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3.1 Literature

The desire to lcop flowoers fresh a3 long as possible is dnherent Lo ths
idea of cut flewsrs, One endoavers to keop flowers fresn cn the ons hand by
influencing the milien during ¢he storage, on the other hand by lengihening
the keeping quality in the normal room climate. Palladins (85) in 350 A.D.—
in his publieation "De H2 Rustica® devoted a chaptsr “De rosis viridibus
sepvandia® (On the storags of green roses) to this matter. It has been
established in a larges mumber of diverse sxperizents that the followdng factors
influance thoe keeping quality of cut flowerss mutriticn; temperatws and
iight intenaity before cutting (39, 52, 47, 109); the tims of the day the
flowers are <t (40, 32, 58, 75. 82, 33, $0); the doveloment stage of tize
flower wnen cut (58, 72, &2. 85, 103); peliination {21, 22, 26, 41, 137);
ths methcd of eutting (52, 90, 109); temperatwre, ccuposition and mmidity of
the air curing transport &nd storege theresfver (14, 34, 66, 67, 68, &9, T0.
76, T7: 619 85, 91, 9%,.106, 108, 110, 119}3 aschanical (553 58, 59, T2, 39,

: 184, 122) and chemical (l}, 5, 13, 23. 33, 33, 36o 5L, 55, 58, 59, €0, 65\9 €0,
STV 35, £8, 122) methcds to preven? ths hindsamce of wmter uptaks, methcds to

' 1limit water loss (2, 38, 43, 90, 100, 122); chemical mebhoda to influence the
aetaboliem of the fiower {4, 5, 13, 19, 20, 2, 23, 31, 48, 53, 58, 59, &0,
72, 73, T7, 82, 109, 110, 122). ~

. Summaries of these experiments have been published by Anon, (3), Armoldd (5),
Dicicte (16), Post (50) and Tincker (109).

Crly those resulis where chemical methods wers used are discuseed hers in

any detail. The ressarch tegan with the arbitrary and serarate testing of 2
large mmber of organis and inerganic salts, acids and bases and subsiances
such as ethanol, chloral and suger by Fouwben and Ducomet (&B3), Zaudsen (54)
and Hitchcock and Zirmermon (33). Thercafier critical observations were w200
on the influence of heme remedies such z2 aspirin (acetylsalicylde acid)
(149 5, 13, 36, 58); #dtchen aalt'(ﬁaCl) (&, 5, 23), metailic covper (583 93)9
ete. The majority of researchers have obteined negabive results and only in

. izolated coses posiiive results, That the development of tacteria plays a rols
here is mentioned by Arnold (4,5), laurie (59, é0) end Batsemn {93).

. Ag the Pirst ccubination Arnold (5) tried the bactericide toluol with
Xnop’s nutrient media and with sugar. Lauris (58, 59, 60) also tried experi-
ments with mixtures of bactericicdes and cther phyaiologically astive substances.
Frem these resulis he conclucded that substances used to prolong ths keeping
quality of eut flowers must meet the following requirementa: _

a) reduce bacterial activity; T :
b) improve transpiraticn;

¢) limit the reepiraticn;

d) be at the ncst favourabla TH;

e) possess an cptimal osmotic value.

Theps partial statements supported by e:qier:l_menta are the cause of the
develomment of many commercial preparations, such as bloomlife, floral-life,

ard @mol,)
lauzie {59, 60) names Sloroglueinol, recorcinol end hpdrazine-salphate

{also ussd in 13, 80, 122) a3 respiratory inhibitors, He doss not, hewsTer,

e b .-J-)
oive results of resplraticn msasuTemenia. Sotagsiu alem ard Scdium hysocnloride




were added as bactericids and he nantions thereafisr a favourabls influcnes
of toric acid and mongsnese sulphate with carnation and of FSedium amytel”
with sweai~pea. .

. Pahrenkanp {19, 20), Mertens (73) and Otto znd Xamrodt (82) feound in
certain cases a favcurable influence of extracts of Dizitalis, Convallaria
and S3cilis and of tho purified glucosides frem the extracts such as siropiamiins,
N digilanide, seillarcen and folinerine, Yertons soungnt -an sxplanation for the
S c:i"'ac%. of. these substanses. in ftheir influencs on the osmetic ratio. o
wesents no e.cz:erimental data o suppord this theory,

Favourable resuiis with grwt‘z substances ave limited to cecasionsl insidantal
cbservaticns such a3 these of Whiteman (121\ with Paeonia, Otto and Rammrsdt |
Lo {82) w3th Dupheorbia and ’Jaster and Masth (120) with Prunus serrulege ond
IR - Gornus florida,

Pagtac end Dr igue‘h {85) obsarved thet color ehangss with Dahlia are
delay=d by additicn of Ca(fifq), and A 204 10 the water. Ha c’-c.t.a.}..vzs thesa
favoureble results by nggesﬁﬁig that g a resuly of the Teman equilibrim
HE0, penetratos the coll ané resulis in an acld cavirorment, while Ca(C® )
doe8 not pemolrate and rogulte in an alkaline envircmment eutsids the pro’ ,ov.ma:n.
Hs regards en increase'in pi as cne of tha most important factors in the aging
ef the calls in the corolla bus he gvao no axporivental cvidence for this
theor:,r.

In all these mvestigaticns resnlts varyt:with diffe?ent mbstancss at
diffsrent concentrations amd with difforent plan? speciss. Bactericides
give Zavourable results in certain cases bubmob with all plsnts* the re=uits
with sugar become mere regular, if combined with a bactericide, bub here also
ths optimsl concentraticns vary with different authors {4, 5, 23, 55,~58, 59,
c-"), 77) erd the results are irregular fer differont crops. Also with ¢hks use
of czzmercial praparaticons varying res'alts are obtamed for each crop {2,

6, 33, 35, 53, 80, 90, 119)
i,2 %gect of Investisaticn

'ro find a practical substance and mathod to lcmgthen the life of cut
i’lcware one mst ﬁnd an anemr to the followmg questionaz

a) Wpat is the cause of early u:llting"’
D) Are ths causes the same for all planta?
" .¢) Can wo rerove these cguses and with what substances?
d) Can the rommal cessaticn of hloasmin, bo dslayed .’m a normal
reon ¢limate? . .

To be able to approach these problems more clossly, a better inaight indo
the physiological chanzes cccurring in ths cut flower, stem and leal, and
the influenece of chemical substaness on these processes is needed.




2. Orazaization of Invssiicatisn

2.1 Yethed and material

.- In ordsr to obtadn' a.‘rou,n gurvey into tha possiba..ities a great nuber
of gubstances wsre tested for itheir influences cn the kaeping quality of
different crops,

As a meagurg of the keeping quality during each awmerimental pericd gradsd
values ware assigned for the condition of the flcuwers, while aftar specific .
perlods the weiznt was obiained and expressed as a percentage of the ordginal
wlght, In these axperiranis each treatwent conszicied of at Isast thres flewver
stems and was repeated 2 to 3 tdnes. Still, care wes taken to see that the
original material was g3 wniform ag possible, and that it wms distzributed
evenly in all the treatments. The differencses in weights, of ths .replicates,
ezpressed 2z & percentage of the origiral weight wezrs as a result very mmail,
Accerding to whethar the percantage was highsr, equal or ilower than that of

- the control it vas conciuded as to whether there was a favoursbls, ne, o2 an

injoricus eflact., In additicn at She end of every e:marfi:nm the ancunt of
water taken up was meagsured and axpressed cn the original wedght of the flowors,
¥hen necsssary the experiment ms repeated until a suffieient peobability

»as established, or a concentratlcen range Retmwesn injury andtno effect? was
determined and also a favoursble range found, Ccntrol treatments were inclnded
in each experiment. DBecause the experiment extended over a psriod of two-
years, one could not alwmzys work under the:same conditions and 8 largs mumber of
experimental crops had to be used, Therefore for the vactericide invastigation
uze was made of Anbirzhim majus, Girysenthemm corefolinm, Cyelamen psrsicum,
Dahlda variabilis, Dianiims mnus, Joeris sempervirgns, lLathyrus odorsvus,
Mathhiols ineans, Rosa hibrids, Sacbiosa atropurpurea, and Zinnia glegzns., The
resulis taerefore give only a rough survey of the possibilities.

The influence of tactezricides on the develorment of the bacteria was
£ollewed by taldng, once or twice during tha experiment, a drop of the vase
water with a sterilized platimm needle and streaking it on a pepicne-

' glm.ose—agar meddim,

: ”he nmbactericidal substancss were also teaued in ccmbination with a -
bactericide whether or not the optimal sugar concent.mtiona for the rescect:.ve
erope had been added.

2.2 ,g_‘bbreviaticns of ecamon basic mixbturss

A bagic nixturs consists of one or more bactericides, a Mgidde end
scnetines sugar beoing added to the water, thus the.following abbrevﬂations

ars used:
ACAC  Agli0y 0.003% + c.z(*xoj)., 0,18 + BAraden ro.oms + Cladex 0,025%;

Ua Uspuiun C.C2% (o;g. nnr:mric compcund) 3
UsGi  Uspulan 0.02% + ci‘aric acid).02%
S Saccharese (S = Saceharose é2)s

G CGluecosa
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2.3 Resulis.

2.3.1 Bactericidal camponnds.

o3 According to their action the bactericides tested cen be divided as.
-folious: _
. a. Phytocide concentration equal to or lower than the bactericide.
_— b. During = short time a favourable effect is observed, thereaftar no
_ effeet, because harmful side effeets oceur, such as the dying oif
~ of stems, or because the develogment of the bacteria is no longer
suppressed., - v
c. Bactericidaland unharmiul until the moment at wiich wilting ocours due
to other causes. ‘ :

Table 1 Page 6 gives a survey of the compounds tested and divided according
to these criteria. .

