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Introductiqn

Representatiﬁes from the family of Lempaceaé make.i@eal_exberimentalmT
material for résearch into a éucqession of phytéphysiologic&i pfogéésésu_
with regard to growth rate and vegetative reproduction. They é?é.ais§ .
easy to maintaén'in sterile cultures, Lemnaceae beiong to fhe.higﬂer:: - 

flowering plants (flowers are rarely produced), however-they;aré.

. distingﬁished by a much simplified morphelogical and anatomical'structure.?

Reproduction is mainly vegefative. Under fQVOyrable conditions #eégfafiﬁet
shoots create new descendents unusually quickly throuéh.whicﬁﬂfhé inéfeasé.
in area and likewise numbers proceed in a typiéal exponentiai mgﬁner.r'ﬂ
Lemnaceae are generally accessible, being found throﬁghout~the Qﬁ?i€;  .*.  
ﬁfoducing a series of physiological differences~determined by variouS ;__
environmental factors, As watef plants they possess thé édvgﬁﬁége;nthgt
they can be cultivated in synthetic_media.under 1aborétofy éqnﬁitions |
controlled by the application of both a knowﬁ light intehsiﬁy'and 

temﬁératnre. Another feature of Lemnaceae is the relatively small area

" they occupy in sterile cultures (in Erlenmeyer flasks), which facilitates

the experimentation ;f the many external factors_ihflqencing tﬁe vériqué
physiolﬁgical processes. Creation of optimum conditioﬁs.for:tﬁe 1gb0rétory.:
éuitivation of Lemnaceae allows the researcher to bé indeﬁendgnf:frdﬁ-ihé.ﬁ'
vegetative seasoun in nature and enabies experimeﬁts to be cenducfed;: 

throughout the year.



- From the four typeé of Lemnaceae (Lemna, Spirodela, Wolffia.and
‘Wolffiella} +the most used for physiological research_ére kéﬁﬁi.a“d_
Spirodela. On account of their small size (Q.j - jmm) WOlffia.and.
- VWolffiella are rarely used. ‘A rich review of the literature about the
physiological researches for particular gpecies of Lemnaceae is given

by Landoclt (1957), Hillman (1959 é,b, 1961) and Czopek (1960, 1062) .

Method of procuring sterile cultures.

Material collected from the natural enviromment undergoes sterilization
with the aim pf obtaining cultures whicﬁ are complgtély devéid of micro-
érganisms. Sterilizétion is'éarried cut Ey the submersion of plants.in &
0.1%-dilution.of mercuric phloridé and 50% alcohol for 30 - 60.seés.
accordiﬁg'to the type of plant (Kandeler 1955, Czopek 1959a,}wcislo 1063),
or in a 0.05% dilﬁtion of sodium hypochlorite {(NaOCl) for 60 secs, (Bitcover
and Sieling 1951, Landolt 1957). Thé plant is.next washed with sterile
digtilled ﬁater and transferred io the culture flasks cpn£aining a étéfile'
_Synthefic me&iuﬁ with an.addition of'i% sucroée and d.Oi% asparagine aé a
cfiterion.for sterility. Thé ahove'operatibns are accomplishea ﬁn&er”
aseﬁtic coﬁditions, in special inoculation cells, After severai days of
cultivation in a luminous thermostat (about 1200 lux, 28°C) descendents
regenefate frém the dying parent shooté and.inifiate the stérile cultivation.
Thus obtained, sterile cultures can bg transferred, aseptically, inte- fresh
medium without repéating the sterilization procedure, making material for

phtysiological research.
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Number of sterile fronds (after 15 days cultivation) in relation to time
applied to sterilze. (Czopek 195%a). -

Conditioris for Cultivation

The growth rate and its progress is subject to a series of external.

factors, such as chemical composition of the medium, light inteﬁsity and

temperature,

I. Medium

The experiments of many authors have shown, that.certain-species

from the family Lemnaceae can grow in different mineral media with a

considerable calcium content in comparison to the remaining constituents.

