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Introduction

The need for degreoening eitrus Frualc is preatly tnfluenced by
sllmate. Citrus Ernits grown in soemirropical climaLes ace very
df fferent trom those grown in arid desert climates. Brazil, China,
Florida, and Mexico are consldsred te have predominately humid
subtrropical ¢limaLes. Some of the characteristics of fruit grown in
humid subtropic and Ln arld desert climales are shown in Figure |
f13%. IL is importank to understand the difterences in ecllbrus grown
in diffarent climates hefore atvempting to produce and market the
fruit or juice. Citrus fruits grown in the subtropics have distinet
elaracreristics: hblemished and scarced veel, frult with a tendency
Fmr pale or even grecn calor [thus the need Eor degreeningl}, thin
peel, high sugar, amd high julce congent. Understanding the
differrnces betwesn citeus fruit frem different climates makes 1t =sasy
o understand why California grows a crop mainly for the fresh Eruit
market and why Plorida markcts about 15% fresh and 83% processad

eciErus.

Degreening 18 a very complex subject {103, Although we know a
praal deal, the recommended conditinns may change in the fulure as
mare detailed research 1s completed. Degreening can affeckt [ruit
gualicy in saveral ways: color, wound healing, dehydrabion, and
decay- These cffects will wvary witi variety, frult condlcion, and
devreening conditions. Negrecning 18 & process by which green coler
15 removed fram the peel to allow the yellow or orange color fo show.

Tn nature, citrus degreens when the weather is cool enough. 1In



packinghouses, IL is accompliszhed with the aid of ethylene gas in
degreening rooms. A1though citrus is easily degreened early in the
season, frult which vegreens al the and of the scason is much more
difficult to degreen with sthylene (27). Apparently, at the end of
the scason rhere is a larger proportion of chiorophy!l | b which 1s mores

resisranl than ehlorepihvll 2 o ethylene dogreening (20}.

Degreening Conditions

tdeal degreening vonditions (23, 28, 303 far Florids clcorus

(except lemons) arc simple:

Temperature: a2-85"F (28-29"0)

Humidity: 9—9a% relative humidity
Ethyleng: 5 ppm

Adr Circunlalion: 10 ctm per Florida field box, or

100 cfm per pallac box eapacily

Fresh Air: one air change per hour

These conditions ssem simple. Howewer, they are nel easily
achicved and malntained. Degreening recommendations have evelved over
the wears as more detailed research was done and as the equipment and
methods improved. The optimum ethylene ievel for fas: degrecening was
detarmined to be 5 te 10 ppm (1BY. ‘the abllity of citrus packers ro
accurately maintain ethylene levels has narrowed the recommendation to
an exact 5 ppms Alchengh high cthylene tevels increase resplratiom
and decay, ethylene levels as high as 20,000 ppm will not Eause pael

injury ("gas burn") (17).



The addicion of artificial heat is limited to B3°F by Florida
Nepartment of Cltrus Bules, Chapter 20-31 {Fignre 2} The reason for
tnis rule is chat degrecning of Florida citrus is fasbest at a5 F,
This is illustrated (Figure 3} in a 190 classic Eulletin by Grierson

and Mewhall (123,

Our supgestod tresh alc exchange Is one air change per hour. In
Anstralia (27) and Israsl (6) as low as 1/2 air change per hour is
recammended, and this cate 18 in usc in Spain (personal communicarion,
[. Sanchez, Pascual Hermanos, Valencial. Host Florida degreening
rooms are nob sealsd tight enongh Lo resulr in & carbon dioxlde build
up and slower degrecolng {h)}, Exceptions may be in dual purpose
Lomato/citrus eoloring Toams because tomato UOAmMS dbe traditionally

huili wirth lirrle or no ventilation.

Keeping Records and Measuring Conditions

Routine record keepling 15 an important, buc boring task. It is
best to have a form with hlank spaces Ffor Lemperature, webt bulb
temperaturc, and ethylenc level {Figure 4). The top af Lthe form
should heve a plare for date, reom number, fruit wvariety, grower or
lat number, and any other information importanl To your records. WiLh
the large modern rooms Lhere would be several varieties and lot
qumbers arriving and leaving zach day. A separate page nceds to be
kept tor each room or sscilon. One persen should Le made responsible
for record keeping during sach work shift. Usually the night watchman

ig part of the record kesplng team.



wet and dry bulh Lhermemerer units { hvprometers) placed in a
angition of strong alr movemenl over Sh) feet per minube (L4} can be
Gsed Fd measdre the remperature and humidity. Water avaperation from
Fre wel bulh results in 2 lTower ceadine —= the esrezter the difference,
the lower the relative humidity. When degreening al 850? a 1l to 2°p
diFference (Fignre 5) is all that should be allowed (23, 30, 31). Too
litrle air movement will result in lags warCer syaporation and a talse
high humidity readlnz. The wel and dry hulb unlt readings can he

chacked vecasionally with a sling psychromerer (gling movemank

provides zir (low) or a portable psychrometer babtery operated fan.