A The completely useless compounds belong to the first group. The slowly
R acting plant toxins were included in the gecond group, such as organic mercury
T preparations and compounds which are only harmful in high concentrations, such
CLo. as acids and enzyme toxins., They first Id11 the living cells of the stem, so
tha® this loses its rigidity. In the second group also many bacterial static
ccmpounds  should be included, such as sulphur preparations and antiblotics.
After scme time the bacteria flora adapts itself to these compounds, Sone
of the compourds belenging to this group { such as sulphurcus acids, hypochlorides,
hydrogen peroxide and potassium permanganate] lose their properties dus to
oxidaticn or reduction [after scué time]. The oxidative compounds lose their
~ activity even faster if sugar is added. The compounds which under normal
t circumstances escape the disadvantages nmentioned belong to the last group (c).
Their.effect is also lost under extreme circumstaneces, such as high temperaturs,
the presence of high amounts of organis matter due to the placement of many
plants in a little water, or due to the damage of stems as caused by the adding
of ecmpounds which combine themselves with the bactericides. Silver nitrate
{0.002 to 0.006 percent) gave by far the longest protection and the least
damaging effect. Silver nitrate also combines easily with proteins. This
causes.the rapid death of bacteria present in the water and on the bases cf
the stem, but silver-aitrate. penetrates-the plant very 1ittle, Furthermore
the silver slowly liverated from the cempounds would suppress further dsvelop-
zent of bacteria in an oligo-dynamical way (27, 47). In the begiming after
 the addition of silver nitrate to the water a slight ecloudiness forms, but
sor addition of calcium nitrate (0.1% calchum nitrate combined with four

molecules of .watsr) s precipitate is quickly formed.  As reserve in general,

the organic mercury compound rAAradon® was added in a concentratlon which

alone is not bactericidalbut also not toxdic. o

Protargol had a favorable effect especially in coubination with aeid
(to g8 4). Aluminum sulfate and lead acetats lower the oH,

2.3.2 EZfact of S

With a number of crops the effect of sucarose and glucose in different
concentrations was studied. In this c2se silver nitrale 0.C03% was wy3
sdded as bactoricids and in general also ca’sivm nitrate 0,19 plus Aardon
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0,001% plus Cladox 0.C25% (ACAC). In Table II the wsight in percemtage of

the original valus is glven as ccombined measura for the develormsnt and

keoping quality. Glucosze and sucarose in equal weights give a difference

in effect only in a few cases; the optimal sugar concentraticn varies very
strongly however for differsat crops. In many cases the drop of turgid
flovers! flow parta could be rrevented by the additicn of sugar. For instancs

\(ith mi.ée_e. Lgpimus polyphyllng, Ribes eanminewm, snd Tulira
sece 1 . '

il

2.3 3 Influencs of A x

Lowering of the pH of the water in itself gives a atrénbly inhibiting
effect on the development of the bacteria. In case me wants to study the
_ raysiclogical effect of tha o of the water cn the flower, it is especialiy
i - necessary hers to suppress the growth of the bacteriz also at a higher H.
S Alvmdymm- sulfate and lead acstate themselves ars acidic =o that cnly silver
S nitrate and organic mercury compounds can bo used as vacterieides., _FHowaver,
the 8 of the wnter also affects_the. precipitation velecity of the insolndla
silver and nmercury compeunda. Thersby the phyniclogical effects of ths acids
and thelr direct effect on the bloeking of the vascular bundles couleé not.be
quite ssparated. The development and keeping quality o2 Dahlia was for
instance improved if the water was acidified to a P of about 3.5 and in
addition silver nitrats plus sugar were added as a basie mixture. However,
in the case where calcimm nitrate ab 0.1% was also given the effect of the
acld disappeared practieally ccampletely, With Rosa on the othar hand the
$H cptimum was at 4 with and without ealcimm nitzats, Also with Cenvallaria
the effect of calclim nitrates on acids was decreased but the pif remained at
an optimm of 3.2, With pany other crops such es Ant:lnhimm, Diantins and
no effest of the il wes found. 4

The t;vpeo of acid added me not very mpcrtam'; For :mataneo good reeults
" were cbtained with ecitric acid, maleie acid, malic acid, and tartaric acid,
but alsc cxalic acdd, phosphoric acid and even nitrate and sulprhuric acid
could be used as long as the rH rangs of 3 to 4.5 was not eaxceeded, The
dsa:lrable pH range is easier to obtain wd.th the weaker dissociated acids.

' 23.,‘* E%“ﬂ Dmﬂmt.

Eapecially at a low pa dmlomem of fnngi o the uater oftem ocmrrsd
and if the stemwegattacked this rapidly resulted in wilting and the develope
ment of bacteria. Thersefors the following commercial preparaticns were tested
; for thedr fungicidal aetion on themm morifoliwms AApirel (tetra-
o nebhylthivrardisalfido), cladax (2:4-dinitrorodhansbensens), copper cxl-chlorides,
. orthdcides (M-trichlorumethyltidotetrehydrodhalimids), scedbem (organis mercury
preparaticon) and sulphur spray. A8 & basic mixture, silver nitrate at 0.003%
nhscit?icuiﬂooz&gplnowcharose%.mused : .

capper m—chlorides', spmy mlphm end' AApirol in non-p}vbo«tuic
concentraticn did not give profection. The best resulis wers obtained with
cladox 0.05 to 0,01% orthocides 0.025 to 0.C05% and scabex 0,02 to 0.002%.
In most axperiments a f£iltrate of cladox (2. 5% filtrate of a 12 :mspansion)

as added to ths basic mixture,




 Tagsles patila, Only with ‘melanchise spicata, Dianthus plumariu., Godsiia

235 Gxﬁwth cemoncunds and inhibitors,

_ With the potassium salt of alpha FAA, the potassium paly IAA Zemethyl-Se
chlorochenoxy acetic acids and 2:4-dichlomrheroxy acetic aeid 2dd=d to ths
water ab low concentration faveursbls effact could bg obtained with Antirrhimm
mafus, Cyelsmen persicum, Chrysanthemu= mori€oliwm, Dahlia vsrisbilis, ) o
- Dispthus earyephyllius, Dianthms piusarius, Heysimm psrofaiiamm, Hasthiola
incarna, Haredssus rasudcnarcissus, Rosa PPurel van Aalsmeer®, Scabioza
atrcpurpurea, Tagehss patula and Tulipa, Also of the addition of zseordic
acide or fumaric acid gvae no favourable jrowth effect, Seraying Antizrvhinm
majus, Cyelamen persicum, Delphinim ajacla, lLathvrns odoratus, Matthicla
incspa and Prunus triiebs with growth corrounds alse nad no favcuraole effzes,
With the crops menticned most compounds had no effset on the life-gpan of tho
flover and could not prevent flower drop. - Flowar drop preveXticn was ressivlo
with Alms pglutinosa, Corylus avellana, luminmus volyohyllua., These are cases
where the flower or the flocwer structure drips complatsly in a turgid condition
(ses 1). With lupinus rolyphyllus spraying with growth ccmpcunds had cnly an
effect, if the sdraying was followed by one day of sumny weather before thse
flower was cut, or if the sprayed flowers vere placed directly in the 1 %o
- 3% solution of saccharose, In 4 tp 8% sacharose solution also without ¥
spraying, the flowsrs did not drop, : . - '

© . Mo laid to firther investigation war cbtained in experiments with the
_8odim salt 2:3:5-trdiicdobenzoic acid (17,0001 to 0,005%) az}:h Antizrrninum
maqy, Izphyrus cdorstus, and Matthiols imcana, with B 542 (equals trietaynol
aminc 2;)331-!; of { = grano -f (2:4-dichlorophenyl) scrylie acid) (0,CC01 o
0. wilh Bellis persanias, Diandss plinarius, I413um henryl, Masmolia
- stellita ani Tulipa Bisllate and with raisie hydraside {0,005 t5 C.0257) with
 Dahlidt verdsvilis, Dianthus caryochyllns, Freegia "Buttercup,® Godstia
- gEencifiors, lathyrs odorsius, Hosa "Perel van Aalsyesr,® Scebicsa abrorursurea

. grendiflora, Iberis sempervirens, Scabiusa stropurpurea and Tagetes patila
were the toxd:r concemtrations of IAA increased by addition of msleic hydrazide
and malede hyarazide reversedly was less.detrimental in combinatien with IfA,
2.3.6. Inape toxine, T A Tt AU
In most casis wherc ensyme taxzins wers addsd in different concemtrations
with nd -~dthout sugar ari intermittantly or contimoualy their effact ca the
keeping quality wns sbsent or negative., D¥P, hydrazine sulthate, malachite
green, nalonde acld, monoindoacctic acid, scdium acid (MaiZa), scdiwm fluoride
{NaP), scdiem diithyl, =githic-csrbamate, (disca) phenyl irethan, flurczlueinol,
regorsinol and ciyoynolite sulphute (superol) with Chrysanthenum morifolinm,
Cenvallerda majalils, Dehlia varirbilie) Diantimg plumardom and Lathyrms
cdoratus. DNP,\S»dhum azid and aspercl wore also tested with Antirrhinua pajus
Diantius carvophiiiNg, Resa hibrida, Scabiosa atror re3 2nd Tuiiva, Caly
‘2:4-dinitrophenol (C.0C01 to 0,002%), malachite green (0,003 1o 0.01%),

. sedivm azide (0.002 t» 0,C015%) and superol (0.005 o 0.C0Z3) gave a .
faveursble effect with Chrraanths=min morifolivm, Convallaria majalia, Rosa

hibrids and Scabjosa giromiesursa. Halachite green at 0,003% was £avourable
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- with mw&m, Convauarﬁa ;] > Dahlia ¥arichbilia
andlooeepetalsofnianthua ep.

2.5.7 Glncoddes.

Strcphanuna (0.0005% to 0.05}5) and digozine (0.0001 to 0.00025;‘3)
wore tested on Dianthus capyophvllus, Freesia "Buttercup,® HMatihiola
3ncana, Rosa "Rirsten Poulsen® amd 7 Tulira. Both with and witheat
bactericide or 8ugar, & clearly i‘avourable effect was never chserved,
The fevourabla effects of Fahrenkamp {15, 20) and Hertens {73) are
P probably eorrelated with a ueak bactaricidal ef.’fec* cmtheaa ccm;wmds.

20308 _m_g_mg salts &nd ndcro-elemmta

Espaoial]y caleium nj.trate, magzesim mtrats, megnes._nm sulnha."
and soiuble phosphates give favourgble effects in certain cases.
Whether these results are based ‘on.a direct effect cn the plant or
indirect one caused by a quicker precipitation of silver and m*cu.*y
cempounds _¢ould nst be deternined b7 the available bactericides. Bub

. with other bactericides active over a ‘short period it could be debermined
that in any case nuiritional salts never are a limiting factor originally.

. Ulith the micre-clements molybdemm,: :lrcn and coppsr, a favourable effect

.. ¥a@ never cbtained. I scme cases (Dianthus plumarins) msnsanese selphate
" 0.01% had 8 favourable effect. Borie .acid {0.05 to 0.125%) prevented

- flewer drop with lupinug nolm‘g;llus. : Fm-therr resulte mth boric acid .
arediacnasedonpagel,&. S

Zali. D:lmseicn of Prelizﬁnarv Invesb:!.@tiona

Haat of the so«called. houaehold ranediee such as spli’ctinv and .
- hamering of the stem, addition of aspirin and bleaching water are
- simed. to prevmt the cbstruction. in the uptake of water. ' In mest casges
- however detrﬁmmtal ‘gide effacts of these remedies are worsa than the -
digeasa..: ' Rotwithstanding this, the: favomrable effect of many bactericidal
cczpounds is confimmed by the opinion of Laurde (59, €0), the suppression -
of the dmlopnent of bacteria in thq weter 19 a necesecary zeguiremsnt -
widch can cnly be satisfied by a few compounds, however, Becsuse of its
baatericiﬁal and bacterial static properties, silver nitmte was cost

ted in this reepect. Bacterial static ccnpounds in general-arc: too
spec:!..‘.’ic in thedr act:l.on, and therefores can be only used if they in
additiecn lower the £, or if an acid iz addzd. This possidility wms not
cazpletely investigated, altiough it- can be of practical importancs. Fom
.,he investigaticn such compounds werse lasa suited beeause the effect of

tha il varied ehwongl,v with d:!zfa-ent _CFOLG., .

A Thaztheomcticpresmreofthevaaewata. aseumwuldpla\va
zole (59, €0) does not semm orotable, In many cuses sugar had a favourable
offect. whieress inorgmaic. salis had no.effect. For the action of these

saltg snother explanation is therefore soughb {p. 18). Cne can limit cno~
pelf with the remaric that the action of thess salts was clearest with
tkose crors vhere a lowering of the pH and the addition of an ensyme polacn

Te Y
ol
LN



i0

alse had a faveurable effact. Tha idea that tha same process in the plant
were influences vas justified therefore.

