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The treatment of pine seedlings with growth substances changed root growth and
peroxidase IAA oxidase activity in enzyme preparations of roots. The effect of
the growth substances on the pine roots depends on the concentration of the growth sub-
stances and on the age of seedlings. A relatively short period of treatment (2 weeks)
induced a very high total enzyme activity but a longer treatment caused a pro-
gressive decrease of this activity. The data from this work do not indicate any
simple relationship between the activity of peroxidase and IAA oxidase and the
growth of pine roots, but they indicate a relationship between the appearance or

disappearance of one of isoperoxidase bands and the growth of roots, especially
their elongatinon.

Additional key words: Phytohormones interaction, root elongation, isoperoxidase
bands.
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INTRODUCTION

Peroxidase (donor: H202 oxidoreductase, 1.11.1.7) is a nonspecific
enzyme known to oxidize such substrates as phenols, aromatic amines,
cytochrom ¢ and indole-3-acetic acid (IAA). The first studies on pero-
xidase (PO) activity were made more than 100 years ago and they have
been lately reviewed by Gaspar et al. (1982).

* This study was supported by research fund MR 11/16 coordinated by the Insti-
tute of Dendrology, Kérnik.
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According to the literature some isoperoxidases are able to oxidize
IAA in the presence or in the absence of H202 (L ee, 1974, Srivasta-
Va and Van Huystee, 1977, Lee and Pilet, 1977, Stonier et
al.,, 1979, Klisurska and Dencheva, 1983, Kieliszewska-
- Rokicka, 1980, 1985). However, Sequeira and Mineo (1966) and
van der Mast (1969) isolated enzyme preparations able to oxidize
IAA without H202 but showing no peroxidase activity.

PO and IAA oxidase activity are thought to be connected with 1AA
metabolism and regulation of plant growth. Plant hormones, like IAA,
GAs and kinetin may change the activity and isoenzyme patterns of PO
(Me Cune and Galston, 1959, Ockerse et al., 1966, Galston
et al,, 1968, Birecka and Galston, 1970, Lee 1971 a, b, Meudt
and Stecher, 1972, Gaspar et al. 1973). Some authors found that in
plant treated with hormones a correlation exists between the activity of
PO or IAA oxidase and the rate of tissue culture growth (Gaspar and
Xhanflaine, 1967, Lee, 1971 a, b, Wolter and Gordon, 1975).

In the present paper the relationship between the growth of Scots
pine roots and the PO and IAA oxidase activity and the isoperoxidase
pattern are discussed.

MATERIAL AND METHODS

Plant material. Seeds of Scots pine (Pinus sylvestris L.) were sown
in perlite acidified with 0.1 N phosphoric acid to pH 7 and subjected to
a 16 hrs photoperiod. After 2 weeks the seedlings were treated with
growth substance solutions, separately or in combination, every other
day. Once a week the seedlings were fertilized with a nutrient solution
(Laiho, 1970). The roots were analysed.

Enzyme preparations. Enzymes were washed out from acetone
powder with a 0.2 M phosphate buffer, pH 6. Acetone powder were ob-
tained from roots or from embryo axes as described in a previous paper
(Kieliszewska-Rokicka, 1980). Extracts were centrifuged at
10,000 g, the supernatants were dialysed against 0.01 M phosphate buffer
pH 6 and then used as the enzyme preparations.

Determination of protein content. The method of Potty
(1969) was used with albumin of bovine blood serum as the standard.
Enzyme assays. For the determination of the IAA oxidase activity
the decomposition of IAA by the enzyme preparation was investigated
by the method of Shins hi And Noguchi (1975) using the Salkowski
reagent (Gordon and Weber, 1951). IAA oxidase activity was de-
fined as gg of IAA oxidized by 10 jxg of protein during 1 hour. PO acti-
vity was determined according to the method of Quoirin et al. (1974)
with modifications (Kieliszewska-Rokicka, 1980). The activity
of PO was defined as dOD«onm per 1 mg of protein per 1 minute.
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Isoenzyme separation. lsoperoxidases were separated by poly-
acrylamide disc electrophoresis method in an anionic system (Davis,
1964) and in a cationic system (Reisfeld et al.,, 1962). Comparable
amounts of protein were applied onto gel columns.

Isoenzyme staining. PO isoenzymes were stained by the method
described by Safonov et al. (1969) with benzidine as a substrate. The
reaction was performed for 15 minutes at room temperature. After
staining the gel columns were scanned in a Vitatron MPS densitometer.

