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According to literary data dealing with the optical characteristics of
the water of Lake Balaton not the lack of light is the major factor which
hinders the growth of plants.

Urryorr and KxiguT (1938) stated on the basis of light penetration
measurement that “at the bottom of Lake Balaton there is an amount
of light whi¢h is adéquate for the growth of vegetation’ and that ¢“the sparseness
of the flora is not due to a limitation by lack of light, but to the severity of
the mechanical effects of wave action.”

The intensity of photosynthesis in Lake Balaton was measured with
pure algal cultures by FeLroLpy and KarLk6 (1958) who found that “in Lake
Balaton inhibited photosynthetic activity caused by insufficient light can be
observed only in cloudy weather and in very turbid water. Losses imposed by
the partial inhibition of photosynthesis near the water surface are most
considerable”.

In this paper experiments on the photosynthesis in the most widespread
submersed aquatic plant of Lake Balaton (Potamogeton perfoliatus 1..) are
dealt with, with special regard to some methodical questions. Most investiga-
tions on the relation between depth of immersion and photosynthetic rate
have been carried out with marine and freshwater algae (for literary data see:
Frrrorpy and Karngé 1958). There are, however, some investigators, notably
RurrNER (1926), ScHOMER (1934), MaNNING ef al. (1938), Hocrstu (1938,
1939), MeYER and HeriTAGE (1941) MEYER éf al. (1943), DurToN and JupAy
(1944), BrirranT (1949), who have worked on this problem with vascular
aquatics.

Similar experimental procedures have been followed by all of these
investigators. The plants were put into glass containers of suitable size, which
were then filled with lake water or with the desired nutrient solutions, stop-
pered and suspended at'various depths under the water surface. In most cases
the change of oxygen content in the vessels was determined by the usual
WINKLER method, at the end of a given experimental period. Any gain in oxy-
gen content over that of similary titrated blanks is an index of the amount of
photosynthesis less respiration (7.e., of apparent photosynthesis). When estima-
tions of the absolute rate of photosynthesis are desired the rate of respiration
is measured in black containers otherwise identical with the clear bottles.
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This clear-black-bottle method is subject to certain limitations, as has been
pointed out by several authors (Emrrson and Green 1934, BARkEr 1935,
GEssNER 1937, 1940, STeEMANN NierLseN 1954, Steemann NierLsen and
Arn, Knory 1956, FELFOLDY and KALké 1958), therefore in this paper only
data on apparent photosynthesis are given. '

Material and methods

The plants were collected directly from Lake Balaton in the vicinity of
the Biological Research Institute at Tihany. Collections were usually made
the afternoon or the evening before a determination, the plants being kept
overnight in a dark cool place in a large porcelain dish, containing filtered lake
water.

Special care was taken for close uniformity as to size and shape in the
choice of the plantsin all determinations. In spite of this, however, the samples
had no equal value and comparison was rather difficult. It became therefore
necessary to study this problem seperately by methodical experiments.

The surface of the leaves in each sample was determined planimetrically.
Each sample was cut into two halves. In one part the dry matter content
was determined in an electric oven at 105° C and in the other chlorophyll
determinations were made. The plant pigments were extracted by the method
of MacKinNEY (PamcH and TracEy 1955, IV. 159) with aqueeus acetone.
To obtain complete extraction, small amounts of powdered glass and calcium
carbonate were added to the leaves. The extracted chlorophyll was not trans-
ferred to ether but was measured directly in 809, aqueous acetone at wave
lengts 6630 and 6450 A with the Beckmanx DU spectrophotometer.

For the measurement of apparent photosynthesis the quantity of
oxygen evolved was used. The samples were exposed in glass-stoppered 200
ml flasks, containing Balaton-water previously desoxygenized in vacuo (2—3
mg O,/litre) (Zo Brrn and axpErsonN 1936, Ferrorpy and Karnké 1958).
The oxygen content in the aliquots of water samples was measured by the
WiINkLER method modified by Mavcua (1945, 362).

It was found in the course of preliminary experiments that when working
with the apical portions of the plants shoots, otherwise generally used in
similar experiments, inaccurate results were obtained. Photosynthetic
experiments with isolated leaves have already been made by Mrver and
co-workers (1943, 393), in the case of Vallisneria americana, by ARENs (1933)
and STEEMANN NIerLsex (1947) in the case of Potamogeton species. Measure-
ments were therefore made to decide upon the suitability of isolated leaves
in such experiments. v

As it can be seen from 7T'able 1, in experiments of short duration the
results obtained, when working with isolated leaves, were more reproducible
than those obtained in the case of shoots. The portion of the stem disturbs
both the determination of dry matter and that of the surface. The considerably
lower values pertaining to the apical portions are probably due to the une-
qual illumination of the closely fitting leaves. Considering all these methodical
difficulties, in the following the experiments were made with isolated leaves.

