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Abstract: Peroxidase (PO: E. C 1.11.1.7) and IAA. Oxidase (IAA-O) enzyme activities were investigated during rooting in cuttings
of Populus nigra L., Populus alba L. and Populus tremula L. (Salicaceae), and the relations between enzyme activities and rooting
ability were examined comparatively. PO activity started to increase the early stages of primordium formation and reached the
highest level before root emergence. However, no apparent correlation was found between the activity of PO and the ability of the
cuttings to form roots. IAA-O activity was observed only in root cuttings of P. alba and P. nigra. Activity increased after day 6 and
reached the highest level at the stages of root emergence. A positive correlation between rooting and IAA-O activity was observed.
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Uc Kavak Tiiriiniin Celiklerinde K6klenme Sirasindaki Peroksidaz ve IAA-Oksidaz Aktiviteleri

Ozet: Populus nigra L., Populus alba L. ve Populus tremula L. (Salicaceae) celiklerinde koklenme sirasindaki Peroksidaz (PO: E. C
1.11.1.7) ve IAA-Oksidaz (IAA-O) enzim aktiviteleri saptanmis ve koklenme yetenegi ile enzim aktiviteleri arasindaki iliskiler
Karsilastirmali olarak incelenmistir. PO aktiviteleri Primordium olusumunun erken evrelerinde artmaya baslamis ve kok cikisindan
6nce maksimum duzeye ulasmistir. Fakat, celiklerin kdk olusturma yetenegi ile enzim aktiviteleri arasinda bir iliski bulunamamistir.
IAA-O aktiviteleri sadece P. alba ve P. nigranin koklenen celiklerinde saptanmis ve aktivite 6. glinden sonra artarak kok cikisinin
erken evrelerinde maksimum dulzeye ulasmistir. IAA-O aktivitesi ile koklenme arasinda pozitif bir korelasyon oldugu gérilmustur.

Anahtar Sézclikler: Peroksidaz, IAA-Oksidaz, Kdklenme, Kavak

Introduction

Rooting is a crucial step in the propagation of woody
species and there is great variation in the rooting ability
of different species. During rooting and primordium
formation many biochemical and physiological changes
and an increase in the activities of several enzymes.
Peroxidases (donor: H202 oxidoreductase: E.C 1.11.1.7)
are involved in many developmental processes in plants
and can act as an [AA-oxidase (1). In this capacity they
may function in growth regulation and other physiological
processes (2, 3, 4). Peroxidases are known to be good
physiological markers of rooting in many species and
there is substantial evidence that peroxidase activities in
plant cuttings are related in some way to rooting (5,6,7).
Peroxidase isoenzyme can catalyse the oxidation of
indolyacetic acid (IAA) and such activity is termed auxin-
oxidase (IAA-O). Some authors have suggested that 1AA-
O activity influences rooting by IAA catabolism (9, 10).

Earlier studies with cuttings of Populus nigra L.
(10,11) and Populus tremula L. (12) have shown that
some peroxidases increase during the rooting of cuttings.
In this study, peroxidase (PO) and IAA-O enzymes
activities were studied during rooting in cuttings from
three different poplar species [Populus alba L., Populus
nigra L., Populus tremula L. (Salicaceae)] and the
relationship between the enzyme activities and rooting
ability was investigated. The present study was
undertaken to obtain further information on the activities
of enzymes in poplar cuttings.

Materials and Methods

Three rooting experiments were carried out on
different dates during the winter of 1993-1994. Sixty
cuttings from all three poplar species were prepared for
each experiment. Cuttings of the whole of the young
shoot (15-20 cm in length, with 6-7 nodules) were taken
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from P. alba, P. nigraand P. tremula (from C.U. campus,
Zara and Hafik/SIVAS) and were placed in distilled water
in a beaker. The rooting and growth of the cuttings took
place in darkness at 25°C. The percentage of cuttings
showing root and primordium formation were recorded
every other day and sections from the basal end of the
cuttings were taken in order to investigate enzyme
activities.

Enzyme extraction and purification: The PO extraction
procedures were adapted from Dalet and Cornu (2). The
enzyme was extracted from 500 mg of samples by
homogenising with a Fisher model-300 homogeniser for
3 minutes in 10 ml of cold 0.05 M Sodium-phosphate
(PH: 5.5) buffer containing 15 mg of MgCL. The
homogenate was filtered through two layers of
cheesecloth and the residue was washed twice with 0.05
M sodium phosphate (PH: 5.5). The combined filtrates
were centrifuged at 20.000xg for 20 min. The crude
extracts were dialysed overnight at 40°C with 0.05M
sodium phosphate (PH: 5.5).

