| |
| ANNAL. BIOL. TIHANY i 29 ' 8593 HUNGARIA 1962

FURTHER EXPERIMENTS WITH ALGAL CULTURES FOR
DETERMINING SOME PROPERTIES OF WATER OF LAKE
BALATON

LAJOS J. M. FELFOLDY

Received: 12th March, 1962.

In a previous paper two problems were investigated by culturing a pure
algal strain and by measuring its photosynthetic power (FELFOLDY 1959):
(a) could the filtered water of Lake Balaton be used as nutrient medium for
mass culturing of unicelluar algae and (b) which properties of natural lake
water are the factors limiting phytoplankton productivity.

These investigations were carried out with the algal strain, 7K Chlorella
vulgaris BEIJTER., which is one of the most special strains in the collection of
algae of the Biological Research Institute, Tihany. The strains of this col-
lection isolated from Lake Balaton, from pond Bels6 t6 at Tihany and from
calcareous, more or less alkaline soils of the neighbourhood of our Lake are
for the most part basophilic, photosynthesizing more intensively in presence
of bicarbonate ions than in solutions containing free carbon dioxide (FEL-
FOLDY 1960). The 7k Chlorella strain is, however, slightly acidophilous (pH
optimum at about 6,8). This strain, if it is grown in preparatory culture made
of Knor solution modified by PriNasHEIM (1946, 35) aerated with 3 per cent
carbon dioxide in air (pH 6,5—6,8), is able to utilize only free carbon dioxide
and its photosynthesis decreases parallel with the diminution of CO, content.

In the course of other previous investigations the importance of phy-
siological properties of algal strains and the significant role of age, past history
and training in their development were studied (FELFOLDY 1960a).

The results of experiments performed in Balaton water (FELFOLDY
1959) are presented in Table 1.

As it is shown by these experiments the rate of photosynthesis in lake
water is not or only a little increased by the addition either of nitrate (N° 2)
or by phosphate of equal pH (N°5,9). Dosage of KH,PO, has definite stimulat-
ing effect, which, however, might be attributed to the decrease of pH to 6,8.
Photosynthetic activity of Chlorella vulgaris in lake water increases parallel
with the rising hydrogen ion concentration (expts. N° 3,4,7,8,10). An increase
of 68 per cent was observed also after addition of hydrochloric acid which
otherwise has no effect on photosynthesis (expt. N° 8).

Knowing that in many plants, e. g. the plankton alga Chlorella pyre-
noidosa. (EMERSON and GREEN 1938), other algae (OUELLET and BENSON
1952, LorENZEN 1958, KussLErR 1953, 1953a, KESSLER and KrRAMER 1960
etc.) and the higher aquatic Myriophyllum spicatum (STEEMANN NIELSEN
1960) the rate of photosynthesis rapidly becomes independent of pH
over a wide range of pH at an optimal concentration of the carbon
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Table 1. Photosynthetic rate (Pp=mg 0,/109 cellsjone hour) of strain 7K Chlorella
vulgaris suspended in variously treated water of Lake Balaton. The nutrient salts
were added to the suspension as crystals (FEL¥OLDY 1959, 215—216)

1. Tdblazat : TK Chlorella vulgaris fotoszintézise (Py) kiilonféleképpen
. kezelt Balaton-vizben

5 ! 1. P
§$$eg€ Treatment, | Pr 'purlx;e Balf\mn pH
| water = 100
1 Pre -1ake ABVer it 4% s thmsias B j 4,53 ‘ 100,0 7,8
2 S g RN Ogiltire, & vt Fots i 2l | 4,65 ‘ 102,6 7,8
g 03180 RILPO . X2 8 i | 7.917 % 174,8 6,8
4 40,313 KH,PO,-}-1g KNOy/1 ... | AT 163,7 6,8
5 -10,200g K HPO /L % &, % s it i 3,68 ‘ 81,2 8,0
U
< ! } ‘
6 Pure lake water iy miers i ke 3,84 100,0 ‘ 8,0
7 +0,813g KHPOJLL o w5 s ik 6,70 174,5 | 6,8
8 45 ml 0,06 N HCI/1 ............ 6,47 168,5 6,9
9 240/200g KHPO/I: 14 i i 5,08 | 132,2 8,0
10 +40,100g K,HPO, + 0,156g ‘ |
. 9 = 7o W RS CHe R el o 6,58 | 171,1 ‘ 7,4
‘ 1 i

