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Inhibitory Effect of Carbohydrate on Flowering in Lemna perpusilla.
I. Interaction of Sucrose with Calcium and Phosphate Ions'

Herbert B. Posner
Department of Biology, State University of New York, Binghamton, New York 13901

Received November 21, 1968.

Abstract. Flowering in Lemna perpusilla 6746 grown on tenth-strength Hutner's medium
under short days was inhibited 'by 30 mM sucrose, glucose or fructose, but not by mannitol.
The inhibition by sucrose does not appear to be due to sucrose-induced acidifidation of the
medium during growth, or to trace metal contaminants of the sugar. Inhibition wa-s partially
prevented by raising either Ca2+ or phosphate to levels used in half-strength medium. Possible
mechanisms for these effects are discussed.

The view stressed early in this century that sub-
strates play an important regulatory role in plant
growth anid development has recently re-attracted
attention ( 1, 2). In the case of floweringg it has
been suggested that unspecific subs-tances such as
sucrose miiglht play a central role (8). It was there-
fore of particular interest to find that flowering in
Lemniiia perputsilla 6746 and mutant strain 1073 grown
on dilute Hutner's medium was inhibited by sutcrose;
the inhibitioni was prevented by growing the cultures
on hioh-ler concentrationbs of the mediunm ( 14). These
findings siggested 2 possible approaclhes to further
study of thle problem: one, to identify the conm-
ponent or components of Hutner's medium that over-
come the inhlibition by sucrose; the second, to identify
those organic supplements that mimic the effect of
suicrose.

The results given below, from studies based on
the first al)l)roach, indicate that inhibition of flowver-
ing by sucrose is overcome bx increasinig the levels
of eitlher Ca-- or phosphate.

Materials and Methods

Vegetative stock cultures. started wvith two
3-frond colonies of Lemniiia perputsilla straiin 6746,
were grown aseptically on about 50 ml of hallf-
strengtlh Hutner's mediumil (10) in 125 ml Erlen-
meyer flasks plugged with cotton. Unless noted
otherw%-ise, the mediunm con,tained sucrose (30 mm).
The growtlh conditions were continuous light (about
150 ft-c) froml Sylvania cool-wlite fluorescent lamiips.,
witlh the air tenmperature 240 to 260.

Experimental cultures were started wvith sinlgle
3-frond colonies from stock cultures 7 to 9 days old.
and were grown on 25 nml medium in 25 X 1)0 mn

1 This wvork was supported by N.S.F. Grant GB-6559.

tubes capped with Morton stainless steel closures.
Tlle tuibes were inclined at a 300 angle under flower-
ing con,ditions (6) : 8-hr photoperiod; ahout 300
ft-c fronm alternated cool- and warm-wlhite Sylvania
fluorescent tubes; air temperature 240 to 260 during
the dark and 250 to 270 during the light periods.

The basal nmediumii for experimental cultures was
tenth-strengtll Hutner's nmedium wrhich has the
following composition. Macronutrients (mm):
Ca(NO,)Q2-4H.,O, 0.1l5; K.,HPO,, 0.23; NH4NO3,
0,25 ; MgSO4-7H.,O, 0.20. Micronutrienits (uM):
FeSO4-7H.,O, 9.0; ZnSO4-7H.,O, 23.0; H,BO,
23.0; Na.,MoO4-2H.,O, 10.0; CuSO4-5H.,O, 1.6;
Co( NO:,).,-6H,O, 0.07; M\,InCl-4H2O, 9.0. Chelator,
Potassium form (nmM): EDTA, 0.17 plus KOH,
0.36. Before autoclaving, the pH was adjusted to
6.5 with KOH. This slightly raised the total K+
level. All media were nmade witlh reagent-grade
chemiiicals in water produced by glass distilling de-
ionized water from tlle general laboratory svstem.

IUniless otherwvise noted, sucrose-su,pplemented
cuiltures were examiiined on day 6 and uinsupplemented
culttures oIn day 8, at which times their frond numbers
were about equal. Fronds were counted under
8X magnification and then dissected un,der 20X.
Flowvering in,tensity whien expressed as Fl % wvas
determiined as described elsewhere (6, 15). These
referen,ces should be consulted for further details
concerniing mediumi composition and preparation,
frond and flower morphology, and techniques.

