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by Ernest K. Akamine, Theodore Goo and Robert Suehisa g»*%# ^^B 1

Relationship between lear darkening

and chemical composition of leaves of species of protea
INTRODUCTION—The history and
culture of ornamental proteas and
their worldwide use as cut flowers
have been published (8. 9). The vase
life of some species of ornamental
protea is decreased by the rapid dark
ening of the leaves on the flower
?tern (2, 4. 5). This paper reports on
the relationship between the rate of
leaf darkening and chemical compo
sition of the flower stem leaves of dif
ferent species of protea. Kesulls of
attempts to decrease the rate of leal
darkening by the use of some com
mercial floral preservatives and chem
icals used for the preservation ol
other cut flowers (I. 3. 6. 7) are also
reported.

Sp'-de-i 0 iy; to darken

Protea reports 53

P. macrocephalu 5.3
P. eximo 7.1

leucospcrmum cordifoli LI 111 89

leucodcndron dis olur 1*1.4

Protea uhtusilo.ia 16.7

P. oristuta 1/6

P. compaclo 17.7

P. benbicjero 18.1
1'. cyroroides 20 I

P. luurifoliu 206
P. laclicolor 24 3

P. neriifolio 24.7
P. Suzanne 4'>0

P. lonqifolia 46.1
Leucospermum lot um

est wos discontinued•'After 22 days.
because Ihe leaves dried out.- On this
doy, on th.- averuye, cn!y 4 6 pi-Kent
ol '.hi leal surface wos darkened <md
ro caves were completely darkened.

Table I. Average number of days lor
all flower stem leaves of ornamental
protea species to darken completely

MATERIALS AND MKTHODS—
Sixteen species of protea were used
in the investigation to determine the
relationship between the rate of dark
ening of flower stem leaves and their
chemical composition. Terminal shoots
with flower buds were cut from fields
at the Maui agricultural research cen
ter of the Hawaii agricultural experi
ment station and immediately air
shipped to the laboratory in Honolulu
where the investigation was conduc
ted. For each species, two flower stems
with 15 leaves each were used for

chemical analyses, and one other stem
with a similar number of leaves was

used to determine the rate of leaf
darkening.

l.'.-fif Outistitui.n! Coi relation

Mo (ppin; .7908"
Zn (ppinj 6954:l

N (%) .6044''
Cu ippm> .5435
Fe (ppml .473/
Moist tiro (''ol .4 108
Dry weight (%•• -I-.4I08
P (%) .4033
K »%| 3398
Sucrose [%) f.3068
Non.reducing, suqur* :% .2043
S i%) .1847
Idol sugars i% i .I0C8
11 Ippnit 1- .0868
Mr, (%i f .0802
Co (%t + .0096

"Significant ot P - .01
''Significant at P ;i .05

Table 2. Correlation (r» between flow
er stem leaf composition and rate of
leaf darkening for 13 ornamental pro-
tea species

For chemical anal\*es. the le.ne-

were removed from the stem .m>f

successively washed in detergent solu
(ion. tap water and deioni/cd water
(twice). Excess surface moistute w.in
removed with paper toweling he! on-
weighing, and the lea\es were dneii
in a draft o\x\\ at 75 degtee> ( enn-
grade for 4K hours. After dmng. the
leaves were again weighed. Mien
ground in a stainless steel Wile\ null
preparatory to analyzing for various
constituents. I'or the analysis of m.m
ganese (Mn). zinc (/n>. coppci i('u>.
iron (Fe), potassium (K>. magnesium
(Mg) and calcium (la), an atomic ab
sorption speciropholometer w;is used,
for the analysis of nitrogen (N>. pho-*
phorus (P). boron (Bi. sulfur (Si .uul
sugars (sucrose, non-reducing and to
tal), a Technicon Auioanalwer u.i-

used. Analyses were reported on tlu-
basis of dry weight.