This fact is not unexpected considering that Lemnaceae belong to the

higher flowering plants, which demand calcium for their development.

manganese, molybdenum and tin., In connection with this the composition

.Lemnaceas have a high demand for micronutrients, pérticulérly_bnron;

of media most used to cultivate Lemmaceae is_givén by Hutner (Landolt

Galston 1952).

1957), Yirson and Seidel (Kandeler 1955) and Hoagland (Bonner and

A characteristies feature about the medium of Hutner is. the high

micronutrient content and also the addition of NagEDTA {di-sodium salt

of ethylénediéminotetra acetic acid). In'mineral medium at pH>» 6 iron

3 R

Time of Mercuric [ Alcohol | Mercuric | Alcohol | Mercuric [Alcohol | Mercuric jAlcohol
Sterilization Chloride Chloride Chloride ' Chioride S
Secs. 45 30 30 Ly 45 45 60 60
L. gibba 180 115 139 108
L. minor 138 98 116 82

L. trisulea 6 6 9 3
Spirodela 10, 7 28 . -

 Wolffia 39 51 Lty 1%




. .

is assimilated better in an organic form (citrate or tart rate).

However through the addition of EDTA to the medium it is possible

to improve the assimilation of metal jons of salis which are difficult

to dissolve, particularly inorganic iron,

Table II

Composition of Chemical Media

HUTNER,

PIRSON i SEIDEL, mg’

HOAGLAND ,  mg

mng
| ——— - - ’
KeHPOW: o . v L 400 A=t s N W00 | GRNG . 610 - l
Ca (N0, H.0 200 KNOs. « o v v o . 00 ! | Ca{NQy)»4H,0 . . ., 950 ]
- MgS0.TH©O . 500§ CaCl-6H,0 . . . L . 610 ’ | MgSO.7THO. .. . . 90 |
o NHNOy . .. ... 200 MgS0, TH0. . . .. 300 | P NELEPO. L7 L 120
E-* ;css'g";i‘g' v . ig : . Iren tartrate.. 5
e r»{nnS-C;cI-i':O. Y ror cltratecs... 5 erwlenf?nts"“iml _
O OHBO; . .. ... 15 I;Mna,-m,o ----- 03 | H,0 dcst e . 1000 ml i
3 : . o ' : | j H . , !
Na,MoO, 2H,G . . 25 H;BO;. .7w v 0 o v s 03 . : -
- CuSOpSHO L. .. 4 H,Odesth v . . oW 1006 mZ{ Compos:.t:ton of
: CoSOpTH,0 L ... o Micronutrient Solution
2 E%E?TA ...... g in mg/1 _
%, 2 BSthy o v 4 1 ml ; HISBO.!- e e e m e 600 .
i Mo, 4H,0 . 400
| ZOSOW4HO L L . . 50
;Cuﬁol'SH!O ..... S0
¢ HMoO,4H,0 . . 20
P FLO dest. . oL L 1000 ml
. min o .?
' : . 7. i
Fig. T. increase in frond area of 2007 J E
[

Lemna gibba (L.g),

Leima minor (L.m),

Lemna trisulca {L.t.), Spirodela

polyrrhiza (b.p.), Wollffia arrhiza

(W.a) as a fuonction of tlmp(medium Hoagland).'

Abscisaa ~ days, Ordinate - total area .~ '0°

of frond (mm?) Czopek (195951_).