Sugar on the one hand had an important affsct on the dsvolommmant aand
tke kegping quality, but on thes other hand was also effective with nearly
ccmpletely develcped flowers. Therefors, for the effact of sugar &8 correla~
tion was scught with the osmctic pressurs of the ceil sap and with the
respiration, ’ : ‘

As far as could be dstermined, the incidental favourable eifocts of
growth compounds (82, 120, 121) and scme glucosides (19, 20, 73, 82) could
not be confirmed. From this it may be concluded that they have caly a
favourable effact under certain conditicns and with certain erops.

3. (Causes of blockinz of vasenlar bundles and methods of prevention.

As a result of the fact that eertain bactericides have an influence
on the keeping quality, the following questicns need to bs answorsd:

: a) Do bacteria exert a harmful effect and does the influence of
bactericides rest axclusively on the suppression of the racteria devalop-

ment in the water or in the bundles, or does the bactericide itself have

" a favourable effect? : '

’ b) If bacteria do exert a harmful influence, is the harm done directly

by the:accmulation in and blocking of the tundles or indirectly by the for-

-mstion of toxic substances? . ‘

¢) Does blocking of the vascular bundles never occur if the bacteria

growth is suppressed?
d) Do diffarent plant species all react in the same marmer?

3.1 Influsnce of bacteria.

" Material and Mothcds: 1If cne wishes to investignte whethar bacteria
cause vascular bundle blocking or whether the plant itself plays an active
rart in bundle blockdng, them one must vary the number of bactoria in ths
water. Here biologisel methods ars considered sxclusively, becauce physical
{temperature ard illmminaticn) or chemical metheds also irfluencs the plant
gtem, One can add cultured tacteria to a harmless mutrient soluticn, or
vary the amount of water per sten and thus vary the probability of infsction.
The influence cf thsse treatments were mamined dby:

a) viewing longitudinal sections of the sten base microscopically
b) noting the time wilting tock placs
¢) determining the watsr ntilization o
d) directly measuring ihe vaseular bundle blocking.

Before the last determination could be made the methods, describsd
b7 Gettlied (29) and Warne (218), to dotermine &ho spacifie water parms-
ability of stem pieses had {o be a2daphed for use on a largs scalse in come
parabls experinments, Stem pleces of squal length were connacted from the
t02 surface by amcana of a rubder tubz 20 an aspirator and 4hs bags was
placed in a ¥nown awount of tater.. After a certain peried (dependinz m
ths plant) the arownd of water drawn tiom was measursd, By using 3 maln




- tubes each with 10 sidq tubes the water permeability of 30 stem pisces could
be measured simltanac&ly (phota 1), By taking the average of at least

10 measurements befors each dsterminaticn any differsnces in stem diamster
ware eliminatad

To ‘see whether bacteria had a direct or indirect harmful influence,
flowsrs ware placed in water in which flowers had previcusly stocd. Tho
water was sterilized by means of a Pasteur filter (P7), heating in an .
autcslave (2.2590) by both, or by the additicn of silver nitrate or uspulun.

For the majority of experiments concerning the mfluence of bacteria
Qa’nl:.e. variabilis “Gerrie Hoehn" without leaves was used. ' Although similar-
resulis were cbtained with Mthem morifolium, Coreopsis lanceolata,
Cozmos bipimatus and Matthiola incana these results are not mentioned in
any detazl . , .

Results. _ Under the microscone a ahimr aecm:lation of bactoria and
breakdown pr producta are observed with many crops aftsr only two » especi-
ally at the surface or even in the wide vascular bundles (photo 2). Simul-

" tanecusly a partial blocking of the base portion of the stem swms measured
with Alsus glutinosa, Amelanchier spicata, Chrvsanthemmn mor:.folium, Dahlia

o - ¥ariabilis and Diantms earyonhg];lns {Table 3). .

' Pr:hna.rﬂy the mter uptake decreases and wilting begins {weight re-
ductim) (graph 1). As a result of adding ACAC (p4) the downward trend
later changes to an upward trend.

By addirg of a 2h-hour old bacteria culture in peptone 0,53 + glucese
12 (one part added to 10 parts of water) the development of Coreopsis
lanceolata wasistopped immediately (table 4). If the bacteria are killed
P with AgiiG3 the original harmful effect is removed. Afier 30 howrs where
. the eon‘brola treatnenta (PG) became clmdy a loss :L'z weight was o‘bsarved

‘ Fm the above it. appea.rs t.hat living ba.cbaria in ths water ror a
“ shcr!; t.ime eaxert a harmful effect on the keepin‘, quality. :

Although no eucbmsive investigatinn on tha queatiun whe“‘zer specific
bacteria have specific effects was done, it was observed that generally
c¢ifferent bacteria gpecies weore isolated from the water. ,

If cne beains with a pure culture it usually changss quickly to a
mixed bacteria population when the flowar stems are placsd tharsin.

Two answers are found to the question: How do bactaria exert their
zarmfnl eflects? ‘ _

a) A diredt blocking action, this blocking remains even aﬁ.er the

death of the bacteriaj
b) aa indirset hammful efrec-‘ by the fozrmaticn of harmful su’ostanmas.

Viater vhich had had Tahlias stending in 14' for 4wo days was ba:-xfu...
to fresh Dahlias, This hagmful e.iergza;ns even if ths bacteria hawo
been killed by eilver nitrate 0.C03%. Where harmful subsiances kad been
formed they could be removed by filtering through Pasteur filter (p. 7).
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I2 the flowers had stood in the sater for a longer periocd, then ths harmful
. effect of the used water could not be completely removed by filtering {table
- 5). If the filtrate is heated to 125°C, in an autoclave for one hour,
there again develops a cloudiness and the harmful effect is still only =malil.
T By filtering and heating twice the water generally lest its harmful effact.
Apparently the hammful substances are of a proteinacecus naturs. In these
experiments with used water, the bacteria dsvelopment was still prevenied
by addition of silver- and ealcium nitrate or uspulun and citric acid.

In water, wherein the bacteria development was suppressed by AgNOs,
there developed no harmful effects in the same time, and with the same
number of stems, as was the case with bacteria present. The harminl sub-
stances are thereford not formed by tha plant itself. The likelihood that
these substances are bound into salts by silver nitrate is not great
beceuge if allver nitrate is added later it cannot bind the harmful sue-
stances.

The harmful effacts of the formed gubstances m@dﬁc
for the plant from which the substance was developed e.g. water uszed for
Matthiola ineana was harmful to Amelanchier canadensis and used Dahlia
water harmful to Chrysanthemum morifoliwm,

‘ The question as to how these hammful substances act still remalns

to be answered. Tharefore the influence of used water on tke vaseular
bundle blocking of Dahlia variabilis "Gerrie Hoeln" and Amelanechier gvicsta
was investigated after the water had undergons.the-mneniloned. Sroatints.

It appears from these experiments that ss the menticned treainents influence
the hammful effecta on the keeping quelity they also influence the degroe

of vascular tundle blocking (table 6).

In summary cne can eoncluds:

a) Bacteria have a harmful action .

b). The harmful effect rests primarily on the formation of filterable
particles. later other wilting inducing substances are formed, which are
- not filtemable, but coagulate with heating and can then be filtered off.
T Apparently these substances are proteinaceous. .
M b) Both groups of aubstances cause the blocking of the vascular bundlas.

3.2 HNonkactoricidal blockaze of vascular bundles,

Symptoms. With silver nitra%e or uspulun the dovelopment of baciecrda
in the water iz ccarlstely prevented, and no bacteria cculd bs isolated
from sterile cut sten pieces, but ons still frequently notices a blocking

£ the bundles. These blockages usually moved up and wers also measurabls
higher in the stem {Graph 1 on Page 13). :

With Almas glutinosa, Dahlia variabilis and to a leassr degree with
inmelenchier spicata a gumy substance can be microacopically observed in
tia2 vasecular bundlos aftar any time. In the begirming the blockages ars
eczpletely coloxless, bub aftar scme tice the bundles becerms brown. (Photo 3).
CW i3z ties in with the observations of Bewlay {11) and ludwig (&) on the
wilting disease of tamate. In many ceses before the blockapge could te
aicroseorically obssrved, an almest ccmplete stoppaze was neasurable with
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- the suction methods described on Page 11. Air in the bundles cculd not be 7
the cause, because in resting branches of dlnus glutinosa there is 2 large

anount of air in the bundles, but they still have a considerable a.bility /
to trananort watar, ] .

I-‘urther investigation of the chemical nature of tbe blocking was not
conducted, and aiso a literaturs search concerning the appearance of vog-
cular bundle blockings with diverse wilting diseases {8, 11, 15, 17, 28,
29, 37, 50, &4, 95, 105, 123, 125] gave, for what it is werth, litile
conerete evidence. The most likely idea seems to bs, that in wilting &i-
3eases, many breakdown productd of pectin are formed {18, 28, 64, 123].

Materdials and mathods., With the further investigation of the csuses
and prevention of these nonbactericidal induced blockages, most of tha
work was done with cne and tiwo-year old branches of Alnus glutinosa and
Amelanchier gpicata. The branches of Alnus glutinoza were brought to bloem
a% 259C in the darx during the experinent. These eccpariments with Amew
lanchier splecata wers ordginally dons with branches in forced winter rest,
but later also lsafy branches were used. Thils was done in the light and
the temperature was not contzrolled, so that light experiments are not com-
parable due to the difference in dsvelopmental stages. The water per-
nmeabllity was always msasured, using sica pieces eight centimaters long
over a period of fiftesen minutes and under a_pressure of two centimeters 7
of mercury., The water permeability of the lowest twenty-four centimetsrs
of the stem was deilsimined separately in three parts. A4s controls, the
average water permeability of fresh branchss was taken at the begimming
of the experiment and that of twigs, which wore meazured at tha sams time
as the branches but wers freshly cut immediately befors measurensnts were
taken. For the main part, thess values diifer only slightly. D2Rach recding
givas the averags water permeability of at least ten tranches, The influsnce
of varying thiclmesses of the twigs has already been eliminated, since the
mterial ws divided even}:,' betmn the d:.fferent treatments, .

Becmsa the meaauremants havs been:taken go tha.t the worst treatment
shows the first signs of wdlting, the influencs of the trsatxent on the -
arount of wilting could not be detarmined at the same time. This was dene
with ons crep which is mors susceptible to blockage of the vaascular burndlss,
namely with Convallazia majalis, which was cud just befors or during the
opening of the first flewers. It also appears here that the resulis with
the different stages of development camot be comparsd. In general, thre
results are clearsr the younger and earlisr the flowers are cub., The 2ddi-
ticn of 6 to 8% sugar and a bacteriacide (silver nitrate 0.C03% or uspulun
0,01%) is therefors necessary, but is not sufficiant for complete development.

Results, Tsble 7 shows that by damaging the stem by boiling, no tlocking
occurs in the dsad portion of the stem, but just above the dsad part ccmpleis
vascular blocking appears. I{ thus seems ¢lsar that tafore tha occurrense
of vascular blocxing tha-presence-ol IIving cells ig nacesesary, on the other
hand a stimulus may zo out of the damaged cells and stimmiate ths l‘lviro calls

to a blocikdng of the vascular bundles,

By applying a finely divided air siream into the water undar tho coi
surfaco of the stem, blocking is increassd, By subjecting the whole

Y
([-(94“”'" -
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plant or stem to vacnm injection with water (taking air out of all the
intercallnlar spaces under water and thus replacing them with water) bumdle
blockage is provented. In conclusion it appears that branches of Amelanchier
‘Spicata placed 6; 15 or 40 centimsters deep in an equal volume of water the
vascular bundls blocking is lsss and the kseping quality greatar in prorpor-

tion to the depth of the stemsarep]aéeﬁin the water.

