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Vliv Na-humétu na dychani kefeni a listd p3enice

Natriumfluorid, monojodacetat a malondt brzdi, popfipad$ stimuluji, dychéni
kofent plenice p&stované 2 aZ 10 dni v roztoku humétu sodného (100 mg/l) siln&ji,
ne% dychéni kofeni rostlin pstovanych ve vods. Obdobn& pusobi natriumfluorid
na dychéni listt. Pomér radioaktivit C1*0, uvolnéného z glukosy znadené v poloze
1 nebo 6 (C4/C;) je prakazné zvy¥en u kofeni, nikoli vSak u listil. Zména tohoto
poméru je doprovézena zmensenim celkové radioaktivity C*O, uvolnéného kofeny
rostlin ovlivndnymi humétem z glukosy specificky i totdin® znaené. Endogenni
respirace (QO,) kofent je plisobenim humétu zesilena o 5—30 9, intensita respi-
race listl zhstavé na stejné trovni. Rist kofent do délky je v prostfedi s humdatem
intensivnéjsi o 20—80 9, rust listd o 5—15 9. Uvedend zjidténi vedou k zéveru,
Ze v kotenech rostlin pdstovanych v roztoku humétu vzrastd podil glykolysy
v respira¢nim metabolismu.

Summary

Sodium fluoride, iodoacetate and malonate inhibit or stimulate the respira-
tion of wheat roots cultivated for 2—10 days in a solution of sodium humate
(100 mg/l.) as compared with the respiration of roots cultivated in water. The
influence of sodium fluoride on the respiration of leaves is similar. The ratio of
the radioactivities of C*0O, from glucose, labelled in the position 1 or 6 (C4/C,)
is distinetly higher in roots, but not in leaves. The change in this ratio is
accompanied by a decrease in the total radioactive C110O, from roots of plants
influenced by humate, from glucose labelled specifically and totally.

Endogenous respiration (QO,) of roots increased in humate by 5—30%,
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the intensity of leaf respiration remaining at the same level. The longitudinal
root growth increased in humate by 20—809%,, the growth of leaves by 5—15%,.
The above statements show that in a humate solution the glycolytic fraction
of the respiratory metabolism of roots is increased.

Introduction

It is known that humic acid in solution of 0-01—0-0019, has a positive influence on the growth
of the root system as well as on the green parts of plants, but it is different from auxines or
antiauxines (RERABEK 1960). It increases the intensity of respiration. According to CHRISTEVA
(1953, 1955) humous compounds stimulate the reduction of the terminal oxidases, being a sub-
strate for polyphenol oxidase. Smipov4 (1962) found a total increase of the endogenous respira-
tion in the humate treated plants of a wheat root homogenate, as well as a change in activity
of some enzymatic systems acting in oxidation-reduction reactions of respiration. The action
of Na-humate lowered the activity of succinic dehydrogenase; the inhibition of respiration by
malonate was reduced; the inhibition of respiration by the action of products of the Krebs-
cycle increased; the activity of cytochrome oxidase, ascorbic acid oxidase, polyphenol oxi-
dase, lipooxidase and flavin enzymes also increased. From these facts the author assumes a
change in activity of the pentose cycle and of glycolysis. FLa1e, SCHARRER and ScroLL (1957)
found that thymohydrochinon suppressed the activity of sucrase, amylase, phosphatase and
aldolase. CInGEROVA (1962) concluded from the higher amount of pentoses, glucose, sucrose
and fructose and lower quantities of aminoacids in wheat roots in the stage of the first leaf
influenced by humate, that the above changes are caused by a deficiency of nitrogen inhibiting
further sugar metabolism namely glycolysis.

Fraie (1962) studied the effect of compounds originating from the decomposition of straw
and lignins and found that they change plant metabolism by uncoupling oxidative phosphoryla-
tion from respiration.

The results of most of the above papers dealing with the relation of humate to the energy
metabolism of plants cannot clearly demonstrate changes in the activity of different respiratory
systems, such as glycolysis and the pentose cycle in the metabolism, because their methods are
inadequate. In the present study we are bringing results of our experiments; we have used
specifically labelled glucose and respiratory inhibitors, to investigate the role of glycolysis in
plants cultivated in humate.

