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Abstract

The influence of sodium humate on calcium and iron uptake by two species of algae was
studied. It was found that sodium humate influence differentially the growth of these algae in
various culture conditions by regulating the iron uptake. The action of sodium humate is
especially favourable in non optimal pH of the medium and its effectiveness increases with
time.

INTRODUCTION

A number of papers from the field of ecology indicate that the presence of various
species in a given water body is largely dependent on the iron content, water pH
and the presence of humic substances (Uspenski, 1927; Lund, 1965; Lepnieva,
1950).

The analyses performed by Uspeniski showed that in natural water bodies only
iron concentration may change suddenly, therefore it decides of the spread of algae.

It is mentioned in the literature that, among algae, calciphils and calciphobes may
be distinguished (Lepnieva, 1950; Lund, 1965). Lund claims that the amount of
calcium influences the specific composition in natural water bodies. Golovin (1964)
investigated ecological groupments of algae and stressed the existence of forms
which choose consistently an alkaline or acidic medium. The reaction of this medium
is not without meaning for the occurrence of definite species and indirectly influences
the spread of algae (Uspenski, 1927). The pH limits within which algae are able
to grow are very wide; as reported by Lund the population density in natural con-
ditions may be high between pH 4.5 and 9.5. Other authors claim that the pH of the
medium is a factor which influences not the quantity, but the quality of the phyto-
plankton.
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At the same time, the buffer role of humic (organic) compounds at unfavourable
pH in natural conditions is stressed (Uspenski, 1927; Lepnieva, 1950). It has
also been found in experimental work that humic compounds have a favourable
effect at nonoptimal pH. In such cases Mainx (1927) explains the influence of
humus by its buffering effect in the medium, whereas Badura (1965) attributes the
protective role of humus to its ion-exchanger properties. This action, as affirmed by
the author, consists in regulation of mineral components uptake at certain pH values.

The presence of humic compounds and their fractions in mineral medium has
mostly a stimulating action on the development of algae, the increment of their mass
and their morphology. It has, however, been found that the result of the physiological
influence of humic compounds is dependent on external physical and chemical
factors (Uspenski, Uspeniskaya, 1925; Uspenski, 1927; Fogg, 1942; Guminiski
1947; Lhotaky 1954, 1955, 1960; Kvét, 1957; Prat, 1960, 1964, 1967: Stoklasa,
1962; Tichy, 1962; Rypacek, 1962; Mina¥, Mannsbartova, Tichy, 1964;
Flanderkovd, Tichy, Minaf (1969); Kabelova, Mina¥, Tichy, 1969; Ky¢,
1970, Nechutova, Tichy, 1970 and others).

The aim of the present study was the investigation of the effect of humic com-
pounds on two species of algae against three variable parameters Ca®**, Fe’*
and pH.

METHODS

The investigations were carried out on cultures of Scenedesmus quadricauda
(Turp. Breb.) and Gonium pectorale originating from the collection of autotrophic
cultures of the Czech Academy of Sciences. _

After numerous preliminary experiments Pringsheim’s medium (1954) was chosen
for culture as the most suitable for both kinds of algae. The medium was prepared
from water bidistilled in a glass distiller and salts pure p. a. The composition of the
medium was as follows: KNO; — 0.2 g, (NH,), HPO, — 0.02 g, MgSO,-H,0 —
0.01 g, CaCl,-6 H,O — 0.0005 g, FeCl; — 0.0005 g and distilled water — 1000 ml.
Pringsheim’s medium was modified by increasing iron or calcium concentration
and used in two combinations: without sodium humate and with it. The sodium
humate solution was prepared from compost by the method described by Guminski
(1950, 1965).

Medium pH was adjusted for several days with the use of a L. B. S. lamp pH-meter
to 6.8. Then the medium was sterilized in an autoclave and pH was checked once
more.

The algae were cultured in 25 ml of medium in 100-ml Erlenmeyer flasks. The
experimental cultures were inoculated unter sterile conditions by introducing 1 ml
of well stirred 15-day basic culture into each flask.