source, and knowing, that in the case of Balaton water changes in hyd-
rogen ion concentration cannot be separated from changes occurring
in the carbonate-bicarbonate-free carbon dioxide ratios, the following
inferences might be drawn from these experiments. The quantities of N
and P present in water of Lake Balaton are sufficient for the photosynthetic
activity of phytoplankton and these experimental results emphasize the
importance of inorganic carbon cycle in the productivity of Lake Balaton and
of other lakes similarly alkaline and rich in calcium.

Several other experiments performed with other the strains of the axenic
(McLAvuGHLIN 1960) culture collection of the Biological Institute necessitate
the revision of these results and conclusions.

Materials and methods

The 953. Coelastrum microporum NAG. strain of the living algal collection
of the Biological Institute, Tihany was chosen for these new experiments. The
nature of this strain was known, for it had been examined thoroughly in
previous experiments. This strain might be placed among strains belonging
to the third photosynthetic type, which are able to utilize both free carbon
dioxide and hydrocarbonate ions, and which after certain lag-period photo-
synthesize more vigorously in solutions containing hydrocarbonates and
surplus of carbonates than in the presence of free carbon dioxide (FELFOLDY
1960, 198). It is suggested that hydrocarbonate assimilation is the result of
some training. The lag period occurring before the start of hydrocarbonate
assimilation may be interpreted as a period that is needed by the cells to
develop or activate a system for absorption of hydrocarbonate ions. No lag
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period was observed, naturally, in suspensions cultured previously in nutrient
media containing no free carbon dioxide (pH 8,5) (FELFOLDY 1960a, 183).

The stock cultures are maintained on agar slants containing glucose,
peptone, yeast hydrolysate and the inorganic salts of KNop—PRINGSHEIM
solution (PrINGSHEIM 1946, 35). For preparatory cultures algae were scarped
from agar slants and were suspensed in one litre of liquid KNOP—PRINGHEIM
medium in two litre ERLENMEYER flasks. The initial pH was adjusted before
autoclaving to 7 with some drops of N NaOH solution. The cultures were
aerated with 3%, carbon dioxide in air filtered through cotton plugs. During
aeration the pH decreased to about 6,8. The culture vessels were illuminated
by 40 W fluorescent tubes (Tungsram F2 “warm white”) ca. 7000 lux. Tem-
perature in the flasks was 22—25° C.

For photosynthetic measurements aliquots were taken from the three
month old preparatory -cultures. The cells were separated from the nutrient
solution by centrifuging and were washed twice with the experimental medium.

10 ml algal suspension was pipetted into the main compartment of
WARBURG vessels and the release of oxygen was measured by the usual mano-
metric method (25 -+ 0,1° C; 40 W fluorescent tube, Tungsram F, “warm-
white”, ¢. 5000 lux; shaking velocity of about 110 cycles per minute with a
travel of 4,56 cm). The results are given in mg O,/1 mg dry matter of algae
units. Determination of dry matter was carried out by filtering the cells
through Macherey —Nagel Nr. 640 d 5,5 ecm @ filter paper and drying them
at 105° C to constant weight. The experimental medium was either pure
filtered off shore water of Lake Balaton (filtered through the above mentioned
Macherey —Nagel paper) or the same water enriched with one of the following
nutrient salts as potassium nitrate, potassium dihvdrophosphate, dipotassium
phosphate and hydrochloric acid.

The chemical composition of the water of Balaton does not exclude the
presence either of free carbon dioxide or of carbonate. Its pH fluctuates
between 8,42—8,44 (in extraordinary cases 8,7). The chemically detectable
CO;z ~ content varies between 019 mg/l in unfiltered Balaton water. A con-
siderable part of this carbonate consists of the fine calcium carbonate precipi-
tate resulting from the photosynthetic activity of phytoplankton (‘‘biogene
marl”). In consequence of the preceding filtration the greater part of carbo-
nates was missing from our experimental solutions (the pH of this filtered
water was always lower than the pH of off shore water).

