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ON SOME CHEMICAL PROPERTIES OF WOLFFIA 
ARRHIZA (L.) WIMM

LÁSZLÓ TÓTH

(Received on March 15, J962)

Wolffia arrhiza was found on August 2, 1960, in the reservation area 
of Lake Velence (P r is z t e r  1961 p. 120) while exploring the reed banks. Beside 
the specimens for the herbarium we secured living ones and planted them in 
the experimental concrete-lined pond of the Biological Research Institute of 
Tihany.

This species, very rare in Hungary (A l m á d i 1961 pp. 112—3) and regar
ded in the past years as becoming extinct, proved to have an excellent faculty 
of propagation and was found to be suitable in experiments concerning the 
role of makrophytic aquatic vegetation.

The various duckweeds are widely used in phytobiological experiments 
(H il l m a n  1961), especially the Lemna minor both in Hungary and abroad 
(E. B ö s z ö r m é n y i and Z. B ö s z ö r m é n y i 1957). Wolffia has so far been used 
plant beside the duckweeds which are known also to be used in practice (St e f a - 
n o v it s  1949, L a it t n e r  and M ü l l e r  1954, N ik o l a e v a  1956, F a s s e t t  1957, 
etc.).

In the following we shall briefly sum up our experience gained in growing 
Wolffia in 1961 and some chemical properties of its mass culture.

The major part of the experimental material was grown in a 275 cm 
long, 105 cm wide, 45 cm deep basin (made of about one cubic metre concrete) 
in the garden of the Biological Research Institute of Tihany, which was fed 
beside rain by the “outlet water” of the algal mass cultures in the green-house 
of the Institute. The “outlet water” was a solution remaining from algal 
suspension after eliminating the cells by supercentrifuging. The alga cultures 
were grown in tap water enriched by the addition of KN03, KH2P 0 4 and 
K2SO,. Owing to uneven anion adsorption, the water, after being centrifuged, 
contained a large amount of potassium cations in the form of KHC03 and 
K2C03. The residual nitrate and phosphate in it served as anorganic food for 
the Wolffia culture, whereas the metabolic products of the algae represented 
the organic food. (For the anorganic nutriment of the duckweeds, see H i l l 
m a n  1961 pp. 247 and 251.)

At the outset the „outlet water” coming from the algae had a favourable 
effect (see curve la in Fig. 1) but later, since it replaced the evaporating water 
and owing to the accumulation of a considerable amount of salt, to the uneven 
anion adsorption of the algae and the Wolff ia plants living in the basin and 
to the consumption of phytoplantonic carbon dioxide, a strong alkalization 
took place (above pH 10.5). Beside the meteorological factors prevailing in
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1. ábra. A meteorológiai tényezők (A =  borultság, В =  hőmérséklet) és a  W olf fia  
tenyészet szaporodási görbéje (C).

Figure 1. G rowth ra te  of out door culture of Wolf fia  arrhiza (C) in  com parison w ith 
cloudiness (0—10 relative grades) (A) and  w ith  a ir  tem peratu re  a t  14h (B) from  20th

Ju n e  to  25th August.

18*
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the autumn, this shift in the content of the solution was also responsible for 
lessening the growth rate of the culture.

According to Ernő Szabó’s analysis and kind information, the chemical 
composition of the water on June 20, i. e. in the phase of the rapid growth of 
Wolf fia was as follows: Ca++ =  21.8 mg/1; Mg++ =  36.7 mg/1; Na+ =  42 
mg/1; K + =  152 mg/1; C03 =  47.5 mg/1; HCCtf =  370.9 mg/1; NO;f=
=  4.5 mg/1; P 0 4---- =  0.4 mg/1; N02 =  0; NH3 =  0. Its electrical conduc
tivity was 744. The large amount of К  ions was conspicuous as early as that.

When the whole surface of the basin was covered with the mass vege
tation of Wolffia, the majority of the plants were scooped of with a sieve, 
dried at a temperature of 105 °C and weighed. The removal took place in
variably at 11 a. m. The one twentieth to one fiftieth part of the original mass 
was left on the surface of the water.

