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INTIICDUCTICN

The present experiments were underteken in an attempt to prolong
the storage life of peonies by using improved packaging techniques in
conjunction with nethocds of disease control,

Prolonged storage of many kinds of cut flowers would benefit
growers, wholesalers, retailers, and consumers. A successful storage
program would relieve the peak demands at holidays, provide a greater
variety of flowers at all seasons, stabalize flower prices, and
eliminate the dumping of surplus flowers by spreading a naturelly
short crop-season over a longer period,

In compzrison to the extensive research that has been done on long
term "low temperature" storage of fruits and vegetables, there are com-
paritively little data available on flower storage. Among the factors
involved in a storage problem of this type are 1) inherent differences
in flowers, 2) treatments previous to storage, 3) methods of handling
in storage, L) temperature, humidity, and atmosphere in storage, and
5) conditions prevailing upon removal from storage.

To be successful, stored flowers should meet high standards of
quality., They should remain in good condition after removal from
storage for a reasonable length of time, be free from disfiguring
diseases, and retain original or pleusing color and fragrance, Vhen

these aims are realized, the industry will be greatly ktenefited,



Lonz Tem Storage
It has been shown that flowers stored for short pericds at low temp-
eratures may last longer than freshly cut flowers when they are removed
to roonm temperature, Long pericds of storase will ushuially greatly
shorten kesping qualities, Rose 1933 (30) stated that peonies can te
held at 35° I for relatively long periods, although 30 days is usually
the maximun storage period. Whiteran 1934 (35) reported that tulips held
at 32° ¥ for tour months, were good in appearence if keeping qualities
after storage were not importent. tresh cut buds were superior in kecp-
ing qualities to buds stored tor any great length of time regardless of
conditions used. Tulips held tor five weeke at 32° F were in good con-
diticn when removed to room tenperature, but their subsequent keeping
qualities were materially shortened, Lilium erabu stored by Bowden (5)
tfor €0 days, kept as well when removed to rcom tewperature, as freshly
cut lilieas. Winsor 1936 (36) reported succes:ful storage of pecnies for
two months at 30°-35° F, Neff 1939 (22) found that kecping qualities of
carnations stored dry for 37 days were comparatle to fresh carnations,
and in some instances lacsted longer than freshly picked tlowers, in 1940

Honevwell, Gavlord and Fawcett (14) stored pecnies in various ways for

approximately one month with good results. Their figures clearly
indicate a marked varietal difference as to ability tc withstand pro-

lonizecd storage,

Packine Methods

Rose 1933 (3C) stated that cut flowers should be stored with the

stems well sutrierged in water, Whiteman 1924 (35), using tulips, stored



one lot dry overnight and anothrer lot in water, and then packed equal
nurbers (a) in waxed lined box (b) wra)yed in newspaper over wax paper.,
Upon removﬁl from storage the tlooms in the waxed lined box were su-
perior to those wrapped in waxed paper &nd then in newspaper. Winsor
1936 (38) bagged small peony buds in the tield with brown paper bags,
and cut the bloon e when the outside petals began to locosen. +‘he buds
were rlaced in water tor 1-2 hours, then dried and packed in cardboard
boxes. DNert 1935 (21) pointed out that low turgor, brought about by
storing without water, retarded maturity., He wrapred irench Marigolds
in wet cloth, wet mcss, anc waxed paper, and cor.cluded that waxed paper

was the most satisfactory, Neff 1939 (22) found that carnaticns stored

dry (37 days) were comparalle to fresh carnatione, and superior to
carnations stored in water, That there is little evicence in favor of
soaking peony stems or sprinkling them with water previous to storage

wes shown by Honeywell, Gaylord and Fawcett 1940 (14). Hague and co-

workers 1649 (12) were the tirst to use waxed boxes sealed in cellophane
for the storage of cut flowers. They pointed out that the prerequisites
cf the filnm used for packaging are 1) transperency, 2) moistureproof,