This all points to the fact that active vascular bundls blodtage is an

ée:o;ic _process. .v

But of more practical impzrtance are the chsmical substances used to
prevent vascular bundls blockage. Of the enzyme rolsons tasted, scdium azide
0.001% and 2i4-dinitrophenol 0,C01 to 0.C03% (DNP) resulted in .a gread
decrease in bundle blocking. Malachitegreen 0.001% had a small effsct;
sedivm diethyldithiocarbamats 0.01%, phenylurethan 0.01% and 8 hydroxychinoline
sulphate (supercl) C.C01% had no effect.

The acticn of(godium '@.e)a@iiﬁmswetiveh and the other ensyze
_ poiscns suggests, that the occurrencs of bundia blocking. is:a phosphorolating
process [44,63, 103, 107].

: Besides the sbove-mentioned ensyns poisons vascular bundls blocking
also be preverted by the:sddition of ealelum nitrate (Graph 2). Although
higher concentrations bost prevented blockage of the bundles, 0. 5% apd nigher
was also injuricus to the keaping gquality of Amelanchior goicata; this waas
cptimal at 0.1 to 0.2% calcium nitrats. S '

Decreasing the rf with citrie acid 0,043 to # 3.5 {Table 7) had aprro-
xinately the same effect on bundle blocking as calcium nitrate 0.1% and

‘ It 1o apparent from these data taken as a whole that before the :
occurrence of active bundle blocking the following factors must have taken
place: a) dmmaging of the cells; b) the presencs of alr {oxygen); e) ths
relsass of a certain ensyme whose action is lost by ensyme toizons and
roesibly also by low pH and csleium iona.

Tho connection betwsen bundle blockage and keeping quality is clear if
cne compares the effact of the discussed treaiments on the blocking with .
Amolenchier spieato on the keeping qualities (as a percent of their origiral
weiznt) with Comvaliaria majalis. A1l these treatmenta which wero favoureble
£n» Anslanchier were also favcuranle to Convallaria {Gzsph 3), while sodim
dietnyliditniocarbamate (disca) had no effect and the action of malachitew
grsen was also slight.

T4 must be mentioned hers that the concmtfétions used would be too
high for other crops. Comvallaria takes up relatively amall amounts of
watar and thus aleo the chemieals mentioned,

Discussion. The plant itaelf can prevent the devalorment of blockage,
but no gemeral rules arg yallid; onily w2 iR, Foda and Convallacis xes
o favourasls 8Ifzel of Covw Ji-chewrveds—Calciun nitrate-can—replace—this
effset of acid completoly (Daniia) o mrtly {(RBosa), tab has other favour-
abie offzets with a larze numder of other planta elso. Thsse differancos
c2a b2 explained by a differanze in songisivisy to the toxie action of
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acids and salts, by a differencs in transpiration spesed thus in sater and
salts or acid uptake, and above all the different influence silver cou-
rounds have on the precipitaticn of suspensions that occurs in the water.

The nature of the precipitation rata of these suspensions daprends zbove all on
the plant, which is ploced on the silver nitrate solution. It occurs for
example: more slcwly in Dahlia than in Carnation.

Although the practice generally used by florists is to place the flowers
as deep as possible in the water, Lauris [59, &0] finds gemerally no favourable
effect of deop water and in many cases placing in shallow water is favourabls.
On the one hand there is less danger for fungus infection, bocause the tases
of a stem are firmer, on the other the: surface of the stem is urndar the water
and the infection possibility and food availability fer bacteria iz lgssa,
lanris demonstrates by smearing the stems with vaseline and paraffin .that almost
no water enters the stem via the bark, so that ths absorbing surface dces not
become graater by placing of stams dseper in the water. Post [90] obsarves,
that by placing stems in deep water tha air is more easily driven out of ths
bundlas, by the establishment of a system of communicating vascular bundles.

- The old concepiien, that by cutting the stem the cohsslion of the
water in the vascular tundles is brokem, that the resulting amount of air
.- that enters into the wvascular bundles and-the resuliing gas emboliam hinders
the wvater uptake {38, 116], is not in accord with the ccnception of Peirce
{87) and Preston {92] and with the results of Scholandar et al £97,98].
With the cutting of liane air in fact anters into the vazecular tundiss, .
tut water uptake is not influsnced hsreby. It is understandabls that, not-
withstanding vhsther the flowsrs ars cuib _or recut under water {3, 16, 59,
60, $0, 1091, the placing in deep water has a favourable effect if ths
presence of oxygen is a re@mmt for- the“dmlomant of;zascn]az' bundle

bmcking

The favourable influancs of the imusrsion of the stem bases in bo:xl:hag
uater can be explained by the fact that air is driven out of the vascular
bundles. Bolling does not repair tha continuliy of water stream as Pairce.
suggests, but removes air as an accompanying canse to the appearancze of vascular
bundle blocking. Atcve all, the placing in boiling water [58, 90, 104,

122] or hydrochloric acid {32] or m.tric acid 1:122] harmful enzymes are
broken dmm or neutralmed, L -

Tinga [3110] suc,gested sone :mfluencee when ha plased ﬁwers for one heur
in a aolution containing housenold detergent for an enzyme polscn. The firsd
influencs of the detargent one considers is a breaking of pectin esterasas
[71] (compare page 16). Tinga suggests that the applied enzyme poison effects
the respiraticn of the filower directly and thus enhances ths keeping quality.
His mathed of pre-treatment during a short tims, glves special perspective
20 the case where the water uptaks is so great that in all the previcusly .
discussed solutions would be harmful if flowers were paced there for a long time.

The favouragle sffect of g33 abaserbing substances, such as weod
. charccal [58, 88] in the water is undorstan d.—.»ble if the vascular bundle
blocking 1s an archic precess, : o

With Cyperus Cverton [33] observes that after team:mg one po*i“.on
of tks stem lm:ma ceeur eizht days lader. Mo aseribes the gzradual deain
bo un= fomation o toxie 3‘._333* ances Irom une c’:s::‘_gac el...,, In conneciica
i ?na aoorinaaby dascribed hors whers sten pordlens of maana:er
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and Almm were kmed by tolling water, it seens possi‘bla that also uub

: wpam a gradually inersasing vascular bundle blseking oecurs above ths
dsad stem portion. Possibly this process aiso plays a role with many wilting

- oicknessss, the wiltdng could be aseribed to the formation of 4cxic sub-

- stancss which wuld have a d:l.r°ct. ha'mfnl effect on the plasma of the wiltad
tissue (17, 29, 125]. , ‘

: Althsugh not looked at in any dstail, it is poszible &.a.t gilver nitrate
- ean prevent the vaseular bundle blocking partly by binding the etimmlant
- fresd by the wounding or by binding directly with the blockding snzyme.
Thus the influence of silver nitrate sdlution wdth vacwm infiltration was
groater than that with watsr. I is also posgsible that other bacterieides -
which on their cvn give poorer rssulis than silver nitrate, afier the additicn
of an acid or ensyme poison, in qertain cases form a gocd basic mixture. Us~
pulun, for example, is by itself completely unusable wita roses, but in -
ot combinatien with an acid it is th improved upon by silver nitrate pius
o calc:!m rxitrata,

h. - Influenco of sugar
4.1 . Introduetion T

T 1f one deces not consider vascular bundle blockage, suger wes the only
- substance which had any generzl influencs on the keeping qualily of cut .
Llowers, In order to get a better insight into the wilting ard aging causes
it seems that a closer az‘.aJ:,rsis of the: acbion of tmgar is tha mst log:.cal

starting point, 4

Arnold [51 from his expsmnm?,a concem;lng the infinence of sugaz
- cn the keeping quality concluded that ,ajimiting.oz_.the_mee.upta.ce_m*
.. . fawonorable for the keeping quality; Hitcheeck and Zirmerman {36] and ‘
" lanrde [59, 60] were of a completely orposite opinion. A2 3 zesult of this the
inflnence of sugar on the waiar economy of leaf and rlcwsr and on the caa:hic

rewe.ionshipam invast-iga-edq e e

Assresultofthaoxparﬁmmtsof@dcm{sol ontha inﬂumceofnght
intenaity on ths kesping quality, the influsnge of light, lsaf and sugar on
cne another vere immstigated. Above all the influence of ougar om the
growth, respiration and seepm,_, quality in theiy mutual positimms were
studieds In these exrarimonts speclal attantion was given to tha develops
nental stage at tha time of cutting. According to Geach and Dugger {251
boren influensed the transport of sugar and according to laurie [58] a.d
Cdenm [€0] a favoursble inflnenes of toric acid on.the keerdng quality
-notieceqd, therefore thais ccoround was m,.luded in tha _mea-bigations..

It w:u..d be o2 practical importance 1f ths eaq:msiva sng& conld
be rsplaced by scmm other argaznic er inurganic cwpound- therefore so:ne
temtien ws paid to this point.

In conclusicn ths r°l'.’.tion‘°h..p betwssn nit.rqgm and cau.on mth *-aacact
to e keesping quality was aleo discusseds T
C/ / r 0\/\ 0 3
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4.2 Influence of ligsht, isaf and sugar on kseping cuality and water
conaarvaticn,

Methods., Growing flowering plants of Matthiola incana in elay pots were
j1lmninated in bexes with 0, 4, or 8 flourescent tubss (TL L0) over a
twelve-hour pva?lod. At leaf hoight the light intenaity was 0, & '2,0C0 »23p,
3,0004W/cm?d . Dus to a good free ventilaticn thes temperaturs at ihe
highest light 'fmtensity during ths i1luminaticn pericd was % 1.5°C. and with
four lamps + 0.5°C. higher than in the dark roca.

The flowering plants were placed in the bexes in toto [with clay pots]
as well as whsn cut. This last group had five to savan lea7es and wers
grown in jan pots with 0, 2, or L% sacchyrose and as a basic nixturs
silver nitrats 0,003% plus citzic acid 0,04% plus cladox 0.025%, The sams
«periments were done with cut flowers of Dianthus caryorhyilus *¥illiammsgon®
with four isaf pairs and Tulipa *7Yan Der Bexden” with two loaves.

%he. influence of the leaf was investigatsd in a bex. Here the
inflnencs of the lsaves was varied by removing them or by covering them with
paper bags. The transpiration was limited by covering the lsaves in poly-

. etholens sacks or by mmearing them on both sides with vasoline,

The water uptake was determined by periodic wighing of the vases without
the flowers, and as controlls the vases contained only esolution.

The degrse of opening of the stcmata was only roughly determined at
11 a.m. by seeing how quickly and in how many placea a drop of xylol, alcohol
or petroleum sther placsd on the under side of the leaf penetrated into
the tissues (57). Tie results cbtainsd agres in general with the microacopic
pictures of portions of the epidermis fixed directly in absolute aleohol (62).

Tnfluenco of 1icht, With Matthiola a1l the £lowers wilted aftor

13 days in the dark, both with and without roots; above all the lsaves woro
yellow and the develomment was completely stopped, unloss sugar was added
(Photo 4). With 2% saccharosa the wilting began afier 18 days in the dark

and with 4% after 24 days. Im the light thevdlting began after 20 days, -
‘both wdth and without sugasr, and the keeping quality of the flowers wi.th

rcots was longer than that of cut flowers. A emall favourable difference

in keeping quality at 2,000uxb/fen*f  as compared with 3,000 s Wiem'd must
arparsntly be ascribed to the lower tamperatures or to a2 lowor uptaks of watay,

and thus a daraging influence of the vacteriacide, I no sugar was added,
light had a considerably favourable effact.