“wsap

50 -




As experiments of mény authors show, the béét growth.of Lemmaceae
iz at pH values between 4.8 - 6.1, at which.smali.changes in acidity of
the redium during growth do not play a major role. (Hensseﬁ 1954,
Landolt 193?). In order tolget the best vegetative growth and verify the
sterlity of the culturés_an organic source.of carbon i5 added_to the . |
medium. The most used is sucroée at a concentratioh of 1%,'ﬁuch_less 
is thé use of fructose and glucose {Gorham 1945, Henééén i954; Kandeigr'
1955, Czopek 1959 b, 1963, Wcislko 1963); Steriie'cuiturés.QrOw wei{
in a clear minéral medium, on the other hand an addifioﬁ_of éucrése
aCCeierates gfowth considérablya

:.From expefiments of Landolt_(1957) results‘shéw,.tﬁat.a wgékened
medium of Hutner, even ats the basic.concentratioﬁ, ;nly.éiiéhtly:¥educédff 'i'L..

growth., Whereas five times the concentration of the.ﬁedium-completely

~inhibited growth in Lemna and Wolffia (fig; 2). AYtogether other'resuits

obtained for the medium of Pirson and Seidel, for which the basic

concentration was reduced to%&, showed a strong inhibition'0£,growth ih'_

Lemna gibba {Czopek 1959 a)

- Table 1IX,.

Increase in area, numbers of fronds and plants of Polish species of -
Lemnaceae in relation to the cultivation time in three media (Czopek

195%a) . '
- Increase %n frond Increase in | licrease in numbers.
Medin i ny y .
ium Species area {mm®} mber§ ggondg . of plantsa.,
_ s b0 s sl tas s Lol s
L.gitba | 2832 1 9323 {oamas | 6 i 16j 50 [ 3| 8 »
CPoson | Lomimor 1 2433 | 9205 28062 | 6 ; 45 ¢ 45 | 3 g ¢ 20
i Losriulea Po17,00 f 1978 3 o222 | 2 L3 5 3 b f— b =
Seidel | Spirodela | 1173 I 31,29 | 4930 | 2 3 | £ — 11 2
Wolffa | 526 | 1305 ! 3281 1 6-) 15 ¢ 3% | 3| 7 | 2 _
" : oo ] -
L. gibba | 2579 | 80,08 121509 4 5 ;g6 1 43 3 5120
L. minor l 1532 § 5691 11948 1 4 [ 14 ‘32_[ Z {6 17
Hoagland | L. rrisulca | 37,62 57,67 21,40 4 6 g1 — 1 - —_—
‘Spirodela | 3391 76,34 152,14 5 5 7 b3 b2 3 5 6
Wolffia 3.67 8,31 1814 | 5 2] 3 2 517
L. gibba 11,57 18,03 19,00 | 3 4 4. 2 3 31 3
L. mingr 4 1285 | .21,89 22,36 5 | o2 4 15
Knop L. trisules 31,90 51,90 55,24 | -1 L | - —_ -
© | Spiredela 383 0 16,33 2747 2 -0 4 1 1 2
Wolffia CoT o) 415 1 s8] 2 8 | 19 1t 4 [ i0
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Figure 2. Growth of Lemna gibba (L.g)

and-Wolffia arrhiza (W.a.) in relation to

the concentration of Hutner's nedium at

2000 iux. and 24°c; Abscissa -

concentration of medium. Ordinate -

rate of growth (Laﬁdolt 1957)

Weislo (1963) researching the morphologicale physiological differences

between clohes of Lemna trisulca growingaseptically, stated the best

growth was possible in the media of Hoagland and Clark as well as modified

media of Rhode and Pfeffer, Lempa trisulca grew rather weakly in the

tmedia of Hﬁtner, Knép,-Pifson and .Seidel.

Lemnacéae which grow adequately in strong light.normally.do noﬁ.
ra@uire-growth substances. Hoﬁe?er growing in the'dark they haﬁe a2 demand
.ofher than hydrqcarhons and amino acids - yeaét extrgcﬁ (Gofham 1950, ﬁuoted
according to Léndolt 1957). The addition of humous substances Or.peat
éxtract.to the medium is equally stimulatgng for some species of
Lemnaqea. This is however a complex problem dgmanding fﬁrther research,
.sinée the various reéults obtained depend upon the culturé conditions; The
éxperimehts of Hutﬁer et al (1956, quoted according to Landolt 1957) séowed,-
that peat extract like fertilizer extract didlnot:stimu1a£e ;he growth of

Sbirodela oligorrhiza. Weislo (1963) discovered much better growth when

cultivating Lemna trisulca in a modified Pfeffer medium prepared in 1%
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peat extract. Lemna trisulca cultivated in a sterile 1% peat extract -
without the addition of the mineral. components and sugars, remained
viable for a long time but grew very slowly. The addition of 0.04%

bacte~peptone to the medjium of Pfeffer prodcued abnormalities in Lemna

trisulca with coiled leaf shaped shoots. (Weislo 1963).