Results

Catioti-exclhaiye TrecttencIt of Sutcrose. Before
attemp)ting to identify the component or components
of Hu.ner's nmediumil that overcome the sucrose-in-
duced inhlibition of flowering. experinments were done
to deternine wlhetlher the inhibition was due to a
trace mletal contaminant of the sucrose. The inhibi-
tory effect of reagent grade sucrose '(Fisher) was
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compared with that of sucrose treated with a cation
exchange resin, Chelex (Bio Rad). An initial ex-

periment indicated that such treatment reduces the
inhibitory effect of sucrose. However, the reduction
was observed only if the Chelex was not thoroughly
washed before being used. Chelex appears to coni-
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FIG. 1, A-D. Effects of sucrose on flowering, frond

production, and pH. Stock cultures grown on half-
strength Hutner's medium without or with sucrose (30
mM) under continuous cool-white fluorescent light (150
ft-c). Transferred to tenth-strength medium without or
with sucrose (30 mM) under flowering conditions [8-hr
photoperiod, cool- and warm-white fluorescent light (300-
400 ft-c) at 240 to 270]. Each point is mean of 3 values.
Fig. 1, A) Stock, no sucrose; Experimental, no sucrose.
Fig. 1, B) Stock, no sucrose; Experimental, plus su-

crose. Fig. 1, C) Stock, plus sucrose; Experimental,
no sucrose. Fig. 1, D) Stock, plus sucrose; Experi-
mental, plus sucrose.

tain a water-soluble substance that overcomes the
sucrose inhibition. Thoroughly washed Chelex did
not reduce the inhibitory effect of sucrose. The
day 6 Fl % values (6 cultures per group) were 0

for untreated and treated sucrose cultures, with a

range of frond numbers of 29 to 42 and 32 to 43,
respectively. The Fl % mean for minus sucrose

controls (4 cultures) on day 8 was 44, with a range
of frond numnbers of 25 to 39.

Acidification of the Medium«z. Another possibil-
ity, that inhibition of flowering by sucrose in dilute
medium resulted from rapid acidification of the
medium, was examined in an experiment similar to
one reported previously (14). Vegetative stock
cultures were grown with and without sucrose.

From these, individual colonies were planted on

tenth-strength medium with or without sucrose

(30 mM), and placed under an 8-hr photoperiod.
Replicate cultures were removed on days 2, 3. 4, 6,
and 8; the fronds were counted and dissected, and
the 'pH of the media measured (Fig. 1, A-D).

In the absence of sucrose in the experimental
medium, there was little effect of sucrose in the
stock cultures in terms of frond and flower produc-
tion, as well as acidification (compare Fig. 1, A
with 1, C). Confirming previous results (14),
sucrose inhibited flowering on tenth-strength medium
if the inocula were taken from stock cultures grown

on sucrose-supplemented medium, but not if taken
from unsupplemented stocks (compare Fig. 1, B with
1, D). Although sucrose increased the rate of
acidification of the medium, comparison of Fig. 1, B
with 1, D shows that abouit the same degree of
acidification occurred regardless of the stock culture
condition. Thus, decreased pH appears to be a
symptom. of growth with sucrose and not the cause
of inhibited flowering.

Identification of Active Salts. Cultures were

grown with or without sucrose (30 mmi) on Hutner's
medium modified as follows: A) all components at

Table I. Effects of Inicreased Levels of Macro- and Microntitrients WTith anid WVithotut Sutcrose otn Flowering
Light and temp as in Fig. 1. Stock cultures grown on half-strength Hutner's medium with 30 mm sucrose. Ex-

perimental cultures grown on various modifications of Hutner's medium with and without sucrose. Concentrations
of micronutrients (inicluding K-EDTA) and macronutrients expressed as fractioll of full-strength Hutner's medium.
Fl % and frond number values are means + S. E. of 5 cultures.