The experiments were performed in a photothermostat room at light intensity
5000 lux and temperature 21.2° C over a period of two weeks.

The influence of sodium humate was expressed in terms of the number of cells
and dry mass of the algae.
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In order to obtain univocal results the algae were killed with ethaform (3 parts
of ethanol and 1 part of formalin) by adding 5 drops of this substance to each flask.
The algae were counted in a Fuchs-Rosenthal chamber. Samples were taken four
times from a well stirred mixture. The number of cells is given as arithmetic mean
from five replications for 1/4 of the chamber volume.

Then the contents of each flask were transferred on to weighed hard filter paper
and washed with acidified water in order to wash out the salt, and with slightly
alkalized water for washing out humic compounds. The whole was dried to constant
weight, first at 105°C and later at 80°C. '

RESULTS

1. Influence of sodium humate in the case of different iron doses

The results of the experiments shown in diagrams 1 and 2 prove that Scenedesmus
quadricauda is an alga requiring much larger iron amounts (ca. 1.4 mg/l.) as compared
with Gonium pectorale (ca. 0.5 mg/L).
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Fig. 1. Influence of sodium humate with different iron doses
K—control; H—sodium humate
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Fig. 2. The influence of sodium humate with different iron doses

K — control; H — sodium humate

The influence of sodium humate was studied in media containing various iron
levels as follows:

for Scenedesmus 0.17 mg Fe**/1. (iron level in Pringsheim’s medium), 1.05 mg

Fe** /1., 1.40 mg Fe3*/l., 1.75 mg Fe3+/I;
for Gonium pectorale 0.17 mg Fe3* /I, 0.35 mg Fe3*/l, 0.52 mg Fe** /I,
0.70 mg Fe3*/1.

In all combinations a stimulating effect of sodium humate on cell number and
dry mass increment of the algae was noted in all Scenedesmus quaericauda cultures.

The presence of sodium humate in Gonium pectorale cultures greatly inhibited
the increase in the number of cells, it was, however, observed that their size markedly
increased. No negative influence of humate on dry mass increment of the algae
was observed in media with a low iron concentration.

2. Influence of sodium humate in the case of various calcium doses

The experiments illustrated in diagrams 3 and 4 prove differences in the calcium
requirement of the two algae. Maximum growth of Scenedesmus quadricauda was
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obtained at concentrations of 4.5 mg Ca’*/l. and of Gonium pectorale at 9.0 mg

Ca?*/l.
The role of sodium humate was studied in the case of the following calcium doses:

for Scenedesmus quadricauda 0.09 mg Ca2* [I. (calcium level in Pringsheim’s
medium), 0.9 mg Ca?*/l., 4.5 mg Ca?* /1., 9.0 mg

Ca?+fl.
for Gonium pectorale 9.0 mg Ca?*/l, 13.5 mg Ca?*/L

It was found that the addition of sodium humate to the medium causes an increase
in dry mass and in the number of cells in Scenedesmus quadricauda, notwithstanding

the calcium concentration in the medium.
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The presence of humate evoked quite a different reaction in the Gonium pectorale
culture. This alga responded by an inhibition of the increase in cell number and dry
mass. Only when an excess of calcium was added to the medium was no detrimental

effect of sodium humate observed.
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Fig. 4. The influence of sodium humate with different calcium doses
K — control; H — sodium humate

3. Influence of sodium humate in the case of optimal calcium and iron doses after 5,
10 and 15 days of culture

In the next step of investigations the development of Scenedesmus quadricauda
and Gonium pectorale was studied in optimal media established in experiments 1 and 2.
Experiment 3 was performed according to the following scheme:

1. optimal calcium concentration —no sodium humate

» » » — sodium humate added
2, » iron - —mno sodium humate
2 o - sodium humate added

3 i calcium and iron concentration — no sodium humate added
I I 2 ” 2 — Sodium humate added

After 5, 10 and 15 days of culture 5 lots from each combination were taken for
analysis which demonstrated an unequal cell growth and dry mass increment of the
algae in the different combinations.

