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Abstract

It was stated that vanillin and p-coumaric acid used at concentrations 10~ %—10"*M stimu-
lated the growth of pine seedlings. Most eflective were these substances used at concentration
10~ 7M. Both phenolic compounds stimulated the elongation, fresh and dry weight in very
young seedlings (up to 3—4 weeks) and increased the fresh and dry weight only in older ones
(7 weeks). The stimulation of growth processes in pine seedlings treated with vanillin and
p-coumaric acid coincided with the increase of auxins in roots and with the decrease of free
gibberellins in these plant organs. Neither vanillin nor p-coumaric acid influenced the level
of ABA-like inhibitor both in the shoots and roots of pine seedlings.

INTRODUCTION

Phenolic compounds play an essential role in the processes of growth and deve-
lopment of plants (Gaspar, 1965). It is very common opinion that phenolics are
growth inhibitors (Hemberg, 1961, Kefeli and Kadyrov, 1971). However, there
appears more and more evidences that phenolic substances may stimulate the pro-
cesses of growth and development of plants (Henderson and Nitsch, 1962, Gesto
et al. 1972). Some of these compounds promote the rooting process of various spe-
cies (Michniewicz et al. 1974 b) and among them also the cuttings of pine (Hyun,
1969).

In preliminary experiments we have found that among several phenolic compounds
tested, such as caffeic, o-coumaric, p-coumaric, p-hydroxybenzoic and ferulic acids
as well as vanillin used at concentrations of 10~%—10~* M only vanillin and p-cou-
maric acid proved to be stimulators of the elongation of very young pine seedlings.
Therefore in further experiments only these phenolic substances were used.

* Research supported in part by grant from the United States Department of Agriculture,
Agricultural Research Service (FG-Po-230).
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The aim of the present work was to study the influence of vanillin and p-coumaric
acid on growth of pine seedlings and on the content of endogenous growth regulators
in them.

METHODS

Pine seeds were germinated 24 hrs in water at 21—23°C and light intensity of
about 2000 Ix. When the sprouts reached a length of about 1 mm the seeds were
selected and transferred to a medium containing phenolic compounds at concen-
tration of 10~4—10-% M.

Three different media for seedlings cultivation were used:

1) paper tissues (seeds were placed on diagonally situated glass plates with paper
tissue), 2) sawdust (prepared from leafy trees, boiled and washed with destilled water),
3) nutrient solution according to Ingestad (1960). All seedlings were cultivated
at light intensity of about 4000 Ix and temperature of 24—27°C.
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Fig. 1. Extraction and fractionation of auxins and ABA-like inhibitor
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The seedlings for chemical analyses were cultivated on the paper tissue. The seeds
were germinated 96 hrs in water or in vanillin and p-coumaric acid (10~7M). When
the sprouts reached length of about 3 mm they were transferred to paper tissue satu-
rated with these compounds. Other conditions of cultivation were the same as des-
cribed above.

Auxins and abscisic acid-like inhibitor were extracted from 20 g frozen samples
with 80 %, metanol during 48 hrs. The method of extraction and fractionation is pre-
sented in Fig. 1.

Auxins were partitioned chromatographically on Sephadex LH-20 according
to Steenand Eliasson (1969) and bioassayed by the Avena section straight growth
test.

ABA-like inhibitor was partitioned by thin layer chromatography (Silica gel G,
solvent system: isopropanol, butanol, ammonia , water 6 : 2 : 1 : 2 v/v). The active
zones determined, were eluated with 1 9 acetic acid in methanol and rechromatograp-
hed using solvent system: benzene, acetone, acetic acid 70 : 30 : 1 v/v. Again the
active zones determined, were partitioned by paper chromatography (Whatman’s
No 3, descending method, solvent: redistilled water).

The activity of zones on the chromatograms was determined by estimating the
UV spectrum using Universal Spectrophotometer VSU-1 and by the fiuorescence
method (the fluorescence with sulphuric acid on the plates coated with Silica gel
and comparison with the fluorescence of synthetic ABA).

The quantity of ABA-like inhibitor was estimated by the wheat coleoptile test
(Rudnicki, 1969).

Gibberellins were extracted from 20 g frozen samples with 80 9/ methanol during
48 hrs. The method of extraction and fractionation according to Rappaport et al.
(1967)is presented in Fig. 2.

Gibberellins were partitioned using thin layer chromatography (solvent system:
benzene — acetic acid 10:3 v/v and bioassayed using the lettuce hypocotyl test and
for comparison also the test of dwarf pea).