The results obtained in the course of experiments made in the laboratory,
under standard conditions (22° C, ¢. 7000 Lux) are also very incongruous
when calculated either on a dry matter or on a leaf surface basis. The samples
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Table 1

Comparison between the apparent photosynthesis in the apical portions
and in the isolated leaves of Potamogeton perfoliatus

Seialiy Dry Iz?tter Total lecaél iurface !:illlagttg"l;gr %;3; f;:f gl:é] 1133:11:
hour
Leaf 3 49,8 18,0 4,6 1,28
Two leaves o 94,9 34,0 48 3 )
Apical portions with 10leavesattached 112,4 41,4 4,7 1,28
» 72,8 28,3 3.3 0,85
3 113,9 70,0 1,4 0,23
A section of plant with 3 developed
leaves 50,7 24,0 3,4 0,71
Two apical portions with 10—10
leaves attached 165,3 67,8 5,7 1,39

Surface illumination 11 300 Lux, temperature 22° C at 10 cm below water surface.

collected from the lake are very heterogeneous. Some shoots are of a light-
green colour, with sparsely grown, small leaves, the others almost brown
with closely grown big leaves. Experiments were also made to express the
activity of apparent photosynthesis in mg O,/1 mg chlorophyll units. To the
experiments glass-stoppered vessels of 200 ml content were used. Each sample
consisted of 4 leaves of medium size. These were put into the glass vessels,
filled with previously desoxigenized (2,5 mg O,/litre) and filtered (Delta paper
Ne 368) Balaton Lake water. The vessels were exposed on a rotating shaking
machine, at a temperature of 22° C and were illuminated by an incandescent
lamp (¢. 7000 Lux). After having taken aliquot samples of water from each
vessel to compute their oxygen content, the leaves were removed from the
vessels, dried with filter paper, and their surfaces planimetrically measured.
Thereafter they were cut into two halves along the midrib. One half was
used to determine the dry matter content, while the other was weighed,
homogenized and its chlorophyll content determined. When the surface,
wet weight, dry matter and chlorophyll content are known, apparent photo-
synthesis can be expressed in any unit.

As Table 2 shows, the figures expressing photosynthetic rate of different
samples in various units are incongruous due to the physiological inhomogeneity

Table 2

Photosynthetic activity of various Potamogeton samples
under standard conditions, expressed in different units

e Chlorophyll-é o Photosynthesis per one hour mg O, per 3
HAal -
o Hgj L sl aiantor 1 g dry-matter | 1 dm?®leafsuriace I 1 mg chlorophyll
] |
Brown leaf I. 51,3 159 ‘ 0,50 ‘ 0,31
[EL 48,7 12,6 0,39 0,26
V. 63,4 22,4 0,60 0,35
Light-green leaf I. ‘ 89,9 39,0 1,02 0,43
IIT. 94,5 59,4 1,47 0,63
¥ 79,4 42,6 3 1,04 ’ 0,64
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of the collected plants. In order to eliminate fhese differences and to obtain
comparable results; different leaves of the same plant must be used.

Experiments in Lake Balaton

Due to the methodical difficulties mentioned above, the experiments
made in Lake Balaton were evaluated by the relative measurement method
of MEYER and co-workers (1941, 1943).

The vessels containing partly desoxygenated Balaton-water and isolated
leaves were immersed directly into the lake at a depth of 10 em under the
surface for 30 minutes. The purpose of this exposition was to allow time for
the completion of the photosynthetic induction period and to bring the leaves
into equilibrium with the reduced oxygen tension.

After this ‘“preliminary run” the leaves were transferred to a second
set of vessels and immersed at the same depth as during the first run. This
second run is the ““calibration run” and its purpose was to determine the
relative photosynthetic capacity in all samples of plants used, while they
were exposed to identical environmental conditions. The duration of the
“calibration run’> was one hour. At the end of this period water samples
were taken for oxygen measurement, the leaves transferred to the third set
of vessels and immersed into the lake at the depths of 10, 50, 100, 200, 250, 300
em under the surface. Exposition period was one hour.