The quantitative increase of the dry matter obtained from the pond is 
shown in the function of time in Fig. 1 (C), where also the overcast (A) and 
temperature (B) conditions of the growth period are plotted as measured at 
2 p.m. daily by the meteorologic station set up in the park of the Biological 
Institute. The relative value of overcast conditions is expressed by grades 
going from 0 to 10, i. e. from cloudless sky to complete cloudiness, each column 
representing thus one tents of cloudiness.

The growth rate of the mass vegetation of the Wolffia decreased with 
time. If the curve of the increase of dry substance in Fig. 1 C is collated with 
the graphs of the meteorological data (A, B), it is found that at the end of 
June, when the rate of propagation of the Wolff ia was high, the meteorological 
conditions were most favourable: air temperature 24—32 °C, clear sky. The 
low temperatures and the almost permanent overcast in July retarded growth. 
Between Aug. 1 and 12, owing to the favourable temperature conditions 
(24—36 °C, clear sky) mass propagation was resumed.

Beside the shift in the content of the feeding solution, meteorological 
factors also influenced the rate of propagation of the Wolffia.

Between June 21 and August 25, 414 g of dry substance was collected 
from our pond of 3 m2. Out of this amount 95 g was recovered between June 21 
and 30, which is almost one fourth of the total (23 per cent). As this was 
collected during nine days, i. e. during one seventh of the breeding time obser
ved (66 days), with the maintenance of the favourable June conditions, the 
amount of dry substance would have been 693 g instead of 414.

These proportions inevitably suggest the idea that the “outlet water” 
of alga-growing plants to be established in the future could be utilized for 
growing Wolffia or some other aquatic plants (e. g. Lemna minor) of small 
size and of high propagating faculty.

With a view to investigating the function of aquatic vegetation of higher 
order, our further aims are to start mass cultivation in natural conditions and 
to produce bacterium-free laboratory cultures.

The results of the chemical analyses can be summed up as follows:
The samples dried at 105 °C up to constant weight were powdered in a 

mill and the dry substance was kept in desiccators (paper bags) filled with 
CaCl2. Our computations refer to this substance.

For determining chlorophyll, carotenoids and sugars, living material was 
used. To be able to refer the results to dry substance, water was extracted 
from the mass of living plants by blotting paper (taking care not to squash
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them), and the content of dry matter was weighed in an aliquot part of the 
sample thus obtained and serving as the basis of our computations.

The examination of ash ingredients.
The samples were heated at 650 °C up to weight constancy (about three 

hours). The heating remainder is given in the percentage of the dry substance 
(raw ash).

The total amount of nitrogen.
The organically bound nitrogen was determined by means of the modi

fied K j e l d a h l  method, with a microdistiller of the P a r n a s — W a g n e r  type.
In the presence of 5 ml sulphuric acid (s. w. 1.84) and 0.1 g selenium 

calatyzer, 250 gm of dry substance was decomposed in a 50 ml K j e l d a h l  
flask until complete discolouration. The content of the decomposing flask was 
transferred quantitatively into a 50 ml weighing flask, from the 2x10 ml 
of solution filled up to the mark, after its alkalization with sodium hydroxide 
(40 per cent), the released ammonia was distilled through a 10 ml boric acid 
of about 4 per cent and weighted with a 0.1 N hydrochloric acid solution in the 
presence of a G r o á k  indicator.

One ml 0.1 N hydrochloric acid yields 1.4 mg nitrogen. The series 
Nx6.25 yields the protein content of the substance investigated.

Crude fibres.
The crude fibres were determined by the S c h a r r e r —K ü r s c h n e r  

method based on acidic hydrolysis and oxidation (O r o s z l á n , S z o l n o k i and 
F e l e ö l d  у 1952).