RESULTS

ISOPEROXIDASE PATTERN IN EMBRYONIC AXES FROM SEEDS TREATED FOR
5 DAYS WITH IAA AND KINETIN

Pine seeds were placed in Petri dishes on blotting-paper with 1AA
or Kinetin solutions in -concentrations: I1AA 10~6M, 10~sM, 10 4M, and
kinetin 10~4 and 10 5M. Seeds imbibed with water only were the control.
Petri dishes with seeds were put in a refrigerator. Figure 1 shows iso-
enzyme patterns and densitometer scanning of peroxidase after electro-
phoresis of extracts from embryo axes on acrylamide gel. Qualitative and
quantitative differences between isoperoxidase patterns were observed.
The presence of IAA 10~'M and 10~5M increased the activity of parti-
cular PO bands. The higher concentrations of IAA 10 4M and kinetin
10~5M inhibited completely the activity of two PO bands (B and E) and
kinetin 10-6 inhibited PO band B.

EFFECT OF GROWTH SUBSTANCES ON SCOTS PINE SEEDLINGS

a. Growth of seedling roots and peroxidase and IAA oxidase activity
after 5 weeks of treatment with IAA, 2,4-D, kinetin, ABA and GAs
Two weeks old pine seedlings growing on perlite (pH 7) were treated

with growth substance solutions (IAA 10-iM, 2,4-D 10 5M, Kinetin &0~

Table 1

Changes of peroxidase and IAA oxidase activity in pine

roots after 2 and 5 weeks of treatment of pine seedlings

with growth substances. Results were expressed as per-
centage of the control

Time of incubation

Treatment 2 weeks 5 weeks
PO IAA oxidase PO IAA oxidase
Control too 100 100 100
Kinetin 10-6 M 251 116 159 111
ABA 10-® M 161 110 213 114
IAA 10-5 M 180 108 133 132
2,4-D 10"5 M 380 117 124 120
GA35 X10-« M 217 114 164 121

14 Arboretum Kornickie t. XXXII
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EFFECT OF TREATING SCOTS PINE SEEDLINGS WITH PHYTOHORMONES 211

ABA 10 6M, GAs 5X10“M) as was mentioned in Methods. Table 1 shows
the changes of PO and IAA oxidase activity in roots after 2 and 5 weeks
of treatment calculated per unit of protein. Two weeks as well as five
weeks of treatment of seedlings with growth substances induced PO and
IAA oxidase activity in roots compared with the untreated control. After
2 weeks of treatment the total PO activity increased substantially (160 -
- 380% of the control), but there were no qualitative changes in isoenzy-
me patterns, except after treatment with 2,4-D (Fig. 2A). However, after
5 weeks of treatment the total PO activity was markedly lower: 124 -
- 213% of that of the control (Table 1). The presence of growth substan-
ces over 5 weeks caused qualitative changes in isoenzyme patterns (Fig.
2B). IAA, 2,4-D and Kinetin inhibited completely some PO bands in the
anionic system while in the cationic system new bands appeared. ABA
and GAs affected only the intensity of some peroxidase bands.

Table 2

Differences in the growth of roots of pine seedlings
treated with growth substances for 5 weeks (mean value
from 10 seedlings). Results were expressed as percentage

of control
Treatment Length of root Dry weight
system
Control 100 100
Kinetin 10_6 M 135 181
ABA 10-6 M 171 131
IAA 10-5 M 125 136
2,4-D 10-5 M 152 124
GA3 5x 106 M 154 127

Table 2 presents differences in the growth of roots of pine seedlings
treated with growth substances for 5 weeks. Growth substances markedly
stimulated growth (i.e. elongation and dry weight) of roots as compared
with the untreated control.

h. Growth of seedlings roots and peroxidase and IAA oxidase activity
after 16 weeks of treatment with IAA, kinetin and GA3, separately and
in combination

The treatment of pine seedlings for 16 weeks with IAA, Kinetin and
GAs or their combinations (as indicates Table 3) decreased the total
activity of PO and IAA oxidase in comparison with the untreated con-
trol, except the case of the IAA 10_sM, kinetin 5X107M and GA?
5X10~eM (variants No. 2, 3, 5). However, growth substances enhanced
the activity of particular isoperoxidases compared to that of the control
(Fig. 3). Only one qualitative difference between isoperoxidase patterns
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Table 3

Influence of growth substances on the growth of pine roots and on the activity of peroxidase and
IAA oxidase in root preparations. Pine seedlings were treated for 16 weeks with growth substance
solutions separately or in mixtures. Results are expressed as percentage of control