According to GessNeR (1937), MEYER and HeriTAGE (1941) and also
in our experiments, the photosynthesis will continue in submerged aquatics
at a practically constant rate for long periods of time, even at fairly high
light intensities, if environmental conditions, especially the oxygen content of
water, are kept favourable and constant. Hence it seems to be a valid assump-
tion that any differences in the rate of evolution of oxygen measured in the
“‘experimental run” as compared to the “calibration run” with one given
leaf, must be due to different light conditions at different depths of water.

Table 3

Comparative rates of apparent photosynthesis in Potamogeton perfoliatus L.
at different depths on July 29, 1959 during a period of slight turbidity and cloudy weather

Culibrationran | xperimental run
Sam})le 10:00—11 :00A. M.| ___ 2% 100 - Experimental run
A s %’é: gn%rgolﬁf bies Depth | mg O,/1 g dry matter Calibration run
m per one hour
1 3.35 0,1 4,19 125
2 4,62 0,5 10,82 234
3 3,30 ity 1) 7,65 232
4 4,33 2,0 4,78 108
5 ,71 2,5 3,02 64
6 5,68 [ 3,0 0,03 10,6
| 1 |

Transparency (Secchi-disk) — 0,74 m

Water temperature = 27° C

Light intensity at the surface = 5200 Lux (cloudy weather); Bunsen’s vertical extinction
coefficient (fy) = 0,418; Metre transmission number (Tx) = 38,2; (Explanation of ,optical
units see Felfsldy and Kalké 1958, 323).
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Table 4

Comparative rates of apparent photosynthesis in Potamogeton perfoliatus L.
at different depths on August 19, 1959, during a period of high turbidity

Calibration run Experimental run
W g 1 ary matie R 100 . Experimentalran_
No, mg Ol.)/elr %nd.ergozlllx:tter Depth | mg O,/1 g dry " OnlibFation tat
B per one hour
oy 3,76 0,1 4,36 ut
2 5,09 0,5 5,04 b
3 3,34 1,0 4’11 ;s 123
4 4,40 2,0 2,11 48
5 4,47 2.5 1,66 >
6 5,11 3,0 2,76 i

Transparency (Secchi-disk) = 0,35 m

Water temperature = 23° C

Light intensity at the surface = 25400 Lux; Bunsen’s vertical extinction coefficient
(B») = 0,930; metre transmission number (Tg) = 12,0.

Table 5

Comparative rates of apparent photosynthesis in Potamogeton perfoliatus L.
at different depths on August 24, 1959, during a period of very clear water

(Calibration run Elx; :n(r)am—e];ga:l Olam l
Samnple 10 : 30—11 : 30 A, M. 100 « Bperimental run
s gt Op'é: gn%rg;:: e Depth | mg O,/1 g dry matter Calibration run
j° m per one hour

1 3,26 0,1 3,17 97

2 4,08 0,5 5,23 128

3 2,50 1,0 4,07 j 163

4 4,31 2,0 10,32 239

5 2,66 2,6 6,06 228

6 2,09 3,0 l 4,81 156

Transparency (Secchi-disk) = 0,83 m

Water temperature = 22,4° C

Light intensity at the surface = 91 000 Lux; Bunsen’s vertical extinction coefficient
(fv) = 0,338; Metre transmission number (Tg) = 45,9.

By dividing the figure representing oxygen evolution during the “experimental
run” for each sample by the figure representing oxygen evolution during
the “calibration run” for the same sample and multiplying by 100, a convenient
index of the relative rate of apparent photosynthesis during the “experimental
run” is obtained for that leaf. Such indices are upon a comparable basis
(Meyer and HerirAce 1941, 20). :

At the end of July and in August 1959 several experiments were made
in Balaton Lake water of different turbidity. Three series of these experiments
are summarized in T'ables 3—¥5. The results of the experiments carried out in
slightly cloudy weather are shown in 7'able 3. As the figures in the last column
show, the optimum photosynthesis was found between 2—3 meters under
water surface. The situation was entirely different in the other series of experi-
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ments, made in optically almost clear water and in a sunny day, as it is shown
by the data of T'able 5. Optimal photosynthesis was found at about 2 m. No
direct optimum is shown by the data of T'able 4 (the water is very turbid).
It is striking that photosynthesis was not considerably inhibited even at the
depth of 3 meters. The rather low value (0,5) at 3 meters in Z'able 3 follows
from the fact that the vessels reached the muddy surface of lake bottom
and were partly covered by the settlings of the disturbed mud. In each series *
of experiments, when carried out in clear water and bright sunshine, there
was a marked inhibition due to light oversaturation.

