
County, plants sprayed with stylet oil 
had about 10.4% virus infection, com- 
pared to about 13.3% for those not 
sprayed. Virus incidence in the two 
treatments was not statistically differ- 
ent ( P  = 0.05). 

Conclusion 
Virus spread was extremely rapid 

in the first two trials at Davis. Virus 
incidence increased from almost zero 
to about 35% in the first trial, and to 
about 80% in the second trial, just one 
week after symptoms were initially 
noticed. 

Our observations and experiments 
indicate that low numbers of aphids 
are capable of causing a high level of 
disease if a source of virus inoculum is 
nearby. Viruses such as WMV and 
CMV are spread by non-colonizing 
aphids, so growers can’t rely on visible 
evidence of aphids colonizing melon 
plants as an indication of infection. 

Based on the results of our experi- 
ments, we concluded that JMS Stylet 
Oil is effective in reducing the inci- 
dence and spread of aphid-transmitted 
viruses when inoculum pressure is 
low. When inoculum pressure is high, 
the stylet oil appears to delay the ini- 
tial infection by a few days but does 
not succeed in keeping the spread at 
tolerable levels. Researchers in Florida 
recently reported similar results. 

Given these limitations, growers 
must decide for themselves whether 
application of JMS Stylet Oil is cost- 
effective. The application of stylet oil 
requires a significant amount of labor 
and cost. Thorough coverage of plants 
is necessary at all times to prevent 
aphid virus transmission. This re- 
quirement may be difficult to meet 
given the rapid growth of melon 
plants during warm growing seasons. 
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Efforts to reduce stratospheric 
ozone loss affect agriculture 
Bryan C. Weare 

Research has shown that the 
increased ultraviolet radiation 
reaching the Earth’s surface re- 
sulting from stratospheric ozone 
loss poses a danger to everyone. 
Concern about ozone loss 
prompted many nations to ratify 
the Montreal Protocol, the most 
comprehensive international 
environmental agreement ever 
enacted. Several provisions of 
this protocol will have substantial, 
long-term effects on the agricul- 
tural industry. Agriculture contrib- 
utes substantially to ozone deple- 
tion, primarily through its use of 
chlorofluorocarbons (CFCs) for 
refrigeration in processing, stor- 
age and transport of meats and 
produce. This paper is meant to 
serve as an overview of the 
scientific basis for ozone deple- 
tion concerns, a description of 
the current international policy 
agreement, and the possible con- 
sequences of that policy for 
agriculture. 

Ozone is a rare form of oxygen that is 
composed of three (0,) rather than 
two atoms (0,) as is true of the vast 
majority of oxygen in the atmosphere. 
Ozone exists primarily in two distinct 
layers of the atmosphere: in the bot- 
tom mile, especially in urban regions, 
and 15 to 30 miles above ground in the 
stratosphere. Ozone in the lower level 
is the most important form of urban 
air pollution and might be labeled 
“bad“ ozone because it contributes to 
respiratory and other health problems 
and increased concentrations may lead 

to decreased crop yields. The second 
layer is much thicker and is essential 
to all life as the primary absorber of 
dangerous ultraviolet radiation from 
the sun’s rays. This might be called the 
”good” ozone. This report will only be 
concerned with this stratospheric 
ozone layer. 

Stratospheric ozone depletion 
The basics of the science of strato- 

spheric ozone and its depletion by 
chlorofluorocarbons (CFCs) are illus- 
trated schematically in figure 1. Good 
ozone is continually created and de- 
stroyed by a number of complex 
chemical reactions. The ultimate 
source of the ozone is the simple reac- 
tion 0, + 0 = 0,; the oxygen atom 0 
is formed when the sun’s ultraviolet 
radiation breaks apart an oxygen mol- 
ecule 0,. The ultimate loss of ozone is 
through nearly the opposite reaction 
0, + 0 = 20, that results in regular 
oxygen molecules again. The actual 
processes are considerably more com- 
plicated, involving catalysts which 
help speed production or destruction. 
Without human intervention, the pro- 
duction and destruction processes re- 
sult in a relatively fixed amount of 
ozone, much like a bathtub would re- 
main at a constant level if the amount 
of water flowing from the tap exactly 
equaled the amount going down the 
drain. 