On the other hand, as regards determination of the small amounts of
free carbon dioxide present in water of Lake Balaton at these higher pH

Table 2. Chemical analysis of the off shore water of Lake Balaton at Tihany
(MULLER 1928)
2. Tabldzat : Balatonb6l szérmaz6é nyiltvizi mintédk kémiai analizisének
eredménye ;

lA1+++ Fett | Oat+ | Mg+ | K+ | Nat | O [80,— | HOO,~ | 00, | HSi0,

|

Surface water 40,5

1,25| 0,04 | 28,8 5,16 | 22,8 9,4’ 46,4 | 260,15 15,85| 13,1

| | 1
Depth of 5 m ... | 1,25| 0,04 29,0' 40,6! 5,16 22,6 9,2 : 45,3| 255,05 18,95| 13,56

|
|
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values useful results were obtained only by computations from the pH and
bicarbonate alkalinity. According to our computations (FELFOLDY 1959) on
basis of symbols of Krur—OLszewskr (1945, 59) and analytical data of
B. EnTz (1953, 33) the free carbon dioxide content of off shore water is about
0,2—0,4 mg/l.

To demonstrate the chemical composition of the off shore water the
analytical data of MULLER (1928) are collected in Table 2.

Concentration of nitrogen and phosphorus compounds are low as it is
seen below (MaucHA ap., G. ENTZ and SEBESTYEN 1946, 247):

mg/l
Albuminoid ammonia ............ 0,497
Ammonigm ion (BN <& o an s 0,149
NIOEEE 3 (IN O ) R e o e el e 0,021
Nitrate (NOp) "oiti bosividsbonsd 0,267
Phoesphate  (POFT =8 = it 0,031
Totalenitrogen i e s ne S 1,028
Inorganic phosphorus ............ 0,010

The chemistry of water of Lake Balaton has been investigate d by several
authors (SzaB6 1930, Csecezy 1938, WoyNAROVICH 1941, SEBESTYEN et al.
1951, B. Extz 1953, 1959), nevertheless, nothing new has been given as regards
the composition of off shore water except for the description of smaller changes
and local differences.

Results and discussions

In Fig. 1 the photosynthetic curves of Coelastrum microporum suspen-
sions in pure lake water are presented. For photosynthetic measurements the
cells were taken from two preparatory cultures, from which the one was
aerated with 39, carbon dioxide in air (1) while the other was not aerated (2).
In the first case a lag-period of 180 minutes was observed, whereas there was
no lag-period in the case of cells originating from non-aerated preparatory

Figure 1. Rate of photosynthesis in Coelastrum microporum
NAia cells suspended in pure lake water and originating
from two different preparatory cultures: 1. Knop—
PrINGSHEIM medium aerated with 3% carbon dioxide in
air (pH = 6,7); 2. Knop-Pringsheim solution without
aeration (pH = 8,8).
1. Abra : Két kiilonbozé el6készitd tenyészetbdl szér-
maz6 Coelastrum microporum NAG sejtek fotoszintézise
tiszta Balatonvizben. 1. El6nevelés 39%, széndioxidot tar-
talmazé levegével szelléztetett KNop—PRrINGSHEIM tépol-
datban (pH = 6,7); 2. eldnevelés szelldztetés nélkil (pH
= 8,8).
Puc. 1. ®orocunres kierox Coelastrum microporum NAig.
U3 JIBYX PAaSJIMYHLIX TNPeABAPHTENILHBIX KYJIBTYP B UHCTOMH
Boje us banarona. 1) [IpopanBanue B MMTaTeIbHOM PACTBOPE
Kuona—IIpunrexeiima, npoBeTpeHHOM cojepykamum 3%,
YroJibHOIT KuesnoTel Bosayxom (pH = 6,7); 2) Ilpopaumwsanne.
6e3 nposerpuBanns (pH = 8,8)
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cultures. Here photosynthesis began just at the start of illumination. Should
we attempt to illustrate numerically the photosynthetic power of cells in
experiment N° 1, only data referring to the photosynthetic process following
lag period may be used for calculations. For this reason experiments were
performed with cells originating from non-aerated preparatory culture
(pH = 8,8). The results are given in Table 3.

The results summarized in this table are entirely different from those
seen in Table 1. The increase of hydrogen ion concentration either by acid
phosphate or by hydrochloric acid definitely inhibits photosynthesis similar
to the results obtained in previous experiments with Coelastrum microporum
(FELFOLDY 1960, 196; 1960a, 179).

