
if pH is kept above 11.5%. This results in a reduced cost 

per carton of treatment to the citrus packinghouse man 

ager; a reduction of phenol effluents; and a reduction of 

lowered risk potential for fruit burn. A greater reward, in 

today's concern of pesticides, is we in the citrus industry 

continue to be stewards of the environment and we use the 

pesticide judiciously. 
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Abstract. Decay is more severe in degreened fruit because the 

degreening process itself promotes decay, and because pack-

ingline fungicide treatments have to be delayed until after 

degreening. In an attempt to reduce decay, dry or aqueous 

aerosol formulations of thiabendazole, imazalil, or benomyl 

were applied to crates or pallets of oranges early in the deg 

reening process. These treatments were compared with aque 

ous drench applications before degreening and with aqueous 

non-recovery spray (NRS) applications after degreening. Sig 

nificant amounts of fungicide residue usually remained on 

fruit after dry or aqueous aerosol treatments. Aqueous aerosol 

applications of benomyl were the only aerosol treatments that 

consistently reduced stem-end rot (SER) caused by Diplodia 

natalensis. None of the aerosol applications effectively con 

trolled green mold caused by Penicillium digitatum. For the 

control of SER, applications of aerosols during degreening 

were never as effective as drench treatments applied before 

degreening, and only occasionally as effective as non-recov 

ery spray treatments applied after degreening. Drench treat 

ments followed by NRS applications were more effective than 

an aerosol treatment followed by a NRS application. Pre-cool-

ing the fruit before degreening, to induce condensation of 

moisture on fruit surfaces to improve distribution of the fun 

gicide residues, did not consistently enhance the efficiency of 

aerosol decay control treatments. 

A major decay in ethylene-degreened Florida citrus 

fruit is stem-end rot (SER) caused by the fungus Diplodia 

natalensis P. Evans (2). The degreening process, which may 
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last as long as 4 days in the early part of the season, en 

hances the development of SER. Furthermore, in the deg 

reening season, fungicide treatments are normally delayed 

until after the fruit is degreened and washed. Such late 

applications of fungicide are often not effective for the 

control of diplodia SER or of green mold, caused by 

Penicillium digitatum Sacc, because the causal fungi have 

invaded the rind too deeply by this time to be affected by 

the fungicide. Much better control can be achieved by ap 

plying the fungicide before degreening, either in the form 

of a preharvest spray (1) or postharvest drench (3), fol 

lowed by additional fungicide treatment(s) after degreen 
ing and washing. 

The fresh citrus industry required an effective method 

for applying a fungicide to pallets of fruit after they were 

placed in the degreening room. One method that had been 

suggested was to apply the fungicides through the 

humidification system. Another suggestion was to ignite 

formulated self-burning tablets of thiabendazole or im 

azalil and sublime the materials in smoke or dust applica 

tions. Some success in control of diplodia SER and green 

mold has been reported with sublimed thiabendazole re 

leased in storage rooms (9). Historically, however, applica 

tions of fungicides to harvested commodities as aerosols 

generally have been less effective than aqueous solution, 

suspension, or emulsion treatments (6). 

In this study, we compared aerosol applications of 

thiabendazole, imazalil, or benomyl during degreening 

with currently used drench or non-recovery spray (NRS) 

treatments of these fungicides for decay control. Fungicide 

residues were measured in some trials to determine if suf 

ficient fungicide was deposited on the fruit for effective 

decay control. 

Materials and Methods 

Fruit. Tests were conducted on 'Hamlin', 'Pineapple' or 

'Valencia' oranges Citrus sinensis (L.) Osbeck harvested dur 

ing the 1985-87 seasons from groves which had received 

no preharvest fungicide spray treatments. For a large scale 

test in 1987, 24 pallet bins of'Valencia' oranges were pro 

vided by the Haines City Citrus Growers Association 
(HCCGA). 