Treatment Length of Fresh Dr PO IAA

No root : Y - oxidate

IAA KIN GA3 system weight weight activity activity
1 - - - 100 100 100 100 100
2 10-s - - 98 102 99 93 98
3 - 5-10- - 111 94 98 105 95
4 - - 2-FO-6 159 130 117 % 81
5 - - 5-10-6 101 118 99 123 92
6 10 2-10~7 - 122 100 104 35 71
7 1075 5-10"7 - 106 52 100 38 73
8 fo- 2-10-7 - 78 83 53 62 9
9 10-4 5-10-7 - 173 145 118 38 64
10 105 2-10-7 2-10-6 84 58 67 63 89
1 10-5 5-0"7 2-10-6 7 63 65 24 79
12 fo- 2-1O-7 2-10"6 143 73 a1 94 92
13 io-4 5-10"7 2-10"% 163 108 94 30 54
14 105 2-10-7 5-10-6 82 49 71 34 77
15 10-5 5-10"7 5-10-6 93 80 75 49 87
16 10-4 2-H0"7 5-HO-6 145 106 97 63 73
17 1074 5-1O-7 5-10-6 11 118 108 52 52

was observed. Namely, most of the growth substance solutions, used in
the experiment, inhibited completely the activity of isoperoxidase A.

Table 3 shows that in most of variants of the experiment the fresh
and dry weight of roots were lower than in the control. In some cases
the presence of growth substances caused the roots to grow shorter (va-
riants No. 2, 3, 8, 10, 11, 14, 15), however most of growth substance so-
lutions promoted elongation of roots.

The data presented in Figure 3 and Table 3 indicate that isoperoxi-
dase A disappeared in the roots in which elongation, and fresh and
dry weight are lower than in the control. This happened in variants No.
2, 3,8 10 11, 14 and 15. However, there are two exceptions (No. 6 and
7) where band A is inhibited too, but elongation and dry weight of the
roots are similar to those in the control.

DISCUSSION

The results of this study indicate that the effect of growth substan-
ces on pine tissues depends, among others, on the stage of development.
Embryos of imbibed seeds were more sensitive to the influence of growth
substances than roots of 2 weeks old seedlings. In pine embryos the
distinct qualitative changes in isoenzyme patterns of PO occurred al-
ready after 5 day of treatment with growth substances (Fig. 1), while
in the roots of seedlings growing on perUte the changes in isoperoxidase
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2 weeks of treatment

Control

KIN 10~6M

ABA 10“6M

IAA 10 “5M

2,4-0 10_5M

GA3 5 X 10-6f
© ©

5 weeks of treatment
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Fig. 2. Isoenzyme patterns of peroxidase in the roots of Scots pine seedlings treated
with growth substances for: A. 2 weeks, B. 5 weeks. Polyacrylamide gel electropho-
resis was carried out in anionic (I) and cationic (II) systems

Fig. 3. Isoenzyme patterns of peroxidase in the roots of Scots pine seedlings treated
for 16 weeks with growth substances as in table 3
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patterns occurred only after 5 weeks of treatment (Fig. 3), but not
after 2 weeks of treatment, except the case of 2,4-D {Fig. 2).

According to Trewavas (1983) the sensitivity of a plant to growth
substances is the limiting factor in development. Trewavas mentio-
ned the age of tissues as one of the factors which can modify this sen-
sitivity. The results of this work seem to confirm that oppinion.

The effect of growth substances on pine seedlings depends on the
duration of the treatment. The treatment of relatively short duration
(2 weeks) induced a very high activity of PO and IAA oxidase, but
a longer treatment time caused a progressive decrease of the total PO
and IAA oxidase activity compared to the untreated control (Tab. 1,
Tab. 3) and changes in isoenzyme patterns of PO (Figs 2 A, B, 3).

Other authors investigated most often the growth of plant tissues
and the activity of oxidases after treatment with growth substances of
short duration (1 - 72 hours). They have found very often that IAA in-
creased the activity of PO and IAA oxidase (Gaspar and Dinant,
1967, Meudt and Stecher, 1972, Gaspar et al., 1973, Mato et
al., 1985) but gibberellin and abscisic acid caused a decrease of PO and
IAA oxidase activity (Birecka and Galston, 1970, Gaspar et al,
1973).