After 10 and 15 days the largest increment in cell number and dry mass of Scene-
desmus quadricauda was obtained in medium with optimal calcium and iron content,
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somewhat lower in the medium enriched only in iron, whereas a considerably lower
increment in medium with only calcium added (diagram 5). The stimulating effect of
sodium humate increased with time and proved most pronounced in medium de-
fective in iron.
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Fig. 5. The influence of sodium humate with optimal calcium and iron doses — after 5, 10 and
15 days

As could be expected a different response was noted in Gonium pectorale cultures.
As the culture aged, differences in growth became apparent. Highest increments
were also obtained in medium with optimal concentrations of both elements. On the
other hand, this alga grew better in medium containing an optimal calcium dose than
in that with optimal iron concentration. Observations of growth dynamics, in media
lacking sodium humate and those with this substance added, for a two-week period
showed that the presence of humate pregressively limits the increase in the number
of cells and amount of dry mass, particularly when calcium is deficient (diagram 6).

4. Influence of initial pH of medium on the effect of sodium humate in the case of
optimal calcium and iron doses

As demonstrated by the foregoing experiments (1, 2, 3) Scenedesmus quadricauda
and Gonium pectorale have different requirements as regards calcium and iron
concentration in the medium. Since the effectiveness of iron and calcium ions is
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Fig. 6. The influence of sodium humate with optimal calcium and iron doses — after 5, 10 and
15 days

K — control; H — sodium humate

dependent on the pH of the solution, it was necessary to test the reaction of both
algae in media with optimal calcium and iron doses with the application of three
variants of the initial pH of the medium: 5.8, 6.8 and 7.8. This scheme was applied
to media with and without sodium humate.

The most intensive growth of Scenedesmus quadricauda was obtained in media
with initial pH 7.8 (diagram 7). Acid pH caused a distinct growth inhibition (small
rounded cells, in many cenobia spines lacking). Medium with optimal iron con-
centration proved more advantageous than that with optimal calcium content. The
presence of sodium humate stimulated growth in all the variants of the medium.

The same experiment performed with Gonium pectorale demonstrated that medium
with initial pH 6.8 gives the highest algae mass increment (diagram 8). Both acidic
and alkaline medium considerably inhibited growth. In all combinations a greater
cell number and dry mass increment was found in media with optimal pH 7.8, parti-
cularly in the variants with calcium deficit. At pH 5.8 humate stimulates growth
of cells and dry mass increase in Gonium pectorale.
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Scenedesmus guadricavaa
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Figs 7 and 8. The influence of initial pH of the medium on the action of sodium humate with optimal
iron and calcium doses
K — control; H — sodium humate
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DISCUSSION

Sodium humate stimulated Seenedesmus quadricauda cultures to an increase in cell
number and dry mass. Control tests demonstrated the sensitivity of this alga to F>
deficit. It may, therefore, be assumed that sodium humate ‘compensates the iron
deficit in the medium (Horner, Burk, Hoover, 1934; Thotoky, 1955; Erdtman,
1955; Dyakonova, 1962; Aso and Sekai, 1963; Guminski et al. 1965; Gumin-
ski, 1965; Czerwinski, 1967, Guminski and Sulej, 1967; Tatkowska, 1970;
Kyé¢, 1970).

Numerous investigators are of the opinion that humic compounds regulate
too low or too high concentrations of the medium, making possible to the plants
the uptake of cations occurring in insufficient amounts, or inhibit the adsorption
of those which are present in excess (a buffering action) (Séchtig, 1964; Guminski,
1967; Tatkowska, 1970; Ky¢, 1970; Badura, 1965). Pringsheim’s medium is
characterized by a relatively low salt concentration, and this may explain the stimu-
lating action on the population of Scenedesmus quadricauda even when iron is present
in excess in the nutrient solution.

Analysis of the results of all the experiments with Gonium pectorale shows une-
quivocally that sodium humate inhibits the development of this alga. This negative
effect decreased with growing calcium concentration in the medium. Such an action
is probably associated with the complex-forming properties of the humate. It is
known from other studies that humic compounds limit the uptake of certain ions,
for instance Cu?* or Ca?*, forming difficultly decomposable chelates (Kappen,
1943, Catsky, 1958; Jurkowska, 1957; Zajcev, 1959; B. Niklewski, 1949;
Guminski et al. 1965; Bleim, 1966; N. Niklewski, 1968).

