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Souhrn

Charakteristickym rysem pusobeni huminovych kyselin na rist rostlin je
stimulace prodluZzovéni kofent, vysvétlovand nskdy auxinoidni povahou téchto
latek.

Autor provéril tento predpoklad testem na odiezcich koleoptile p$enice a hypo-
kotylu Inu. Rust odfezkt obou typl se v roztocich humétu draselného o koncen-
traci 10-1 az 10-7 g/l ve srovnani s kontrolnim rastem ve vodd nezménil.

Daéle byla studovana interakce huminovych kyselin s auxiny. Prabéh ristové
kiivky odfezku do koncentraci auxinu kolem 20 mg/l (len) nebo 50 mg/l (pSenice)
pfitomnost humétu v testovaném roztoku v koncentraci 10-! g/l neménila. Pii
vysSich koncentracich auxinu byl rast odfezkti v roztocich auxin-humit pod-
statnd vys$i neZ v roztoku samotného auxinu. Efekt se snifoval se stoupajici
koncentraci auxinu (kyselina f-indolyloctova a x-naftyloctova).

Auxinoidnf charakter ve vodé rozpustnych soli huminovych kyselin ani kom-
petitivni antagonismus ve smyslu koncepce antiauxinu nebyl prokdzén.

Summary

A characteristic feature of the effects of humic acids on plant growth is
the stimulation of growth in length of the roots. This is sometimes explained

as being due to the auxinoid nature of the acids.

The author has examined this assumption by testing segments of wheat
coleoptiles and of flax hypocotyls. The growth of segments of both types
remained unchanged in solutions of potassium humate in concentrations of

107! to 10-7 g./l. as compared with the controls in water.
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A study was also made of the interaction of humic acids with auxins. The
growth curves of segments in concentrations of auxin up to about 20 mg./l.
(flax) or 50 mg./l. (wheat) were not altered by the presence of a 10°1 g./l.
concentration of humate in the test solution. With higher concentrations of
auxin the growth of the segments in auxin-humate solutions was considerably
greater than in solutions containing auxin alone. The effect decreased with
rising concentrations of auxins (#-indoleacetic acid and a-naphthylacetic acid).

The auxinoid character of salts of humic acids in water solution was not
established, nor was there any confirmation of competltlve antagonism in
the sense of the antiauxin conception.

Introduection

The favourable effect of humus substances on plant growth has been known
for a long time. Root growth is most strongly influenced, the overground parts
to a lesser extent. In spite of the fact that considerable efforts have been
made to throw some light on the nature of the effects produced by these
substances, we have as yet no satisfactory explanation of the mechanism of
their action. A number of theories have been advanced, but they have not
yet been adequately tested by experiment and are, indeed, often in conflict
with facts obtained during the examination of other problems of growth.

However, it would seem that closer attention should be paid to those
opinions which regard humus substances as being growth substances. This
assumption is already to be found in Borromrey’s work (1917, 1920). This
author considered that the active components of humus substances are
auximones, i.e. eompounds presumably related to the later-discovered auxins.
Essentially the same point of view was later held by other authors (BassaLik
and NEOGEBAUER 1933, KuTHY and ProzNik 1941, CHAMINADE and BoucHER
1955). Compounds similar to auxins were found in peat, water extracts of
which also have a favourable effect on plants. Recently, FLAIG and BREYHAN
(1956) have identified indole derivatives in the hydrolysate of humic acids
from chernozem. However, we still have no convincing proof of the auxinoid
character of humus substances, because they have not been examined by
means of the tests commonly used for determination of the activity of growth
substances. Only Paszewski, TRoJANOWSKI and LOBARZEWSKI (1957) have
tested the chromatographically separated components of the alcoholic frac-
tion of humus with positive results on wheat coleoptiles; this fraction as
a whole was, however, inactive.

Further, the question of the stimulation of root growth by auxins is still
doubtful. In view of this it would be more justified to compare humus sub-
stances to antiauxins, one property of which is their favourable effect on root
growth.

Experimental investigation of these two assumptions is the aim of the
present work.
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Material and Methods

The activity of humic acids and their interaction with auxins was determined using segments
of etiolated wheat coleoptiles and flax hypocotyls.