3) low rate of gas transmiesion, L) heat sealing, 5) water resistance,
6) surficiently durable to withstand handling, and 7) relatively in-

exprer sive,

Fethods cf Preserwviation

Low temperature is generally considered essential for the storage of
cut flowers, tut nc cre tenperstur= is suitable for all flowers,(13)
Neff 1639 (23) found that light, either from a screened arc lamp, direct

trom a mazda lamp, or filtered thru ccjper sulfate scluticn, was a great



aid in extencing the lite of stored flovers after they were removed to
ro.m tenperature, This was specially true of those stored dry or with
sterns in a sugar riordent sclutieon., That keeping qualities oy te ex-
tended by exposinz flovers tc sunlight after remcval from storage was
shown by Bowden (5) using Lilium erabu, Roses stored wi‘h eters in a
sugar-mordent. soluticn under controllied conditions of light and temper-
ature may rerain turgid longer than fresh roses when placed at room teme
perature.  Roses stored 18 days may remaan turgid longer than those
stored 8 days Nert 1942 (24).

In 1921 Fitting (11) reported premature witaering of flowers in
the presence of small amounts of CO, and other gases. Tharnton 1930 (34)
fournd thzt rose buds, when removed to warm air after a period of storage
in 154 CO, for 7 days at 38°-50° ¥, lasted as well as untreated roses
which had been in cold storage without added CO, for 3 days. This
trzatinent gave a possible gain of four days. Further work by Thornton _

1930 (34) has shown that roses could be stored longer than 7 days in

002 and still remain in the bud stage, but upon removal to room temper-

ature petals drop rapidly. Longley 1934 (19) stored several varieties
of roscs and carnations at 330-31,.o F in atmospheres oif carbon dioxide
and hydrogen sultide, Hesults varied widely dependin;; upon kind and

variety ot flower. In general both CO, and H, S retarded opening in

2
storage and produced some fading. st extended keepin; quality of
carnitions but not roses. Larnation yir. spectrun, treated with HyS

tor 2-3 hours were better than fresh flowers, ihis was not the case with
all varieties, Netr 1934 (20) working wita roses, peonies, iris, and

varben=g found that 002 decrexsed the h-ion coincentration of the cell
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sap, and that this chinge was correlated with the change in petal color,
It was pointed out thst 002 may have a part in reducing fungal

growth in storage Lin 1948 (18). He corcluded that both low temperature
and modil'ied air with 54 002, 2% 0,, and 953 N have retarding eftects
on fungzl rots of apples. iroouks 1938 (7) showed that an atmosphere of
235 C0, retarded botrytis and Rhizopus rots of strawberries, and that

at 37 CO, their growth was completly inhibited.

control of Fungug

Information concerning the control of fungus in storage is limitad
almost entirely to fruits where treatments usuzlly consist of a fun-
gicidal dip, fumigation before storage, or impregnated wrappers, dkodi-
fications or these tecimiques might warrant furtiher investigation as
applied to the storage of flowers, but none of these specific treatments
were used at this time, (layton 1941 (8) used paradichlorobenzens to
control the blue mold disease of tobzcco, It seemed as if this treat-
ment might be applicable to the control of fungi on flowers in storage,
The material is readily available, easy to apply, non-toxic to humans,
and gives a continuous fumigation action over a long period of time,
These features sugyrest that this material might function as a tumnigant
for controlling fungus on flowers in storage providing it was non-toxic
to the tlowers, and would inhibit the growth of the fungi., Fumigating
action was obtained by Pentzer 1941 (27) working with the storage of
grapes, Partial control of fungi was obtained with pellets made of

sodium bisulnhate and ammonium carbonate which were included with the

packazed grapes, Iumigation before packing appears to offer some
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possibilities. Fentzsr 1941 (27) obtained outstanding results by fumi-
gating grapes tor 20 minutes previous to packing with a concentration

of ls» by volume of sul-hur dio:dde at 70° ¥, Barzsv 1948 (3) obtained
good resuits by fumigating cantaloupes with nitrogen trichloride, Ozone
has been used rather extensively in apple storage. Smock 1941 (32)
tound it gave fair contrnl of various rot orsanisma when introduced into