With Dianthus caryoohyllua no influence of the 1izht intensity ma
found, both with and without sugar (Grsph L), - . .

Wita Taliva the 13fe span at B,OOOMW/CM';’ was shout two days shorter
than in the dark, or at Z,Wulom‘f . If 2% saccharose was added, the
difference was shifted to a later interval. The flowers placsd undsr four
lamps or in the dark shcwed no difference in keeping quality, but the
stems wems weaksr and mers bent in the dark. The same also holds trua for

carnaticna.
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Apart frem the much higher light intensity which goes hand in hand -
with a higher {emperature, a2 damaging influence of light was never foumd,
go that the cbzervation of Odom (20) could not be confirmed. With Maltiniola
incana light itself had a notdceably favcureble eﬁ.e‘b which could te
) renlaced by sugar.

Influencs of leaf. That the favcarable inflnames of 1light i3 indirsc{uy
active through the leaf can bs demonstrated by investigatingiia the light
the influsnce of the loaf on the koeping quality. Similar exporimerts were
dons wlth Chryganthezmm coceinewa, Chrysanthemum morifoliunm, Dahlia warisbilis
and Matthiola ineana,

In a1l casea_the presence of the leaf was favo'-able for the keoping
quality and the influencs-of the lsaf eould-be-replaced or sven improved
upon_ by sugar.—With Dahlia and Chryssnthemum coccineum the presence of the
“leaf also in combination with sugZar was favourabl.., with Matthiola the opposits
L was the case (Graph 5, page 23). Ths difference in reaction of Dahlia and
ii% . Matthiola is connected with the difference in sugar requirsment and the
E I influence of sugar on the transplration and water uptake.

- In general the transpiration of the leaf is limited by sugar (Grapa 5),
but with Dahlia the presence of leaves as wall as the addition of much sugar
.~ . in the veginning causes appreciably more wmmter and tims more sugar to be
T taken up, but wuith Matthisla with higher sugar concontration the water ups
. take 18 3o strongly limited that the water and sugar uptake withusnd wdthout
leaves are almost ths seme. .
(%w/ ‘ The canse of the limit in transpiration must be sought in tba influence
of sugar on the stamata, the development of the degres of cpening of ths
~ stomata with Matthicla (Graph 4) shows, that by the addition of sugar tha
stcmata are quiekly closed., Although with 3-4% saccharose (in the light)
.~ the chlorophyll diminishes and the leavss beccme yellow after 5-6 days,
. - tboy stiil remain turgid and the opening mechaniem of the siomata is not
: dsstroyado These react to cnanges in waather conditions.

Alao with Dzhlfa hizgh sugar conmtrations haze a clos ing ef"ect cn ths
L stcmata, tut much less so, and here with 8% saccharose especially in the
R bec,_rm;'.ng more sugar is takem vp with leaves than smithout leavss., With
' thsse high sugar concentratims the inference of l=af ws favoursble for the

devaloment and keeping @uality,

By praventing the transpiration of tha leal wi.th plastic bags or
vageline, or by asrading the leaves, the favourable influence of the leaf
disaprears, both with and without eugar (Tabls 8). With Pahlia the shaded
leaves driszd up complei=ly in sgven days if no sugar waa supplisd, With
sugar the shaded leaf remained fresh, but had no influence on the keeping
quality of the flowsr.

Cne may thus coenelude that the favourable influence of the 1leaf cn
the 2lower is mainly or parily dus to the formation of assimilation preducts.
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Dizsusaion

The cbgervad influencs of sugar on the stomatal transpiration gives an =xplan-
atien for the conflicting opinicns cof frrmold (5) en the one hand and Hitchcock and
Zimmerman (26) and Laurie {59, 60) cn the other hand. On tho basis of tais fact,
that the water uptake is limited by sugar, Arnold {5) concludad that the decrease in
transpiration i3 favourable for the keeping quality of the flower. Hitchcoeck and
Zimmerman and Laurie sstabiisned on the other hand, that in general an increased
water use goes hand in hand with an increased kesping quality. The observaticn o?f
Arnold oniy holds for {lowars with leaves, in the light, and with sugar, In ail
other cases an increased life span of the flower is accompanied by an increased
water consumption., The y2llcwing of the leaves of Matihiola with high sugar concens
trations in the light {also observed with Chrysanthemm coscineum and Chrysaathemn
morifolium) as a result of the disaprearance of chloropnyll, agrses with the resuits
of Mudracik (75) with izolated chloroplasts in sugar solutions, whers a too rapid
increase in the osmotic pressure cutasids the chloroplasts brealts the membrans,

L:3 The csmotic pressurs of the cellsap, the keeping quality and develogment.

Eaca wilting is a resuit of the lozs of osmotic potential of the cell,.
According to the formula of Uirsprung {114) cell = cell sap, the osmotic potenilal
of the esll becomes smaller, if the osmotic potential (e osmotic pressurs) ¢f the
cell sap) ( cell sap) becomes smaller with constant wall pressure ( )Jo The
possibiiity thus exists that at a given moment theosmotic potential of the cell sap
i3 =0 small, that with a dscrease in the wall prsssure dus to transpiration, loss of
turgo the increasing cell ssp i= not in a positicn to allow cell to increase sufil-
ciently to supplement the water shortage of the spacific cell, Especially if by obst
tion of the water transport in the tundies 2 higher osmotic tension is required, can .
increase in the osmotic tension of the cell sap be of importance, In this connection
it was, ¢aerefore, importani to investigate the development of theoszotic pressure
of the ceil sap, In doinz so ons must not lose sight of tha fact that the sbsence
of substances, can on theone hand form the basis for the ocsmotic pressure of the
cell sap, and on the cther hand can influence the structure of the cell plasma
and the chemical processes in the csll (respiration).

"Materials and methods, For .the determinationof the osmotic pressure of the
call sap, the plasmolytic method is used, When the obssrvations, as in this case,
and also with Levitt and Searth {(61) are stretched out over a long period, calecium
chloride, {purua siccum) is used as a plasmolite, Por the experimental series, the
same series of soluticas ars used, For all experiments; naturally,colored epidermal
cells are used, co that the concentraticn at which the cells began to plasmalize,
cculd be clearly deternired. (Edge cells remained out of sight (95)). Directly
after the cutting of the slices, they were transferrsd to the sclutien and z2fiar 3C
oinutes plasmolysis was controlled, As ths numbers are only relative,the ozmoiic
presgure is given inweight, cercent calcium chlorids, ¥ill intrude plasmolesis had
just begen to appeer, Each figure gives an average of &=10 determinations of
differsntsflowers, which had all bsen treated similarly,

Experiments with Dianthus caryophyllus, It appears that with Dianthus
carvophyllug the further addition of sugar, after &8 days, had no influence




on the keeplng guality, Trerefors, the osmotic pressure of the cell sap of
the inner epidermis of the outermost petals was investigated with vazious
sugar concentrations applied for 0, 4 and 8 days and centinually, Gresph 7
ehows that as socn 25 the sugar supply ceased, tha osmotic pressure of the
cell sap docereased quiekly, and that the deviation from the normal weight
change became aprarent, so that the osmotic pressure decreassd to sbout 803
of the original walus, By adding mors than 4 percazni sugar for 4 days, the
osmotic pressure increased above the original value, and continued longer
befere the osmotic pressure dropped to about 80%. Also, then, the kseeping
quality differed only frcm the control, which was constantly placed in sugar,
when the 80% level was passed,

WAith carnation, there exista a critical valus, below which the osmotiz
pressure (as far as thsse values are-dstermmined by sugar) may not f£all., At
the same time, it appears that by(pre-test Dwith sugar, the osmotic pressurs
cen be increased artificially, and thereby, also ths kseping quality, to a
certain level. Further, the kesping quality of carnations which had not re-
cedved any sugar thus far, could be increased by additional sugar, as long as
the osmotic pressure had not decreased below the critical level (about -4 in

Graph 7, page 27).

Trat the ozmotic pressurs of the cell sap in each case is not the cnly
factop which determines keeping quality, is apparent from the fact that alse
wdth hish and very high osmotic pressures, wilting of the cell oceurs,
Increasing the osmotic preszsurs above the original level with 8 percent
saccharose gave no better keeping quality than when the osmotic prsssure was
maintained with 4 percent saccnarose at ths original leval,

Expariments with Cosmos 28 bipimnatus, Vhen Cosmos bipinnatus is eut at
the completely cicsed bud stage, the development of the fiowars is determinsd
oy the amount of svgar added, At the same time, it scems that ths diemeter of
the capitulim i3 strongly correlatad wdth the osmotic pressure of the cell sap
of the inner epidermis (Graph 8). Here the osmotic pressure is correlated with
the growth of the pstals, With the lowest sugar concentration this correlation
appears with the keeping quality but with 2 peresnt saccharose, wilting begins
at{ approximately tho same moment as at higher concentrations, although the
ozmnotic pressure is not sohighandtheﬂmrisnotmngrom.

Experimenta with Matthiola ineans, With Matthicla ineana it is observed
that without sugar the lowest (oldest) flowers wilt q;...ckly while at the top
growth still tekes rlace, If sugar is added, howsever, the lowest flowers live
as long a2 the upper ones, Therefore, the flower weight de as amc.'n later
with sugar, but very often mmech quicker than without sugar \Grarh If one
investigates the wilting pressure, it appears that the o=motic preesura of young
flowers without sugazr remained at their original level, whils that of the
pature flowers declines cuickly (Graph 9). With sugar there is no such gradient.
The osmotic pressure in this case was also corrslated with the keeping quality.

One could suggest that the above-menticned gradient could result in re-
moval of water and nutrisnts, By removing the incompletaly developed flowers,
the keepim, quality of the lowest flowers is hardly increased, btut the re-
moval of the open flowsrs {mutrient sourcs) has no hamful effect on the
unopened {lcwsrs,
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The infiunence cf substonces other than sumar. Only a fow subztances
aro able %o incrsase the osmotic prassuve of the cell sap of mature {lowers.
Acids, salts and substances such as alechol, glyecol, glyeerol, or ursa ars
not uzable cn account of their great speed of permeabilify; before thesze
enter the Zlowsr in sufficisnt quantity, they have been harmfuil to other
rarts of tho plant, Mannitol and maltose appear to.be nmore suitadle; tiose
were ccmpared with saccharcse, with Resa, "Xirsten Poulsen®. In low concen-
trations, maliose has a small favorabls effact on the kseping quality of
roses (see rags 50), in hicher concentrations it is not direetly hamful,
but aleo no% favorable, .The last point is also valid for mannitol, in that
i% has no favorable effect at any concentraticn, and up to 0.2 molar it is not
harmfal,

Graph 10 showed thal both these substances are ablz to main or
incrsase the osmotic pressure of the-eell-sap,—7Thsy-have, howaver, no/infle-
emes on the keseping quality. {See above and page 50). The incrsase in
osmotic pressure was even greater than with saccrarose, This is alsc to be
expected, sincs a pertlon of the saccharose is usod for the further growth

of the corolla, ' ‘

Discussion, Though, in many cases, the influencs of sugar on the keoping
quality up %o a definite concantration was correlated with ths oemotic pressure
(Chrysanthemm morifolimm, Coreopsis lanceolata, Dianthms plumamius, Freesis
"But tercup”, Tulira "Jan der Gerdmf, and others), it appears unliksly that
the osmotic pres=zure of thae eell sap itself determines the keseping quality.
Thus the maximm attainable osmotic pressure withcut any damage, is usually
higher than the optimm sugar concentraticn. I% could not be demonsirated
that by an epplicaticn of sugar, which increases the csmotie pressure of the
cell sap, the resistance to blocking was increased (by the addition of a
bacterial culture). An csmotic gradient in the flcwsr cluster of Matthiola
was correletsd with, bubt was not the cause of, the diffarence in keeping
quality. Ia conclusion, as the meat important arguzent, the kesping quality
cculd not be increased by incressing the osmotic pressure, by the addition of
slowly permeating stbstances, 12 these substances were not able to partake in
the metabolism, o S

-

© *-.In this conneetion, it iz also of importance to mention the ideas of
scze of  the investigators (46, 112, 113) on the question of winter kardiness,
Taey do not connect the action of a high sugar concantration in the cell with
the osmotic systen of the plant, but would rather regard sugar as a stabilizer
of plasma proteins, This idea deserves primsry attention, sincs i% can be
demonstrated that sugar has a protecting acticn on ths maintanzes of the
colloidal nature of plang proteins, at low temperatures in vitre (112, 113),

Even if ¢he ostotic pressure is not a causal factor in the keeping
quality, it still is, in many cases, 2 simple msthod to obtain an insight into
the sugzar level of the cell, '

Loh Corralation bebwsen respiraticn and ksspine quality.