Fungicides and application. The fungicides tested were 

thiabendazole (TBZ) (42.28% F), imazalil (44.6% E), and 
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MEASURING AIR EXCHANGE RATES FOR CITRUS DEGREENING ROOMS 
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Abstract. A technique was developed and tested to measure 

the air exchange rates (AER) in citrus degreening rooms. The 

procedure entails a step function introduction of CO2 and 

monitoring its subsequent decay to the ambient background 

level. This decrease was modeled by a first-order equation, 

C(t) = Cb + (Co — CiJe"11*. In the commercial rooms tested, 
the AER varied from 16.5 air exchanges/hr to a low of 0.6 air 

exchanges/hr in newly constructed rooms. 

Degreening of Florida citrus is an importation unit op 

eration to market early season fruit that has achieved inter 

nal maturity with little or no change in external appear 

ance from green to yellow or orange. Also, some degreen 

ing is used on later season fruit, especially 'Valencia' in 

February to April harvesting period. Conditions for deg 

reening have been extensively studied since the early 

1950's in Florida (2) and has led to standard practices (3, 

7) for control and implementation of ethylene, humidity, 

temperature, and fresh air exchange rate (AER). Air ex 

change rate is number of room air changes per unilt time 

based on the volume of an empty room. These general 

procedures have been implemented in other countries (1) 

where citrus degreening or coloring is required. Similar 

processes are also used on other commodities such as to 

matoes (6). The essential process is one of removing green 

pigment via ethylene and to accelerate the process by con 

trolled temperature and humidity while mitigating fruit 

desiccation and the potential for decay. 

Most of the variables in degreening rooms that require 

control, specifically temperature and humidity, can be 

readily measured. Ethylene requires either estimation via 

an absorbing media sampling tube or gas chromatography 

equipment. The AER has not been measured directly but 

has been obtained inferentially by estimating a fresh air 

inlet area and air velocity through that inlet. However, 

other openings may exist where air either infiltrates or 

escapes from the room. Since the AER is important in de 

signing the heating requirement, etc. and associated 

operating costs of degreening rooms, this study was di 

rected toward developing a technique to directly measure 
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AER. The techniques may be suitable for other produce 

storage facilities, greenhouses, or growth chamber facilities 

(5). Principal objectives of this study were to: 

a. develop a procedure to measure AER in citrus de 

greening rooms. 

b. evaluate the technique in pilot plant and commercial 

degreening rooms. 

Methodology 

The procedure that was utilized to measure AER re 

quired the introduction of CO2 into a degreening room in 

a short time and then to monitor the attenuation of CO2 

as a function of time. This reduction should follow the 

well-known decay rate equation: 

C(t) = Cb + (Co-Cb) exp(-kt) 

where C(t) = conc at any time t; Cb = baseline cone; Co = in 

itial cone and k = decay rate constant. For this study, the k 

value is of direct importance as it represents AER/V where 

V is room volume. 

A schematic of the experimental equipment is pre 

sented in Fig. 1. A cylinder of gaseous CO2 was located 

external to the room and plumbed into a manifold which 

was modified to introduce CO2 across the width of the 

room under test. To measure the CO2 level, an infrared 

portable gas analyzer was employed with the analyzer out 

put directed to a strip chart recorder. Typically, an initial 

concentration of 1500 to 3500 ppm was introduced with 

room circulation fans operating and the curtains closed. 

The analyzer had a full scale capability of 5000 ppm. Deg 

reening room vents and curtain or both were then opened 

to a predetermined setting. All tests were done in empty 

rooms in order to make a more precise volumetric calcula 

tion and to avoid CO2 evolution from fruit. It was also 

necessary to establish baseline readings without internal 

combustion engines in the immediate vicinity. 

For both pilot plant and field work, tests were con 

ducted in triplicate. A test was considered complete when 

the CO2 level reached a steady state level for at least 10 

min. Values at 5 min intervals were taken from the chart 

for model analysis. Also, the time corresponding to a 50% 

reduction in (Co—Cb) was noted. 

Tests were conducted at three sites: pilot plant facility 

at Lake Alfred Citrus Research & Education Center, 

Haines City CGA (HCCGA) and A. Duda & Sons (LaBelle, 

FL). The rooms of A. Duda & Sons were recently con 

structed while the Haines City CGA degreening facility 

185 