Aeration of Cultures.

Bettér growth of Lemnaceae can be dttained through aeration of the

. culture medium. However, in sterile cultures it is necessary to employ

special fiftérs to sterilize the air, Such a filter can Bezmade by
fil;ing a glass. tube (abouf 25cms 1ong,.005 cms wide) with fightlyf'.
packed_cotton wboi {about 10 cms long) and pieces_of brokén.fiiﬁer_pépér'
(1-05) uséd generaily for analysis. Thus constructed fhe filtef ié-..
coﬁnectéd #o culture vessels to prevent the péssage of'bactériaIQr types
of fungi'and can bé utilised (after foregoing steriiizatioh) for certain
experiments. {Czopek 1963). An aquarium aeratof can bé uséd to aeraﬁe
the medium pumping air through the above mentioned fiiter. |
‘In certain cases i# islbetter to pass aAmixture.of air éﬁd_S%HCOQI

through the medium.

Figure 3. Scheme for the culture vessel using

a collar which restricts the growth of Spirodela’:

polyrrhiza to a precise area and filters air to

the medium. 1.  Flow-of air from the cylinder .

2. Cotton wool plug 3. Opening for plant

“inoculation 4. Filter to serilize the air.

5. Collar. 6. Medium __(Céopek - 1963)
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Illumination

.Cultivation of Lemnhaceae is usually conducted in an illuminated
thermostat, in which the light intensity can be freely adjusted; A ﬁhite.
light.whose.spectrum apprqached that of daylight is fhe most'profitaﬁle :
fqr the groﬁth of Lemnaceaeltlike many @ther highe; plénts). .Measﬁremégts
ofligh{ intensity are usually taken with photometer (1ux) or a thermopile and
galvonometer (ergs/cm®/sec.). The light intensity is measured éc;urately
inside erlenmeyer.flasks used_for'the experiments, siﬁce.the ﬁalls.of.

these vessels and'also_the cotton wool plﬁgs absorb a certain percent of the

light. ' Photothermostats (fig. &) with chromatic light illuminated over

a considerable area are used for research into the effects of various parts
of the spectrum on pﬁotobiological processes {(germination, flowering). An
exact description of this thermostat is found in the wark of Czopek (1962).

P

i

t?'  h;mfa£:Lif ' Figure %, Construction plan of the ﬁhotothermosfat
@% :EJ It[ with chromatic light. 1. .Moveable.'plate. 2. Light.

) a) spurce {4 x 150w bulbs) 3. Fan to cool'fﬁe buibs I

é) ' k. Glass aquarium with liquid.filter,'(sﬁlﬁtion_of

CUSOL 5Hg0 in 0.5%HS0;, or Fe(NiHk)y in 2% H,ySOL)

5. Coloured glass filter. 6 Fan mixing the air

T _Contact thermometer together with a mercufy'

relay 8. Heatiﬁg thermostat (2 X 25w bulbs),
(Czopek 1962).