The present study suggests that during the long treatment time it
is possible that the growth substances are cumulated in the plant tissue
and their level in the tissues increases. In consequence plant growth
and PO activity are inhibited. Similarly Stuber and Levings (1969)
observed a lowering of isoperoxidase activity and of the growth of oat
coleoptile sections by the increasing the concentration of IAA. Even
the growth retardant CCC caused an increase of PO activity and, of
growth of wheat after 10 days of treatment, but after 30 days PO acti-
vity and growth were inhibited (Fliickinger, 1977).

Galston and Davis (1969) presented evidence to suggest that
gibberellin, auxin, cytokinin and ethylen can interact to control the
level of PO in the tissues.

Peroxidase is thought to effect growth. Some authors found an inver-
se relationship between growth and peroxidase activity (Penel et al,
1977, Jankay and Muller, 1976, Birecka and Galston, 1970,
Liang et al., 1977). The data of this work do not indicate any simple
inverse relation between the growth of pine roots and the total activity
of PO and IAA oxidase (Tables 1, 2, 3). The relatively low concentra-
tions of growth substances over 2-5 weeks induced the growth of the
roots (elongation and dry weight) as well as the activity of enzymes
(Tables 1, 2).

There have been relatively few studies on the effect of growth sub-
stances on the growth of gymnosperms. Zajgaczkowski and W o-
dzicki (1975) in Pinus sylvestris, Carpita and Tarman (1982) in
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Pinus taeda and Terry et al. (1982) in Pinus ponderosa found that
auxin promoted elongation of excised sections of the pine hypocothyl.
Other growth substances had little effect on elongation: GA3 induced it
a little while kinetin inhibited it a little. Various growth substances
(IAA, 2,4-D, NAA) stimulated formation of new xylem cells in Pinus
sylvestris stem segments (Zajaczkowski and Wodzicki, 1976).

In this work the changes of PO activity in roots of treated pine
seedlings are not proportional to IAA activity in the same roots. Simi-
larly Elkinawy and Raa (1973) did not find proportional changes
in the activity of PO and IAA oxidase in developing cucumber seedlings.
Previous studies (Kieliszewska-Rokicka 1980, 1985) demon-
strated that Scots pine tissues do have not any specific IAA oxidase. Not
all, but some of the isoperoxidases can act as IAA oxidase.

Some investigators have found that growth of the plant is related
not to the total activity of the PO but to the relative level of some
isoperoxidases (Lee, 1971a, b, Darimont et al., 1971, Gaspar and
Verb ee k, 1974, Runkova and Gaspar, 1976). The data obtained
in the present experiments indicate that there exists a relationship bet-
ween the appearance or disappearance of isoperoxidase A (Fig. 3) and the
growth of roots, especially their elongation (Tab. 3). It is possible that
any given endo- or egzogenic factor, which can change the isoperoxidase
pattern, can also modify the elongation of Scots pine roots.

SUMMARY

Seeds and young seedlings of Scots pine (Pinus sylvestris L.) were
treated with growth substances (IAA, 2,4-D, kinetin, ABA, GAs). The
effect of growth substances changed root growth, peroxidase and IAA
oxidase total activity and isoenzyme pattern of peroxidase.

Embryos of imbibed seeds were more sensitive to the influence of
growth substances than roots of 2 - 5 week old seedlings.

The effect of the growth substances on the pine roots depended on
the concentration of the growth substances and on the period of treat-
ment. A relatively short period of treatment (2 weeks) induced root
growth and a very high peroxidase and IAA oxidase activity. A longer
treatment caused a progressive decrease of this activity.

The data from this work does not indicate any simple relationship
between the total peroxidase and IAA oxidase activity and the growth
of pine roots.

Electrophoretic analyse of peroxidase bands suggests that there exists
a relationship between the appearance of peroxidase band A and the root
system growth.

Accepted for publication 1987
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Whptyw traktowania siewek sosny zwyczajnej (Pinus sylvestris L.) fitohormonami
na wzrost systemu korzeniowego oraz aktywnos$¢ enzymatyczng peroksydazy i IAA
oksydazy

Streszczenie

Nasiona i miode siewki sosny zwyczajnej (Pinus sylvestris L.) poddano dzia-
faniu substancji wzrostowych (IAA, 2, 4-D, kinetyna, ABA, GA3). Stwierdzono, ze
obecno$¢ substancji wzrostowych wptywa na wzrost korzeni sosny, na catkowitg
aktywnos¢ peroksydazy i IAA oksydazy oraz na obraz frakcji elektroforetycznych
peroksydazy.