The test on wheat coleoptiles was carried out in the normal way. Following 24 hours’ swelling
in water, wheat grains (Triticum wvulgaris L. var. Py3elka) were grown in the dark in damp
lime-tree sawdust. Segments of 10 mm. in length were cut off from coleoptiles of similar length
(20 to 40 mm. according to the experiment). The first incision was made 2 mm. below the tip
of the coleoptile. Equality of length of the segments was ensured by cutting nine at a time
with a knife composed of two razor blades fixed at a distance of 10 mm. from each other (BENTLEY
and Houstey 1951). Twenty-five to thirty segments were tested for 12 to 36 hours in 25 ml.
solution in Petri dishes. The leaves of the segments were not removed and they floated freely
in the solution. The number of segments in a dish was established according to the course of
Fig. 1 in such a way that the variability of their growth was eliminated. Following the test,
the segments were slightly curved, which made direct microscopic measurement of their length
very difficult and inaccurate. The outlines of the segments were, therefore, projected on to
photographic paper with a 3:5 enlargement. After development the lengths were measured by
means of a flexible rule with an accuracy of 0-5 mm.
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Fig. 2. Dependence of standard error of aver-
. . age length of flax hypocotyl segments on
* L number of individuals in set. 10 mm. seg-
ments, 24 hours at 24° C. @—@ segments in
distilled water (av. length 12—13 sections);
A— A segments in g-naphtylacetic acid sol-

A - i y ution 50 mg./l. (av. length 14—15 sections).
152533 .51 68 82 Ordinate: standard error of average of sec-
tions. Abscissa: number of individuals in set.

Fig. 1. Dependence of magnitude of standard error of average length of coleoptile segments
on number of inividuals in set. Ordinate: standard error of average, in mm. gain in 24 hours.
Average growth increase of segments in water = 1:50-— 140 mm./24 hours. Abscissa: number
of individuals in given set.
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Test with flax hypocotyls (Linum usilatissimumt var. Viera), Flax roots are suitable as
material for testing growth substances (ABEre 1950). Tt was found in our experiments that
segments of etiolated hypocotyls also react to the presence of auxins in the test solution. The
method of cultivation has been described by ABrrc (1950). The period was prolonged to 36 to
40 hours. At the end of this period the hypocotyls measure 15—30 mm. Hypocotyls of equal
lengths of 20—25 mm. are selected and their tips are removed about 2 mm. below the bend.
A segment measuring 10 mm. is then cut off from the remaining part as in the case of the
coleoptiles. The further procedure was similar to that for the test using coleptiles. Fig. 2 shows
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that 25 to 30 segments in 25 ml. of solution are necessary for one experimental variant. The
period of the test was 24 hours. Measurement of the segments was carried out in a different
way. After development of the enlargement of the outlines on photographic paper, lengths
were measured by means of sections marked along one side of the photographic outlines with
a small cog-wheel. One section corresponds to 1-11 mm. actual length.

Growth of the plants and of the segments was carried out in both cases in the dark at a tem-
perature of 24° C. The segments were cut in orange light (photo-bulb AGFA-ORANGE).

The growth curve obtained for the hypocotyl segments follows the same course as that for
coleoptile segments. If the effect of 8-indoleacetic acid is expressed as a percentage of the lengths
of control segments in distilled water, the segments of flax hypocotyls show a sensitivity in
their reaction to auxins of np to one-half less than the coleoptile segments. (Fig. 3.) The increase
in length of the segments expressed as a percentage of the increase of the control in water are,
however, always higher for flax hypocotyls (Fig. 4). This is mainly due to the slight growth
of the control hypocotyl segments. which show a maximum increase of 8 to 10%, of their original
length after 24 hours. The first procedure is more frequently used and therefore the further
results have been dealt with in that way.

Preparation and application of humus acids. Two kinds of basic material were employed:
1. Trade preparation Humussdure, manufactured by Riedel-Haén, Hannover.

2. Humiec acid fraction of oxyhumolite from the mine Osvobozeni at Retenicich, south-west
Bohemia.

The humic acid fraction was prepared as follows: 500 g. of oxyhumolite was extracted for
45 min. at room temperature with 2300 ml. of -1 N KOH with occasional shaking. The in-

100,0 mgjl
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soluble matter was removed by filtration through glass wool and 200 ml. of concentrated HCL
was added to the filtrate. After centrifuging, the coagulate was washed with distilled water
until ions of Cl’ had been removed and was then dried at reduced pressure at 30 to 40° C.