With a mixture of 36 ml acetic acid (70 per cent), 2.5 ml nitric acid 
(s. w. 1.4) and 0.5 g of trichloroacetic acid, 1.5 g dry matter was boiled in a 100 ml 
E r l e n m e y e r  flask for 30 minutes with a reflux condenser, then dried at 105 
°C and filtered through a quantitative filtering paper of known weight. The 
filter was washed with 7 — 10 ml of the above hot acidic mixture, with hot 
water, 20 ml of ethanol and finally with 5—10 ml of ether. The filtering paper 
was dried on 105°C together with the remnants of filtering to weight constancy 
and then weighed. Deducting the wieght of the filtering paper from the result 
of weighing, the value obtained was somewhat higher than that of the actual 
fibre material, the difference being due to the amount of incrustation subs
tance insoluble during hydrolysis and concomitant to cellulose. Therefore 
the filtering remainder was incinerated together with the filtering paper, 
and the actual value was computed from the decrease of weight thus obtained 
(T ó t h  and S zabó  1958 p. 368). In case of the Wolffia, however, the amount 
of ash is so small (0.5 per cent) that it can safely be neglected.

Lipoid (petroleum ether soluble) substances.
For determining the lipoids the samples were extracted for 24 hours 

with pure petroleum ether in a S o x h l e t  device. After drying, the remainder 
in the filtering paper bags was weighed.

The above two dates were selected for publication because then extreme 
values were obtained. The nitrogen and protein content, compared to other 
plants, can be regarded as mean values. The crude-fibre content is rather low. 
The high ash content of the samples is conspicuous. At a first glance one may 
think of the feeding solution of high salt concentration adhering to the plants 
yet the very thorough washing of the plants with distilled water resulted in no 
essential change (20.5 and 19.8 per cent). Further experiments will have to 
reveal whether the ash content of the Wolffia as was found here should be
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Table 1 —  1. Táblázat
Ash, protein, crude-fibre and  lipoid conten t (per cent of d ry  m atte r) in

Wolffia arrhiza*
Wolf fia arrMzza hamu protein, nyersrost és lipoid tartalma (SzA %)

Date Ash Total N Protein Crude fibre Petroleum ether
Datum Hamu Nyersrost 6.25 N Összes N substances

26 VI 26.7 2.65 16.58 13.50
12 VII 23.1 3.30 20.62 10.60 6.86

ascribed to the feeding solution being different from the normal or else 
to the capacity of the species of accumulating large amounts of salt.

Pigment.
The total amount of chlorophyll components and of the carotenoids was 

measured in simple axetone ectract (M a c K in n e y  1941). Portions of fresh 
plants, weighed with a permissible error of +0.01 g, mixed with a small 
quantity of powdered glass, magnesium oxide and acetone, were ground 
into a homogeneous pulp. The extraction with 90 per cent acetone was 
carried on until, after drying, the mass remaining on the asbestos filter became 
white. Filled up to 50 ml, the extract was treated spectrophotometrically 
(with a B eckman DU spectrophotometer) at wave lengths 665, 645 and 480 m p. 
The specific extinction coefficients of R ichard  and T hompson (Barnes 1959, 
p. 323, Table 44) were used in the computations.

The results are compiled in Table 2.

Table 2 —  2. táblázat

Results of chlorophyll and  to tal-carotenoid estim ations of Wolffia arrhiza 
cu ltu res grown outdoors (Wj) and  in  laboratory  conditions (\Уц)

A Wolffia arrhiza szabadban (W |) és laboratórium ban (W h) nevelt 
tenyészeteinek klorofill és össz-karotinoid ta rta lm a

Dátum
Date

Jelzés
Sign.

a-ldorofill 
sza %

% of dry matter
b-klorofill 

sza %
% of dry matter

össz-karotinoida 
S.PU in 100 g dry 

matter

19 IX w , 0.49 0,14 0,21
29 IX w , 0,35 0,11 0,15
6 X W, 0,41 0,15 0,15

w „ 0,63 0,24 0,16

The values of the laboratory samples (cultivated near light, window) 
are 20—40 per cent higher than those of the outdoor samples. This is probably 
due to the fact the laboratory conditions were more favourable for th e  
Wolffia arrhiza living in the shadow of other plants outdoors. Excessive 
sunshine m ay result in the decomposition of chlorophyll (Montfort 1941, 
Z u r z y c k i  1957).

For the determination of ^-carotene [»laying the part of A-provitamin, 
so important in practice, the fresh plant substance was homogenized with 
about 20 ml of ethanol, powdered glass, mixed with 4 ml 60 per cent KOH 
solution and digested for five minutes ina water bath not exceeding 40 °0.



