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fected trees were found among the 142 trees 

tested in the two adjacent plantings. No varietal 

effects on test results were observed, but no tests 

were conducted to measure this factor specifi 

cally. 

Serological diagnosis of citrus viruses has 

considerable potential; however, further work is 

needed, even with CLTV, to develop a test pro 

cedure with the best combination of speed, sensi 

tivity, simplicity, and reliability. Serological de 

tection of other citrus viruses will not be possible 

until the necessary antisera to those viruses are 

developed, and this will be a difficult task for 

citrus viruses that have not been transmitted 

mechanically, or which occur in relatively low 

concentrations in their hosts. 

Serological indexing will not replace indexing 

procedures based on the use of indicator plants, 

but where applicable, it will provide an attrac 

tive alternative. A highly specific test that can be 

completed in as little as 12 hours, requires only 

several drops of leaf tissue extract, several drops 

of antiserum, and a minimum of equipment or 

facilities, offers many advantages. 
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Abstract 

Damage to citrus was different during two 

consecutive radiation freezes. The more damag 

ing freeze to citrus was characterized by a more 

favorable condition for frost formation. The be 

ginning of heavy frost conditions was accom 

panied by a change in wind direction to the S, 

greater than 90% relative humidity, and frost 

points equal to temperature of leaves exposed to 

sky radiation. 

Introduction 

It is difficult to determine whether a radiation 

freeze will or will not damage citrus when active 

growth is not visible on the trees (2). In this 

situation, a major problem is whether to heat or 

not to heat citrus groves. To heat when it is not 

necessary, or not to heat when it is necessary, 

is a costly error in judgment. Most of this judg 

ment is based on the extent of minimum air tem 

peratures. 

An example of whether to heat or not to 

heat citrus groves during a radiation freeze oc 

curred during two consecutive freezes this past 

December in Florida. The trees, in general, were 

relatively dormant, as a result of previous cool 
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weather. The first freeze developed during the 

night of December 15-16, 1968. Citrus growers 

and others evaluated this first radiation freeze 

to be relatively non-serious to citrus, in that less 

than 100,000 boxes of fruit were estimated to be 

lost. The second radiation freeze developed the 

following night, December 16-17. This second 

freeze at the beginning appeared no worse than 

the first freeze. However, this second freeze was 

later evaluated by citrus growers and others as 

relatively serious to citrus in that loss of fruit 

exceeded 6 million boxes (1). 

Some growers lit heaters during the first but 

not the second night. Other growers did not light 

any heaters at all. Few growers lit heaters dur 

ing the second night, which apparently was the 

more damaging freeze to citrus. 

This report describes some of the features of 

the two consecutive radiation freezes. 

Methods and Procedures 

An automatic data sampler-recorder, which 

we used to monitor the two consecutive radiation 

freezes is described in a previous report (3). 

The first freeze developed during the night of 

December 15-16, 1968. The following night, 

December 16-17, the second radiation freeze 

occurred, During both of the freezes, we accumu 

lated data on tape every % hour on different 

items in a 7-year-old citrus grove near Leesburg, 

Florida. 

We used Beckman-Whitley total and net 

radiometers to estimate the loss of heat from 

the grove. The air temperature and the tempera 

ture of the outer leaves of the citrus trees were 

indicated by copper-constantan thermocouples. 

The dewpoint of the air was indicated by a 

lithium chloride, gold-grid dewcell. We converted 

dewpoints to frost points according to standard 

conversion tables. The percent relative humidity 

in the air was charted with a hygrothermograph, 

and an anemometer and a wind vane indicated 

wind speed and direction approximately 50 feet 

above ground level. We used field surveys and 

reports throughout the State to determine the 

relative seriousness of the two consecutive freezes 
to citrus. 

Results and Discussion 

In the analyses of data, we found the extent 

of conditions favorable for formation of frost 

to be the major difference between the two con-
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1/ Less damaging than 2/ to citrus. 
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secutive radiation freezes. The most favorable 

conditions for frost formation developed during 

the second freeze, which was the more damaging 

of the two freezes to citrus. The difference in 

damage is attributed mostly to the difference in 

formation of frost. A strong, persistent frost 

condition, in contrast to a weak intermittent 

frost condition, will increase the formation of 

ice in citrus fruit, and will result in greater 

tissue damage and dehydration of fruit (4). 

The beginning of serious frost conditions be 

came apparent at approximately 11:00 PM dur-
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Figure. 1. Wind (W) and frost points (FP) of two con 

secutive radiation freezes, December 15-16 and 16-17, 1968. 

The first freeze (W , FP ) was less damaging than the 

second freeze (W2, PFp to citrus. Citrus leaves fully ex 

posed to sky radiation were practically the same tempera 

ture during both freezes (LT,,2). 
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Table 2. Features of two consecutive radiation freezes 

Item 

(6 AM to 8 PM) 

Dec. 15-16, 1968V 

Average Range 

Dec. 16-17, 1968£/ 

Average Range 

Net Heat Loss (BTU hr~l ft"2) 
Air temperature (°F inside 

standard weather shelter) 

Duration of 28° or lower 
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Air temperature (50 ft above 

ground level) 

Temperature of tree (inside 

the canopy) 

Temperature of tree root 

(3 inches below ground level) 

71.7 

30.0 
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27.0-35.4 
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40.0 
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1/ Less damaging than 2/ to citrus. 

2/ More damaging than 1/ to citrus. 

ing the night of December 16-17. Wind direction 

changed from the SW to the S, and relative 

humidity increased to a high of 99% (Table 1). 

High humidity persisted throughout the night 

and wind speed remained low, 0 to Vz mph. 

Favorable frost conditions persisted from 11:00 

PM to 8:00 AM the next day. In contrast, favor 

able frost conditions during the first freeze, the 

previous night, persisted for less than 1 hour. 

Wind speeds of 3 mph or more plus relatively 

dry air (RH 75% or less) helped to lessen frost 

conditions during the first radiation freeze. 

Frost points were lower than the temperature 

of leaves during the first freeze. During the fol 

lowing night, frost points equaled temperature 

of leaves at about 11:00 PM, which coincides 

with the change in wind direction and abrupt 

increase in relative humidity. Leaves exposed to 

open sky were essentially the same in tempera 

ture during both freezes (Fig. 1). 

Minimum air temperatures and net heat loss, 

plus other features, did not indicate the serious 

ness of the second freeze, in contrast to the freeze 

the previous night (Table 2). On the basis of 

these features only, the first night would be the 

more serious of the two freezes, whereas, the 

opposite was true. Under such circumstance, if 

one did not light heaters during the first night, 

there was no apparent need to light heaters the 

second night. Minimum air temperatures alone 

were misleading. A frost indicator will help to 

warn of impending damage to citrus during a 

radiation freeze. 
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