All experiments were three times repeated. The significance of differences was
established by estimating LSD at P=0.05.

RESULTS AND DISCUSSION

Both phenolic compounds used at a concentration of 107%—10° M stimulated
the growth of pine seediings. The substances used at higher concentrations (10~*M)
inhibited the growth of seedlings. The most pronounced growth stimulation was
obtained under the influence of vanillin and p-coumaric acid at concentration of
10-"M.

As may be seen from the data presented in the Tables 1 and 2 more pronounced
stimulative effect of phenolic compounds was stated in younger seedlings than in
older ones. This is evident when comparing the influence of vanillin and p-coumaric
acid on elongation of 8 days and 7 weeks old seedlings. Although the elongation of
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Fig. 2. Extraction and fractionation of free — and bound gibberellins

the oldest seedlings is inhibited by the treatment with phenolic compounds, however
an increase in fresh and dry weight of shoots and roots in these plants was noted.
The endogenous growth regulators were extracted from 11 days old seedlings
treated with vanillin and p-coumaric acid at a concentration of 10~7M.
In such seedlings vanillin stimulated the growth of shoots in 105.4 97 and growth
of roots in 137.3% and p-coumaric acid in 105.4 and 122.5% respectively (p.c. in
relation to control=100%).
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Table 1

Effect of vanillin and p-coumaric acid (10-7M) on the elongation of pine seedlings
(Per cent in relation to control=100 p.c.)

a Rcsultsméft-cn:_da}s_:

Kind of substance Plant | —————
organ | 8 14° 28¢ 49¢
vanillin shoots 181.4 104.1 102.2 77.5
| roots 123.7 117.1 142.9 102.0
p-coumaric shoots 255.5 | 1232 1033 | 900

acid roots 206.6 | 1295 141.0 | 8838

Cultivated: a) on paper tissue, b) in sawudst, ¢) in nutrient solution

Table 2

Effect of vanillin and p-coumaric acid (10~ 7M) on growth of pine seedlings cultivated
in nutrient solutions during 4 and 7 weeks (Per cent in relation to control= 100 p.c.).

Results after:

Kind of substance | Kind of measurement i .
| . organ 4 weeks | 7 weeks

length shoots 102.2 71.5

roots 142.9 102.0

vanillin [ i shoots 106.9 120.4

| e SEphe roots | 136.5 | 1328

o shoots 119.2 120.0

! Koy “weight roots 157.5 118.1

E ] ' shoots 1033 900

ength roots 141.0 88.8

] o | ek s - shoots | 108.1  108.9

p-coumaric aci | resh weight —_ 105.1 159.5

P - shoots 106.5 120.4

Iy weight | roots | 1275 | 1224

The results presented in Fig. 3 show that similarly as in experiments with willow
cuttings (Michniewicz and Kriesel 1972) the roots contained a higher level
of free gibberellins than the shoots. The level of bound gibberellins was however
higher in shoots than in roots.

Vanillin increased the level of free GA in shoots and decreased it in roots. It had
no influence on the level of bound GA. Thus, the root growth induced by vanillin
was correlated with a decrease in free GA and the growth stimulation of shoots was
correlated with the increase of this kind of GA.

p-coumaric acid decreased the level of free gibberellins both in the roots and in
shoots. However, it increased the amount of bound gibberellins in roots and had
no influence on the level of this kind of gibberellins in shoots.

So, vanillin and p-coumaric acid influenced the level of gibberellins in the roots.
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tig. 3. Effect of vanillin and p-coumaric acid (10~7M) on the level of gibberellins in shoots and
roots of pine seedlings.

Consequently, the stimulation of growth processes in pine seedlings treated with
vanillin and p-coumaric acid coincided with the decrease of free gibberellins in the
roots.

As may be seen from the data presented in Fig. 4 the shoots of seedlings treated
with vanillin and p-coumaric acid contained the same amount of auxins as the con-
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Fig. 4. Effect of vanillin and p-coumaric acid (10-"M) on the level of auxins in shoots and roots
of pine seedlings.
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trol plants. Both phenolic compounds increased however the level of auxins in roots.
They had no significant influence on the level of ABA-like inhibitor both in the shoots
and roots of pine seedlings (Tab. 3).

Table 3
Effect of vanillin and p-coumaric acid (10~ 7M) on the leve! of ABA-like
inhibitor in shoots and roots of pine seedlings (expressed as the growth
inhibition of the wheat coleoptile section in p. ¢.)