The experiments made in this vascular aquatic gave similar results to
those made with algal suspensions (FeLrorpy and KarLré 1958).

It can be stated on the basis of these measurements that in Lake Balaton,
due to its shallowness, lack of light cannot act as a limiting factor either in
the life of phytoplankters or in the case of vascular aquatics.

Grateful acknowledgement is made here to Miss JurLianna Riesz for
her helpful technical assistance in experimental works and to Mrs. Zsuzsa
F. Kark6 for the English translation.

Summary

Experiments were made in the apparent photosynthesis of Potamogeton
perfoliatus L. The results may be summed up as. follows:

I. For photosynthetic experiments of short duration (only few hours)
isolated leaves are more suitable than the apical portions of shoot.

2. As the calculations made on a dry matter, leaf surface or chlorophyll
content basis show, the photosynthetic rate of the leaves of different plant
specimens collected from natural habitats are very incongruous. Leaves of
the same plant gave good and comparable results. The effect of various light
intensities in different depths of water can be correctly measured by the
relative measurement method of MeyEeRr and co-workers (1941, 1943).

3. According to these studies, the photosynthetic activity of higher
aquatic plants is never inhibited by lack of light on clear summer days, even
if the water is very turbid.

4. Inhibition due to oversaturated light can be studied in the uppermost
layers of optical clear water.

5. Compensation point of photosynthesis and of respiration can not
develop in summer days in the shallow water of Lake Balaton.
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FOTOSZINTEZIS-MERES POTAMOGETON PERFOLIATUS L. HINARRAL A
BALATON KULONBOZO MELYSEGEIBEN

Felfoldy Lajos
Osszefoglalas

A Balatonroél sz616 irodalmi adatok szerint a t6 sekély volta miatt fényhiany sehol
sem szab hatért a névényzet életének. Magasabbrend(i novényekkel azonban még nem
torténtek ilyen irdnyd kisérletek.

1959 nyardn természetes termohelyekrdl szarmazé hinér-anyaggal végeztiink
kisérleteket. Tekintettel a novényanyag heterogén voltara, el6kisérletekkel, probaltuk
megtalalni a leghelyesebb médszert a kiilonféle mélységben rendelkezésre 4ll6 fény-
mennyiség hatdsadnak szdmszerfi kifejezésére. Megéllapitottuk, hogy rovid lejaratu kisér-
letekhez az egyébként szokasos hajtés-cstes vagy hajtas-darabka helyett j61 hasznalhat6ok
izolalt levelek (7. tdbldzat) és, hogy bérmilyen egységben fejezziik ki a fotoszintézis
gyorsasagat (szarazanyagra, levélfeliletre vagy egységnyi klorofill mennyiségre vonat-
koztatva), a mintak heterogenitésanak foka nem csokken (2. tdbldzat). Ezért MEYER és
munkatérsainak (1941, 1943) relativ mérd médszerét alkalmaztuk: a 2—4 izolalt levélbél
4116 mintékat csiszoltdugés tivegben, szlirt és részben oxigéntelenitett Balaton-vizben,
eldszor 10 em mélyen expondaltuk egy 6ra hosszat (,,calibration run® a 3—3§. tdbldzat-ban),
majd 1j tivegekbe, friss, szlirt és oxigén-szegényitett vizbe téve at 6ket, fiiggesztettiik
kiilonféle mélységbe (,,experimental run” a 3—4. tdbldzat-ban). A kisérleti expozicidé
alatt kapott oxigénmennyiséget a kalibraciés kisérletben keletkezett oxigén szazalékdban
fejezve ki, jellemzd és j6l reprodukalhaté eredményhez jutunk.
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A 3—5. tdbldzat-okban ismertetett kisérleti eredmények szerint a Balatonban
deriilt nyéri idében biztosan nem alakul ki fényhiény a Potamogeton fotoszintézise szem-
pontjabél, még igen zavaros vizben sem. Ezzel szemben a fénytultelitettség bizonyos
fokig gatlolag hat az asszimilaciéra a felsd vizrétegekben, killondsen optikailag tiszta
vizben. ‘

A Balatonban a fotoszintézis és 1égzés kompenzaciés pontja, a t6 sekélysége miatt
sehol sem jelentkezhet.