Human intervention does occur 
and affects the amount of ozone in the 
stratosphere. Ozone depletion is pri- 
marily due to the introduction of large 
quantities of chlorine- and bromine- 
containing molecules into the strato- 
sphere. The most important are re- 
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leased from chlorofluorocarbon (CFC) 
molecules as they are broken down by 
the sun's ultraviolet radiation. These 
CFCs, usually referred to by their 
brand name Freon, were developed in 
the 1930s as the "perfect" refrigerant 
because they are efficient, non-toxic 
and non-reactive. They are also used 
extensively as foam-blowing agents 
and cleaning agents in the computer 
and other industries. The most com- 
mon are often referred to by abbrevia- 
tions CFC-11 and CFC-12. 

Early in the 1970s, scientists real- 
ized that CFCs move slowly into the 
stratosphere, becoming reactive in the 
presence of ultraviolet sunlight. Ulti- 
mately these CFCs break down into 
their various components. Some re- 
sulting chlorine-containing molecules 
can act as powerful catalysts, greatly 
speeding the destruction of ozone and 
reducing the overall concentration of 
stratospheric ozone. Furthermore, as 
with all catalysts, the chlorine atoms 
are usually unharmed by these reac- 
tions. In fact, one chlorine molecule 
can destroy thousands of molecules 
of ozone. 

The details are complex. For in- 
stance, the chlorine is much more ef- 
fective at destroying ozone in the pres- 
ence of small particles. Such particles 
are rare in the stratosphere. They oc- 
cur in large numbers only after a 
strong volcanic eruption, or in polar 
regions in winter and spring, when the 
air is cold enough for clouds to form 
even in the very dry stratosphere. This 
is the reason for the most dramatic 
manifestation of ozone depletion, the 
so-called "Antarctic ozone hole." This 
hole - really a dramatic decrease in 
ozone - develops in the spring when 
the air is cold, stratospheric clouds are 
prevalent and the necessary sunlight is 
present, enabling the chemical reac- 
tions to occur. Fortunately, this hole is 
most evident for only about a month. 
Ozone concentrations return to near 
normal when spring warms the South- 
ern Hemisphere and the stratospheric 
clouds disappear. 

In the past 10 years, this theory has 
been well verified and corroborated 
through observations of the strato- 
sphere. The most dramatic observation 
has been the steady, sharp decline in 

Fig. 1. Schematic of atmospheric ozone and the effects of CFCs as explained in the text. 

measured Antarctic ozone every Octo- 
ber for the past 15 years. Ozone con- 
centrations over Antarctica have been 
at record lows for each successive year 
beginning in October 1992. Using 
high-flying aircraft and satellites, sci- 
entists have found not only decreased 
ozone levels associated with the hole, 
but also increased concentrations of 
the chlorine-containing molecules that 
destroy ozone in the laboratory. Few 
scientists now dispute that ozone 
depletion over the Antarctic is occur- 
ring and that it is due to CFCs and re- 
lated anthropogenic chemicals re- 
leased into the atmosphere. 

clearest manifestation of decreases in 
stratospheric ozone concentrations. 
Ozone destruction is occurring world- 
wide, albeit at slower rates elsewhere. 
Other losses are due in part to the re- 
sidual effect of the Antarctic hole, 
much in the way red paint (air de- 
pleted of ozone) mixes with white 
paint (air rich in ozone) to create a 
pale pink (air with decreased ozone 
concentrations). Recent measurements 
show that a 2 to 20% decrease in ozone 
concentration occurred in all parts of 
the world between 1979 and 1992 (fig. 
2A). Although these decreases are 

The Antarctic ozone hole is only the 

largest in the polar regions, reductions 
of about 7% exist in the heavily popu- 
lated regions of the Northern Hemi- 
sphere between 35' and 65' N. 

stantial ozone depletion is in the re- 
sulting increase of destructive ultra- 
violet radiation, especially so-called 
uv-b, reaching the ground. There is 
reliable evidence that increased expo- 
sure to uv-b can lead to significant in- 
creases in skin cancers (including 
nearly always fatal melanomas), cata- 
racts and immune deficiencies in both 
humans and animals, as well as the 
destruction of genetic material in 
plants of all kinds. Figure 2B shows a 
calculation of the increase in a skin 
carcinoma between 1979 and 1992, uti- 
lizing the measured ozone decreases 
shown in figure 2A and laboratory esti- 
mates of how increased uv-b damages 
cells. Again, the largest percentage in- 
creases in carcinomas are in polar re- 
gions where few people live and even 
fewer people spend hours outside sun- 
bathing. However, significant in- 
creases are predicted in the heavily 
populated regions of the Northern 
Hemisphere, where increases in sur- 
face uv-b due to losses in stratospheric 
ozone may be offset somewhat by 

The primary importance of this sub- 
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increases in the "bad" surface 
ozone associated with air pol- 
lution. Unfortunately, it will 
probably be years before long- 
term studies of cancer patients 
will be available to verify 
these predicted trends. The ef- 
fects on animals have not been 
estimated, but are assumed to 
be similar to those on humans. 