Table 3. Photosynhesis (ul O,/1 mg dry matter of algae/l hour) in Coelastrum micro-
porum suspended in variously treated water of Lake Balaton. The salts were added
in erystal form to 50 ml portions of suspension.

3. Tdbldzat. 953. Coelastrum microporum Nig. fotoszintézise kiilonféleképpen
kezelt Balatonvizben

|
Relative

Number of ok w1 0,1 mg photosynthesis.
experiment Treatment dry matter/ Pure ‘Balakon pH

1 hour water = 100

= by 3 S ,,,,1‘

11 BT LR WO e o e K i o o o s 1 52,0 ‘ 100,0 i 8,0
12 0,818 KH PO ghtre s ol sosiiin s 35,2 ‘ 67,7 [ 6,9
13 -5ml 0,056 N HCIAitre .. ..o oeonss ‘ Ty A 76,9 ‘ 7,0
14 +0,200g K;HPO, flitre ..o o0l 58,4 112,2 8,1
15 L VRINO/itrer vt ot i 50,8 ‘ 97,8 8,0

According to present experiment the intensity of photosynthesis is the
function of pH. Recent investigations (FELFOLDY 1962) confirm the results
of previous authors namely that pH is not a deciding factor within a fairly
large pH range in the photosynthesis of algae assimilating free carbon dioxide
(EmeErsON and GrEEN 1938, OUueLLET and BeNson 1952, KESSLEr 1953,
LoreENzZEN 1958, KrssLErR and KRAMER 1960, STEEMANN NIELSEN 1960),
whereas in the case of algal strains utilizing hydrocarbonates a definite pH
optimum was observed (OSTERLIND 1949, KraTz and MYERS 1955). The
position of this optimum is dependent on the past history of the culture (FEL-
FOLDY 1962). ;

Experimental data given in Table 3 confirm the previous establishment
(FELFOLDY 1959) that the quantities of N and P present in water of Lake
Balaton are sufficient at a given moment for the photosynthesis of phyto-
- plankton, or at least photosynthesis is not stimulated by the addition of these
elements. The other establishment made in the paper cited previously, namely
that the advantageous effect of increased hydrogen ion concentration may be
attributed to a parallel change in the carbonic acid system, can be upheld
only in the case of strains requiring free carbon dioxide for their photosynthesis
similar to Chlorella vulgaris. The algae living in Lake Balaton have adapted
themsemves in the course of phylogeny to the utilization of hydrocarbonates
(e. g. see the studies made on eight different Scenedesmus strains, FELFOLDY
1960c) and the amount of hydrocarbonates always present in the water of
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Balaton, showing only a small fluctuation, always meets the carbon require-
ment of these strains.

It should be emphasized on basis of present paper, that the qualification
of natural waters by biological tests, especially by physiological experiments
with algae (literature data see FELFOLDY 1959) is not an easy task. In photo-
synthetic measurement the reserves of algal cells may constitute a source of
errors, because these reserve substances render normal photosynthesis possible
also for longer period even in pure KHCO, solution (about for 60 hours, cf.
FeLFOLDY 1960D).

In growth experiments of similar purposes the specific physiological
characters of test organism should be taken into consideration. This difficulty
might be eliminated either by working with more algal strains (Mac PHEE
1961) or by investigating in detail the physiology of the strain used.

Summary

Studying the effect of chemical properties of water of Lake Balaton on
photosynthesis in unicellular algae different results were obtained due to the
physiological characters of test organisms. Experiments made with strain
7K Chlorella vulgaris BEJER. suggest the insufficiency of inorganic carbon
sources because this strain requires free carbon dioxide for its photosynthesis.
Photosynthetic activity of this strain is stimulated by decrease of pH in
Balaton-water, because by this decrease free CO, is released.

If, however, algal strains utilizing easily also the hydrocarbonates dis-
solved in water are used (eg. Coelastrum microporuwm NAa.) the increase of
hydrogen ion concentration has no stimulating but, moreover, a retarding
effect on photosynthesis. Considering that the algae living in the water of
Lake Balaton are mainly basophilic, utilizing hydrocarbonates, that conclu-
sion of the previous article reported in the introduction of this paper that the
amount of inorganic carbon is insufficient in Lake-water, has to be revised.