Materials and Methods

For our experiments we used first leaf-blades and root tips 0-5—1-0 ¢cm. long of wheat (7'r:-
ticum vulgare L. cultivar Stupnickd jarni), cultivated in Petri dishes with distilled water or
with Na salt of humie acid 100 mg./l. purchased from Riedel de Haen A.G. Seelze Hannover.
Wheat was germinated for 24 hours in a humate solution or distilled water and later transferred
to a cultivation box with 24—27° C temperature and 979, air humidity. A neon light of 1400 Lx
was used for 12 hours a day (cf. LusTiNEC and POKORNA 1962).

The measuring of QO, (ul. 0,/hour/mg. dry weight) and respiration inhibition by sodium
fluoride 3 X 10-2M, by monoiodoacetate 2 x 10—3M and malonate 5 X 10-3M in 0-1 M citrate
buffer pH 4-5 were made by the direct Warburg method. The measuring of the Cy/C, ratio was
performed by a method published previously (LuSTINEC and PokorNA 1962). The 50 ml. Erlen-
meyer incubation flask contained: 6 ml. 0-033 M phosphate buffer pH 5-3, 100 root tips or 0-5 g
dissected leaf-blades, and 1 ml. specifically or totally labelled glucose, showing a raidoactivity
of 330 muC and mass of 4 mg.

For measuring the radioactivity of BaC0,; a GM tube with the end window (of the thickness
of 1-00—1-05 mg./em.?) was used. The efficiency of measurement was 1 uC = 10° cpm. The
values presented here are the results of at least 3 parallel measurements. Each experiment was
repeated 3 times.
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Results

The tables 1 and 2 show that fluoride, monoiodoac.tate and malonate inhibit the respiration
of humate-treated plants more than the controls. The intensity of inhibition is not absolutely
the same in leaves and roots of the same age, but it is definitely higher in humate-treated plants,
even if the oxygen consumption in humate-
plants is not increased; it decreases with the age
of leaves. In low concentrations of inhibitors or 4
in old tissues the respiration is stimulated; sti- -
mulation is higher in humate-treated i plants. In Qo, ’ K
some cases the humate-treated plants are still 2
strongly inhibited whereas the control is already
slightly stimulated (cp. the experiment with 3t
malonate, tab. 2). A similar relation can be found -
with the long term effect of NaF (Fig.1). At the
beginning the respiration of the humate-treated
plants is more intense than in the control.
After 16 hours the humate-treated plants are 2r
still stimulated, whereas the control is already o H,0
inhibited by NaF. The ratio C4/C,; in roots treat- L
ed by humate is distinctly higher (tab. 3)
mainly due to the decreasing output of CM0,.
In leaves the ratio does not change (tab. 4), 1 Lttt 141y
though the influence of fluoride is the same as
in roots. Humate-treated roots show a lower 41 246810 % 18 22 2
absolute radioactivity of C*40, produced by roots
from specifically and totally labelled glucose
(tab. 5).

2 N H,0
Fig. 1.
QO, (ul. Oy/mg. of dry weight during 60 min.) -
n wheat leaves grown for 5 days in water (K) 1F
and sodium humate (H) in relation to time of T
iincubation in water () and in sodium fluoride 24681 % 18 22 26
3 x 10*M (@). HOURS

Tab. 1. The effect of NaF 3 x 10-2M on respiration of wheat-leaves grown in Na-humate
100 mg./l. and in distilled water

Percentual
Age of leaves . Average length Machecieiiet
in days Variant of leaf in em Qoz(%I,O) QO,(NaF) sfls?rgilblgé?;;—-p

4 K 3.2 6.6 5.8 —12.8
H 4.0 6.6 5.5 —16.3
6 K 7.8 4.4 4.6 + 2.9
H 8.6 4.0 4.7 +16.4
8 K 11.9 3.2 4.3 +36.0
H 13.8 3.2 4.9 +55.0
10 K 12.7 3.5 4.4 +26.9
H 14.9 3.4 4.6 +36.0
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Tab. 2. The effect of fluoride, iodoacetate and malonate on respiration of wheat roots