the storage fram 1-2 hours daily at the rate of 1-2 ppm,

ative Solutions After Storage

\ v -
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Many recommendations czn be found in non-scientit'ic Jjournals suge
gesting the use of aspirin, salt, vinegar, clorox etc., in water to pro-
long the lire of cut flowers, Lucomet 1911 (10) after testing the
effect of varying concentrations of sugar and salt solutions on many
dif"erent kinds of flowers, concluded that no one concentration was
good for all flowers, and that the reaction varied with the gzenus,
species and even the variety, Of the numerous solutions tested he con-
sidered suzar to be the most eftective, and listed sodium chloride,
dipotassium phosphate, "chloral", and magnesium sulfate as o! some
value, Knudson 1914 (15) was not able to substantiate the work of
Duzonet, He worked mainly with flowers which normally are short
lived, and pointed out that there should be greater possibilities of
extending the life of tlowers that normally have a long life period,

By using any one of the followin; solutions he was able to prevent
ths putrifaction of marigolds and zinnias in water: L0154 zinc
sulphate, ,05% strontium chloride plus .154 calcium chloride, ,02%
bariuwa chloride plus .15¢ calciuna chloride, .001% copper sulphate or

.O1% magnesium sulfate, ln 1926 Prigham (29) reported on the use of
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sulturoas acid by the Experiment Station in Hawii, They found that a
65 solution increased the keeping quality of cut flowers. 4in 1926 an
anonymous article (1) mentioned that sulfurius acid was of special
value on hydrangeas and other heavy stemed flowers., Hitchcock and
Zirmerman 1929 (13) tested over 51 chemicals without any signiricent
residlts, with the possible exception of ethyl alcohol. Both Phlox
and coreopsis lasted 1-2 days longer in a 1,5%=2.5% solution, ‘hey
also pointed out that transpiration was reduced by many of the chemical
treatments, but in all cases the tlowers which remained in the best
condition were those thst lost the greatest amount or water daily.
Arnold 1932 (2) found that a 54 glucose solution increased the lite of
several annuals, whereas dilute aspirin reduced their lif'e in some in-
stances., Contrary to the results of Hitchcock (13) he condluded that
the lowering of transpiration by the sugar solution paraleled the
longer lite of the cut blooms. Workers in Ohio 1940 (26) found some
benetit trom the following; 1) hydrazene sultate plus sugar,

2) potassium aluminum sulphate plus sugar, and 3) Santomerse penetrator
plus sugar, Fifteen difierent amino acids were tested by Bowden (5),
who found only one of these N- ((5-hydroxyethyl)gB-Alinine to be bene-
ficiel, 1n addition several sugars, 1icids and aluminwun potassium sul-
rhate were tried alone and in various combinations with two commercial
preservatives, "Floralite" and "Bloomlife", serving as controls,
Results indiccted that a combination of amino acid , sucrose, and
aluninun potassium sulphste extended the keeping qualities of Better

Tines roses 3-5 days over commercial preservatives, Nef? 1942 (24)

obtained inditfi'erent results with a nunber of solutions, but tound

goiutions of terrous chloride plus sugar, and ferrous salphate plus :sugar
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materially incre.sed the lils of roses, in an attempt to prevent petal
drop on a nurber of difterent genera of tlowers by the use of solutions
of the sodium salt of alpha napthalene acetic acid, Whiteman 1949 (36)

noted some beneticial eftects at 50 pm,.on Peony var, Festiva maxima,

and indirierent resalts with other varieties of peonies and several

different kinds of flowers,



Cutting Metaods

The peonies for tais experiment were all obtained from the Cottage
(Garden Nursery of Lansingz, Michigzan, Cutting was begjun on June 13, and
was continued over a period oif seven devs, The wajority of the peonies
were cut tetween 8:00 A.ti, and 12:00 noon., In some czse¢s, however, in
order to secure enough o: one variety, it was necessary to cut a few

during the afternoon and evening,

The tollowing varieties of Paeonia of*isinalis wera used; Felix
4 ————. B SE— - & - 2>
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Crousse (red), Reine Hortsnse (flesh coler), Walter raxon (coral pink),
and Sarah Fernhardt (pink), These varieties were chosen because of
their availability, and not necessarily because they were known to have
lasting qualities,