The stem for determining the tale
of leaf darkening was placed in a gla^
jar with tap water (supplemented .in
required) in the laboratory, lempei
ature ranged from 20.<S to 22.5 de
grees C. and relative Intmidit) w.in
kept al 71 to 79 percent. I'ach lea
was numbered from butt lo up u!
the stem, and the approximate aie.i
of darkened surface as percentage ot
the total leaf surface area w.is deiet

mined daily and recorded until a'l
leaves were completely darkened.

In other experiments, various com
mercial floral preservatives and chem
icals were utilized in (he vase uatei
in the laboratory in attempts to de
crease the rate of flower stent le.u

darkening in a species of protea (Pro
tea exima) which has one of the Inch

est rates of leaf darkening (2).

Flciul preservatives

cvorblcom (20 q/l)
.'loralife (20 a./I
Roselife (20 cj/l.
Pelaiife (20 a/1;
Or.-:. (20 g/l,
Sucrose (30 g/l) -)- 3 HQC' (0.2 cj/.
Sucrose >30 g/l + 8 rlOS1* ,0.2 '<).
Sucrose (30 q/|i |- AqNO, (.05 <j, i
-f- citric acid (0.1 g/l)
Deionized water
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Ml)

6.1

0.0

1.9

9 1

4 1.5

70.3

8

9.1

10.3

36 5

6 9

0.0

25

11.3

46 8

81.9

10 12

Average dark*

13.1 14.5

13.2 Ma

63 4 ,",6 0

7.7 8.1

0.0 0.0

3 1 3.6

14.0 15.9

56.5 6 1 5

85.8 ICO.O

D a

14

15.6

16 3

'•'3 l!

6.3

CO

4.1

13 3

6.5.8

y s

16

ecf area

20.5

18.5

97.8

8.6

0.3

4.1

203

63.3

1£

(pcrcer
20

if

22 24

27.7 28 9

13 6 19 0

S.9 9.2

4.3 6 3

4 4 4.8

33.-* 35 1

71.0 71 5

26 .'c

29 6 .;' •
19 3 ! • •:

l> j • :

;< 5 : ' '

•: 8

36 :•: .'.-. •'.

n 5 •' i :

255

185

9£0

8.6

0.5

4.4

257

69.8

26.7

18 5

100.0
8.9

0.9

4.4

31.2

70.2

n8-hy.lroxyqginoline citrcjte
''8 hydroxyquinoline sulfate

Table 3. Effect of commercial
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Figure 1. R ilioi ; •; I • ••- :ei
• . • • j1, ., iV, . -. ,, leave: •:••:••. iv •

I I'kettiny ii ; pt's O* >l",
'ii'il ; iti-a

I ivhlv cul leiminal shoots \\itii

huils nisi beginning 10 open were ob-
i tined Ironi the Maui research center

.!• .1 sliced :n .1 commercial shipping
I- i, r..i:'<- in (he laboiatorv lot two
il.i\s io simul.ue shipping and hand
hng lune loi air-shipped flowers liom
I law an to the I S mainland. \i (Ik

rud o! the second da\. the stem butts

'.;•;• heshh cul io retain 15 leaves

. n e.ich before being placed in the
olutious iii die laboratory. F'ach

.iliiieui Wits composeil o! :i single
•'em with 15 leaves which were mini

chronological!) from the bull
ihe tip ol the stem The vase solu

nous ol the \,::to\i^ eoniiueiei.il floral

-. -,-' •. .iii\ ex (|-.verhloom. ! loiahle,

Kosehle Petalife and Oasis) and ehem-

ival picservatives (sucrose. 8-hydroxv-
, inohnc citrate. S-hydroxyquinoline
Niill.iie. silsei nutate and citric acid)
o.eie uiadi, with deioni/od water and

..' m ul.iss j.ir-s I he reunited vol

ume ol the vase solutions was te
plinishcd .is needed with deionized
water wnhoui the aildilion ol preserva
io is. ! he i.tie "I leal dai keniug was
oh-ei'.ed dadv Ihe diameter ol the

bud oi'eriir,1! was also measured daily
iiniil the bud beg.in to cloxe. when
me.isiuemeius weic lerniinated.