Age Percentual inhibition (—) or stimulation ()
ogf %g:;ige of oxygen consumption ¢
plants of roots Q0. ; i
in in om Na-fluoride Na-malonate monoiodacetate
days 3 X 10*M 5 x 10°M 2 X 107*M
K H X H K H K H
3 2.08 2.58 13.1 14.5 —57.0 —67.0 —314 —445
4 2.32 3.52 9.1 13.3 —41.0 —54.0 + 2.8 —22.0
6 2.5 3.60 8.5 9.3 —32.0 —44.4 —76.4 —84.1
1 12.0% +45.0%

Na-fluoride 3 x 10—*M

Tab. 3. Production of 1¥CO, from wheat roots grown in water (K) and in solution of Na-humate
(H) 100 mg./l. during two-and four-hour incubation with glucose 1-*C and glucose-6-14C

Duration Radioactivity of BaCO, in counts/min./10 mg. dry weight

Age of of incu- | Vari- c./C
_plants bation ant o/Cy

in days | i hours G-1-Ca¢ G-6-C1e G-146-Cr¢

X 8x X 8%

0-2 K 392 + 5.65 227 4+ 1.04 619 0.57
2 H 331 + 2.32 206 + 1.63 537 0.62
24 K 523 + 5.70 525 4 2,19 1048 0.99
H 3567 + 3.68 424 + 1.92 781 1.18
0—2 K 1097 4+ 12.2 146 4 2.25 1243 0.13
4 H 526 4.23 432 4 1.50 868 0.65
2—4 K 861 + 10.8 305 + 2.22 1166 0.36
" 657 = 7.05 392 I 1.87 1049 | 0.59

|

x = mean

sx = standard deviation

Tab. 4. Production of C1%0, from wheat leaves of four-day-old plants grown in distilled water and
Na-humate 100 mg./1. during two-and four-hours incubation with glucose-1-14C and glucose-6-1*C

Duration Radioactivity of BaC*O, in counts/min./10 mg. dry weight
of incu- .
bation Variant Cs/C,
in hours G-1-C+ G-6-Cr¢ G-146-01e
x 4 Sx x 4+ sz
0-2 K 248 1 13.1 2174 3.0 465 0.88
H 258 4- 6.9 229 + 10.4 487 0.89
2—4 K 314 + 17.1 304 4 9.3 618 0.96
H 305 §- 4.0 280 + 2.6 585 0.91
Discussion

Our results corroborate the assumption that in humate-treated plants
especially in roots, the role of glycolysis in total respiration is increased. This
is supported by the increased action of the respiratory inhibitors used as well as
by the higher stimulation and the increased ratio C,4/C, in roots. The degree
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Tab. 5. Production of C1¥0, from 3-day-old roots of wheat grown in water and in a solution of
Na-humate 100 mg.[l. after four-hour incubation with unspecificially labelled glucose

Radioactivity of BaCO, in counts/min./10 mg. dry weight
B i t
xperimen Na-humate distilled water
X A4 8X X + 8x
17. 10. 61 227.0 4- 4.05 253.0 & 6.45
12,12, 61 274.5 + 28.4 461.8 + 12.8
19. 12. 61 250.0 + 23.6 331.0 + 9.54