Aftor Ven Herk {115) erd Janes and Esevera (45) damonatrated a dofinits
relation betwemn respiraticn and bloasca develorment, with a spadix of Saurcmaiim
ard Azmm, 1t was of importancs 1o investigala wnother a similay rslaticnsidp
axisted with other crers, and how it was inZluenced by substances which
increased tho keeping guality of the {lowsr, ' '

o



hobol Hsthod.

With the help of the Varburg tochnigue, oxysen uptake was periedically

meagured, at 25°C. over a one-hour period, Large flasks (30 CC.) with looze

- stoppers,and with 0.2 milliliters, potassium hydroxdide (20 pereent) in one
side~arm were used. Alitough not ail the carbon dioxide given off is bLound, b
- appears that ths methed is useful to indicate relative differences in oxyE=n
uptaks, Firstly the plant part,of vhich the respiraticn is baing measured, is
placed in the eame solution that the plant part will bs placed induring the
determinatien, It appears, however, that this procedurs was not nocessary for
the emcoth running of the expariment; in later experiments the plant art wae
placed in the vessels in a dry state. The same Warburg vessel uwas used fcr each
successive dstermination for sach spacific plant mrt, Using this metnod ths
resplirstion course could be determined in percentage of the original value,
namaly, directly after cutting, By using large vessels, the error =s a reeult
of growth and thus change in gas volume is at a maximm ons rercent. This error
iz ignored in calculationof the respiration progrssa.

Between successzivs measurements the cub surfacs of the plant part3 are
placed in the differsnt solutions at one temperature, namely 25°C, It is
sssential that a semi-starile method is used. The solutionwherein the plant

. parts ars standing can bs kept sterile with ACAC (see page 4); this prevents
the bindrance of the water uptake by bacteria develomment without having o
sterilize ths whole plant. _

a.z.,z-{ Influenee of sugar,

As Table 9 indicates, a decreass in the axygen uptake occurs in all of
the cases studied after cutiing, If sugar is administered, then this dscreass
was le2s and in some cazez even an increase in oxygen uptake occurrsd., This
was 3 result usually of growth of a cortain plant rart. But then the respira-
tion intensity on a per gran fresh weight still dscreases, After wilting it i3
gometimes noticed that the plants have a nigher oxygen uptaks mainly asa resuli
of the appearances of micrcorganisms.

It has bosn determined with Dianthus plumarius (Greph 11) and also with
Lathyrus odoratus and Matthiola jncana, tha® the influence of different sugar
conscntrations on the kesping quality is correlated with the influence on tta
respiration. A maxirsl respiration intensity goes hand in hand with tae bast
koeping quality. This influence on the concantration was especially clear in tre
first pericd after cutting. : : S :

With Dianthus plurariug ths end of the {lowering periocd iz initisiad by a
sudden collapse of the pstals. This folding up (at 25 degress C.thrse dzys afier
the flowers had been cut at the r=arly open fiowsr stags) is accompaniad by
sudden increased respiration (Graph 11) followed by a quick decrease during
the subsequent death of the pstals. The collspge and the respiration increace
is dalayed by ths addition of eugar, this iz dependent cnthe concentration and
tho development stage at thamoment of cutting. With the addition of 6 percent
or mors of sacchaross this pstal collapss and respiration increase does nok
occur, The wilting then begins at the edze of the e tals and proeseds gradealiy.

Tas sudden inerease in respiration is limlted to the petals. If the reszpire-
tion development of loose potals iz investigated, the increase in respiraticn and
collapse of the petals occurs at tho same time as with flowsrs which ara not
saparated (compare Graph 22 on pags 48).




Diseussicn, Siegelman {99) scught a ccrmeetion beiwsen the respiration
devslopment of cut {lowers (Ross and Gardenia) and fruit, As a result of
these inveatigations he mentions thae lack of a ciimacteriun during the flower-
ing process with flowers. As the flowers could not atsorb any water during the
zeasuring {12 days under bell jars) the conditions were almost abnormal. Tha
retals of Rose and Cardenia do not wilt at the szame time usually. So that the

increase in the respiration cf whole flowers could hardly be noticed,

" 'In the experiments with Dianthus plumarius described here, a definita
revival of the oxygen uptake was observed, Notwithstanding, it is unlikely
that this revival can be compared with the climateric rise (51) of fruit,
Although not strictly showm, thers is a 3trong indication that the moment of
this respiration rerivel with fruit is not determined by the amount of carbo-
hydrate or sugar (51). In the case of Dlentims plurarius the revival of
respiration could be delayed or even prevented by the addition of sugar,

Mores supporting evidence is also given with respiration experiments wita

cut off leaves (44, 56, 12)., Almost all researchers have found with detached
leaves, that a correlation exiszts betwean the decrease of the quantity of car-
bohydrates, especially sugars, and respiration (44); the following revival of
respiration is accompanied with a strong protein lcss. This is opposite to whst
occura in ripening fruitas whers during the climacterium protein synthesls occurs
(42)s. Van Herk (115) and James and Beevers {45) found curing the unfolding of
the spadices of Saurcmatium and Arum an increase in the respiration, This increase
in the respiration contimies longsr than the increase in dry weight which showe

~ the oxygen uptake during the begiming of the wilting was greatest, James and

" Bsavers mention that the carbohydrate shortage is theprimary cause for the later
wilting.. The cause of the higher respiration would be due to the appearance of
certain "no-metallo enzymes” (only inhibited with monolodocacetic z2c¢id or sodium
floride), according to Van Herk a flavo-protein., The cause of the increased
activity of these enzymes cannoi be pointed cut. Whether these enzymes occupy in
other-flowers alsoc the role of end-oxidase is not known., - - .

. In sny case ths functicn of sugar with kesping quality in cut flowers can be
regarded in part as supplementary to the reduced level of cartohydrates by oxida-
tion.: It.is poseibls that by adding sugar: . a) that in an unknown way the induced
increase of respiration is caught up with so that the plasmo proteins do not have
to be'callsd upon. b). the emsrgence of the inducing factor is mevented so that
this is not formed and transported {influence of sugar on the plasma permeability,
norganization resistance® (12). ¢) the colloidal structure of the plasma is
directly protectsd by sugar so that this plasma is not concerned with the metabolimm,
d) s combination of the mentioned factors maintains the structure and semi-permesbildl
of the plasma. e . : -

4.5.3 Influencs of pH and enzyme toxins.

 Leary (59, 60) considered that one of the properiies of a substance used for
the increase of the 1ifs span is the ability to decresse the respiration. As umble
respiraticn inhibitors, he mentions hydrasine sulfste, florogucinul, and resorcinol,
Ho does not give data on these substances' influencs cn respiration. Tinga (110)
also thought that there is a connection between the favoradle actionof a short
troatment with enzyze voisons {sodium azide, scdimm malom ts, scdium icdo-acstate)
on thekesping quality and the reducticn of the respiration. '

!
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" Asit ndoubtedly would be sheaper ic Siop respiratden, thus a breakdown et
sarbchydrates,than to supplomend the substrate by suzar, inkiditisn by means of
chamical substances would be of the utmosi importance.

4is described under 2,3.8, and 3.2, sutstancss such as 2:4-dinitrophenol and
aodium azide in ceriain cases had a favorable influence on the kseping quality.

Therefore, the influencs of these substances in ncndamaging concentraticns cn respira-

+ion was studied,

As graphs 12 and 13 show, sodium azide (k‘}eﬂ3) wdth Nahlias and lberis semper-
virens had a stimlating rather then an inhibiting effect on the cxygen uptakes,
while in both cases favorable influence on the devélopment ard kseping quality was
observed,

Tha sams results are found with Dahlia vhen floroglucinol 0,006, 0.03 percent
(Tabls 10) is used, PFyrogallol had an inhibitory influence on the cxyzen uptaks
in the same cencentraticn rangs, but was also damaging and harmful to the lseping
quality, With Dianthus plumerdus sodium azide and 2:4-DiP had no influence on the

oxygen uptake. The keeping quality of loose petals of Dianthus caryc vhylius was

strongly favored by adding Malachite green 0.005 percent. This results ina alignt
inhibition of the oxygzen uptake during the collapse of the untreated petals (afiar
tuo days), but not befors wilting (after one day); after wilting the oxygen uptake

with Malachits green was even higher, There can ve no doubt thai the saving of the

" respiration substrate iz the cause of this favorabls actien,

The respiraticn develorment with Dahlia and the influence of low pH (by

" additdon of tartaric acid, citric acid (Graph R ), malic acid, phosphorie acid

(Table 10)) shows the same increase of oxyzan uptaks as occurs with sodim azide,
In both cases a faster growth occurs so that the oxyzgen uptake is only influenced
20 a olight degree on a @Br gran fresh weight basis,

Discussion, If these results ars ccmbined with the dsta cn page 18, on tos
inflnence 0f the discussed substances on the blecking on the stem vascular bundles,
then it appears that enzyme inhibiters and acids exsrt no direct influencs on the
metatolism of the cells of {lowers, tut only enhsnce water and suzar absorpticn,
whersby a shortage of water (18, 43) or sugar (10, 51, 124) asrespiration limiting
factors are excluded, Above all it must be menticnaed, that before flowering
asable concentrations are considerably lower than thoss concentrations of DRP and
sodium azide as enzyme prnisons which are used in biochemical and physiological
resesrchs. S : : ) L e

1f one considars a slight increase in the respiation undsr the influence of
DNP 2nd Nalla to be an uncoupling of respiration and gynthesis (63, 103, 107) it is
difficult td see an explanation of this action on thefavorable effect on the kaeping
guality. The available subsirate is in any case oxidised. '

Pavorable action of hydrazinesulfate, florpglucincl and rasoreinol {13, 59,
40, £0) never shows iis alfect clearly with mature flcwers with stems when in
cembination with silver nitrate or uspulun, Pcssibly the substences react
favorably with othsr bactaricides through their reducing propertizs; also in thia
case the result depends on theresuli of the prevention of vascular bundle blocking.