R| s! : I S ! he rale ol flower stem

lc.il d.n keiuivj "l the I'1 specie« vai
ied widclv i loin appioximalch Ine
da\s foi Ptolea icpens and P. nia-
eroo nhal i it) ii- da\ s foi P. longi
loli.i I I able i I. \\ hen the leal darken

ing rati w.is eonelal 'd wMl) ihe :•.-:i:
cheinic; I . - mposition of !.; species

ivucal i i position ol i eueospei -
mum . • did ''in.u I lottcm. uul

! etii nil ndroi lisv oloi was nol de-

lei • mi : • insufl ieieni leal N.mi-

iln c< >i relation (i i varied w ide-
is with ihe chemical constituents
I i ..!• 'i ()nl\ three eonstitu nts

.-. .-|. ignilu anih i oriel tied willi the
i,He of llowei stem leaf darkening
\ln oh: /o had highly significant neg
ative eotrelations (P = nil and N
li.nl .i significant negative correlation
11' :•: i)5>, Ihe relationships between
these chemical constituents ami ihe

tale oi flowci stem leaf darkening
oi iln diifereni -pecies are depicted
in I igtues 1. 2. and } willi a liueai
regression equation lino drawn foi
each 'relationship Iln: number ol days
iUt|tiifed foi the leaves to darken de
.i .. ed with increasing coneenlia
lion- .,< Mn /n uul N the highei
the conccniiaiions, ihe more rapidly
the le ives daikened.

Ihe 'lie.! ol floral preservatives on
ihe l.ile <>' llowei stem leal darkening
is \how n in one oi die experiments
conducted loi a period of 28 days ( I'a-

•, I) \ll treatments were superior
io ihe control Ideioni/ed water only).
Whereas in dcioni/ed vvater. ail leaves
were coniplolch darkened in i" davs:
in Roselile. the\ were darkened in 2t)
d.o- .uul in ihe othei preset vat ives.
Ihev were nol completely darkened
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Figure 7. Rola!" •• I ; srween (he Zn
i niiieul oi (lowei '• :' Ii i •-• :; and theii
mil ol iktrkeninrj in ;pi^cie »l -nna
rininli il : u'oleo

even tltei 28 days Among those re
maining in the test for 28 days. Potalife.
Oasis and sucrose I 8-HQC were most
effective for reducing the rale of leaf
darkening: the others were less ellcc-
live. Among the preservatives used in
these investigations. Kverhloom. sucrose
and citric acid were also found effective
for delaying senescence of flowers and
leases of Protea exima elsewhere 12).

Ihe rate oi flower closing was com
pared with Ihe rate ol leaf darkening
in alfcefed by ihe various floral pre

servatives (lalile •♦). All preservatives
(Continued on parje 107)

Figure 3. Relationship belv/eon the N
i. mfenl oi flowei stein leaves and their
rale o( darkening ii species of oma-
mental protea
,....,,.g^^^^;v"^^^^;^-^^
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Continued dem page 73)
'ilU-t! »\iih lev. fragile Christmas novcl-
:k> Miscellaneous figurines, stars,
s.nit.is. letnileer. angels, minaturc fire-

l.ivvs. stockings, tinx hells ami others.
I'm v.- utc I2.N «»f these bins—the aver-
-•. L-.ip.icM\ is seven cubic feel, and :i!l

• •>>• in.itchjnt! t.ipereil shouldeis. Thc\
iv quiekh folded flat ,si season's
.huI s,. present no significant stor-

". piohlenis.