As the present investigations show, the water of Lake Balaton contains
sufficient P and N reserves at a given moment for the photosynthesis of algae.
Nor would it be correct to speak of insufficient carbon supply in the case of
basophilic algal strains either.

It should be pointed out on basis of these results that the characteri-
zation of natural water bodies by biological tests, especially by physiological
experiments with algae is not simple, and the reliability of results greatly
depends on the suitable physiological characters of the test organism.

arateful acknowledgement is made to Mrs. Zsvzsa F. Kark6 for helpful
assistance in experiments.
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UJABB KISERLETEK A BALATON-VIZ TULAJDONSAGAINAK VIZSGALATARA
ALGA TISZTATENYESZETEKKEL

Felfoldy Lajos
|

Osszefoglalas

Egy régebbi dolgozatban (FELFOLDY 1959) megadllapitast nyert az 1. tdbldzat-
ban kozélt kisérleti eredmények alapjan, hogy a Balaton-vizhez kevert nitrat és azonos
pH értékii foszfat oldat nem, vagy alig noveli a teszt-névényként hasznélt TK Chlorella
vulgaris BEIJER. asszimildciés tevékenységét. Savanyu foszfat, sét a fotoszintézisre
egyébként hatastalan s6sav oldat viszont stimulalélag hat, azaz a hidrogén ion koncentré-
c16 novelésével parhuzamosan né a fotoszintézis. Balaton-vizrol 1évén szo6, a hidrogén ion
koncentraci6 valtozasa elvalaszthatatlan a benne levd karbonat-, hidrokarbonét-szabad
széndioxid-rendszer ardnyainak megvéltozésatol. Irodalmi adatokbél tudjuk, hogy az
elsé sorban szabad széndioxidot igényl6 névények fotoszintétikus tevékenységére a hidro-
gén ion koncentracié alig van hatéssal, elég tag pH-hatarok kozott. Az 1. tdbldzat-ban
kozolt eredmények alapjan feltételeztiik, hogy a Balaton-viz szervetlen szénforrdsainak
ardnya nem kedvezd a fitoplankton algak fotoszintézise szadmara.

- Az egysejtii algak szervetlen szénforrdsait illetd évekig tarté kisérletek arra figyel-
meztettek, hogy a TK Chlorella térzs ilyen szempontbol kivételes tulajdonsagokkal rendel-
kezik alga tisztatenyészet gyfijteménytink tobbi tagjaival ¢sszehasonlitva, amennyiben
azok bazofilidgjaval és élénk hidrokarbonat hasznositdsaval szemben ez a torzs gyengén
acidofilnek bizonyult mely fotoszintéziséhez szabad széndioxidot igényel, kiilonosen ha
39, széndioxidot tartalmazo6 levegével szelldztetett tapoldatban neveljiik elé: pH6;6—6,8.

A Balaton-viz tulajdonsigait kutat6é kisérleteket megismételtitk egy alaposan
ismert bazofil torzzsel (953. Coelastrum microporum NAic). Ha ezt a torzset 3% széndi-
oxidot tartalmazé levegével szelléztetett KNop-PriNgsSHEIM oldatban (pH = 6,5—6,8)
neveljiik elé, majd tiszta Balaton-vizben szuszpendéljuk, a hidrokarbonét-asszimilaciéra
jellemzd lappangéasi periédus utdn indul meg a fotoszintézis (1. dbra 1. gorbe). Ha a sej-
teket szellGztetés (széndioxid utanpoétlas) nélkiili oldatban neveljiikk (pH = 8,8), tiszta
Balaton-vizben szuszpendalva a fotoszintézis a megvilagitas kezdetekor, lappangési
id6 nélkiil indul jelezve, hogy az alga élettani tulajdonsigai mar az el6készité tenyészet-
ben atalltak a hidrokarbonét ionok hasznositésara (1. dbra 2. gérbe). Ilyen hidrokarbo-
nathoz szoktatott anyaggal végeztiik el a 3. tdbldzatban részletezett kisérleteket 10—10 ml
szuszpenzioval, melyeket a tablazatban feltiintetett anyagokkal kevertiink. (WARBURG
monometrikus modszere, 25 + 0,1 C°, 40 W-os fényesé Tungsram F2 ,,warmwhite”’; c.
5000 lux.)