;
CEN
The development of Lemnaceae ig improved by a rise in the light

intenéity up to a certain limit, Landolt (1957) statés”that particular

- species and varieties of Lemnaceae achieve maximum growth at intensities



between 4000 and 15000 lux, However for.certain.species éh'inténéify ;
around 15000 lux. produces damage to more than hélf-thelplaﬁts;'iﬁ\the.
opinion of Landolt (195?) this is caused by a harmful exceés.ﬁf ﬁérm
irradiation. Czopek (1959 a, b, 1962, 1963) successfully cuit'ivated L
Lemnaceae at a lower.iqtensity ~ about 1200 1u¥; WherEés'ngaiﬁ.f- -

was satisfied that an intenéity around'500 lux.ﬁﬁs su?fi@ieht.tﬁfcﬁitiﬁéfé

Lemah trisulca., For the growth of the majority of Lemnacéae bdntinuous

illumination is an advantage. Iillumination for less than'24.hrs,:per.day_"
reduces and even iphibita growth, particularly at low_inténsitiésT(Landolt

1957). At a reduced light intensity about 1000 lux for 12 hrsﬂdaily,'thé

fresh weight of Lewna trisulca, a plant liking the éhade;“ié feduqed in the ':a;'*'
“region of 10% - 30%, For this species the most fronds and alsp,the.highest "'
amount of fresh and dry weight are attained under continuoquilluminafion  .

{(Weislo 1963).

Ha Figure 5. Growth of Lemna glbba (L.g)

and Wolffia arrhiza (Weai) in relat1on

;
\

to the 111um1nat10n time (9000 lux., 296C

zgﬁg

and 2000 lux, 2&°C) 1n med1a with (o) and  '-

5

without (0) sucrcse, Abschsa - 1llum1nat10n

time (hrs.) - Ordznate - rdte of growth

(Landolt 1957)«

Temperature
Particular species of Lemnaceae have different fﬁerﬁal rééﬁiréméﬁté.-'
Maximum temperatures for the growth of Lemnaceae (féiafing to {emﬁeratureSI
at'whiéﬁ the plants survive over a 19ng:peribd of time) ;¥e iﬁi%hé région
26 - 37% and ﬁinimum between & -~ 18°C. Thése ﬁre ﬁoré'§f ie$é éimii§f.t9 

the range .of temperature for other flowering plants. The turions (organs of -
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Spofulation) of Spirodela polyrrhiza are unaffecfed by low aﬁd high
temperatures.l They resist temperatures of SOOC for 24 hrs, QEOC for a
wéek, =4°C for two week$ without any harm (Jdcobs 19&?).. For thé growth -
of Lemnaceae in a medium without sucrose Landglt (1957) showed tha£ the
optimun tem?erature was in the region 20 ~ 309C, however with sucfoée it

is a little higher, between 23 -~ 3208. Faisiﬁg thé fémperature reﬁuces

the area of shoots in the medium without sucrose at the optimum regions,

. whereas the addition of sucrose increases the area at these temperatures

(Table 1V). Czopek (1959 a, b, 1963) shows the cultivation of Pélish_'

species of Lemnaceae at a stable temperature 28°c(l 1°C) giving perfect
results,

rop ' _ .o _
relation to temperature at various light
intensities a. -9000 lux (continuouS),l B
b. ~ 2500 lux (for 16 hrs.), ¢ - 1000 lux
(18 hrs). Medium with sucrose (S}, without

- sucrose {o). Abscissa - temperature

i
L]
L]
¥
1

Ordinate -~ rate of growth.(Landolt 1957) .

by e

~ ‘Table IV. Average area of mature shoots_(mmg)'at-1000 1ux:er 18 hrs, at

variogs temperatures, - Results from 4 repeats on 50 shoots.

. Speciés Medium Temperature
' B ' K 100 200 L 260 320
' without sucrose

Lemna minor 44 57 40 Z’f
-With sucrose . 42 68 65 42
Spirodels polyrriiza without sucrose turions 16,5 1}2 132 .

‘with sucraose @7 L 23 L350 "3&?'