The staze ot maturity at which the budg were cut cannot be rep-
resented by inchies of diameter, as this varied greatly even within a
variety, Buds were cut when the outer laver of petals were just be-
ginning to unfold, but betore the center of the bloom was plainly
visable, After five dozen peonies hzd been cut they were placed in
containers of water in a closed truck. At no time were they allowed to
reaain in the truck for a period greater than four hours,

Since the packing operation extended over a period of several hours,
it was tound necessary for mosi efticient operation and in crder to
prevent the opening of the buds, to store the peonies in water in the
refrigerator (452 ) until such time as they could be packed., This

perind varied but was usuzlly about 4 hours,
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[nestment

Since no information seemec available concerning the control of
rangus on cut, flowers during storasze, the various treatments were sa-
lacted on the following basis. (Table 1) The peonies were dipped in
solutions of Bordeaux mixture, zerla'e, parzate, silver nitrate, and
actidione, Arter dipping,the peonies were sto-sd urright in a five
gallon can to facilitate tnhe draining of the excess solution, Para-
dichnlorobenzane crystals were enclosed in 3" x 3" squares of double
layer cheesecloth, and the ends were pulled together to form a bag
that was stapled to the collar of the box. (Fig, 1)

liote: The application rate or paradichlorobenzene was increused
over the rate recommended for use in tobacco seed beds Pinkard (1939)
(28) at 500-75o F to comp2ngate for the lower rate of volatilization
(9) that would occur at the temperature used for peonies (34°-36° F),
The crystuls used ranged in size from 1/16" - 1/8",

In order to obtain a preliminary check on the tolerance of peonies
to paradichlorobeizene, buds tfrom peonies that were torced in the
tichi-an State College greenhouses were packed in waxed, cellophane
3ealed boxes, 21" x 5" x 4", containing cheesecloth bags of paradi-
chlorotenzene in 1,2,3, and 4 gram quantitiss, The boxes were placed
in 340-360 ¥ storage, and atter two weeks were removed for ohservation,
Since at this time there was no apparent injury to the peonies when 4
orams were included in the box, this cencentration of paradichlorobenzens

was used in succeeding experiments,

Pazkaging

Peony varieties relix Crousse, Reine Hortense, and Walter Faxon




FRE-STORAGE TREATHENTS

TREATYENT| KATERIAL RATE OF MLETHOD OF REASON OF CHOICE

o AFPLICATICN APPLIC.TION

1. Acti- 10 pmm Dip Promising new anti-

dione ' biotics

2, Silver 3.75 gms. per Dip Reported to be as effective

nitrate | 3 gal. Hy0 as Bordeaux and to leave
no residue,

3. Bordeaux | 56.5 gms. each Dip Generally recognized as a
of hydrated { standard in estimating the
lime and CuSQO effectiveness of other
in 3 gals. HY0 fungicides,

be Zerlate 27 gms. per Dip Comparitively new and

(zine 3 gals. Hx0 effective fungicide with
base) wide application,

5 Parzate 27 gms. per Dip Similar to Zerlate but

(zine 3 gals. Hy0 often effective when
base) Zerlate is not,

6, Paradi- 4 gms, per In Continuous fumigating

chloro- 105 sq. ins, box action, ’
benzene ,
7. Jater ————— Dip Control

8. None ———- -—— Jontrol

[ %
Ue® a4



Fig., 1

Pecnies packed in waxed cardboard box which was
sealed in cellorhane, A cheesecloth bag con-
taining peradichlorobenzene may be seen stapled
to the collar of the box,



were paskes 1n waxed cardboara btoxes 21" x 5" x 4"%, and hest sealed 1in
cellcphane, Six peonies were jl:aced in each box with three rewcs at
esch end, tig., 1, Boxes were nrlaced in storare at 3&0-360 ¥,

In order to determine whether a sinrlified method of packasing
right be adcpted, twenty donen untreatec pecnies of the variety Larzh
I'errhardt were tied in bunches oi six, and wrapred in waxed paper, Half
of these viere placed in a cardboard carten 42,5" x 14" x 12", and the
other half were placed in a similar carten contain-rig parecdicilerclenzene,
The cryrstals were placed in a tolded strip of cheesacloth, 1" in width,
a2l ran the tall length of the box and was stapled to the cover,
Twenty grains of paradichliorobenzene were used, which was an increase of
approcimately 8 grams over the rate recommended by Pinkard for tobzcco (28),