Wrazliwos¢ tkanek sosny na dziakanie substancji wzrostowych zalezy od sta-
dium wzrostu sosny. Egzogenne substancje wzrostowe zmieniaty wzrost, catkowitg
aktywnos$¢ enzyméw i obraz frakcji elektroforetycznych w osiach zarodkowych
pe(l:(zniejqcych nasion w Kkrotszym czasie niz w korzeniach 2 - 5-tygodniowych sie-
wek.

Dziatanie substancji wzrostowych na korzenie siewek sosny zalezy od ich
stezenia i od okresu dziatania. Stosunkowo krdtkotrwate (2 tygodnie) traktowanie
silnie indukowato wzrost korzeni oraz aktywno$¢ peroksydazy i IAA oksydazy.
Dtuzsze dziatanie powodowato stopniowe obnizanie aktywnosci enzymow.

Nie stwierdzono prostej zaleznosci miedzy catkowita aktywnoscig peroksydazy
i IAA oksydazy a wzrostem Kkorzeni.

Analiza elektroforetyczna peroksydazy sugeruje istnienie zaleznosci miedzy wy-
stepowaniem pasma A a wzrostem Kkorzeni sosny. Stwierdzono brak pasma A
w korzeniach siewek, ktorych wzrost zostat zahamowany dziataniem regulatorow
wzrostu i pojawianie sie tego pasma w korzeniach o intensywnym wzroscie.

BnvsiHne 06paboTKM CesHLEB COCHbI 00bIKHOBEHHOW (Pinus sylvestris L.1 ¢ouToropMoHaMn Ha poct
KOPHEBOV CMCTEMbI ¥ 3H3UMATUYECKYD aKTUBHOCTb MepoKcuaasbl v okcupasbl VYK

Pe3rome

CemeHa 1 MoOnofble CesiHLbl COCHbl 06blkHOBEHHOW (Pinus sylvestris L.) mogseprnu
BO3/ENCTBMIO pacToBbiX BellecTB (MYK, 2, 4-[, kKnHeTuHa, ABK, K3). YcTaHoBnEHO,
YTO MPWCYTCTBME POCTOBbLIX BELLECTB B/MSNIO Ha POCT KOPHEW COCHbl, aKTMBHOCTb
nepokcugasbl 1 okcmaasbl NYK, a Takke xapakTep 3/1eKTPOopeTUYeCKmX hpakLmii
nepokcunaasbl.

UyBCTBUTEMLHOCTb TKaHEl COCHbl K BO3AEACTBMI POCTOBbLIX BELLECTB 3aBUCUT
OT CTafuu pasBUTKS COCHbl. DK30TeHHble PacTOBble BELLECTBA M3MEHSIN POCT, aKTUB-
HOCTb (DEPMEHTOB W XapaKTep 3/MeKTPOOPeTUUECKMX (pakumii B 3apofblLLUEBbIX

* ABTOp: b. KenuiueBcKa-PokuLKa.
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0CsX HabyxatoWmm CeMsiH 3a 60/ee KOPOTKWIA CPOK, YeM B KOPHSIX 2-5 HedenbHbIX
CesHLIEB.

[leiicTBME POCTOBbIX BELLECTB Ha KOPHW CESIHLEB COCHbI 3aBUCUT OT WX KOHLEH-
Tpauun 1 nepuopa Bo3gencTans. OTHOCUTENBLHO KOPOTKas 06paboTKa (2 Hegenu) 3Ha-
YNTENIbHO WMHAYLUMPOBasia POCT KOPHEA W aKTUBHOCTb MepoKCuAasbl M OKCMAasbl
NYK. Bonee anunTenbHOe BO3AEWCTBME BbI3biBaNI0 MOCTEMEHHOE MOHWKEHWE aKTUB-
HOCTN (hepMEHTOB.

He ycTaHOBNEHO MpAMOV 3aBUCMMOCTU MEXY aKTUBHOCTbIO MEPOKCUAA3bI N OKCU-
nasbl YK 1 pocToM KOpHENA.

ANeKTPOOPETNYECKMXA aHanIM3 MepoKCMaasbl YKasblBaeT Ha CyLIECTBOBaHWe
3aBUCUMOCTM MeXay BCTPeYaeMOCTbHO MOMOChI A 1 POCTOM KOPHE COCHbl. YCTaHo-
B/IEHO, 4TO rosoca A OTCYTCTBYET B KOPHAX CeAHLEB POCT KOTOPbIX Oblil OCTa-
HOB/EH [elCTBMEM PerynsaTopoB pocTa. OHa MOsBASETCA B KOPHAX C WHTEHCUBHbIM
POCTOM.
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