Concn. of Day 6 Day 8
micro- macro- No. of No. of

Sucrose nutrients nutrients fronds Fl % fronds Fl %
)liM

0.1 0.1 ... ... 30.0 + 1.0 33.6 6.5
0 0.5 0.5 ... ... 28.0 2.4 32.0 6.4

0.1 0.5 ... ... 33.8 2.3 43.0 + 4.3
0.5 0.1 no growth

0.1 0.1 29.0 1.3 5.8 + 2.1 49.8 3.2 0.0
0.5 0.5 53.2 4.2 41.3 5.9 94.3 3.5 47.5 2.2

30 0.1 0.5 47.2 4.3 57.0 1.9 71.5 3.1 50.5 + 4.2
0.5 0.1 no growth
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tenth-strengtlh; B) all components at half-strength;
C) mnicronutrients including K-EDTA at tenth-
strength; nmacroinutrieints at half-strength; D) micro-
nutrients including K-EDTA at half-strength; nmacro-
nutrients at tenth-strength. The results are in
table T.

Consistent with previous data, flowering was

markedlv inhibited by sucrose in tenth-strengtlh
mediuml, but not in half-strength. The inhibitory
effect of sucrose was overcome by increasing the
concentrationi of the macronutrients, indicating that
this fractioin contains an active coml)onent. How-
ever, since growtth did not occur on the tenth-strength
medium witlh the micronutrients and K-EDTA at
half-strengtlh, these results did not eliminate the
possibility that the micronutrient fractionl also con-

tains an active compon ent.
In order to prevent the toxic effect of Composition

(D), K-EDTA was kept at tenth-strength regardless
of the concentrations of the other fractions. This
modification was incorporated in ain experiment
similar to the previous one. The results in ta;ble II
show that in the absence of sucrose, flowering was

unaffected by increasing the concentration of the
macronutrients; increased levels of micronutrients
slightly inhibited flowering. Flowering was inhibited
on tentlh-strength medium containing sucrose. Sup-
plemlentiing this medium witlh micronutrients had no

effect, but raisinig the macrontutrients to half-strength
levels prevented the sucrose inhibition; since the

mean number of fronds for both of these treatments
did not differ, the higher number of flowering fronds
produced in the macronutrient-supplemented medium
was not merely due to a highler total number of
fronds.

Idenitification of A ctize Macron tricents. Cultures
were grown without and with sucrose (30 mM) in
tenth-strength Hutner's medium with each of the
macroinutrients at half-strength. Controls included
cultures with all macronutrients at either tenth-
strengtlh or hallf-strengtlh.

The results, summililarized in table III, confirm
those obtained before: in the absence of sucrose,
flowei-ing was about the same with macronutrients
at tentlh- or half-strenigtlh; in the presence of sucrose,
inhibition occurred on tenth-strength but not on
half-strength. The results obtained wvith macronu-
trients tested individually are complicated by the
inhibition of growth in cultures on tenth-strength
mediunm wvith MgSO.1 at half-strength. However,
sufficient growth occurred writh sucrose to show that
NMg.SO, did not overcomle the inhibition of flowering.
An increased conicentration of NH4NO:I was also
ineffective. In contrast, Ca(NO3) 2 and to a greater
extent 1K,HPO4 prevented the sucrose inhibition.
As before, the presence of flowvering fronds in cul-
tures supplemeinted wvith these salts was not simply
the result of a highler total number of fronds. This
is in(dicated by the finding that on day 8, Fl %

Table II. Effects of I)ncreased ILevels of Macronuitrients anid Micronuttrients owl Stlcr-ose-Illdliced
Inihibition of Flozecrilnq

Light, temp, and stock conditions as in table I. Experimental cultures grown onI tenth-strength medium without
or with sucrose at 30 mni, and supplemented with micronutrients or mnacroniutrieints to half-strength medium levels.
K-EDTA at tenth-strenigth levels in all cases. Minus sucrose cultures dissected on day 8; plus sucrose on day 6.
Fl % and frond number values are means ± S.E. of 7 cultures.