I" W Oil) SIORACil-: I'KOUI IMS.
'!•> lie.iN. like man\ retailers, hold ;i
:<ilt puce sale attei Christmas on all
<•.isiui.il dccorati\c> and closely related
mi letns Year-round staple lines, .such

>• mil.mi -oiitdooi gardening supplies.
• 'ti seed, leeileis. power equipment.
i> .ue nol included. t Inlike mosi ol
Ik competition, however, the Heals

s«.cp ilicu sale going through the first
••.vk ol January. Over the years. vol-

••iih handled during this aciivjt\ has
•%ci.iged 11.'in 12 10 Is percent of the

heginning Christmas inventory.
'•loving oui ih.,i much merchandise
i. .-• es onl\ s 1,1 'i rviivni ,,| |ho origi

slock, valued al appioximatch
I'Mitm. lo he repacked loi storage

i the eompan) warehouse.
Although our annual clearance sale

• seldom belter than a break-even
.'•oposition m usell. ii is reall) .1 life-
iei in leiins ol holding down storage
••sis" sa)s Bob Ilea! "When consider-

mg escalating insurance premiums, car-
ui\ei expense can now be 17 in 20

percent ol 1ho potential retail value of
•'i,-icliainlis,-" Ihat's why ihe Heals
!•• lougei cinisidei storing slow-moving
iiccoralives more than once. If ihe\
•kwi'i move during their second ex
posure, they're donated lo charitable
•rg.ini/alions: Repacking and rcinsur-
ng would virtually eliminate any resid

ual \alue. Furthermore, the goodwill
aspects ol tins gesture may represent
potential profits.

J'ruleas

Continued from page 63)
; lolonyed ihe life ol the flower, i.e..
ihe\ reduced ihe rate of flower closing.
v\ hen ihe preservatives were ranked ac
cording io their efficiency lo dclaj
>. losing o1 flowoi and to delay browning
•i leal i lahle -J), there was a highly

Mgnilicani positive correlation of .0824
"I ) heiween the iwo rankings.

I-'nis the el loci ol am preservative on
tlouei closing and leal darkening was
die s.,me prcMixaiiveo th.it delayed
sviiescenee ol Ilowers also delayed leal
wow mijy io iho same degree.

' ,,N( I I SIONS Ihe rate ol darken-
hi: ol leaves on Ilower stems of orna

mental protea varied widel) among dif-
Meni species and was negativeI\ eor-

f-EBRUARY 8, 1979
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Introducing Ernie Hillenmey
Through the most knowledge-
able sales reps in (he industry,
Rail Seed Company offers a com
plete line of quality seeds, mums,
plants, bulbs, containers, sup
plies, greenhouses and energy
savers. Wo are pleased, there
fore, to announce that Ernie
Hillenmeyer III is our new rep
in Central and Eastern Ken
tucky and portions of Ohio and
West Virginia. A graduate of
Thomas More College. Ft. Mitch
ell. KY. he has had extensive
experience in marketing and
greenhouse production of agri
cultural transplants, pot crops
and bedding: plants.

Ernie has completed our sales
training program to further in
crease his product knowledge.

Florist Quality Priced Righ
• 3" thru 10" pots
• Ferns

• Hanging Baskels-6",8",10"
• Totem Poles-5 varieties
• Rooted Cuttings
Call oi Wrile lor Availability &Prices

Mid-Florida
Growers Exchange

P.O.Box 941. Winter Park. Fla. 32789

(305) 647-6505

Are you ready for Easter?
Order Now!

He's ready to serve you by help
ing plan your bedding plant
production, scheduling of mums
and pot crops as well as byevalu
ating the latest energy-saving
equipment. Like all Rail reps.
Ernie will keep up to date with
our ever-changing industry In-
attending sales meetings and
seminars and by visiting sup
pliers. To get acquainted, call
him today at 606/564-6472, or
drop him a line at 220 Limestone
St.. Maysville. KY 11056.

~:j*a .ii=r-Erv..-erj5:.7.j

Fascinating Carnivorous Plants
VENUS

FLYTRAPS
24 preplanted traps
in clear plastic
pots. Display pic-
turn & growing in

structions included.

$21.50 per case prepaid
or buy 3 cases and save.