Figure 6’. Grdwth_of Lemﬁé gibba (L.g.) iﬁ
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Cultivation of Lemnaceae in the dafk

Fof research into some photobiological ﬁrocessés, it is néceésary '
to.make etiolated shoots of Lemna and Sgirodelaﬂin.dérkness. -Under thése.
conditions Lemnaceae require (apart from mineral_mgdiﬁm) ﬁ§t on1j an J ff
organic éourcé of carbon and nitrogen (sucrose and'aminq:;cid);nﬁﬁt'aié§
yveast extrééﬁ. From 23 amino acids tested (Gorhém.1950;IQQ6fed éécgfdihg:
to Landolt 195?)“on1y d, 1—isoluecine; d, I-amingbutyric acid éhé B ;-
alanine stimulate heterotrophic growth, while cher amiho'aéidg héve_é:ih
rather ha;mful effect. In experiments with Lemna minor Gbrﬁéﬁ §sed a?FT
mixture of i% sucrosé, 0.08% hydrolise& casein and 0.004% yegé£ ek£réct;  
ﬁcislo (1963) using a.medium prepared:in.l% peat extr&ci wiiﬁféﬁiad&itiaﬁ

of 1% Sucrose noticed only a minimum increase in the fresh weight of

Lemna trisulca when grown in darkress, whereas she showed an increase

_in the numbers of- descendents comiﬁg_from a_ single parent. A similar

phenomenon was observed for vegetative shoots of'Spirddela'polyrrhiza

by Czopek (1959b).

Figure 7. The grqwth:cf_Spiroaela

Eglz{{&igg.étimulated_by sﬁcrose in"_
light and darkness. Graph.shqwssthe  _
dependence of growth éﬁ temperature;.
illuminated at 1000 Tux for 18 hrs. .
i. (1000 lux; without subfosé). _

Abscissa - temperaturé;.'Ordinate -

‘rate of growth. "(Landolt-195?}.:

Apart from heterotrophic growth in complete darkness in%medium with

the addition of organic components{ sucrose, hydroliséd casein and yeast L
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extractj growth exists<Knon~photo§ynthetic$7 wﬁich is insufficient:af

a low intensity of iight to synthesize chlorophyli and photosynthesize,

This type of growth.demands an addition of-sucrose to the_medium. The

influence of this light replaces the action of organic substances

{hydrolised casein,.yeast extract) essential for positive growth in ccmplete
garkness;' In the opinibn oI.Hillman (1961) hetérotrophic growth cén be |
considered as a subdivision ®non-photosynthetic’y of growthf  As expériments.

of Hillman showéd, the rate of.vegetative reproduction for Lemna minor in
dafkness.in a medium with 1% surcrose can be much imbfoved by.disruptiﬁg:the

_ darkiperiod with several minutes action of red light during three to féur déys.
‘The effect of red light can be reversed by direct action of far_red.(?BOmp).
light. Here the role playe@.ié probably the same absorptivé arrangement és:iﬁ
photoperiodﬁcity, deetiolation, germination énd other pﬁotobiologiﬁai p¥00é53esj
The effect of low intensities .of red iight upon the }ate.of vegetative.re—

_ production in.Lemma mingr can be=feplaced by a stimulativelaeﬁivity.bf Eeftain
chemiéai substaﬁgés, particqlafly kinetin&wfurfurylaminopurine)at a.concentfatioﬁ
of 3 x 10-6M (Hillman 1957). In connection with this Hiilman pﬁt.fofward thé
suppos;tlon that yeast extract served the medium as a Source éf klnetlﬁ, Czopek

(1959b) stated, that etlolated turions of Spirodela polyrrhlza formed in the .

medium of Plrson and beldee with T% suerose also 1n darkness; they are however
rather smaller;in comparison with those formed in the light. 'Etxolated'turions'

possess a similar ability for growth_és the olivegreen ones from the light.'.

