest to actively seek a better marketing method. 
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2. Economics 
While it is obvious from the above that technical 
ability to achieve reliable controlled production of green­
house crops is available, the big problem is whether or 
not doing so is profitable. Prices for horticultural pro­
ducts have changed little over the last 20 years but 
all costs have risen very considerably. In these cir­
cumstances increasing productivity is the only answer. 
The cost of building greenhouses has increased to about 
three times that of 20 years ago and the cost of green­
houses equipped for control of temperature, water supply, 
nutrition, humidity, C02 and photoperiod is probably 
twice that of the bare greenhouse. 

The grower who uses only unheated greenhouses suffers 
from severe limitations on his production. Even in the 
mildest climates, he can only grow a limited range of 
crops and under these conditions he only has a marginal 
seasonal advantage over the outdoor grower. This · 
advantage increases with increasing severity of climate 
but risk of very poor crops or complete crop failures 
increases sharply. Such growers have low capital and 
operating costs but are relatively inefficient in that it 
may not be possible to utilise their greenhouses fully on 
a year basis and even then yields are likely to be well 
below maximum possible yields. Furthermore their 
operations carry such a high degree of risk that the 
growers must be possessed by a very strong gambling 
instinct. 

The 'industrialised' grower by contrast has a very heavy 
capital investment and high running costs but a very low 
risk. He has to be extremely efficient, with a high output 
per unit of investment, which usually entails making full 
year round use of his greenhouses. His operations too 
must be efficient in their use of labour. The situation is 
not without its challenge, however, and as inflation and 
rising costs appear to be an endless situation, there has 
to be a steady improvement in yield and efficiency in 
order to be able to maintain profits on steady market 
prices against these rising costs. 

In this respect, the willingness of the increasingly affluent 
public to recognise greenhouse products as a year round 
commodity, rather than occasional out-of-season luxury, 
has been a major factor permitting growth in the green­
house industry. 

The low-cost, cold greenhouse grower frequently 
combines greenhouses with other horticultural operations 
and is often able to provide the relatively small capital for 
greenhouse development from his profits as a speculative 
investment. The costs of 'industrialised' greenhouse 
production are so high that loan finance in some form is 
usually necessary. However, in the case of growers with 

good records, the risk is so low that finance should not 
be difficult to obtain. This need for high finance coupled 
with reliability and absence of risk suggests a need for 
shareholding company type structures in this branch of 
horticulture and, indeed, suggests an attractive invest­
ment for shareholders. There is no evidence, so far, for 
development in this direction in New Zealand but overseas 
relatively giant horticultural enterprises, based on green­
house production, are now appearing. The situation is 
attractive too for vertical integration and there is some risk 
of growers losing control to their customers. This risk 
increases as the marketing of horticulture produce is 
slowly but surely moving from large numbers of small 
retail outlets to a very small number of huge retail 
chains. 

The products of cold greenhouses, with their unreliabil­
ity of quantity, quality and timing of production, can 
only be sold on the open market system but the 'industrial­
ised' grower can regulate the quantity, quality and timing 
of his produce to suit the demand. He is therefore in a 
position to deal (if necessary by contracts) with the 
big buyers and there is a danger that if these growers 
insist too rigidly on adhering to the open market the 
large scale buyers may be forced into greenhouse pro­
duction themselves in order to secure their supplies. 

3. Social Implications 
Horticulture is frequently described as a way of life, 
but so is gambling. Certainly, the thought of working 
hard in the warmth of an unheated greenhouse crop, 
which only grows in the winter and spring months, and 
being able to spend the summer in more leisurely out­
door work or recreation is attractive, if you can afford the 
risks involved. The 'industrialised' grower has to face a 
carefully planned, year-round schedule of work but he 
must accept the fact that he cannot and must not be tied to 
his crops twenty-four hours a day, seven days a week, 
even though he formerly managed to do this in the past 
for the critical four or six months of his cropping 
period. Automation is essential for environmental control 
in the modern greenhouse, not only because it can main­
tain the environment better than most growers but also 
because it frees his time for more efficient management 
and leisure, enabling him to lead a similar life to other 
workers. 