$60.00 prepaid
Check with order, please.

NEAL BULB
CO. INC.

99 Spring Valley Road
Montvale, NJ 07645n*c
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related with the Mu. Zn and N con
tent ol the leaves. Leaves ol species
with higher levels, ol these element-
darkened earlier lhan those with lowe.
levels. The rale of llowci closing „.
flower stems in preservative solutions
was positiveh correlated with die rate
ol leal browning: Moral preservative
thai delayed flower closing were also
equally effective for delaying leal
browning. All preservatives used in
Ihese investigations were effective foi
delaying senescence of flowers am.
leaves, and among these, I'ctalifc. Oasis
and sucrose • S-HQC were mosi
lecnve. In breeding programs to im
prove flower quality, chemical composi-
tion of leaves should he considered lo
alleviate Ihe problem of lea! browning
in ornamental proteas.
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Iry growing .sonic plants dial are na
tive to your pari of ihe country to he
sold as souvenirs to summa tourists.
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CONSIDER THE GLOXINIA AS AYEAR-AROUND POT PLANT:
Low initial cost per Dot.
High nurket returns.
No lights - No shade - No disbudding - No pinching.

CONSIDER SMALL'S HYBRID GLOXINIAS:
Choice seedlings grown and shipped in 21V plastic pots.

£ ol!!'.^"y Wr^ped and packed in units of 50 plants
,rw Cl",tsh'Pped ,n msuiated. Styrofoam containertcr carefree shipping tne year around.

Plants produce more flexible leaves than those from bulbs.
Fur free grower's manual or to place an order, contact your favontp

horticultural dealer or

Karl J. Srpall Growers, ipc.
P. 0. BOX 427 PINELLAS PARK, FLORIDA 335:>5

Phone (813) 526-9113

Hams
MURKAV.IfK.

14955 SWrWTt)/VLPM1 ROMA 3315?
YEAS-AROUNO SUPPLIES

QUALITY I" & 10"

FOLIAGE PLANTS

PHONE,

305-231-5440

z^&fes V̂MS,

LAKH WORTH, FLA.
Florida-Grown Foliage Plants

305-960-3110

DOORNBDSCH BROS., INC.
Flnait Quality of Holland and

Oomaitlc Bulbx

Aik (or our WhoUjalo Prlc«»
P.O. Box 71, Rocholl. Pork. N. J. 07662

. .'ion-;: Area Cod* 201 — B45-7V96

POT PLANTS

Foliage and Flowering
NURSERYMENS EXCHANGE

475 Sixth St.. San Francisco, Ca. 94103
1415) 392-0078

GERANIUM PRICE LIST
CUTTINGS - PLANTS

Wide choice of Zonal*. Ivy Leaf BcenJ-
ed, Fancy Leaf and Lady Waohlnfftona.

Wilson Bros. Floral Co., Inc.
HOACIIDALK. IND

"ox BS Phono Sn/fl0fl-J4fl3

/T} I 230 Livingston Av«.

filed&'it P. C. Box 67
Stolen Island, N. Y.

•• wc/ 10314

"Fol a°e Plat ts"
Our Fall 1*78 Bulb

C.-.1:, 09 ll available.
lei No. (212) 761-1700

Don't get caught with your plants
down. C«'l <onsislfiil (Jll.lhlN ,mil
dependable product .iv.ul.ilnlitt j«

SOUTHJ)f,DE NURSERIES. INC
I9095S.W I'KAvffl,,,.
Mumi. I"l.-ii,i.i ,i:i|',-
t.tOM ..'.l.'. /'J.ti

3n&C f

-Company
Incorporated

Seeds, Bulbs, Plants
lg Kart tBth St.. New Tork. N. T. 10010

Less than 10c each. Hardy,
profitable garden 'per
formers that finish in 12
weeks.

HEINZ BROTHERS
II10U5E5

57 Roosovelt St. St. Charles. IL 60174
312/5040473
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