The overall influence of 
modest increases in uv-b 
radiation on plants is not well 
understood. Nevertheless, 
there is important evidence suggesting 
that increases of uv-b can lead to de- 
creased crop yields. For instance, one 
study suggested that increases in uv-b 
of 20% decreased the yield of a sensi- 
tive soybean cultivar by 19 to 25% in 5 
out of 6 years. In other cases, more 
uv-b was found to increase branching, 
and shorten and increase the number 
of soybean leaves without significantly 
reducing yields. 

A final cause for concern is that 
most CFCs remain in the atmosphere 
for several decades, retaining their 
ability to destroy ozone. This is be- 
cause CFCs are destroyed only after 
moving very slowly into the strato- 
sphere, where they are broken up by 
ultraviolet radiation from the sun. Un- 
fortunately, this is also the process that 
leads to ozone destruction. Thus, even 
if we stop adding CFCs to the atmo- 
sphere today, "good" ozone concen- 
trations will remain depressed, and 
destructive uv-b radiation will con- 
tinue to be enhanced far into the 
future. 

Montreal Protocol 
These developments led to the 

drafting of the Montreal Protocol, one 
of the most comprehensive interna- 
tional agreement ever established. 
The protocol was developed in 1984 
and amended in the London (1987) 
and Copenhagen (1992) Accords. It 
sets out a number of stipulations in- 
cluding: 

tential ozone-depleting and "transi- 
tional'' materials; 

2. specific production quotas on 
some of those materials; 

3. procedures for recovering and re- 
cycling current stocks of those materials; 

1. an exhaustive inventory of all po- 

Fig. 2. Percent of change from 1979 to 
1992 for each latitudinal zone of (A) the to- 
tal amount of ozone in the atmosphere as 
measured by satellite, and (B) the calcu- 
lated incidence of basal cell carcinoma 
based upon (A) and physiological data. 

4. provisions to prohibit cheating by 
"non-member" countries; 

5. aid to developing countries to 
meet its provisions; 

6. requirements for the reporting of 
updated science; 

7. provisions for regular modifica- 
tion and expansion of the controls; 

8. regular follow-up meetings. 
Remarkably, nearly all of the coun- 

tries of the world, including Russia, 
China and India, have signed and 
agreed to the provisions of these 
agreements. 

One aspect of the international 
agreement will affect all Americans, 
particularly those in agriculture. It is a 
provision identifying substances that 
will be regulated by fixed dates. Most 
importantly, the 1992 Copenhagen Ac- 
cord specifies there will be no new 
production of the ubiquitous CFCs 
carbon tetrachloride and methyl chlo- 
roform (primarily used as industrial 
solvents) after December 31,1995. The 
agreement also specifies that current 
production of CFCs should not exceed 
25% of 1986 production rates. Produc- 
tion of halons (bromide-containing 
substances used primarily in auto- 
mated fire-fighting systems) was 
banned as of December 31,1993. Pro- 
duction of other materials will be lim- 
ited beginning in January. U.S. envi- 
ronmental laws may accelerate or 
expand upon certain provisions of the 
protocol. 

Impact on agriculture 
The most important effect 

of the Montreal Protocol on 
agriculture and its related in- 
dustries is the ban on CFC 
production. The nature of 
these changes is outlined in 
table 1. Column 1 of the table 
lists groups of CFC uses; agri- 
culture is heavily involved in 
the first four. Column 2 lists 
the most common CFCs used 
in each area. The most com- 
mon materials are CFC-11 and 

CFC-12 and HCFC-22 (hydrochloro- 
fluorocarbon). "Ozone-depletion po- 
tential" and "global-warming poten- 
tial," are relative to that of CFC-11, the 
chemical found to be most destructive 
of ozone. These potentials are based 
upon calculations using laboratory 
measurements of the properties of 
each material. The table also shows 
possible substitutes for materials 
whose production will be stopped. 
These substitutes include HCFCs, 
which release a small amount of 
chlorine in the stratosphere, and 
HFCs (hydrofluorocarbons), which 
release no ozone-destroying chlorine 
molecules. 