U3MEPEHUE ®OTOCUHTE3A HA TUHE POTAMOGETON PERFOLIATUS L.
B PA3JIMYHBIX I'NTYEMHAX O3EPA BAJIATOHA

Jatio Penvaaou
B BIB O B

Ilo smTepaTypHbIM JaHHBIM 00 03epe BasaToHe BCJIeACTBHE MEJKOBOJAS HeJOCTATOK B
CBETE HHUTJIe He OrPaHHYMBAET XKU3Hb PACTUTEAbHOCTU. OIHAKO, C TOYKH 3PeHus BBICLIMX pac-
TeHUH TaKue ONBITHI JO CUX IOp He ObUIM NPOBEMEHE.

Jletom 1959 r. GblLIM NPOBCACHLI ONLITHI C THHOM, MPOMCXOAsIUeH M3 eCcTeCTBEHHOrO
MeCTOHaxX0XKaeHusi. Fimesti B BHUAY HEOAHOPOAHOCTb PACTHTEJIBHOI0 MaTepuaja, ObLIM ITPO-
BeJIeHbI TIPeJiBAPHUTEJIbHBIE ITOMBITKY JJIsI YACJIEHHOI'0 BhIpa)KeHUsl BJIMSIHMSI KOJIMYeCTBA CBeTa,
HMMEIOLIEroCsi B PAsJIMUHBIX IV1yOMHaX. BBEUIO YCTAHOBIIEHO, YTO sl MPOBEAEHHUsT KPaTKOCPOU-
HBIX OINBITOB BMECTO OOBIKHOBEHHOI'0 KyCOYKa IM0o0eroBod MOYKH MM Iofera Xopoiuo Ipume-
HUMBI U30JIMPOBAHHBIE JUCThs (Tabsmua Ne 1) 1 HeCMOTPST HA eIMHUILY BBIPAXKEHHSI CKOPOCTH
¢dorocuHTe3a (OTHECCHHYIO K CYXOMY BEUIECTBY, JIMCTOBYIO TOBEPXHOCTD MJIM e[MHHIIE KOJIH-
yecTBa XJIOPOUIA), CTeNeHh HEOAHOPOAHOCTH 00pasueB He ymenblaercst (tadsmua Ne 2).
B pesynbTaTe 91010 ObLT MPUMEHEH METOX OTHOCUTEJILHOrO M3MepeHus: Meiiepa u ero coTpya-
HuKoB (1941 r., 1943 r.): o6pasupl U3 2—4 M30JMPOBAHHBEIX JIMCTHEB B K0j0e C IpUTepPTOMH
npoOKOoil, HANOJHCHHOI (QUILTPOBAHHON M YacTHYHO 00eCKHMCIOPOXKeHHOH Bozoi Banarona,
BliepBble ObUIN 9KCIIOHUPOBaHbl Ha rayb6uHe 10 cm B TeueHue yaca («calibration run» B Ta6-
smuax 3—5), a 3aTem Iocje lepeMellieHnsl B HoBble KoJi0bl, HaNoJHeHHble CBe)KeH, (GuibTpo-
BaHHOI U GeJJTHOM KMCJIOPOJOM BOJO#1, OBIIIM MO/(BELIEHB] HA PA3JIMYHBIX IJyOMHAX ((experimen-
tal run» B Tabuunax NeNe 3—5). Beiparkasi KoauuecTB0 KUCI0POAA, IOJYUEHHOTO IPH OMBIT-
HOIt 9KCIO3UIIMH, B IPOLIEHTe KUCJI0POAa, 00pa30BaBIIerocs NPy KajauOpOBOYHOM OIBITE, I10JIY-
YaeTcsl XapaKTepHBId M XOPOLIO BOCIPOU3BOAMMBIA Pe3yJbTAT.

ITo ONBITHEIM JJAaHHBIM, M3JI0OXKEHHBIM B Tabnunax NeNe 3—5, B 03epe bajatoHe jake B
BeCbMa MYTHOIT BOJie, B SICHOe JIleTHee BpeMs He HACTyNaeT HeJ0CTATOK CBeTa C TOUKH 3PEHHS
¢orocunresa Potamogeton. ITo cpaBHeHHMIO C OTHM, UpPe3BHIYAIHOE MOBBINIEHHE KOJIMUECTBA
CBETa B HEKOTOPOH Mepe MELIAeT aCCHMUJISLMHM B BEPXHHMX CJIOSIX BOJBI, 0COOGHHO B OITH-
YeCKH YHCTOH BOJie.

B ogepe BanaToHe KOMIIeHCALIMOHHAsI TOYKA (DOTOCHHTE3A M JIbIXaHMsI BCIEACTBHE MeJI-
KOBOJsI 03epa HHUIJle He BO3HHKAET.
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