Measurements of Growth

._Witﬁ regard to the flattened lens shape of Lemnaceae.the.most positive
and'appiicéble indication of éroﬁth is the_inérease in area, frond and plant
_ numbefs. The.fresh and dfy Qeights are caiculated much iess.' Various methods
are used ﬁo measure the area of the shoots for _&gggé and épirodélaa |
One of these is the projection of a picture of the fioating fronds onto a

‘relatively dull screen (Ashby, Bolas, and Henderson 1928, Ashby and.Oxiey 1935),
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A condition of this method is that the fronds do not overlap. A

furthér perfectién is the method of'photogfaphic pianiﬁét;y"(gorhgniéqi,
Czopek 1959 a,b). Aﬁ the beginning of an gxperimeht and every 24.hré;_”
theréafter an enlarged photograph is made of'the;plantST(uptq iferminétibn )
of growth} and the'ared determined by-a'planime£er. bver largg.éféds'the_.
error is sligh£ (i 0, 2% ). Besides, ffqm phétograpﬁs it:iS_possibie;hé::*
determine a factor for tﬁe shape of an individﬁal frond-(felatioﬁ §£[  
1ength_t; brea@%?), tﬁe nﬁmber of frén%s andfthe ﬁumbef'of ﬁlgntéa..éﬁé;:_
area in Cultufes;.like the total ﬁumber ef.develdping-ffqndé.inéregses'..ff'-

exponentially. As shown by Czopek (1959b) the growth of area of an

individual frond of Spirodela polyrrhiza terminates daring 10 ~ 15 days. .

Figure 8. Factor for thenshape.(léhgth
| to breadth) of an individual ffond-0f '

Spirodela polyrrhiza as a function of time.

i 1959b).
F1gs 1
[ 3 I o ird - o o
“Table V. Formation of offshoots, progress of theif:growth and'ﬁotal'increa§e fV

in area of fronds, which developed from a single germinated %urion:dfj

Spirodela polyrrhiza, in relation to cultivation}_timéx{Czopek 1959h) ..

Abscissa - dayé. Crdinate - faciof_(Cﬁopekjk'  “1

2 Total area | Total increase in
o grea of fponds (mm_) . . Iof:fronds .area of all frornds
Day of culti- {———— - - B T S & which developed |
Vati?n after [ | 1 IHI. _ v {mm2) 3_.  frog gne turion
germination ' : _ - : (mnr™)
3 5 - - -~ 3 ' 5
5 .9 1,7 - —. 136 ] 13,6, -
6 13,8 6,6 1,2 e s 216"
7 16,6 12,2 2.5 ame SIS By 3L
8 19,8 162 54 23 43,7 43,7 g
8 20,8 17,1 99 18 55,6 58,4
10 23,7 18,3 16,5 13,1 71,8 3L6
1l 254 21,4 18,9 16,6 _ 82,3 103,5
12 286 23,0 20,6 13,1 90,3 132,9
13 19.6 26,1 23,4 222 01,3 - L1%0,5
14 30,8 26,9 25,2 23,6 1065 249,17
135 12,0 28,3 26,9 259 HRL 3z .
16 32,5 30,5 28,6 277 1193 492.3 I
17 % 32,0 31,0 28,5 - £24,0 - —
18 325 37,5 12,4 318 92 — e
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Experiments concerned with the growth of Lemnaceae in the dérk demand
the removallof measﬁrements in the light not inf;uehcing physiologicéi o
activity. In experiments with Sgirodela Gorham (1945) used dark g;éen_

‘ light,_which only to a_sﬁall degree influenced gréwth. - Like results of.
_Wifhrow_and Price (1957) green 1igh£ in the region 500 « 550 mii had a
minimim effépt on photqmorphogeneais. Because the eyesight adapted to.
darkneés_ﬁoséesses a maximum éensitivity at 510 mik if is.pﬁssiﬁle to ﬁse
low intensities of green light fdr the cbservation of gfowing material
developing.in darkness, . The rates of vegetative réproductinn in stérile
cultures in light and.darkness and also the easiness by_which.Lemnaceae-aré
cultivated in accurately determined laboratory cpnditions,.allbﬁslfhe use
of material for photophysiological researchlindependeﬁt of.ﬁhe timerof

year.
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Notice

Please note that these translations were produced to assist the scientific staff of the
FBA (Freshwater Biological Association) in their research. These translations were
done by scientific staff with relevant language skills and not by professional

translators.