The most common freons, CFC-11 
and CFC-12, are used extensively in 
agriculture and related industries. 
Uses include nearly all industrial chill- 
ers, such as used by wineries and 
packers; most commercial refrigera- 
tion, such as in warehouses and super- 
markets; and nearly all automobile, 
truck and ship refrigeration and air- 
conditioning systems. Most home re- 
frigerators, air-conditioning units and 
foam production units use HCFC-22, 
whose production will be phased out 
gradually. Beginning January 1,1996, 
total HCFC production, including pro- 
duction of HCFC-22, will be limited to 
approximately the 1989 production to- 
tal. Production of HCFCs then will be 
reduced to 35% of 1989 production in 
2010,10% in 2015,0.5% in 2020 and 
zero in 2030. 

Thus, nearly all of agriculture and 
related industries will be impacted by 
the Montreal Protocol's ban on future 
CFC production. Since the CFCs are 
only a danger when released into the 
atmosphere, most users will be af- 
fected by the ban only when their re- 
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frigeration system leaks, needs repair 
or requires replacement. In some cases 
these impacts will be relatively slight. 
For those whose systems use HCFC- 
22, the only immediate impact will 
likely be an increase in its price. For 
other systems, when repair or replace- 
ment is required, owners will have the 
options of (1) utilizing dwindling and 
progressively costlier stocks of re- 
cycled quantities of CFCs; (2) convert- 
ing systems to an available substitute; 
or (3) replacing systems with ones spe- 
cifically designed to use a substitute. 

The least expensive option in the 
short run will probably be to use re- 
cycled stocks. However, costs of CFC- 
11 and CFC-12 are expected to more 
than double by 1996. Conversion of 
existing systems will often involve 
relatively simple changes such as a 
substitution of the compressor oil 
and/or replacement of gaskets. How- 
ever, these converted systems will be 5 
to 20% less efficient, increasing electri- 
cal power costs and decreasing maxi- 
mum cooling capacity. Further im- 
provements are possible, including 
changes in impeller size and/or speed, 
but could end up making the cost of 
conversion more expensive than re- 
placing the system with one designed 
to use a substitute. 

which substitute to use. An important 
Users will also have to decide 

consideration here is the fact that 
HCFCs will have strong production 
constraints early in the next century. 
Concern has also been expressed 
about the safety of some substitutes 
and their tendency to accelerate degra- 
dation of system components. For in- 
stance, some substitutes are so toxic 
they require special installation proce- 
dures, and are considered inappropri- 
ate for use near people, such as in su- 
permarket refrigeration. Consideration 
also must be given to the global warm- 
ing potential of substitutes, since those 
with high global warming potentials 
probably will be regulated in the fu- 
ture. Furthermore, less efficient sys- 
tems will contribute indirectly to glo- 
bal warming since the ultimate sources 
of energy to run refrigerating systems 
are usually natural gas and coal, both 
of which emit carbon dioxide, the pri- 
mary global warming gas. 

Besides the consequences of the 
Montreal Protocol's ban on CFCs, agri- 
culture will also be affected by new 
regulations on the use and production 
of methyl bromide (table 1). This ma- 
terial has a relatively short lifetime in 
the atmosphere (approximately 1.5 
years), but per molecule is a much 
more effective destroyer of ozone than 
are CFCs. Methyl bromide is used ex- 
tensively in developed countries as a 
soil and produce fumigant. In devel- 

oping countries, methyl bromide is 
also a quarantine fumigant, required 
for fruits, vegetables, forestry prod- 
ucts, cotton, cocoa, coffee beans, and 
grains before export to developed 
countries. In 1995, production of non- 
quarantine methyl bromide will be 
frozen at the 1991 level; future controls 
are likely. 

Conclusions 
This report has outlined some of the 

theory and observations behind the 
assertion that stratospheric ozone con- 
centrations are decreasing due to 
human-caused releases of chlorine- 
and bromine-containing substances, 
and that these decreases could have a 
substantial impact on human health 
and agricultural production. It has 
also outlined the international re- 
sponse to this problem, including lim- 
its on production of many important 
chemical materials used in and outside 
agriculture. It has tried to outline the 
decisions individual farmers, food 
processors, and others may face in re- 
sponse to curtailed production of these 
materials. However, it has not been 
the intent of this paper to fully explore 
the available options or to recommend 
specific actions. Frequently those will 
be made by refrigeration suppliers and 
contractors. However, it is hoped this 
paper will give agricultural industry 
owners and managers a better under- 
standing of their options so they can 
make the best long-range decisions for 
their businesses and the environment. 
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