It is pointless for the cold house grower to seek per­
fection, for the most perfectly grown crop can be sudden­
ly ruined by a disastrous heavy late spring frost. The 
'industrialised' grower, however, has to be a perfectionist 
in every detail of the work to ensure the highest possible 
yield and lowest risk. The future is going to require a 
great deal more professionalism, education and special-
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isation amongst greenhouse growers. The grower of the 
future will have to be fully conversant with the physiology 
of his crop; he will need to be extremely precise in 
controlling the environment and in using very potent 
growth regulators, fungicides and insectides on his 
crops. He will need near perfection in the control of soil 
borne and aerial pests and diseases to avoid risking his 
heavy investments and will need to be a very good 
business manager. The breadth of experience, education 
and skills required is such that I think most growers will 
have to specialise in only one or two crops. The meticu­
lous management of the detail of every crop operation 
that is necessary is, I feel, the biggest bar to large scale 
operations in large company type organisations and I 
think it is the ability of the good small grower to out­
produce the larger scale operator which will maintain 
the traditional family unit structure in greenhouse op­
erations. 

This then is the challenge to the younger generation 
about to enter the greenhouse industry; the technolog­
ical basis, economic and social factors are all pointing to 
industrialisation, firstly of greenhouse production and 
later to the whole of horticulture. Can you make it? 
The greenhouse industry is the spearhead of this re­
volution because of its ability to meet the demands of 
consumers for horticultural products on the same basis of 
availability, standardised quality, convenience and rea­
sonable cost as other consumer goods. All branches of 
horticulture will have to meet the same demands in 
future, or take a secondary role to processed foods, 
artificial flowers and other alternatives to horticultural 
produce. 

4. Researeh and Extension Requirements 
Sufficient knowledge is already available to 'industrial-

ise' several of the major greenhouse crops and in fact, 
of course, there are many growers who have already been 
'industrialised' without realising the fact, particularly 
amongst tomato growers and year round chrysanthemum, 
carnation and rose growers. In these crops the main 
research aim should be to increase the upper limits of 
yield. The efficiency and knowledge gap between the 
best and worst growers, even in these crops, is extremely 
wide and more intensive use of modern communication 
methods are required to close the gaps. This effort can 
only improve the lot of the unwilling gamblers; the 
inveterate gamblers will continue gambling for as long 
as they have greenhouses over their heads. However, 
as production of the 'industrialised' crops increases as 
a result of industrialisation, so will the economic com­
petition between producers force diversification into new 
crops. Research has an important function in extending the 
list of 'industrialisable' year round crops, so that these 
diversions will be profitable. There will be a particular 
need in New Zealand to encourage post harvest research 
in greenhouse crops so that production in New Zealand 
can be for export as well as home consumption. Export­
ing in the past has been difficult because of unreliabil-
ity of production amongst other factors; 'industrial­
isation' and reliability increase export possibilities. 

CONCLUSION 

I have been employed on research into greenhouse food 
crops production over the last twelve years and this paper 
arises from my need to take stock of the situation and 
my concern that the present situation is largely unrecogn­
ised. It is my hope that this viewpoint may provide food 
for thought and stimulate argument. 

Air Pollution Damage to Plants 
by Dr G. T. DALY 

The lethal effects of sulphurous atmospheres on 
plants has been evident for centuries. Heavy metal 
smelting from sulphur bearing ores released sufficient 
sulphur dioxide to wipe out vegetation around and for 
miles downwind of large smelters. For example at 
Sudbury in �O�~�t�a�r�i�o�,� Canada, many square kilometres 
of bare, blackened rocks and lif eloss ponds surround 
one of the World's largest nickel, copper and silver min­
ing and refining smelters. Another area of spectacular 
plant damage is the Copper Basin in Tennessee. About 
3000 hectares of once rich deciduous forest were 
completely destroyed and another 7000 has replaced 

by some resistant grasses following destruction of 
native forest trees. Such destruction was considered 
the price inevitably paid for progress and wealth. How­
ever, in the years following World War II, air pollution 
and its biological and physical effects began to be 
noticed more generally in city and industrial regions 
throughout the World. 

By far the most pervasive sources of the air 
pollution are the petro-chemical fuels-coal, 
petroleum, dieseline, kerosene, among others. Often 
�~�s�i�s�t�e�d� by particular weather conditions such as 
temperature inversions and cold air lakes, toxic 
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pollutants are concentrated in the ambient air which 
man breathes and plants absorb. To these must be 
added the hydrocarbons, nitrogen oxides and ozone 
of �v�~�h�i�c�l�e� exhausts and a bewildering array of gases 
and dusts as waste products of metal, chemical and 
plastics industries and agriculture. 