The fresh air exchange is usually ser at the tiwme the room s
built and as long as rhere are no changes such as expanding the room,
changlog the Tans or mobots, €T, the fresh alr will remaln constant.
A wvelomsrar is used tn measure the fresh air theough an ourcside vent
an the low pressure sldec of the fan and tha vent opening is adjusced
accordingly- Velometers are used [0 measure air Elow in heating and
conling svslems. We have one at the Citrus Research and Fducallon
Center, and the larger air conditiont ng cenlbrackors are likely koo use

them.

Lemons

Lemons have already been menlioned as an pxcoption o normal

degreening conditions. Lemans tradilionally were cured with "zeco”
e , :
athylene at GO F for up to 5 weeks {26). Mormal citrus degresning

rondlrions resulted in excessive decay. Fthephon (Ethrel) was shown



to reduce the degreening time for lemons with ressonable safety from
decay (29). Finally, the use of predegresning fungicides and low
levels of ethylene (0.5 to 1 ppm) wes shown Eo be effective, redocing

tha 2 ta 3 wesks time £ 2 Lo 3 days (1},

Ethrel (Ethephon)

Wthrel 1g a chemical whlch releases low amounts of ethvlenc and
can be applisd before or after harvest. GSthrel was reported to have
anout the same effect pver a wide range ot concentrations {1090 to
12,000 ppm) and immersicn cimes (1 to 10 minutes} (11}. Ethrel is
kiown to enhance degreening of lemons (16, 29) oranges (11} and

grapefruic (11, 16).

Colot

Maturity srandards include something called color hreak. HMany
growers develop color hlindness when rthey try to determine adequalea
color break. The Florida Department of Citrus BRule 20-34 bravely
attemprs to define coler break. However, in Flarida the practical
determinarion of coler break is presently: when the Fruib can be
depresned it has adequate celor hresk. The reason for this liberal
interpretation is bhat eolor ds anhijecelive, and this method
approximaces the tfule. Althpugh it is important, there are no gimply
determined srtandard numbers for color break. The obvious reason far

degreening 1% to remove rhe green color and allow the yellow of arange



variet#l coler is dependent on chlorophyll and warious caratencid
plgments. Wnealoo and Stewart reparted (31) that For cerbain
varieties orange and red plgments can he increased alter harvest by
holding cirrus at varlous temperatures and =thylene levels. The hesl
cnlor wes achleved al 59 te 7777 and 1 to L0 npm ethylene in 3 to B
days. Washing reduces carntensld synrhesis (15} and the process 18

ton slow for commerclal applicallon.

Wound Healling

Very high humiditics of 90 to 90% have heen shown to reduce mold
developmenl during degreening. This was gxplained (2, 7) as
lignification wound hezling of swmall injuries ln the t lavedo (colored
partion of Lhe peel). Hound healing occurs nnly at high relative
humidities. Severe nlevcellosis {oil spotting) was not gvercome by

waynd healing.

Dehydration and Humldificaticn

from Che idstant cilrus fruit is harvested ir looses molisture with
no chance Fo replenish the supply. High rolative humidities during
degresning are needed Lo reduace maisture less,. Stem—snd rind
breakdown of araogss (22) i85 veually tirst seen in rhe markets, but is
the result ol earlier maisture loss, OF Lhe five degresning
condltions listed abave, high humidity is the mest difficule to
ackieve. Humidity can be zdded by st=am which also adds heat

{sometimes not pecded), by high pressure water, and by #ir mist



systems (243, Alr mlst systems arve the most common type used in
Florida citrus degreening rooms. Honic atomizing nogales have been
used sucessfully in Spain (personal communication, 1. Sanchexz), but
have a relatively high 1nitial cost and have not been tried in Florida
citrus degreening tooms. The idea that wet fruit sheould net be put in
degrecning rooms (12} is no longec important because of the high alr
movement in the modern rooms (%, %}, High air circulation guickly
drys wet [ruit and adds Lo humidity in the room. AL the start of the
sesson, dey wooden pallet boxes can absorbh moisture from Ehe
degresning room humidity, so that wetting paller boxes at the

beginning of the scason has praven Lo he helpful in some CASCS.

Dacay

The most concise statement regarding the effect of degreening on
doccay was by Andy MeUornack, "Ethylene increases decay." That
statement says it all. Larger amounts af ethylene, or longer exposdrs
Lo the same amount of ethylene will increase certaln kinds of decay in

citrus.