4

. , 0
These boxes were placed in storage at 34 -36° F,

Isolations of tungi were made trom peonies berore thery were rlaced
in storage, and azain upcn renoval from storage. The fung were cule-

tared on potato dextrose agar and later identitied,

Ei-est of Paradichlorobenzene on Specific rungi

Fungzi isolated from peonies berore storage, as well as those isolated
rron peonies arter removal frium storaize, were plated on petri dishes con-
taining potato dextrose agar, 1lhe colonies were allowed to /row &t room
temperature until the colonies were approximately 1" in diameter, at
which time the extent of the colony was inked on the outside or the
petri dish, The dishes were packed one to a box, in waxed cardboard

# Thes2 boxes wers not designed speciclly for this project. A box
neasuring 27" x 6" x 4" or even longer would be more desiravle,



boxes, in which paradichlorsbenzene crystals contained in cheesaclobth
were included at the rates of two and four grans, The boxes were then
sealed in cellophane and placed in storage at 3L°536° F. Boxes

without, paradichiorsbenzene were also included for comparative purposes,
After twenty days, the outermost limits of growth were again marked

on the dish, and the increase in area determined by the use of a

planiinetsr,
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LA DHAFINTAL IDSULTS

One dozen of each treatment and ot each variety was removed to ro.m
temperature ( approxamately 75° ¥ ) from storage at various intervile
throughout July and August. The stems were cut, and equal numbers of
each variety and trestment were placed in tap water, water plus'"rloralite",
and a soluticn of 50 ppm of the sodium salt of naythalene acetic acad,
After the first two series, (14 and 31 days in storage), the napthalirre
acetic acid treatment was omitted because it signiticantly shortened the
life ct the reonies,

Data from tlowers stored for li days have not been incluced, J{hesze
*lowers served to establish the method of making observaticns, and all
data were compiled fram the five succeeding seriee,

Since only an occasional flower opened after twe days at room temper-
ature, the totzl numher ot open and partly open flowers was reccrded at.
tidis time, 1t was considered neces:-sry to include partly open flcwers

because Var. Reine Hortense frequently failed to completely unfcld the

outer row of petals, Petal abscission after vigcrous shaking of the
tlowers, or petal wilt, served as criteria for stating tlowers were dead,

1n the fcllowingz discus-ion Vars, Felix Crousse, Reine Horterse,

and Walter raxon will be referred to as Vars. 1, 2, and 3 respectively,

Eri1ents of Pre-storasre Treatrents

The fungal growth was first evident directly under the btud cn the
margins of the bracts, as well as on blasted axillary buds, ror pericds
longzer than 66 days in stora,e, the tungus had progressed to the lesves,

2nd in a relatively few cases had advanced to the tlowera, Fifty five
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percent of peonles rejresentine «ll treatients showed vimitle funsal crostd
when rercved from the boxes after a twe week storave pericd, The quantity
of tunms vas not suriiciernt 1o make these peondes unmarket:ble, rour weers
after etorage this wes incressed to 765, and tor periods longer than tour
weekxs fungel growth was observed on 874, Paradichlorotenzene cempletel:-
prevented tungal erowth even atter 73 days in storare, This fact cavsed

the percent of diseased ilowers to be lower fer &l) treatments, and is
therefore not a representative avernve, There was no visible dirteren-e

in centrol between the other treatments,

Silver nitrate caused scre btrowning cn the margins of the vetals or
the light colored varieties, and a white streaked erpearence in the dark
variety, Parzate left a white residue on flowers and foliazge. Eordesux
mixture gave a blue tinge to the petals of the light varieties, and on
the dark variety lett a white residue, The residue on the foliuyge was
not. sufricient to be objectionzble,