The first review of the damage caused to plants by 
pollutants in the air was published by Thomas in the 
1951 Annual Review of Plant Physiology. His 
references went back for many years indicating that it 
was not a new subject even then. Much investigation 
and many reviews have followed and today there are 
several periodical journals devoted entirely to pollution 
research. An appreciation of the extent and complexity 
of �~�i�r� pollution and its effects on plants, animals, man 
and materials can be gained from the second volume of 
Stern's" Air Pollution" published in 1968. 

Most of the damage and therefore much of the 
work on air pollution occurs in North American, 
Europe, Scandinavia and Japan. However, even in 
Australia and New Zealand there are significant 
amounts of air pollutants emitted in cities and 
industrial works. Detailed attention has been given to 
the effects of past and present levels of airbo1·ne 
pollutants on property and people but little has 
been written on the diagnosis of plant injury from 
specific aerosols. The aim of this article then, is to 
describe the effects of the most important air 
pollutants on plants. Overseas examples will be 
given for the most part but these will be related to the 
situation in this country. In particular, it is hoped to 
show that plant injury by air pollution can be 
recognised and evaluated in the presence of effects 
from insect, fungal, bacterial, viral pathogens and the 
symptoms of nutrient and evironmental stress. 

All plants are more or less affected by toxic gases 
and metals such as lead absorbed from the air. Many 
observations have established that for each plant and 
each pollutant there is a critical concentration above 
which damage occurs, and below which growth is 
normal. However, recent experiments have 
established that certain phytotoxic gases such as 
fluorides and ozone Jo retard plant growth without 
visual chlorosis and secrosis. 

In order of importance and interest the airborne 
pollutants include smoke and particulates, sulphur 
dioxide (S02), and acid mists fluorides {HF, S2 F4), 
photo oxidant smog (PAN), nitrogen oxides (NOx), 
ozone (03), lead, Carbon oxides and particulates, 
chlorides. 

1. Smoke and Particulates 
Dense smoke reduces light intensity and plant growth 

may be retarded. Much of the early interest in smoke 
pollution was due to the almost universal presence of 
highly reactive 802 released at the same time in the 

combustion of coal and fuel oils. The effects of S02 
are here treated separately. Nevertheless the accumu­
lation of heavy deposits of smoke and larger particulate 
emissions can be quite striking. Evergreen species in 
heavily polluted areas have substantially reduced rates 
of leaf transpiration. In addition leaves senesce and fall 
much earlier. Conifer leaves often live for up to eight 
years and by photosynthesis contribute to growth for 
all that time. With moderate pollution deposits the 
leaves may fall annually causing ill thrift and final 
death. Deciduous trees which lose their leaves each 
winter are often less susceptible to injury for these 
leaves can perform their photosynthetic and trans­
piration functions before being put out of action. In 
northern temperate cities, parks staff are well aware 
that pines, spruces and firs are less likely to succeed 
than larch, oak and maples. In New Zealand signifi­
cant· amounts of smoke and particulate pollution occur 
in Christchurch, Dunedin and close to some industries 
such as cement works and iron and steel works. The 
most voluminous air-borne materials in this country 
have always been the naturally-occuring nor-west wind­
blown silts called loess, sea breeze salts, sulphurous 
geothermal gases and volcanic ash. All these materials 
dominate soil and plant nutrition over much of our 
landscape. 

2. Sulphur Dioxide 

Atmospheric pollution by 802 is tending to become 
worse even where strict smoke control is operating. 
The air in European cities commonly contains 0.1 parts 
per million that in rural areas 0.01 ppm. Under 
particular weather conditions contents as high as 1.0 
ppm may occur in localized areas even several kilo­
meters from point sources. Experimental fumigations 
and many observations have shown that most 
flowering plants are undamaged by 0.1 ppm so2 even 
for long exposures. High concentrations do cause 
damage, however, and leaf blotching causes 
economic losses in yield. Though large scale crop 
losses are clearly due to so2, moderate concentrations 
can be beneficial in at least three ways. Firstly, this 
is the absence from industrial regions of several fungal 
pathogens such as rose mildew. In a similar vein the 
normal luxuriant moss and lichen cover on buildings is 
severely reduced in the city. Finally, sulphur-an essential 
nutrient for plants-is often in short supply in areas 
remote from the sea. Consequently, the sulphurous fall­
out in and around sources of air pollution may even 
stimulate the growth of crop plants, especially if 
ambient concentrations are not often high enough to 
cause damaging fumigations. 