The fraction and the Humussdure preparation both contain considerable amounts of sub-
stances which are soluble in ethanol. Both preparations were converted to potassium salts by
solution in 0-1 N KOH, dialysis with distilled water and evaporation at reduced pressure at
30 to 40° C. These salts are suitable for application in both tests as they are very readily soluble
in water. They will be referred to as K-humate Ox (from Osvobozeni) and K-humate R (from
Humussédure).

Auxins used: f-indoleacetic acid (Merck) and g-naphthylacetic acid (Lachema, Brno). The
test solutions were prepared by dissolving the substances in redistilled water. The pH values
of the solutions did not differ from one another and ranged between 5-0 to 5-2 before and after
the test. The water control had the same value.

Results

Segments from coleoptiles of different lengths were tested in solutions of
both K-humates. The concentrations used were those which according to
published results have a positive effect on growth in root length. Several
repetitions of the experiments were made and in addition the growth of the
segments was measured at intervals of 12, 24 and 36 hours. The results given
in the tables were worked out by analysis of variance. The values of the
F-test for the factors involved in the experiment are appended.

Tables 1, 2 and 3 give the growth of coleoptiles. For greater clarity a value C
is also given, i.e. the length of segments of the different variants as a percent-
age of length of control segments. Neither of the humates affected the growth
of the segments, for in no case were the differences, amounting to 5 to 69,
of the control length, significant. The growth of flax hypocotyl segments
also remained unchanged by the application of humates (Table 4).

Table 1. Growth of wheat coleoptile segments in K-humate solutions. 10 mm. segments from
20—25 mm. coleoptiles. Period of test 12-—36 hours. Values in mm. = actual length
x 3:5.C = 9, control

12 hours 24 hours 36 hours
K-humate
mm. | C mm. C mm. C
Control 41-33 100-0 57-88 100-0 62-57 100-0
10-5 g./1. Ox 40-03 96-8 59-88 1034 —_— —
R 41-00 99-2 58-86 101-8 63-92 1021
10-3 g./1. Ox 40-03 96-8 56-79 981 —_ —
R 39-40 95-3 56-85 98-2 63-00 100-6
10-1 g /1. Ox 42-57 103-0 61-30 105-9 — —
R 39-84 96-3 59-52 1028 62-94 100-5
Analysis of variance: Ox for concentration F = 144 P> 0-05
for hours F = 20528 P < 0-01
R for concentration F = 2:20 P> 0-05
hours ¥ =41617 P < 001
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Table 2. Growth of wheat coleoptile segments in K-humate solution Ox 10-1 g./1. 10 mm. segments
from 30—35 mm. coleoptiles. Period of test 12—36 hours. Values expressed as in Table 1

12 hours 15 hours 24 hours 36 hours
mm. C _mm. C mm. I C o mm. ll C
Control - 39-00 100-0 50-82 100-0 60-14 I 100-0 5848 ‘ 100-0
10-1 g/l 39-50 101-2 48-25 94-1 57-46 l 95-5 58-70 } 102-3
Analysis of variance: for concentration ¥ = 420 P> 005
for hours F=17619 P < 001

Table 3. Growth of wheat coleoptile segments in K-humate solution Ox 10-! g./l. 10mm. segments
from 40—45 mm. coleoptiles. Period of test 12-——36 hours. Values expressed as in Table 1

12 hours 24 hours 36 hours
mm. | C mm. C mm. | C
Control 47-45 l 100-0 61-60 100-0 58-65 } 100-0
10-1 g/l 46-52 ! 98-0 61-70 100-1 61-36 ( 104-6

1 P> 0-05
895 P < 005

Analysis of variance: for concentration F
for hours F

i

Table 4. Growth of flax hypocotyl segments in K-humate solutions of varying concentration.
10 mm. segments from 20—25 mm. hypocotyls. Period of test 24 hours. Values in sections =
= actual length x 1-11. C = %, of control

K-humate Ox K-humate R
Sections Averago C Sections Average C
Sections Sections

Control 11-88 11-88 11-88 100-0 12-26 11-87 11-87 12-00 100-0
10-7g./1 12-00 11-81 11-90 100-1 12-50 11-68 11-86 12-01 100-0
10-5 g./L 11-88 11-96 11-92 100-3 12-53 11-70 12-07 12-01 100-0
10-3 g.fL 11-:69 11-71 11-70 98-4 12-21 11-69 12-11 12-00 100-0
10-1g./L 12:00 11-73 11-86 98-8 12-50 11-85 12-17 12-17 101-4

Exp. 27A, 4 28A 28B

278

Analysis of variance: for concentration F = 1-2 P > 0-05

In the following experiments interaction between humate and the two
auxins was followed. The humate concentration was constant in all experi-
ments, while the auxin concentration changed. There resulted concentration
curves for f-indoleacetic acid or a-naphtylacetic acid alone or mixed with
humate at a concentration of 10-1 g./I. The values entered on the graph are



94 J. RERABEK

the averages of at least three experiments and for each variant, as in the
previous experiments, 25 to 30 segments were allowed for. Kach average,
therefore, represents the growth of approximately 70 to 90 segments.