Faradicl:lorobenzene caused injury that was aprarent alter two weeks
in storege, At that tine the leaves appeared to be watersoiked when
held to the light, ktut again this injury was not sufficient to be ok jec~
tiocnarle, After 45 days in storage the leaves showed signs of severe
drying and vellowing, ( Fig, 2 ) This was particularly noticeatle cn

Vars., Walter Faxon and Reine Horterse which for this reascn no longer

had toliage that could be considered of commercial quality, After 66

~

days the folinge of Felix Crousse showed severe injury, and after 73

days the petals were slightly browned. The natural fra:rance was
masked by the odor of paradichlcrobernzene which disaypeared alter

several hours of exicsure to room temperature,
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Tre torgsadatr of the tolinge varzed elil* 7 dorencing en thre
rre-storsgce trestrent,  Ferh turror and color weres excellent {ercedd

porediellcrobensene, atter 72 derys in stora e, A slizht waltine was

<
8
'

neted in the Hdordeaux treotnent end the dry control, but tureidits s

culckly recained when the stems were rlaced in water,

Fe~winr "'1'2’ ties 2F “ubt Flowers ab Hoom Temreratiurs

1hiere 1s a marked verietal differance as to the number of tZovers
opering, and to the rapidity at which this opening takes place when the
flewers ave removed from stovace and placed a2t room temperature, The
1lowers of Var, 1 (Felix Jrom=se) opened most raridly to the tull
rloom stare, (Fie, 2) In sharp contrust to Vi, 1 the buds of Var, 2

(3eare Hortense) ané Var, 3 (Walter rax-n) opzned more slowly. 4he

17 owers of Vars, 2 and 3 showed a tendency to remain cupped so thot the
cuter rows of petils assumed a more vertic:l than e horizorntal position
ir. relation to the stem axis., (¥ig. 4) 'This conditicn wzs occasion )l
arrarent in Var, 1 after o5 days in storace,

AMter 31 dars in storase approximately 1005 of the flowers ot Var, 1,
=nd 4% of Var. 3 opened when rlaced in wster, (Mig. 5) var., 2 showed
1 nirked tendencr to remzin in bud, (¥igz. 6) Arter 66 ders in storue.c,
records for this variety were disconiinued becmruse all flowers triled te
~mmen, Ffter 65 davs in storave several flowers of Var, 1 opercd on one
secter cnlyr, and anreared wilted, hut a2tter 24 hours in water tle: re~
peined turoor ard opened in a normal manner. (rig. 7) 1n sepers), fewer
tfioweres of 21l three varieties opered a2s the lensih of the stovese rerios?
rorecsed,  (Fig, R)

Figz, & shrws the influence of the pre-storase trestpents on the
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EFFECT OF PRE-STORAGE
TREATMENT ON KEEPING

QUALITY OF FELIX CROUSSE

ZERLATE
BORDEAUX

TREATMENT



keeping cualiiy of Felix Crouase when renoved to room temperature, This
varieiy opened more buds in 3 more normal manner than the others, and
conge‘juently is mors representative, bBordeaux mixturs was most detri-
mentzl, paradichliorobenzene and the "wet" control were mosi favorable,
and the other treatments were uniformly injurious, The percent dead
flowers is averares for 31, 45, 59, and 60 dzrs in storage, and were

obtained in the follnwing manner:

numbar tlowers dead ( atier 5 days at room temp,)
x 120

-.

nunber tlowers open (after 2 days at romm temp, )

The influence cf the lengih of the storage period on the nmumber of
salable flowers after 4 days at room temperature is shown in Fiz., 9.

With Felix Crousis approximately 60%, Reine Hortense Ok, and Sarsh

Bernhardt 354 of the tlowers were salable after four days at room tem-
perature following 45 to 66 days of storage. Flowers considered as not
salable in this chart are those that did not open as well as those that
died af*er four days, Since a large propvortion of the flowers in Var,2
and Var, 3 did not open the chart is not a true representation of the
keepinz quzliti=s of those flowers that actually opened. I1f tlowers
that failed to open had not been included, the keeping qualities of these
varieties would have been more nearly comparable to Var, 1., This chart
reprasents the overall storage value of a variety from a commerciul
standpoint,

Results indicate that in general keeping quality is reduced as the
storaze period increases, This relationship is shown for Var, 1 (12;15

Crouﬂqg) in iz, 10, 1t can be seen that the number of tlowers dead on
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tne secoand dur at room temperatare innressas owith the lansbin of storace,
wWwith the e.ception of the 73 dayv seriss, Tras relationstip on the 3rd
snd 4th dar is nnt 33 clearly define?, put appears to be re-eatablished

on *he Sth dar,

.