of inhibition of respiration by fluoride and monoiodoacetate is proportional to
the part of glycolysis in glucose catabolism.Malonate doesnot affect the glycoly-
sis directly, but it can inhibit it unlike the pentose cycle because glycolysis
is dependent on the citric acid cycle in aerobic conditions in tissues of high-
er plants. The increased respiration inhibition by malonate in roots treated
by humic acid can thus be an indirect corroboration of the above assumption.
Though Smipovi (1962) found a decreased inhibitory action of malonate on
the consumption of oxygen in the root homogenate of humate-treated plants,
this result does not contradict ours, because there is a considerable difference
between the homogenate and an intact tissue. The stimulation of respir-
ation in wheat leaves by fluoride is accompanied by an increased Cg/C, ratio
and inhibition of the transport of glucose into the tissues, which is probably
a result of activation of glycolysis (LuSTiNEC, PoRORNA, RUZI6KA 1962). It
is evident that under favourable conditions the respiration will be most
strongly stimulated by fluoride when the role of glycolysis in tissue respir-
ation is at the highest level. But it may happen that during the transition
of the inhibitory effect to stimulation, caused by a changed concentration of
the enzyme-poison or by the age of the tissue, respiration including intense
glycolysis will be inhibited or stimulated less than respiration of the tissue
where aerobic glycolysis is partly supplied by the pentose cycle (Fig. 1).
Our opinion is that analogical relations may be expected for the action of
monoiodoacetate and malonate. According to the results of manometric
experiments with inhibitors increased ratio Cg/C, in the roots of the
humate-treated plants may be caused by increased glycolysis. KaTz and Woop
(1960) showed that the Cg/C, ratio is not a linear function of a relationship of
glycolysis and the pentose cycle in catabolism, but that it also depends onan
amount of 3-C from triosophosphate, oxidized in CO, and on the non-trioso-
phosphate utilisation of glucose. It is thus possible in wheat leaves culti-
vated in humate solution whose respiration is more strongly inhibited by
fluoride than that of the control, that the Cg/C, ratio corresponds to the higher
role of glycolysis as well.

The found metabolic changes are correlated with an intense growth of leaves
and especially of roots, but it is impossible to say from our experiments how
specific the influence of humic acid is. The experiments on the shortterm
influence of humate on isolated organs of wheat showed that during several
hours application no metabolic changes occur; this might be caused by the
slow transport of humic acid into tissues (PrAT 1960).
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Whether the decreased C140, radioactivity in roots is caused by the decreased
transport of glucose to the tissues or by other factors cannot be said at present.
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Bausinme Na-rymMaTa Ha fpIXaHde KOpHeil M JHCTbEB IIIEHHIBE

OTOpHUA HATPHA, MOHOHOAAIETAT U MAJIOHAT TOPMOBAT, B JDYTHX CIydYasAX CTHMYJIHPYIOT
ARIXaHWe KOPHeW TIIeHWNHl, BEIpamuBaeModl B TeveHme 2—10 pHeit B pacTBope rymara
Harpusa (100 mr/m) cuiHee Wem AbIXaHWe KOpPHeHl pacTeHWH BHIpammuBaeMeX B Bofe. Ilo-
noGaeM 00pasoM pgelicTByer (Topui HaTpuA HA JmXanue JucTeeB. OTHONIEHEE pagUo-
axrueaOCTer C*0, 0cBOOOKISHHOrO M3 TJIIOKO3K MEYEHHOW B 1-oM Wim 6-0M MOJIOMKeHUH
(Ce/Cy1) HOCTOBEPHO NOBHINIEHO y KOpPHEH, OJHAKO, He Y JIHCTheB. V3MeHeHHA 3TOr0 OTHO-
HMIeHUA COIPOBOJKAAIOTCA yMeHBbIIeHmeM o0wel pagmoakTtueHocTn C10, ocBobomgeHHOTO
KOPHAME PAacTeHHH, HA KOTOpPBle BO3JEUCTBOBAJIM TyMAaTOM, M3 TVIIOKO3BI CrenupuIecKn
U TOTANBHO MedeHHOU. OHOoreHHasa pecnupanua (QO,) KopHeH oA ZeHCTBHEM IyMaTa
noBuImaercA Ha 0—30 %, HHTEHCHBHOCTD PECNHPAINY JINCTHEB OCTaeTCA HA TOM ¥Ke YPOBHE.
Poct KOpHe# B WINHY B cpefie ¢ ryMaToM Ha 20—80 9, mETeHCHBHEe, POCT JNCTHEB HA 5—15%.
[IpuBeieHHBe RaHHBE BefyT K 3aKJIOYEHNIO, 4TO B KODHAX PAaCTeHWH, BHIPAI[UBAEMBIX
B pacTBope I'yMara, BO3pacTaeT HOJA IVIMKOJIN3a B PeCHUPAIIOHHOM MeTaboJsIm3Me.