A kisérletek eredménye szerint a Balaton-vizben pillanatnyilag elégséges N és P
van a planktonalgék fotoszintéziséhez, sét a tihanyi alga gyfijteményben nagy szdémmal
talalhato bazofil torzsek szaméra a Balaton-viz tetemes hidrokarbonat tartalma a szén-
ellatast is megfeleléen biztositja. A pH érték fontossiga melyet a hidrokarbonéatot
hasznosit6 algfk esetében tébben hangsulyoztak, ezekbdl a kisérletekbdl is kit{inik.

Eredményeink figyelmeztetnek a teszt-névények élettani ismeretének fontossé-
gara a természetes vizek értékelését célzo bioldgiai modszerek kidolgozasanal.

HOBDIE OIIbITbI [JIS1 BbISICHEHWS CBOMCTB BOJbl O3EPA BAJIATOH ITPW
TNTOMOU YMCThIX KVJIBTYP BOIOOPOCJIEN

JI. Deavdiéavou

Pesome

Ha 0CcHOBE 9KCIEPUMEHTAJIbHBIX JAHHBIX, IPUBEJEHHBIX B TA0IULE 1, ObIO YCTAHOBIEHO
B nipeapiayeii cratbe (penbpénsau 1959), uro mpumemaHHBlili K Boje u3 bBajaTona HUTpaTt H
(docdaTHeIi pacTBOP TOXECTBEHHOr0 3HaYeHust pH He win TONLKO B HeOONBIIOH Mepe yBesH-
YUBAIOT ACCHUMUJISIMOHHYIO AesITeIbHOCTh NMPUMEHEHHOr0 B KaueCTBe IPOOHOro pacreHusi 7k
Chlorella vulgaris BEYER. Kucablii gocdar, HO U pacTBOpP COJISIHOH KUCIOTHI, BOOOLIE HE BJMsI-
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1oyl HA (DOTOCHHTE3, UMEIOT CTUMYJIMPYIOUHH 9(@eKT, T. €. NapauiejbHO YBEJIHYEHHIO KOH-
HEHTPAaLUU BOAOPOAHBIX MOHOB yBEJIMYMBAeTCsl M (OTOCHHTe3. TaK Kak peub WIET 0. BOAE U3
BanaroHa, U3MeHEHHE KOHIIEHTPALUH BOJOPOAHBIX MOHOB HEOT/EJUMO OT M3MEHEHUsI COOTHO-
weHUH cojieprkanieiicss B Hell CHCTEeMBI KApOOHAT-THAPOKAapOOHAT-CBOOOAHAS YT OJbHAS KUCIOTA. -
M3 sirepaTyphl M3BECTHO, YTO KOHILEHTPALMsI BOAOPOJAHBIX HOHOB €/1Ba BO3/EHCTBYET HA (OTO-
CHHTETHYECKYIO JIesITeIbHOCTh PACTeHNil, TpeOYIOIKX B MePBYI0 0Yepe/ib CBOOOIHON YToJIbHOI
KUCJIOTH. DT0 HAGJI0AaeTcsl B JIOBOJBHO wmpokux npepenax pH. Ha ocHoBe npuBemeHHBIX
B Taonuue 1 JAHHLIX MOYKHO NPEANoJaraTsb, YT0 COOTHOLIEHHE HEOPTAHUUHBIX YTOJBHBIX HCTO-
K0B BoAbl Basatona He OsaronpusitcTByeT (OTOCHHTe3Y (UTONJIAHKTOHHBIX BOZOPOC/IEH.