The results of investigations up to date prove that the effect of humate becomes
more intensive with time (Thotaky, 1955, 1960; Ky¢, 1970). In the light of these
communications, the increasing stimulation in the case of Scenedesmus quadricauda,
particularly in nutrient medium deficient in iron, and the inhibitory effect of humate
in cultures of Gonium pectorale, especially when calcium is deficient, become unders-
tandable.

The protective role of humate appeared also in media with pH different from
optimal, as noted by Sladky, 1959, 1965; Sladky, Tichy, 1959; Prat, 1960; Ky¢,
1970. These results may perhaps be interpreted as follows: in an acidic medium F3*,
Ca** and AI®* are precipitated in the form of phosphates (Ellenberg, 1958), whereas
when pH changes in alkaline direction Ca? *, Mg?* and Fe?* precipitate (Granick,
1958). Since humic compounds inhibit phosphate precipitation, they at the same
time make cations available to plants, and the range of favourable pH increases,

It would thus seem, in the light of these results that the stimulating influence
of humate on Scenedesmus quadricauda (increase of cell number and of dry mass),
and the inhibitory effect on the same parameters in Gonium pectorale are connected
with the different requirements of these organisms as regards iron and calcium.
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CONCLUSIONS

1. Scenedesmus quadricauda requires relatively large amounts of iron and is very
sensitive to its deficit.

2. Gonium pectorale is highly sensitive to calcium deficit.

3. Sodium humate causes an increase in the number of cells and dry mass in Sce-
nedesmus quadricauda. This phenomenon cannot be explained solely by the
availability of iron in this case.

4. Sodium humate in general inhibits growth of the Gonium pectorale population.

5. Sodium humate has a favourable effect when pH is not optimal. One cannot,
however attribute this solely to its buffer role. In these conditions it should rather
be ascribed to the regulation of ion uptake by this substance.

6. The effectiveness of humate increases with time.
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Wplyw humianu sodowego na wzrost Scenedesmus quadricauda (Turp. Bréb.) oraz Gonium pectorale
na tle zréznicowanych dawek wapnia i Zelaza

Streszczenie

Celem pracy bylo zbadanie dzialania zwiazkow préchniczych na dwa gatunki glonow na tle
trzech zmiennych parametrow: Ca***, Fe*** i pH.
Badania przeprowadzono na kulturach Scenedesmus guadricauda (Turp. Bréb.) oraz Gonium
pectorale pochodzacych ze zbioru Kultur Autotroficznych przy Czeskiej Akademii Nauk.
Uzyskane wyniki pozwalaja na wyciagnigcie nastgpujacych wnioskow:
1. Scenedesmus quadricauda wymaga stosunkowo duzych ilosci zelaza i jest bardzo czuly na
jego niedostatek.
2. Gonium pectorale wykazuje duza wrazliwo$é na niedobér wapnia.
3. Humian sodowy dziata stymulujaco na ilo$¢ komorek oraz przyrost suchej masy S('erredewmw
quadricauda, czego nie mozna tlumaczy¢ jedynie udostepnieniem Zelaza.
4. Humian sodowy powoduje na ogél hamowanie wzrostu populacji Gonium pectorale.
5. Humian sodowy dziala korzystnie w pozaoptymalnym pH. Nie mozna jednak moéwi¢ jedynie
o buforujacej jego roli, a jego wplyw w takich warunkach nalezy tlumaczy¢ raczej regulacja
pobierania jonow.
6. Efektywno$¢ humianu wzrasta z uplywem czasu.

Mojemu Promotorowi Wielce Szanownemu
Panu Profesorowi dr St. Guminskiemu
sktadam serdeczne podzigkowanie za

wskazanie tematu i okazana w pomoc postaci
cennych rad i wskazowek w trakcie wykonywania
niniejszej pracy.
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