Fig. 5 and 6 give results for eoleoptiles. While at lower auxin concentra-
tions in the mixture the humates showed no influence, at concentrations
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Fig. 5. Growth of wheat coleoptile segments in §-in.  Fig. 6. Growth of wheat coleoptile seg-
doleacetic acid (@—@) and in this solution with ments in f-indoleacetic acid (@—@) and
K-humate Ox 10-! g./]l. (aA—a) and R 10-1 g./l.  in this solution with K-humate Ox 10-1
(@2—m). 10 mm. segments from 20 to 25 mm. g./l. (i—a) and R 10-% g /1. (M—m).
coleoptiles. Period of test 24 hours at 24° C. Ordin- See Fig. 5.
ate: 9, of length of control. Abscissa: auxin cor-

centration in mg./l.

above 50 mg./l. auxin activity was altered. The effect of the humate was
evident in more intense growth of segments in the solution of the two sub-
stances. Differences were significant at concentrations over 75 mg./l. of the
test auxin, ie. f-indoleacetic acid. No difference was found between the
effects of the two humates.

Humate was tested on hypocotyl segments with g-indoleacetic acid and
a-naphtylacetic acid. Both auxins exhibit a typical effect on the growth of
the segments. a-naphtylacetic acid is somewhat less active at lower con-
centrations; at concentrations over 30 to 40 mg./l. growth in this solution
is also lower than in p-indoleacetic acid solutions of equal concentration
(Fig. 7 and 9). The effect of the humate does not differ from that in the
experiments with coleoptiles. Low auxin concentrations, in this case about
20 to 25 mg./l., are not affected by either of the humates, while the effect
in supra-optimal concentrations is again decreased. (Fig. 8. and 10). Differ-
ences in growth are, however, somewhat greater than in the experiment
with coleoptile segments.

Reduction in auxin activity at super-optimal concentrations is strongly
dependent on humate concentration. A concentration of 101 g./l. is fully
effective. A solution diluted by 100 is ineffective.
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%% Fig. 8. Growth of flax hypocotyl segments in
130 3 p-indoleacetic acid (@—@) and in this solution
!_-—_:!7-‘é with X-humate Ox 10-1 g./l. (A—A4). Segments

’f from 20—25 mm. hypocotyls. Period of test

120 24 hours. Ordinate: 9, of control length. Ab-
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Fig. 7. Growth of flax hypocotyl segments 110
in B-indoleacetic acid (@—@) and in this ]
solution with K-humate Ox 10-1g./1. (A—a)
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Fig. 9. Growth of flax hypocotyl segments Fig. 10. Growth of flax hypocotyl segments
in g-naphtylacetic acid (@—@) and in this in x-naphtylacetic acid (@—@) and in this
solution with K-humate Ox 10-1g./l. (A—a). solution with K-humate Ox 10-1 g./l. (A—a).
See Fig. 8. See Fig. 8.
Discussion

As has already been mentioned in the introduction, many authors have
assumed that there is an analogy between the effect of humus substances,
particularly humic acids, and that of auxins. But the criterion for regarding
any compound as an auxin is a positive result with some of the tests used
for determining the activity of growth substances. Therefore, it was necessary
to treat the humic acids in this way, too. The present experiments have
established that this fraction completely lacks the properties of auxins. Growth
of segments of wheat coleoptiles and flax hypocotyls was unaltered following
the application of a wide range of concentrations of K-humates of various
origin. This is in agreement with the results of PaszEwskI, TROJANOWSKI
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and LoBarzEwWSKA (1957), who also used coleoptiles to test the alcoholic
fractions of peat and compost humus. The fractions as a whole were also
inactive. It is interesting, however, that the chromatographically separated
components acted on the curving of the longitudinal parts of cut coleoptiles
in a similar way to f-indoleacetic acid.