MHOroJIeTHee IKCMepPUMEHTAIBLHOE HCCJIe0BAHHE HEOPraHMUeCKNX YrOJbHBIX MCTOY-
HUKOB O/IHOKJIETOYHBIX BOZOPOCJIEH CBUAETEJLCTBYIOT O TOM, YTO II0 CPABHEHMIO C JAPYrHUMH
uieHAMH HAulel KOJUIeKIMM aibriuHoBeIX KynabTyp mramym 7K Chlorella B 9ToM oTHOMEHHH
pacrioygaraeT HUCKJIOUMTebHBIMH CBOHCTBAMH, MOCKOJIBKY — B OTJHYHE OT MX 0a30(puanu M
JKHBOT'O TIOTPeOiIeHNsT THAPOKAPOOHATA, ATOT LITAMM OKA3aJICs acHA0(pHIbHBIM, T. ¢, €ro (poTo-
CUHTE3 TPedyeT CBOOOAHOI YrOJbHOH KHUCIOTHI, 0COOEHHO €CJIM IMPOPALIMBAETCS B NMUTATEN b=
gosm g%cmope, [POBEHTIINPOBAHHOM Cojiepykaumm 3%, YrojbHOH KHCI0THI Bo3ayxom: pH
y ¢ g

OnbITel ObIIM MOBTOPEHBI C XOPOLIO H3BECTHBIM 0asoduibHbiM mrammom (953. Coela-
strum microporum). Ecin a1oT mramm paspamaercst B pactBope Kuona—IIpunrcxeiiva,
TIPOBEHTHJIMPOBAHHOM cofepykaumm 3%, yrosabHoit kucaorel (pH = 6,5—6,8), motom B3Be-
LIMBAETCS B uMCTOH Bofe mu3d BanatoHa, 10 GOTOCHHTE3 HAYMHAETCS MOCJE XaPAKTEPHOr0 Apsi
ACCHMIJISILMM T'MAPOKAapOoOHATa JIaTeHTHOrO nepuoja (kpusast 1, puc. 1). Ecuim kierku paspa-
IIMBAOTCSI B PACTBOPE (€3 BeHTHIsiLuH (03 100aBICHIST H3PACKO0L0BAHHON YIOJIbHOH KHCIOTE)
(pH = 8,8), 3arem B3BelIMBAETCs B YMUCTOIT BoJE M3 Banarona, To B HayaJe OCBeweHHs (HoTo-
CHHTE3 HAUMHAETCST 0e3 JIATEHTHOr'0 IepHoja, YKasbiBasi HA TO, YTO OMOJOTHYECKHE CBOHCTBA
BOJI0COPJIEH MEPEKITIOYNIINCH HA M3PACXO0J0BAHNE MOHOB TMAPOKApOOHATA MPU NpeaBapPUTEb-
HOM BeIpamuBaHuu (KpuBast 2, puc. 1). Takue BeuecTBa, MPUYPOUEHHbIE K I'HAPOKAPOOHATY,
ObIJIH IPUMEHEHBI B ONbITAX, MOAPOOHO M3J10)KEHHBIX B Taduie 3, ¢ 10 M1 cycrieHcHei Kaykaplil,
K Ka)kaomy BelecTBy OblJIM NPUOABIIEHb YKa3aHHbIE B Ta0MLe BewecTsa. (MaHOMETPUYECKUI
meton Bapbypra, 25 + 0,1 C, 40 BarroBas HeoHoBasi Tpyoka TyHrcpam F2 »'Warmwhite”’;
c. 5000 lux.)

ITo pesysbTaTam ONBITOB, B HACTOSIUIEE BPEMSI HMEETCST JOCTATOUHOE KOJHYecTBO 1 P
B Bojle Banatona assi (oTOCHMHTEe3 BOZOPOCIEH, NMPUYeM BBICOKOE THAPOKApPOOHATHOE COAEP-
ykanue BOAbl bBanartona of0ecrieynBaeT HeOOXOAMMBIH Yrojab AJs 0a30()MIIbHBIX IITAMMOB,
HMEIOIMXCs B 00JIbIIOM KOJIMYECTBE B KOJIEKIMH Bogopocied B Tuxane. Ba)kKHOCTb 3HAYEHUST
pH, yacto noguepKHyTast ABTOPAMM B CBSI3U € BOJOPOCISIMU, MOTPEOIISTIONIIMI M'HAPOKAPOOHAT,
TIO/ITBEPIKAAETCST OTUMH  ONBITAMMU.

OmnpiTel aBTOPOB 00pAlIAI0T BHHUMAHUE HA BA>KHOCTH 3HAHHs OMOJIOrMYECKUX CBOICTB
NPOOHBIX pacTeHnit Mpy pa3paboTKe OMOJOrMYECKHX METOJOB JUIST OLEHKHMIPUPOAHBIX BOJ.
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