The 1ire of peonies has nct been greatly ipcrescsed by using variouvs
chenaicnls 1n the woter,  The sodium salt of napthalene acetic acid
sarionsly decrensed keeping qualities, and its uge was discontinued,
"loralire" appearsd to bte or some value on Var, 3 (Walter Faxon}, rut.
nore exieolsive trials wonld be necessar; to justify this conclusicn,

The oprening of the 1lowers was apparentlr net intluenced by the use cof

"xIoralite™,

Penics Etored 1n Inr-e gartons

i

After L5 days in storase the larze cardlinard cartons were opened {or
cbservation, At that time 01l the paradichlorobercene crystols had
volatalized, and the :x3 had egcaped from the non air-tight bexz, This
test. wis congidere? of no further value, and was discontinued since the
{lowers wers gs seriously damaged by Cunius as wers those packed drv in

a carton wathont, paradichlorcbenzene,

Identiriiation of runcd
The tuni isnlated from the peoniles tefore storagze were found to be
the same as those rrocuzins the visible fungal growhbh on the peonies in

storaze, The funei wers identitied as fusarium sp. and ilternaria

Fftact of Paradichlorobenzene on Specific fumel
m— - - - - — e ., W

o growth of Freurim sp. was evident in the petri dishes that were



placed in the refrizzrilor, 1t was assumed that 35° ¥ was 100 low a
teaperature tor normal growth of this fungus. However, a colony of

Alternaria hunicola almasi tripled in area unless 2 or 4 grams of

"3

=radichlorobenrene had been included in the box, When this was done,
there was no increase in the size of the colony. Upon remcval to room

temperature, colonies of both fungi made normal growth,
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The re:son for the failure of the buds of Heine Hortense to open when
placed in water at rowum temperature is not entirely ciear, It is possiblas
that water was not being translocated in sutticient quantity. A red dye
(acid fuschin) was readily transported up the stem and into the tlower
petals, but this was no indicztion of the guantity of water absorved,
Little difterence was found between the quantity of water absorbtel by
one variei:r in relation to another, but no quantitative records were taken,

The arrangament of the petals in Var., 1 (Felix Crousse) as conirasted to

Var, 2 (Reine Hortense) may explain the di-ference in opening, In Var, 1
the flower is of the bomb type, that is the central petals are in an up=
risht position, and these are surrounded by a single layer of petals
which are folded over the inner petals, 1ln Var, 2 the petals are tightly
overlapped, and at'ter storage the margins of the petals have a tendency
to cling together, thus making it more ditticult tor the tlower to expand.
In Var, 1 opening only involwves the unfolding of the outer layer of
petals, whereas in Var, 2 al! the petals must untold,

It was interesting to note that in all cases the tira! siyns of
visible tungal growlh appeared in the vicinity of the buds rather than
on the foling=, The marzins of the modified green petals that surround
the bud in its earliesi stages of growth were the first to show fungzl
activity, A sugar gel is found on voung peony buds, which makes a
natural media tor funcal crowth, Ants are often found feeding on this
material, and may cerry fungus spores, Leech 1938 (17) tfound that the
most commonly eccurring spores in the infrabuccsl pellets of ants found

agsociated with peony buds were those of Alterniria spe. A species



of this same fungus has been shown to be present on peonies in the
present investizition, and it is believed to be the most sericous source
of inf'ection at this time, This sugvests that a control program de-

simed to eliminate ants micht lower the incidence of Alternaria,

— . et

The use of paradichlorobenzene did not prove to be comuercizlly
practicel in these experiments, It is true that control of tungi was
obtained without disfisuring injury to the toliage for a period of 4 to
6 weeks, The amount, of fungus growth in the untreata? boxes for a similar
period was probably not sufficient to be objectiosnuble,