Concn. of - Sucrose + Sucrose
micro- macro- No. of No. of

nutrients nutrients fronds Fl % fronds Fl %
hiM
0.1 0.1 33.1 ± 0.9 33.3 ± 2.6 39.7 ± 2.2 2.6 ± 1.7
0.1 0.5 39.6 ± 2.8 34.3 ± 3.3 49.0 ± 3.2 35.7 + 2.2
0.5 0.1 32.0 ± 0.7 20.4 ± 0.9 49.8 ± 1.5 0.0

Table III. Sutcrose-Induiced Inhibitiont of Floweering as Affected lbv Various Macromutricnt Salts
Growth conditions and sucrose supplementation as in table I. Salts added to bring level to that in half-strength

medium. Plus sucrose cultures (7) dissected on day 6; minus sucrose cultures (5) on day 8, except for MgSO4
which were dissected on day 10. Fl % and frond numbers are means ± S.E.

- Sucrose + Sucrose
Salt No. of No. of
added fronds Fl % fronds Fl %

None 30.8 ± 2.0 25.0 ± 4.7 40.4 ± 2.3 0.0
Ca(N°3)2 36.8 ± 2.3 33.8 ± 4.2 54.9 ± 2.7 5.3 + 2.0
K,HPO4 37.0 ± 4.1 37.6 ± 3.8 67.4 ±+ 3.5 22.6 + 4.4
NH4NO3 37.6 ± 0.8 30.8 ± 1.5 49.3 ± 4.3 0.0
MgSO4 18.4 ± 1.0 7.0 ± 4.9 35.3 ± 2.6 0.0
All 4 32.6 ± 2.0 35.4 + 3.3 68.0 ± 2.6 44.9 ± 3.4
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values for plus sucrose controls were still 0, even

though their mean number of fronds was 84.
Identification of Active Ions. Those salts show-

ing any activity were further studied to identify the
active ions. In *the first experiment of this type,
K2HPO4, Na2HPO4, and KCl were tested to deter-
mine whether the activity exhibited by the K2HPO4
(see table III) was due to the K+ or to the phosphate.
The results (table IV) show that KCI, with a molar
concentration of potassium equal to that of K2HPO4,
was completely inactive, while Na9HPO4 with the
same molarity of phosphate as the K.HPO4 com-

pletely prevented the sucrose inihibition.
The next experiment, designed to determine

whether the activity shown by Ca(NO3)2 required
both ions of the salt, compared Ca (NO3) 2 with
KNOC and CaCL.. The results (table V) show that
Ca2+ in the absence of additional (NO3)- overcame

the sucrose inhibition. Thus, either Ca2+ or phos-
phate prevented inhibition of flow%Nering by sucrose.

Effects of Other CarbohYdrates. It was of spe-

cial interest to determine whether the inhibitory
effect of sucrose was due to its action as an osmotic
agent in the medium, or as a nutrient. Although
this matter will be dealt with in greater detail in the
second paper of this series, some pertinent results
will be given here comparing the effect of sucrose
with that of glucose, fructose and mannitol. The
data, summarized in table VI, show that flowering
was unaffected by mannitol, but was completely in-
hibited by the other carbohydrates.

Discussion

In the absence of exogenous carbohydrates, low
levels of macronutrients that did not markedly reduce
growth had Ino effect on flowering of Lemnna perpu-
silla 6746; in the presence of sucrose, glucose or

fructose, there was a marked reduction in flowering,

Table IV. Sucrose-Intduiced Inihibitiont of Flowering as Affected by K+ anid PhosPhate
Growth conditions, sucrose supplementation, and dissection times as in table II. Fl % values are means ± S.E.

of 4 cultuires.
- Sucrose + Sucrose

Salt No. of No. of
added Concn. fronds Fl % fronds Fl %

mM

None ... 31.5 ± 1.3 33.3 + 4.5 52.5 ± 4.5 0.0
KCl 1.84 32.5 ± 1.6 27.8 ± 3.1 41.5 ± 3.1 0.0

K2HP04 0.92 34.8 ± 1.3 40.5 ± 2.7 68.8 + 3.1 30.3 ± 1.4
Na2HP04 0.92 36.0 ± 2.0 36.8 ± 2.1 74.8 ± 2.5 35.5 ± 2.9

Table V. Suicrose-Inidiuced Inihibition of Fl1ozcwe.Kn.g as Affected by Ca2+ and (NO, )- A4dded Inidividutally or Together
Growth conditions, sucrose supplementation, and dissection tiines as in table II. Fl % values are means S.E.

of 6 cultures for -Sucrose and 7 cultures for + Sucrose.