280

This was centrifuged at a low r. p. m., the pure liquid was poured off and 
the extraction was continued first with ethanol, then with water and acetone. 
Then the unsaponified pigments were shaken into pure ether, washed, dried 
and chromatographed on a 1 cm dia and about 14 cm long column made of 
a 1 : 1 mix of magnesium-Hyphlo supercel. The/?-carotene could be well sepa
rated with petroleum ether containing 4 per cent of acetone (B o o t h  1957). 
No a-carotene was found.

F or determ ining th e  q u an tity  of /1-carotene T ie w ’s (1959) extinction  
coefficient (on 452 m у  E[°J° =  2,600, in  hexane) was used, whereas th e  
o ther carotenoids were com puted w ith  th e  coefficient (on 445 m /л EJ“(“ =  
2,500, in  hexane) o f Goodw in  (1955).

The results are summed up in Table 3.

Table 3 —  3. táblázat
/1-carotene and m ixed xanthophylls in  W olffia arrhiza (mgs of 100 g dry

m atter)
A Wolffia arrhiza /З-karot in és xantofill ta rta lm a  (mg %)

Date ß —carotene Mixed xanthophylls
Dátum ß —karotin xantofill keverék

28 XI 24,9 78,0
30 X I 29,0 95,1

28,4 86,0

The differences betw een th e  results of th e  tw o m ethods (the value o f 
to tal-caro tene con ten t weighed in  acetone ex trac t is always higher th an  th e  
am ount ob tained  in  hexane) can be explained by  methodologic reasons ( F elföld  y  
Szabó and  T óth 1962.)

Sugar analysis.
For the sake of orientation the quality of sugars to be found in the 

Wolffia was examined with the paper-chromatographic method. For a starting 
point living matter was used, here too, (for the determination of dry matter 
see above). It was extracted with tepid 70 per cent ethanol, distilled in vacuum 
at a temperature not exceeding 30 °C until it was dry and then solved in 1 ml 
70 per cent ethanol. A 0.02 ml portion of this extract was chromatographed 
on a 40 cm long Schleicher  and Schüll 2043 В paper with a solvent of 
butanol : ethanol : water ( 4 : 1 :  5). The sugar was made visible by basic 
silver nitrate (the saccharose was inverted on a band with a mix of trichloro
acetic acid and ethanol) (Lin sk en s  1959). The sugars were identified by means 
of the corresponding standards.

Beside a small amount of maltose, a medium amount of glucose, fructose 
and a large quantity of saccharose were found. As far as the changes in the 
amount of sugars during the twenty-four hours of a day is concerned, saccha
rose was found to be compiled in large quantities toward the evening, reducing 
to the minimum in the morning. These changes indicate the importance of 
the disaccharides for the metabolism of Wolffia.

I wish to express my thanks to the Head of Department Dr  L ajos 
F elfö ld y  for the assistance I received from him during my work. For the 
water analysis I am indepted to Mr  E rnő Szabó, scientific research worker,



281

for the lipoid analysis to M r  T i b o r  F a r k a s  scientific research worker, for the 
chromatography of the sugars to M r s  K lára M o h á c s y  scientific research 
worker, for the spectrophotometric measurements to Mrs B r i g i t t a  S z . 
S c h ii l t z e , assistant, and for the nitrogen determination to Miss G i z e l l a  
S o l y m o s y , university student.

Sum m ary

Our observations made during the cultivation of the W o lffia  a rrh iza  
(L.) W im m . transplanted in the concrete basin in the park of the Biological 
Institute of Tihany from the reed banks of Lake Velence and the chemical 
analysis of the mass here obtained have been treated.

A medium amount of protein (2.5—3.3 per cent), petroleum-ether- 
soluble substance (6.9 per cent), a small amount of crude fibres (10—13 per 
cent) and a strikingly large quantity of ash (23 — 28 per cent) were found in 
the dry matter of the W olffia .

In the plants grown under laboratory conditions there was much more 
a- and b-chlorophyll (0 .6 , resp. 0.2 per cent) than in the outdoor samples 
(0.4 resp. 0.1 per cent). No a-carotene was found, and the /1-carotene content 
varied between 24 and 30 mg per cent. The quantity of the other carotene 
was 80—100 mg per cent. The sugar analysis of the W olffia  yielded a small 
amount of maltose, a medium amount of glucose and fructose, and much 
saccharose.