Org::ns.
Treatment i S =
Shoots Roots
H,0 30.3 | 25.0
vanillin 31.8 | 27.7
p—coumaric acid 29.8 25.1

) I)ilfuru.:.:r;; between lrc;ncn_l = _'..J;ISi_g.l.liﬂC.'JI]I. o
Differences between organs — significant at P-=0.05

Until now, no information concerning the influence of phenolic compounds on
the level of gibberellins and abscisins are available. However, there are many data
showing the effect of these substances on the level of auxins. According to the opi-
nion of most authors phenolic substances affect auxins by influencing the IAA oxi-
dase activity.

The results of our experiments with vanillin are in agreement with the data of
Georgiev and Ivanova (1972) who found that vanillin decreased to some degree
the activity of IAA oxidase in maize and pea and in this way increased the level
of auxins in the experimental plants.

Data presented by different authors concerning the influence of p-coumaric acid
on the activity of IAA oxidase are discording. Contrary to our results, Gortner
and Kent (1958) in experiments with pineapple and Tafuri et al. (1972) in experi-
ments with Lens culinaris found that p-coumaric acid activated IAA oxidase and in
this way decreased the level of auxins. On the other hand data of Raa (1971) show
that p-coumaric acid in physiological concentration do rot activate IAA oxidase.

The possibility that phenolic compounds can affect the level of auxins in diffe-
rent ways than through influencing the IAA oxidase activity must also be considered.
It was stated in our experiments that p-coumaric acid and vanillin increased the level
of auxins in roots and had no influence on the amount of auxins in shoots. Thus,
it is possible that the effect of these phenolic compounds reveals through the influence
of auxins transport. :

It appears from the data presented in Tab. 3 that there was no dependence between
the growth stimulation induced by vanillin and p-coumaric acid and the influence
of these compounds on the level of ABA. However these data show that similar
as in Salix viminalis also in pine seedlings the level of ABA in roots is higher than in
shoots (Michniewicz and Galoch 1972).

Taking into consideration the fact that the growth of young seedlings of Scotch
pine is very slow (Michniewicz et al 1974a), the results of our experiments showing
that vanillin and p-coumaric acid increase the fresh and dry weight of such seedlings
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are interesting and worth further study. If the growth stimulation induced by these
compounds is indeed, significant, and has no long-term deleterious effects on the
seedlings, it could conceivably be used in seedling production on a large scale. This
could easily be achieved with vanillin, which can be produced cheaply from waste
lignin derived from paper making.

CONCLUSIONS

Vanillin and p-coumaric acid stimulated the growth of pine seedlings. Most
effective were the substances used at the concentration of 10=7M.

More stimulative effect of these phenolic compounds was stated in younger
seedlings. Both substances stimulated the elongation, fresh and dry weight in very
young seedlings and increased the fresh and dry weight only in older ones.

The stimulation of growth processes coincided with the increase of auxins in
roots and with the decrease of free gibberellins in these plant organs.
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Rola waniliny i kwasu p-kumarowego we wzroscie pedow i korzeni siewek sosny

zwyczajnej
Streszczenie

Skietkowane w wodzie nasiona sosny przenoszono do Srodowiska (bibula, trociny lub plynna
pozywka) zawierajacego waniling i kwas p-kumarowy w rdéznych stezeniach i hodowano je na
swietle. Wyroste w tych warunkach siewki mierzono okreslajac diugosé, $wieza i sucha mase czesci
nadziemnej i korzeni oraz oznaczano w nich poziom auksyn, giberelin i inhibitora o wlasciwosciach
kwasu abscysynowego.

Stwierdzono, ze oba zwiazki fenolowe stosowane w stezeniach 1075—10"°M stymulowaly
elongacje oraz $wieza i sucha masg czedci nadziemnej i korzeni u bardzo miodych siewek (do 3—4
tygodni) a u siewek starszych (7 tygodni) zwigkszaly tylko $wieza i sucha mase. Najwieksza aktywno-
scia odznaczaly si¢ zwiazki stosowane w si¢zeniu 10~ 7M.

Analizie chemicznej poddano siewki 11-to dniowe potraktowane zwiazkami fenolowymi w ste-
zeniu 10~7M. Stwierdzono, ze stymulacja wzrostu wywolana dzialaniem waniliny i kwasu p-kuma-
rowego byla skorelowana z jednoczesnym zwiekszeniem poziomu auksyn w korzeniach oraz z obni-
zeniem wolnych giberelin w tych organach. Oba stosowane zwiazki nie mialy wplywu na poziom
inhibitora o wlasciwosciach ABA.
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