More has been written on responses by plan ts to 
S02 than for any other air pollutant. Even with emission 
control apparatus operating on smelters, ·power stations, 
boils and fertilizer factories and smokeless housing 
zones there are often episodes in which sulphur 
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dicots. But cereals such as barley display almost white 
bleaching of leaf tissue. 

4. Photochemical Oxidants 

These are chemicals produced in sunlight by reactions 
between the products of internal combustion engines. 
Included are nitrogen oxides, ozone and peroxyacyl 
Nitrates (PAN). Maximum concentrations occur in 
summer and autumn and rise to alarming levels in centres 
of vehicular traffic. This is the 'Los Angeles Smog' 
which irritates the eyes and nose, reduced visibility and 
damages vegetation over thousands of hectares each 
year. 

Young growing plants are the most sensitive to PAN 
and damage usually consists of a white to bronze flecking 
-photo-oxidant stipple. Commercial damage is 
extensive in leafy vegetables. In addition, conifer forests 
are at risk from PAN and in California many pine 
forests are suffering drastic decline through the so very 
reactive aerosols. 

In New Zealand measurable quantities of PAN occur 
near dense traffic in Christchurch, Wellington and 
Auckland. Only in the latter city is there concern about 
possible damage to plants from this source. 

Fumigation and field evidence from the U.S.A. 
indicates that species vary in sensitivity to PAN. 

S. Other Air Pollutants 
So much interest has been taken in biological effects 

of air pollution that many minor compounds have been 
observed. These include ethylene, chlorine, hydrogen 
chloride, hydrogen sulphide, mercurx and particulates 
including metals such as lead. Most of these are carried 
to plants in toxic amounts only when industrial accidents 
occur. In this country spray drift from aerially applied 
herbicides would be much more significant in terms of 
accidental plant damage. 

In the case of lead there is clear evidence for 
substantial accumulation in plants growing near major 
roads and centres of traffic. Tetraethyl lead discharged 
in exhaust fumes of motor vehicles is accumulated by 
roadside vegetation but no significant plant damage is 
occurring at present despite a tenfold increase in lead 
content. Should the lead content of leafy plants increase 
to over 1000 ppm their consumption by man and 
domestic animals over a prolonged period might be 
hazardous to health. . 

Field Surveys and Vegetation Monitoring 

Controlled fumigations of a wide variety of plants 
and field observations have allowed a clear picture to 
be formed of air pollution damage. However, expertise 

in the diagnosis of such damage is developed gradually. 
For instance, the pollutant-caused symptoms can be 
altered by genetic makeup, stage of plant growth, 
moisture supply, nutrient levels, for climatic factors. 
A competent observer must also be able to 
recognise symptoms induced by nutrient deficiency, 
temperature and water stress, pathologic disease and 
insect grazing. Periodic observations are usually made 
at set sampling stations positioned in order to show 
patterns of pollution and other damage. 

The clearest patterns are those occurring along the 
prevailing wind bearing from point sources of air 
pollution, e.g. smelters, thermal power stations, large 
fertilizer works. Others are exhibited by valley and 
depression air drainage basins, and in cit ies where 
temperature inversions are common. For example, 
Challenger mapped the severity of air pollution 
damage to trees throughout the Tees Valley in North 
Eastern England. He found the severity of damage to 
conifers and to deciduous hardwood species to be 
highly correlted with ambient S02 levels. These S02 
and smoke levels were in turn patterned on coal-burning 
towns and industrial complexes and on topography 
within the Tees drainage basin. 

In severely polluted cities of Europe the lichens and 
mosses on trees and buildings are small and few in 
number. Many square kilometers are virtually devoid 
of these small plants because they are so prone to 
lethal absorbtion of even small concentrations of 
S02. Maps of the distribution patterns of mosses and 
lichens have been used to monitor air pollution levels. 
The patterns are so clearly defined that school pupils 
are able to map them in field laboratory classes. 

The air pollution which has characterised Christchurch 
winters for a hundred years can also be monitored by 
lichen and moss distribution. Though the short-term 
maxima for S02 levels may be quite high, the average 
winter levels are just high enough to kill the most 
sensitive lichens and mosses. But whatever there is 
vegetative shelter or abundant moisture or alkaline media 
these leafy lichens mosses and liverworts still survive. 