-Sucrose + Sucrose
N\o. of No. of

Salt added Concn. fronds Fl % fronds Fl %

W11M
None ... 34.0 ± 2.9 50.5 + 2.3 40.4 ± 1.9 1.0 ± 1.0
KNO, 1.2 34.6 ± 1.1 54.0 ± 4.1 44.0 + 2.7 0.0
Ca(NO3)2 0.6 35.3 ± 2.0 46.5 ± 3.5 50.3 ± 3.1 24.3 ± 3.1
CaCl, 0.6 37.0 + 3.7 50.7 + 1.9 48.4 ± 4.6 22.0 ± 4.3

Table VI. Effects of Various Carbohydrates on Flowerinig
Light, temp, and stock conditions as in table I. Experimental cultures tenth-strength Hutner's medium with sup-

plements (30 mNf) as noted. Fl % and frond number values are means ± S.E. of 4 cultures.

Day 6 Day 8
No. of No. of

Supplement fronds Fl % fronds Fl %

None 16.8 ± 1.3 7.8 ± 0.9 26.5 ± 1.5 34.0 ± 1.8
Mannitol 17.8 ± 2.3 11.0 ± 5.2 26.0 ± 0.4 41.0 ± 1.9
Sucrose 28.3 ± 0.5 0.0 55.0 ± 1.4 0.0
Glucose 25.8 ± 0.3 0.0 36.0 ± 2.2 0.0
Fructose 18.0 ± 0.4 0.0 28.0 + 1.4 0.0
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whereas with mannitol flowering was unaffected.
The inhibition of floweriing by sucrose in low-macro-
nutrient medium was prevented by increasing the
levels of either Ca2+ or phosphate, but not by K+,
(NO,)-, (NH4) M,Mg2, or (4)2-. The effect of
Ca2+ might have been due to an enhancement of the
uptake or total accumulation of phosphate, as has
been shown in other plant systerms (13).

Hillman (9) has reported that Ca2+ and phos-

phate inhibit coipper-induced long-day flowering of
6746 grown on a non-chelated medium, and has suig-

gested that an inhibition of Cu21 uptake might be
involved. It is not possible at this time to implicate
Cu21 in the sucrose-Ca-phosphate interaction reported
here, sinice the question as to whether Cu21 is re-

quired for short-day flowering in 6746 has not been
unequivocally resolved.

Another possibly related explanation for the in-
tera,ction between sucrose and phosphate is that iron
metabolisnm might be affected. Iron is required for
photoperiodic induction of flowering in 6746 (7).
and its uptake or activity can be affected by Ca21 and
phosphate (5).

Recent wvork implicating car'bohydrates in a regtu-
latory role in flowering includes the report that in
Chenopodiumiii rubrunii, glucose, but not sucrose, either
inhibits or stimulates flowering, depending on the
time o,f feeding during a 72-hr dark period (3).
This and other work has suggested that carbohy-
dra,tes may be involved in circadian rhythms of
flower induction (4). In this regard, Kandeler (I 1 )
has reported that suicrose, CO., and (HCO,)- inhibit
photoperiodically controlled flowering in L. gibba,
and has suggested that the effeict might be dtue to
excessive consumption of ATP (12). A similar
mechanism might be hypothesized for the sucrose-

phosphate interaction reported here. It is clear,

however, that interpretation of the results would be
greatly aided by further identification and study of
those substances that mimic the inhibitory effect of
sucrose. Results bearin,g on this will be described
in the second paper of this series.
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