It 1s probable, however, that. since the cellovhane cover over the
boxes almost completely eliminated loss of the paradichlorobencane gas,

a mucl. lower concentration of paradichlorobenzene misht give etftectivs

control without injury to the flowers, It scems likely that an optimum
amonnt of paradichlorobenzens could be establish=2 to guarante« tungus

control without causing injury to the peony, 1t might be practiczl to

pack the peonies in such a manner that intermittent tumigation could be
practiced,

No satisfactorv explanation has yvet been offered for the control of
downy mildew of tobacrco with paradichlorob-nzens, Horsefall (15) suriests
that since it has been found that fumization must be repeated at frequent
intervals, the funsus is probtacly not killed but rather sporulation has
beesn retarded, and that this inhibition of spormdation may be caused by
a disturbance in the spindle formation of mitosis, Horsefall bases this
suggestion of the mechanism of inhibition of sporulatinon on sane work by
Rercer 1944 (4) who treated onion rvot tips with benzene, and found that

spindla formation was interfered with and diplo-ciiromasanes and tetraploid
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cells resulted,

Since the vapours of paradichlorobenzene go into solution when they
are in contact with water on the surface of the leaf, dipping the stems
in a wax preparation previous to packing might reduce injury. The wax
should lower the quantity of vapor that enters the leaf, therefore
substantially reducing the injurious effects, It is conceivable that
the funrus might grow under the wax coating or that its' use might have
other detrimental eftects, This modification in the use of paradi-
chlorobenzene warrants further investigation, alongz with other materials
that would provide a similar action.

The various funzicidal dips used to control fungus were apparently
without benefit, Since at least two of the causal organisms have now
been identified, it would aprear practical in any {future vork to use
the technique suggested by Nielson 1942 (25) to determine the effect of
various fungicides on these organisms, This method consisted of spraying
individual leaves with fungicide, adding spores, and incubating in
a moist chamber,

Some exrvlanation should be offered for the detrimental effects of
Bordeaux mixture. Conflicting claims have been made agbout the influence
of Bordeaux mixture on transpiration. Horsefall (15) believes that these
claims are probably all correct, since Bordeaux sometimes increases,
sometimes decreases, and sometimes has no effect cn transpiration., He
further points out that in general, Pordeaux increases cuticular and
reduces stomatal transpiration, Since in cold storage the stomates would
Le closed, no reduction of stomatal transpiration could occur, and if

Lordeaux caused an increase in the cuticular transpiration this micht be



valid reason for explaining the detrimental eftfects obssrved, his
reason is further strengthened by the fact that upon removal ftrom storage
the foliage of the peonies treated with Bordezux were less turgid than
those in the other treat:a:it:, On the other hand, the paonies in the
paracichlorot~rnzene treatnert showed a severe loss of turgidity, and

yet were superior to the other treatments in keeping qualities, With

this in mind it would secm necessery to exrlain the effects of Pordeaux

mixture on some other basis,
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SUMRARY

Variety relix Crousze is superior to either Reine Hortense or

Walter Faxen for long term storage at 35° F,

Storing reonies in waxed boxes sealed in cellophane appears to
increase their storage life.

1n general, keeping qualities after removal from storage to rowm
temperature, varies inversely with the lenzth of the storage pericc.

After 60 days in storage 61% of Felix Crousse, Ox of Reine Hertence,

and 36% of Walter Faxcn were in a salable conditicn after 4 days at room

terperature,
Fungi isclated from the peonies in storage were identitied as

Mlternaria humicola and Fusarium sp.. Low temperature (35°) apparently

prevented further growth of Fusarium sp. but not Alternaria humiccla,

Paradichlorobenzene completely controlled fungal growth on peonies
in cellophene sealed wax boxes stored at 350 I for over 73 days, Para-
dichlorcbenzene used at 2 or 4 grams per 420 cubic inches, prevented

the growth ot Alternaria humicola but did not prove lethal, Paradi-

chlorobenzene caused severe injury to the toliage but not to the flowers,
This injury was not sufticient to be objectionable until atter 59 days

in storage,
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