In local areas of New Zealand industrial emissions of 
air pollutants are sufficient to warrant restrictions. In 
most cases emissions are controlled by the individual 
factories by the best practicable means available. Plant 
damaging levels of pollutants do still occur through 
breakdown or faulty operation. Intensified by 
particular meteorological conditions, such emissions 
occasionally cause plant injury patterned clearly 
downwind of the source. Although most common 
in the U.S.A., severe damage to plants is thankfully 
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rare here. The situation is even more optimistic in this 
country because of the co-operation possible between 
Government, local bodies and these industries. 
Department of Health's chemical inspectorate rep0rts 
that progress is being made in the reduction and 
control of air pollution from existing sources. 

Environmental issues are fully considered in any 
industrial expansion and the siting of new industry 

Smog injury on Romaine lettuce. 

is now influenced by the likelihood of biological 
damage from waste emissions. For siting of 
industry and power stations as well as for their 
emission control, base-line evaluations are carried 
out. This involves field ecological surveys and the 
estimation of extent of plant damage around 
existing industrial operations in order to know the 
responses of plant populations to air pollutants. 

Maple damaged by sulphur dioxide. 

Pollution effect on oak. 
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New Zealand Theses presented 1n 1972 
of Interest to Horticulturists 

Year Presented Name Diploma Thesis Title 
Thesis 

1972 G. V. Jensen ND (fruit) A study of bird damage in a commercial orchard in 
the Auckland district. 

1972 D. J. McKenzie NDFC A shadehouse method for testing miticides 
against motile and summer egg stages of the 
European red mite Panonynchus ulmi Koch. 

1972 G. M. Walton N.D.Ap. The economics of the �t�w�o�~�u�e�e�n� and �s�i�n�g�l�~�u�e�e�n� 
systems of colony management. 

1972 H. H. G. Ryan N.D.H. Trees and shrubs suitable for street planting in 
Palmerston North and problems associated there-
with. 

Theses presented at Universities 
(Taken from 1973 university calendars) 

M. Barthelmeh 

Chai, T.B. 

G. ff. Densem 

T. C. Emmitt 

R. C. Goldsborough 

Hor, Yue Luan 

C. P. Irwin 

D. J. Lucas 
D. ff. Menzies 

C. T. Mortlock 

Ng, A. T. 

P. D. King 

P. Rough 

E.G. Sage 

T. Shein 

P.E. Smale 
M. Vickers 

Key: Mass.-Massey University 
Wailc.-Waikato University 

Tinwald domain landscape development. Dip. L.A. (Linc.) 

"Physiological and breeding studies using tomato varieties and their derivatives". Ph.D. (Mass.) 
Suburban Christchurch proposals for a residential subdivision. Dip. L. A. (Linc.) 

Tekapo. An appraisal of the region with specific emphasis on planning of the domain. 
Dip. LA. (Linc.) 

Endogenous gibberellin-like substances in relation to short day induced flowering in the strawberry 
variety. "Cambridge Favourate". M.Hort. Sc. (Linc.) 
"Some aspects of seed infection and control of the collar-rot complex of peas (Pisum sativum L.) 
caused by Mycosphaerella pinodes (Berk and Blox). Verstegv, Phoma Medicaginis var. pinodella 
(Jones) Borema, and Ascochyta pisi Lib". Ph.D. (Mass.) 

The Germination of seeds Ph.d. (Waik.) 

Sandy Joint Domain, lnvercargill. Dip. L.A.(Linc.) 

Recreation in Makara, A study of the recreation potential of Makara Ward, Wellington, N.Z. 
Dip. L.A. (Linc.) 

A preliminary investigation of the diseases of willow (Salix spp.) M.Ag.Sc. (Linc.) 

"A study of the floral morphology of Alectryon Excelsum Gaertn (Sapindaceae". M.Sc. (Vic.) 
Studies on the toxicity of insecticides to the light brown apple moth. Epiphyas Postuittana Walker. 
(Lepidoptera Tortricidae). M.Hort. Sc. (Linc.) 

An examination of the landscape local to W anaka with particular reference to the development of 
Pembroke Park. Dip. L.A.(Linc.) 
Cheviot Hills. The development of a landscape past, present and future. Dip. L.A. (Linc.) 

Studies on the effects of hormones and their interactions on apical dominance of dwarf bean. 
M. Hort. Sc (Linc.) 

Distribution of carbon assimilates in tomatoes. 
Chemistry "Studies of Early Reactions Occurring in Germinating Sinapsis Alba Seeds". 
M.Sc. (Vic.) 

Linc.-Lincoln College 
Vic.-Victoria University 

N.B. N.D.H. theses are now being held at Lincoln College library. If you have a spare copy you wish to donate or can lend one 
(permanently!) to help future students, please send it to the Editor (Act.). 