The results of outdoor cultures reflect the impact of meteorologic condi
tions: the highest rate of propagation was observed during the warm, sunny 
days between June 20 and 30, and between Aug, 1 and 12.

Later the rate of propagation was undoubtedly influenced by the mass 
of algae in the “outlet water” (feeding solution left over from algal suspension, 
from which the cells were removed by centrifuging) which, owing to the 
uneven anion adsorption of the algae living in the pond and of the W olffia  
plants and to the consumption of phytoplankton carbon dioxide, became 
strongly alkaline.

In the most favourable period, i. e. between June 21 and 30, 95 g of dry 
matter was produced in the 3 m2 basin, that is during one seventh (66 of the 
total period (66 days) 23 per cent (414 g) of the total crop.

We have set ourselves further tasks, such as to examine how the so-called 
“outlet” water of an alga-growing apparatus can be best utilized for W o lffia  
cultures and to create a bacterium-free culture for investigating the function 
of the aquatic vegetation of higher order.
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A W O L F  F I  A  A R R H I Z A  (L.) Wímm N É H Á N Y  K ÉM IA I TULAJDONSÁGÁRÓL

T ó th  L á s z ló

Ö s s z e f o g l a l á s

A Velencei-tó nádasaiból szárm azó és a  tihany i Biológiai In tézet udvarán  levő 
beton-m edencébe te lep íte tt W o lf  f i a  a r r h i z a  (L.) W imm . tenyésztése során k ap o tt tapasz
ta la ta in k a t és az i t t  n yert töm eg kém iai analízisét ism ertettük .

A W o lf  f i a  szárazanyagában közepes mennyiségű fehérjét (2,5— 3,3% ) és petróleum  
éter oldékony anyagot (6,9%) kevés nyersrostot (10— 13%) és feltűnően sok ham ut 
(23— 28%) ta láltunk .

Á laboratórium ban te rm ett növényekben lényegesen több  (0,6, ill. 0,2% ) a-, illetve 
b-klorofill volt, m in t aszabadföldi m in tákban  (0,4, ill. 0,1% ). a-karo tin t nem  ta lá ltunk , a 
/1-karót in ta rta lom  24— 30 m g%  között változo tt. A többi karotinoid mennyisége 80—  
100 m g% . A W o lf  f i a  cukor-analízise során kevés m altózt, közepes mennyiségű glukózt és 
fruk tózt és sok szaharózt ta lá ltunk .

A szabadföldi tenyésztés eredményei a meteorológiai tényezők hatására  m u ta tnak , 
a  leggyorsabb szaporodás a  jún. 20, jún. 30 és az aug. 1, aug. 12 közötti meleg, napos 
időszakra esett.

A későbbiek folyam án a  szaporodás gyorsaságát feltétlenül befolyásolta az az 
alga „szennyvíz” tömeg is (az algaszuszpenzióból visszam aradó tápoldat, am iből a  se jte
k e t szupercentrifugával táv o líto tták  el) —- m ely a  m edencében élő algák és W o lf  f i a  
növények egyenlőtlen anion felvétele és a fitop lankton  széndioxid felhasználása m ia tt 
erősen ellúgosodott és egyoldalúvá vált — , am it az elpárolgó víz helyébe ad tunk ,

A jún. 21 és jún . 30 közötti legkedvezőbb periódusban —  3 m2 felületű tenyésztő 
m edencénkben —  9 nap a la tt 95 g szárazanyag term elődött, vagyis a vizsgált tenyészidő 
(66 nap) egyhetede a la tt  az össztermés (414 g) 23%-a.

W o lf f ia v & l  való vizsgálataink további célkitűzése, egyrészt, hogy megvizsgáljuk, 
hogy egy alga-tenyésztő berendezés ún. „szennyvizét” hogy hasznosíthatjuk  a legjobban 
W o lf  f i a  tenyésztésével, m ásrészt, hogy baktérium m entes k u ltú rá t állítsunk elő a maga- 
sabbrendű vízi vegetáció szerepének k u ta tása  céljából.
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