L.L.4 Influence of sitbtersilic acid.
Only two cases hava been found up to the present, wazms a cuostanca has 2
Payorable influencs on the keeping quality as well 23 limiting the oxygen intaxs
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of the flower, namely, boric acid with Dianthus {page 48) and gibberellic acid
(GAB) with Matthiola incana.

_0,C001 percent gibberellic acid in the water of the vass with or without
had a favorable influence cn the keeping quality of double stock gilly
flowers (Graph 1,), In both ceses the oxygen uptake of the flower, but especially
on & por gran fresh weight basis, is inhibited (Graph 15). This izhibitiom occurs
" befors the first signs of wiliing becoms apparent with the untrcated flowars. '
During the wilting (weizht decrease) of the control flowers the difference in
respiration becomesgreater. .

. The only case until now whers a favorable influence of GAj3 (1-1Cpmm) cn the
Iz eping quality has been found was with Ribes sanguincum. In this case no respira-
tion experiments were done, No influence of CAg added to ths water in the vase were
observed with Aquilsgia chrysantha, Convallaria majalds, Diantims plumarius, Laburnum
ides, lathyrus odoratus, Muscari armenlacum and Scabiosa cauncasiea, It is
possible in these cases that thd amocunt of gibberellic acid taken up was too =mall.

With Iberis sempervirens GAg especially in combination with sucrose (0.5 to 2
percent), a strong infinence on elongation of the flower spikes (Graph 18) and
parthenocarpic £ruit formation was induced; keeping quality of the flowers was,
howsver, not inflnenced, The growth increasing effect of GiA3 with Iberia, with and
. without sugar, i1s accompanied with an increase in the oxygen uptakeon a gram fresh
weight basis of approximately 10 percent (Craph 16,pegs 40).

Discussicn, The fact that gibberellic acid retains its influemnce on ¢the kseping
quality and oxyzen uptake even after the addition of sugar suggeststhal the working
of GA3 418 not due to a saving of respiration substrate. it is nmore likaly that it
prowedits the svolution or the working of an age-inducing factor {enzyme?). The
decrease in oxygen uptake by GA, with Hatthiola suggssis that these aging factors
induce certain oxidative procesdes. If one brings this in connection with ths acticn
of sugar then the idea originates that after addition of sugar the aging induced and
. respiration increasing factors are capable of working but the damagirg effect
(inereased respiration) are dealt with without the plasme being affected,

The cormection botwean the decreased oxygen uptake with Matthiola and the
inereased oxygen uptake with Iberis and also with sten sectlons of peas (L9) is
not completely clear., If ons ccnsiders that increased oxygen uptaks is a result
of increased energy usse for growth, then one can conclude that gibberellic acia
has an inhibitory effect on certain still unknown metabollec processes.

4.4.5 Comnection betweon devalopment stage, re piration and sugar emand.

Carnations, chrysanthemm, dahlias, freesias, lathyrus and many other cub
flowers develop only slightly or very badly if they ars cub before they are com-
plstely opened. In different cases the lmeping quality of a flower cut whils atdlil
in bud is shorter than a flower completely opened vhich is physiologically an older
bloasom. : A : .

The fact that rearly all these crops could be cut considarably earlier if
safficient sugar were added was also studied here in an effort to obtain a con-
nection batween this and the resplration.

Materials and methcds. The oxygen uptake was determired according to the
zathod described on page 19 where the vessal constant i3 dstermined with the
speeific weight of the flowers set at 1. This. gives rise to a maximm erzor of
0.1 percent, With Freesia and Dahlia the oxygen uptake of tas successive flowsrs
f-cm cns inflorescence was ccumpared to each other; with Dianthus plumarins the
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flow=rs of one plant in diff'srent stages of davelozman® were used; with lathrrus
cdoratug both methods were usad, no differencs veing found, Directly aflor cach
experiment the fresn and dry welight wae determined. The zugar reguiresents of
the diffserent devslorment stages were investigaled on the one hard by determining
the cptimal sugar concentraticn for the devalopment and keeping cuality of ths
cifferent flower stages, end cn the cther hand by fcllowdng the influence of svgar
during a short periocd just afterthe flowers had been cut. “"he singie flowsrs oud
of a2 flower clustar of Frsesia or out of the flower heads of Dahlia were placad in
half petri dishes, Thees ilowers were supported dy glsss tubes and rings and wers

kept separated from each cther (Photo 5).

Results, The results with Freesis (Graph 17) show that ths influencs of sugar
on the kseping quality as well as on the oxyzen upteke caleulated on s weight tasis
i3 greatest with the ycungesi flowers.

- With individuval flowers of Dahlia it has been determined that the acddition of
sugar is necessary during a certainspscific peried, Bubl after thres %o four days
the keeping quality is even betier if no further sugar is added {Tabls 11):; It is
"apmrent that the younger the Iflowers are whan cubt the more sugar is needsd and for
a longer pericd. Alzo with Dahlia the respiraticnintensity of yeung iflowers was
considerably higher than that of full grown flowers (Greprh 15A). This result was
established with whole inficrescences of Dahlia, where the lmeping guality was at
an optimal, if In the bsginning a 1ot € scgar was administsred and later less
sugar, I S

With lathyrus the additlon of sugar for longer than 2ight days was hardly
necessary, uniess the flower was cut at a young stags {Table 12), If the flowors
ars placed in a sugar solution itwenty-four hours afier cutting,then ths suzar had
po influercs on thoinflorescence (Photo 6), but the fzuit dsvaloped betier., Also
here the cxygen uptake declines rapidly, as the develcrment proeceeds (Graph 188),

With s plant sach as Coszos bipinnatus (cut whails still a tud) or Diznthus

caryonnyllus the additicn of avpar immediately afior cubtting had an effacit, btub
tere the sugar requirement lasted much longer {(sec pags 18), '

Disnthus plumaring acts differently to lathyrus and Dahlia. The respiration
decreasss only very slightly during the development (Graph 18C), btut tha optimum
sugar concentration was also independent of the stageof development (Ta®le 1 ).

Young buds of Dianthus plumariugp, without the additlon of sugar, were abls to
adapt thenszlves to a lower carconydrate level; this ia in contrast to cpen
Llowern, Without sugar the develcrment of the tuds is stopped quickly; with 2
psrcent saccharcse they s4ill develop, but remain smaller and compleisly whiis
{aormal Rose) and the ovary dees not grow cut; the keseping quality of the crovm
iz oniy a feow days shorter than of flowers in 8 percent saccharose vhich havs a
normal develcpment, A3 scon a8 the color has developed adaptation is more difficult.

Discussion and practical conclusion. As a general conclusion one can say that
the respiration end sugar requirsments run paralial, Although the number of investi-
gations is limited, it seems hers, that with crops whors the praciical sclution is
said ¢0 be "eut in completely open condition®, such as Dahlia and Lathyrus, a eirong
decline in respiration is shosn at the termination of the development.,

A% the =ame tize it aprrars that flowers cut curing the periodbof very high
respiration intensity, develop good keeping quality if sugar is added.
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On the basis of the above conziderations one can eclassify eut flewers as
follows: a) Flowers, which during the develomment cycle mmst be fresly supplied
with sugar. Example, Dianthuas, b) Flowers,which due to the presence of carbo-
hydrate reserves or of leaves plus light can supply their own sugar requirements.
Exzmple, Cyelemen and Pyrethrm. ¢) Flowers whose raspiration decreases rapidly
Just after ths opening, so that the sugar requirement bocomes mmall, In this
cage one mst decide whether the {lower has dscorative value befors opening or if
it is not betiter for the flower to be cut in an unopened condition due to handling
techniques, If it is =0, sugar must be added for & gocd dsvelopment and keeping
quality, 411 cut flowers where tha flowers or florets are found in different
stages on the sama stem must be considered in this group except those deacribed
under paragraph b, '

" 4o5. Influence of boric acid on the kesping cuality and sugar requirement

ol certein . crops,

Laurie (58, 59, 60) and Cdom (80) mention the favourable influencs of boric
acid with Carnations, Geuch and Dugger (24) were of the opinion that sugar trans-
port was favoured by the addition of boric acids This gives a lead to study ths
influence of boric acid on the sugar requirement and sugar distribution., There-
after the influence of berie acid on the metabolism of the flower could be sought.

Results, The influence of boric acid was investigated with a number of ecrops
with and without sugar {Table 14). Only with Convallaria, Dianthna, Lsthyrus and
Syringa could a favourable effect of boric acid be found. The woridng concentra-
ticns of boric acid with these crops was so high, that they were harmful to other
crops. In all experimenta the water was kept free of bacteria with ACAC (p, 4).
Boric acid also had a favourable effsct with Diantins and Lathyrus when usad with
0.0 or 0.02 uspulun as a bacteriacide. The actior of boric acid thus doss not
depend on the exclusion of tasteria and apmrantly also not on the neutralization
of harmful substances in the basic mixture.

Also the pH does not play a role because the influence of boric acid on the
acidity is small in the concentraticns used, while at low pH's and with sedium
biborate (Na-B,0,°10Hz0) with Lathyrus and Dianthus a favourable effect was ob-
serv‘edv('l'able &53. Lo DR ro T e, T T

" Graph 19 shows, that with lathyrus, on the one hand the optimal sugar concen-
tration under the influence of boric acid decreases and on the cther hand under thse
influence of sugar the optimal boric acid concentration decreases. The same effect
was observed with Dianthus species., It is postulated that a correlation exists :
between sugar transport and boric acid. The following cobservations show, that ths
transport, especially with Dianthus caryophyllus ard Pianthus plumarius, is changed
in a direction favourable to thse keeping quality.

The dry weight of the patals, sepals and ovary of Diantilus carye phyllus "Rods
Sim" dacline gracually and evenly under the influence of borie acid. (Grapa 20).
This i3 also the case with the fresh weight. Withcut boric acid, however, the
frait grows very rapidly during the wilting of the corolls (photo 7) but the calyx.
remains constant in weight. With beric acid the calyx turns yellow and withers
sooner than the corolla and much sconer than without toric acid, :

Measurs=ments of the osmotic pressure of the epidermal cells pf the calyx ard
corolla (Graph 21) skow that with Dianthus plumarivs theoszmotic fressurs of ths
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esll sap (sugar level?) of the calyx under theinfluence of boric zcid declines

rapidly, while theusmotic pressurs of the corolla dscreases in the beginning at
the same rats, with and without boric acid, untdl wilting when the decrease is

slightly fastur without boric aeid, :

Both those experiments suggest that under the influence of boric acid sugars
ars withdrawn from the calyx and not from the corolla. Ca the ons hand no sugars
ares transported to the fruits, on the other hand these are not withdrawn from the
corolla but ‘rom: the calyx, i

Boric acid also had a favoursble effact on the keeping quality of isolatad
petals (photo 8) of Dianthus plumarius. This shows that the acticn of boric acld
does not reuc on the distribution of sugar reserves within the flower, Abovs all

“with Dianthus caryophyllus the removal of the ovary at different atages of dsvelop-

ment was nevsr favourable and especially with young flowers was hammful to the
keeping quality of the corolla, It 1s possible here that the wounding itaelf is

the damaging in7iuence. -

Esgpecially with whole florets, but even mors so with isolated petals (Graph 22)
theoxygen upt.ke befors ths wilting ia reduced ten to twenty percent by ths presence
of boric ac¥. 0,075 percent. Abovs all the respiration inereass during the wiitdng

_ dces not ap’qar.