In opposition to the view that humic acids act on plants like auxins is also
the fact of the qualitative difference in the effect of these substances on root
growth. While it has been repeatedly demonstrated that humic acids have
a favourable effect on root growth, the primary characteristic of auxins is
that they inhibit this growth. Stimulation by very low concentrations has
not yet, according to ABERG (1957), been reliably demonstrated as a general
phenomenon. Auxing do not affect the growth of algae (LmoTsky 1952),
while humus substances act as strong stimulants (LroTsKY 1954, PRAT 1955).
These differences, particularly as regards roots, indicate an analogy with
another group of growth substances—the antiauxins, which also strongly
accelerate root growth. They are, however, also characterized by the fact
that in various tests they reduce the effect of externally applied auxins
(ABERG 1950, BUursTROM 1950, VAN OVERBEEK et al. 1951). This interaction
is particularly evident with sub-optimal concentrations of auxin. It has
been found that humic acids do not alter the effect of these concentrations.
The growth activity of super-optimal concentrations is, however, consider-
ably reduced by humate. The growth of segments in a solution containing
auxin and humate iy definitely greater than in a solution of auxin alone.
Typical antiauxins, such as l-naphtylmethylsulphidepropionic acid (ABErG
and KHALIL 1953) or 4-chlorphenoxyisobutyric acid (FosTEr et al. 1955),
do not alter the activity of such concentrations of auxin, insofar as they are
not applied in toxic amounts.

The humate-auxin relation, insofar as it has been followed in tests with
overground plant parts, does not show a typical antiauxinoid character.
The real nature of the relation between the two substances at super-optimal
concentrations of auxin, when humate antagonizes its growth activity, re-
mains, however, a problem. The results obtained so far will have to be
amplified by investigation of interaction in & suitable root test. It is also
necessary to find out whether this action is reversible following further
applications of auxin.
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Bansayune rymMycoBoii KHCIOTHI HA POCT pacTeHwuii

Wpsn Pmepmaber

Kadeapa ¢msumosormn pactennit m Omonornmm nous Ecrecrsennoro darynnrera Hapraosa
Yuuscpcurera, [lpara

Pesome

XapaxTepHOH 4epTol AedAcTBAA I'YMyCOBBIX KHUCJIOT HA POCT PAacTeHWH ABIACTCA CTHMYJIS-
IEA pocTa KOPHeH B JIMHY, KOTOPad HHOTA OOBACHAETCS TeM, YTO STH BEmleCTBa MMEI0T Xa-
PaKTep ayKCHHOUJIOB.

ABTOp IPOBEPUJI 3TO IIPEJNOJIOKEHNC ONBITAMEI Ha OTPE3AHHBIX 4ACTAX KOJICONTHIIA IIc-
HUIB W TMINOKOTHIA jbHA. Poct "acTteit Toro m Apyroro tuma B PacTBOpax ryMara KaJus
¢ KoHUeHTpauueil 10-1—10-7 r/ymTp He OTNHYANCA OT POCTa KOHTPOJILHBIX YacTedl B BOJe.

Hasee uayuajock B3auUMOACHcTBEE TYyMyCOBBIX KUCJIOT M ayKCHHOB. X0 KpUBOil pocta
OTPe3aHHBIX dacTeil B pacTBOPaX ayKcWHA ¢ KOoHHeHTpanmedr mo 20 mr/ia (nen) mam 50 Mr/n
(nmmenma) He 3aBHCceJ] OT OPUCYTCTBASA B PACTBOPe ryMaTa B KoHUeHTpanun 10-1r/ia. B cay-
vae Gosiee BRICOKMX KOHIEHTPAIIMH ayKCHHA POCT OTPE3aHHKIX JacTeHd B pacTBOPaX ayRCHH-
ryMar OBUT 3HAUMTEBLHO BEHIIE, YeM B PACTBOPAX OXHOrO ayxeuHa. OgHAKO, ¢ FaTbHEHNINM
POCTOM KOHICHTDAHME ayKcHHA (WHEOIWIyKCYCHasdA N HaQTHMIyKcycHAs KACTOTH) DTH pas-
JmaysA OPOABIANACH Bee cllabee.

Taxum o6pazom, He yfaioch XOWA3ATH HE AYKCHHOMAHBIH XAPAKTEP BOAHOPACTBOPUMEIX
€OJIell TyMyCOBBIX KHCJIOT, HM KOMICTHTHBHHEIN aHTATOHH3M B COOTBETCTBAM C NpEICTABICHN-
siMm 00 aHTHAyKCHHe.