Steg=cnd rot which occurs early Lo che seaszon, Diplodia
natalensis, ls fnereszsad by exposing the fruit co ethylene at 55°F

{3, 21} The affecL ul excessive sthylene iz shown in Tahle L.

anthracnose is alsa Increased by ethylene during degreening. This
disease is comnmon on Hoblason tangarines and rhe saverity of the

infection is related te peel color (4, 5). Yellow fruit are easily



10

infected while dark orange frulit are more resistant, This color
relationship ls so consistent that color sorting tangerines intao three

groups will frequently sart anthracnose Loto three levels of geverity.

Table |. Effects ot kwo concentrarions of echylens durling degreening

on decay 4 weeks atter picking (adopted from 210,

Trealment Hamlin® ‘uf.a'.ls-mrzlal"r Templesyx
—————— e e ——— ¥ dapay ——=—————— oo sem———

Hot Degreened 17.0 a h.T A 59.9 a

4 ppm Ethylens 1.6 anb 11.1 a 60,5 a

50 ppm Ethylenc 32:5 b 2l.1 b Bl.3 b

% Average of 3 experiments.

¥ Average of 4 experimencs.

¥ fresze injured.

W

Data followed by rhe same letter in each column do nop ditfer zL a

probability levael of 5.

Washing before degreening has heen reported to reduce anthracnese

i

{19, ?%) and stem—end cot (25). This process alszo slows Lhe
degreesnlng process (153) so that the advantage aof reduclng decay is

nffsat by lenger and poorer degreening.

A more detalled discussicn of stem—end rot and anthracnose by G.

E. Brown is found in the decay control secktion of thesc proceedings.
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HIGH SUGAR, HIGH JUICE
THIN PEEL, POCR CDLOR,
HUMID FUNGAL BLEMISHES ARID

SUBTROPICS e R A N DESERT
T T e T e

BRILLIANT COLOR, MINI-
WARM NIGHTS, MAL SURFACE BLEMISH, COOL NIGHTS,
HIGH RAINFALL LOW SUGAR, HIGH ACID LOW RAINFALL
THICK PEEL

BFfects of climatic extrames on Cltrus Eyuit guality

Ir '.'_g (Fpas 1 "
(adonbed Erom 13).



10=31.001
J0-31.002
20-31.003

2G-31,001

20-31.00z2

20-11.003
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Deparcment of Cilrus
Chapter 10-%1
Paga 1

CHAPTER 20-31

COLORING ROOM METHODS AND PRACTICES

Certain Heating Prohibvited
Adr Circulaticn
Maximum Temperaturea

Certain Heating Prohibited: Fo kerasens or other gas-gencrating heater shall
Ea operated ins de, or within 153 feet oz, any coloering-room or enclosure whers
cifrus fruits are belng depreened.

Spevlfic Authoritcy: 6OL.10¢1),(7), F.5, law Dmplemented: g0L.10¢7y, F.8. Hisrory: Formerly
105-1.13(1); Revised 1/1/75; Previously mmberad ap-31.01,

Ar Cireulation: Suffleient air clreularien ghall be provided In cvery
caloring-toom of enclesure T2 miintain a veascondbly unlform Lemperature

Lha eeghout .

Speciffe Authoricy: B0L.1041) (7}, F.5. Law Tmplemerced. 6011047, F.5. Hatory: Formerly
05-1.13(3); Revised 1/1/75; Previously manbered 20-31.02.

Heximum Temperatuze: The cemperalure of the celering-room or enclosure con-
EEIELn% oTTrus fruit in the process of being degreened, shall be smo controlled
that the teT?erature ghall mor exceed B5°F. due to application of heat, excepl
uhan the added heat comes from ateam teleassed into the etmusphere To increase
humidicy.

gpecific suchority: 601.10¢13 (%), F.5. Law Implementad: 6011007, F.5, listory: Fomerly
105-1.1303); Bewlped 1/1/75; Previously mmbered 20-31.03,

9, Florida Departmeat of Citrus Rules pertaining to degreening.
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DEGREENTNG: RECORD

My Packiny Company
1 Citrus Avenue
Orangeville, FL 33000

Date ) _ Fthvlene
Tima n]ali!

Boom Mumber

Variety _—
Lot Number ) o o
AM Wat bulb lry hulb PM Wet hulb Ory bulh
1 . 1 N -
Z Z o )

3 — 3 . -
4 o — T 4 L S
b B

b - B

7 7 - =0

8 . g B B =R
¥ 9
10 S o 10 -
11 11 B .
12 12

Figura 4. Example of degreening record sheet which should be made Lo
suit the operation of Lhe individual packinghouse.
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Figure 5. ‘lTemperature rveadings for wet and doy bulb thermometers

at 80Y te 9U°F tz&.;“ Lo JE.EGU} dry pulh resadings and
500 to 1000 feel per winute air flow ower the wet hulb (313,