Alsq with whole florets after the addition of boric acid a sudden increase in
exygen r,:tak,.}' is never observed, , .
i
Dacusston. Following from the last discussed experiments, the favourable
actionof coric acid could be due to a reduced usage of the respiration substrates
but this does not seem likely. The effact on the respiration is slight and above
all no difference ir the osmotic pressure of the cell sap of the flower was observed,

If cne starts with the theory that the revival of the respiraticn with Dianthus

1z2arius is caused by axidation of the plasma it appears that after the addition

of bor’c acid thers is no possibility or requirement to use the cell plasma as a
respi-ation substrate, If one regards the wilting and the accompanydng incrsase in
the cespiration exclusively as a result of structure loss of the plaama, thus not
directly dependent on the respiration, them it is possible that boric acid alone or
w'th the help of sugars prevents structural changes in the plasma. In this comnectio
cne can think of the concept of Torrsell (111), that "the complexes bstween borie
10id and carbohydrates control the deposition of orientated cellulose micells.” In
vitro the a gation of an amylose solution is prevented by boriec acid (1),
Bameister ?%efcund a comnsction batwsen toron on the one hand and protein synthesis
colloidal condition of the plasma on the cther. '

If one thinks of the cormsction between keeping quality and winter hardiness
{n. 19) ihen ths favourable influsnce, faund by .Beliram (9), of oron on trs frost

resistance is 32 lmportancs,

In connection with the observed different distributiond cartoliydrates in the
flower under the influence of toric acid the possibility exists, that with loose
petals ths inactivation of carbohydrates is prsvented by the formation of moleculs
complaxes, or trat cartohydratas are liberated fram the cell walla, lhe retarding
influsnce of boric acid on abscission phencmena (see 2,3.8) makesit less likely,



Tre coneept of Ganch and bugger (23) that boriz acid eases the transport of
sugar is establisned in 2 certain senss with experiments conceralng the éry weizght
distribution in earnations. One -ust opserve, however, that it ia apparently not
walid for all tissuaes and thms does not give an explanation of the favourabls
effsct of beric aecid. :

L6, Influsmnca of varicus sugars and oYner carton SOUTcESsS,

Host of the commercial preparstions used for the preservation of le eping quality
contain glncosey this gives rise to the quesiion whether glucose i3 used Zor other
ressons besides financial cnas, Therefors, the possibility that other sugars,
aleochols, and organic acids could also be used as carben source with cut flowers
as is the case with other tigsue cultures, was studied,

Material. Single flowers from one composite flower in the case of Chrysanthemun
mordfoilmm and Dahlia varicbilis wers used with Disnthus carjo phylins, D. plumacius,
Dahlia vardabilis and Resg "iirsien Poulsen® whole flowers or inflorescencds Wers

RIS

used, As baslc mutrient solution ACAC (see p. 4) was used.

- Results. In Table 2 on page 7 it apmars that glucose amd saccharose in many
cases gave similtar resulis. In low concentrations sacchaross wWas scmetinea more

favourable but with Rosa and Comvallaria glucose was slightly better, From Table 16

it iz seen that with Dahlia variabiillg fructose had the same effect as glucose;

lactose and maltose only had a Favourable effect with this plant when in low con-

 cemtration, but ii was never as good as an equal quantity of saccharose or glucose;
higher lactose and maliose concentrations retard the devalopment and ars harmful

to the keeping quality.

Also with Rosa, maltcse in low concentrations had a slight favourable effect
{Table 17). With Dianthus pluzarius, nowevar, tihe eifact of maltose was equal to
that of sacchaross, also in higher —ncentrations {Tatle 17), With Dianthua
carvoohyllus the influsnca of maltoss on the deveolomment wascomparable to that of
saccharcse, but the keaping guality with malioss was 1e8s {Tabls 17). Hannesa
appears to be harzful both with Dahlia (Table 16) end with Disnthus (and alao

vty

Antirrhimm) in concentrations higher than one percent (0,055 M),

Notabij‘a large secretion, eabéciél}# from. the edges and wuld sites of
tissues, of glucose, lactose, mammose, maltose and mannitol tock place when these
substances were used. With fruciosa and eaccharose no sugar secretion was cbserved.

Sinee.tthanol, glycol, glycerol, erythritol, rannitol, dextrine, sodiwm
suceinats, sodium citrate: and sodimm cxalate with Antirrhimm najus, Cianthus
plumarius, lathyrus odoratus and Matthicla incana could not repiacs the influence

————————

of sugar in any single concentratdon, these results will not be presented in detail.

Diseussion, According tc Said (94) and Harley and Smith (32) working with
Peltigsra cat Jeaves, saccharoae is plmost extlueively, afier hydrolyeis, takan
Tp by the cell as reducing sugars. Similar effects of egual gquantities of saccharase
and glucose or fructose are therefore to be expected.

Although maltoss and lactoss are absorbed by the cell (ses 4.3.), it is
apparently taken up Very slowly or only after a 4ims, within which the neces’ary
adaptive enzyms is forned, into the mebabolism., If too much 48 administered, it
cannot be consumed and 3 harnful acommlaticn occurs in the cell, For marnosa
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thers is apparently no adaption possidle. A difference in the perasability
speed as a possible explanation for the damaging effect does not seem likely
asthe same amount of water and thus sugar is abeorbed by the stem, Adove all
with Dianthus a favourabls result with maltose has been found, also in Migh
concentrations, : :

4e7. Influence of sugar and urea on Dahlia,

For growth, protein synthesis and thus niirogen is necessary and according

to scme authors (30, 120) nitrogsn is drawn from the older plant parts when plants
grow, Therefore with plants which have flowers in different stages of growth such
as Dahlia variabilis and Hatthiola incana a study was made to see whether by supply--
ing nitrogen the keeping quality, especially of the oldsr flowers, could be length-
ened, Because, by changing the smount of applied nitrate, the effact of the cations
. on the vascular bundle blocking is modified, and moreover, disrégarding ammonium

nitrata, only a small amount of nitrate as an inorganic salt can be supplied, use
was. mads of urea, . : :

" Results. Graph 23 (p. 51) shows, with Dehlia, urea in concentrations of 0.2
percent and higher is harmful if no or only a slight emount of sugar is added,
but that 0.8 percent urea after an initial inhibitory influence is favourable if a
- large amount of sugar is added.

Without ui'ea the optimal sugar concentration during' the dsvelopment moves
from 6 percent to 3 percent; if urea is added thecptimal sugar concentration is
increased, - . o : ‘ _ .

Discussion., According to Paech (84) the protein lsvel in the plant is dster-
mined by the ratic of the amount of carbohydrates in active form and the .amount of
soluble nitrogen compounds, If carbohydrates are used by respiration then the
equilibrium change results in a protsin hydrolysis which can be prevented by admin-
istering sugar. When carbohydrates are in excess protein synthesis can taks place
if sufficient scluble nitrogen compcunds are present.

During the first phase of the growth of the Dahlia flower there is a great

. carbohydrate requirement and added nitrogen without an accompanying sugar fupply
is not.utilized but apparently accumulates in the form of harmful ammeniz ‘7).

If mch cartohydrate is supplied there develops a demand for nitrogen neesssary for
rotein synthesis, Urea has, therefore, a favourable influence provided a surplus

fé percent or more) of sugar is available. . - o o

bo8o Conelusions concerning the action of engar,

If the aﬁswera to the questions that have arisen in this chapter ars brought
together we determine: - . |

1) The flower uses a large amount of sugar- especially during development and,
if no additional sugzar is forthcoming from the leaf, stem or the water sugar de=
ficiency can be one cause of early wilting, '

2) Tho loss of osmotically active substances in the csll by sugar respira~-.
tion is not the canse of early wilting., By addition of mannitol and in scme cases



by ma.ltose the osmotic pressure of tne cell sap is maintained hut not the kaeping
quality,

3) The respiration of the corolla. of cut nomz dacreases but by the addi-
tion of sugar this decrease is reduced and the keeping quality is enhanced, -
some cases where the flowers haves not bsen cut the respiration decreases a.xter
the flowers have opened and then the addition of sugar has no longer an effact,

With Dianthus pluma c’mring ths beginning of the uilting. a suddan 1ncrease in

reepiration is ob ser‘:eda

. L) Up until now only two cases have been found where, besides sugar and
vascular bundle blocking, the metabolism of the flower hasdefinitely been favourably
influenced viz. by gibberellic acid with Matthiola incann and by boric acid with
Dianthms apecieso This was not possible with various enzyme innibitors,

'I’ms most likely cxplanation of this data is that sugar has an indirect action

‘on the keeping quality by supplying the necessary respiration substrate, A disturb—

ance of the plasma is also prevented by sugazr, From the fact that maltoss is absorbed
into the cell, btut in some cases has no inflnence on the kesping quality, it does

not seen possibls that sugars havs a direct protecting influence on the structurs of
the plasma, Gibberellic acid and beric acid may well act in this way or pessibly
thoy may prevent the liberation or the action of subat.ances that could irnduce such
structural changaso .

L 5° General Conclus.‘.ons

: it ia ps gible in many cases to lsngbhan tha keeping quality of cut flouers.,
The degree and the means by which the kaeping qualit;y can bechanged is not ths
same for all flower species, A

The first reou.rement is that mtar upta..ce should take place unhindered., For
tbis it is neceszary that the development of bactaria and scmetimes also algae and
ﬁzng. in the water be prevented, This, howsver, 1s not sufficient. The plant itself
i3 in a state, as a reaction to the wounding and the changed conatitutien of the
vascular sap (especially the oxygen lavel),to actively block its own vascular bundles,.
Chemical and physical methods that hinder the entranes of cxygen into the vascular

bundles or slow the living processss in the stem without exerting any further hamful .
. effects can. bave a favourable effect on the- keeping quality of the flower., This is

not always the case, for the degrse to which vascular bundls blocking ocecurs is not
always the same for every speclss and scmeiimes the flower wilts duo to other causes
before the vascnlar bxmdles have becoua blocked, - :

Possihly the life processes in the Ilower itself cculd be inﬂumcedo Ey tha
additdon of sugar the appearance of ags inducing factors is apparently not preventad,
but rather their harmful actionis expressed in a form of a sugar deficiency. Sub-
stances which are more likely to inhibit the metabolism directly wers in certain
cases gibberellic acid and boric acid, Although sugsr is necessary for a good dsvelop-
nant of the flower it 1s possible to reduce the sugar requirement by means of thesa
substances. - It 1s in this direction that tha most success is expestad with further
regsearch. - ‘ - ,

With our present knowledge it i3 not possible to develop one mixture of chemicals
that will have an optiral inerease of the keeping quality in all cases and this is
due especially to the differences in the optimal sugar concentrations. On the one
hand ths transpiraticn and thsrefore the water and sugar absorption is not the same
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for all plants, on %the other hand the sugar requiroment varies depending on the

species and tha devslopment stadium. As a mractical solution to this difficulty

i?. is suggested that a spweific basic media should be supplied and then an amocunt
of sugar added to each different plant according to ita requirment.s,

The advantagea of cutting flowers in an unopened ccndition can be realized
in almost all cases by uaing chemicals., These mixtures must prevent the blocking -
czused by bacteria as well as active vascular blocking {e.g., ACAC, finally with
an acid or enzymes poison), and must supply the sugar requirements. . In certain
cases the addition of urea {e.g., Dahlia) or boric acid {e.g., with Syringss {1])
can influence the result favourably, It is also often posaible by a short pre-
treatment with sugar to improve the keeping quality in latar stages, Alszo.
occasionally silver nitrats and boric acid had a favourabla after effect, tut this
pcssibility has not yet teen complete]y investigated,