The dialysed extracts were placed in a
chromatography column (1.5x18 c¢m) containing
Sephadex G, prewashed with the same buffer (flow rate
1ml/min.). The purified extracts were assayed for PO and
IAA-QO activities according to the method of Srivastava and
Huystee (18). The reaction mixture for the PO assay (0.5
ml enzyme sample, 1ml 40 mM guaiacol, 0.5ml 10 mM
H202 and 1ml phosphate buffer) was incubated at 25 OC
for 10 minutes and the change in absorbance at 460 nm
was measured using a Hitachi model-220
spectrophotometer.

In order to determine IAA-O activity, the reaction

Dichlorophenol, 0.16 mM Mn Cl,, 0.01 M H.,0, ,0.1 ml
phosphate buffer and 0.5 ml enzyme sample) was
incubated at 30°C for 15 min and absorbance was
measured at 530 nm. The IAA oxidase activity was
expressed as micrograms IAA destroyed per millilitre of
solution (23). The quantity of IAA was estimated by
reference to a calibration curve.

A protein analysis was carried out according to the
method of Lowry et al.(21).

Results

Rooting was observed only on cuttings of P. nigra and
P. alba although primordium development was
determined in all three species. The root formation and
the number of roots in the cuttings varied according to
time and species, and rooting ability differed between the
species (Table 1). In the cuttings of P. nigra, primordium
formation appeared by the 4™ day and roots emerged
from the basal parts on the 8™ day. The rooting rate and
the number of roots were higher than in P. alba and P.
tremula, although the number of primordia was smaller.
Rooting was complete before the buds broke. After the
16 day, there was no change in the rooting rate or root
number (Table 1). In the P. alba cuttings, primordium
formation appeared by the 10" day and primordia were
numerous (av. 29) and clear. The emergence of the first
root was observed on the 16™ day and the root number
increased in the following days (Table 1). In the P.
tremula cuttings, primordia developed on the 10" day
and were numerous (av.31) and clear. Rooting did not
take place and, after the 18th day, the cuttings started to
decay from the basal parts..

mixture (0.1ml 0.32 nm [AA, U.16 mm 2.4
Table 1. Primordium and root formation in the cuttings of Populus alba, Populus tremula and Populus nigra, (+: Standard error)
Culture days Populus alba Populus tremula Populus nigra
Average of Average of Average of Average of  Average of Average of
primordium Rooting% root primordium Rooting% root primordium  Rooting% root
number number number number number number
0
2
4
6 11.7020.10
8 13.20+0.30 33.3+1.30 0.80+0.34
10 21.00+0.20 25.75+0.25 9.25+0.45  78.0+0.16 5.55+0.05
12 21.05+0.05 28.50+0.30 8.05+0.05  89.0+0.80 7.37+0.37
14 21.85+0.65 28.80+0.80 6.01+0.38  90.0+0.60 7.90+0.30
16 21.30+0.30 40.0+1.80  0.40+0.25 29.45+1.05 5.96+0.95 91.0+0.10 7.96+0.46
18 21.01+£0.45 46.6+0.80 1.64+0.95 29.45+0.65 5.96+0.45 91.0+0.25 7.96+0.72
20 18.60+0.30 66.1+1.15  2.03+1.15 29.25+0.95 5.96+0.30 91.0+0.10 7.98+0.25




PO activity

P. nigra: PO enzyme activity showed a large increase
after the 4™ day and the increase continued through to
the 6" day during primordium formation. It reached the

Table 2.
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highest level during the rooting period (10™). After the
completion of rooting, enzyme activity slightly declined,
and then remained at almost the same level (Table 2, Fig.
1).

Peroxidase and IAA-O activities in cuttings of P. alba, P. nigraand P. tremula (+ standard error). In each column values with the same letter

are not significantly different from each other at a probability level of 0.05

Culture days Populus alba Populus tremula Populus nigra
Protein Peroxidase IAA-Oxidase Protein Peroxidase IAA-Oxidase Protein Peroxidase IAA-Oxidase
(mg/ml) (U/mg.prot.) (ug/mg.prot) (mg/ml) (U/mg.prot.) (ug/mg.prot) (mg/ml) (U/mg.prot) (ug/mg.prot)
0 0.400+0.15a  131x0.10a 0.000 0.333+0.01a  113+0.25a 0.000 0.403+0.01a 122+0.00a 0.000
2 0.400+0.10a  152+0.25a 0.000 0.333+0.01a  131+0.10a 0.000 0.404+0.14a 159+0.00a 0.000
4 0.412+0.18a  193+0.30a 0.000 0.343+0.05a  171+0.10a 0.000 0.412+0.46a 214+0.30a 0.000
6 0.443+0.30b  309+0.05a1  0.045+0.03a 0.350+0.00a  249+0.95a 0.001+0.05a  0.440+0.00b 481+0.13a 0.000
8 0.465+0.25b  1095+0.78b  0.133+0.09b 0.385:0.15a  561+0.10b 0.004+0.10a  0.467+0.30b 686+0.20b  0.137+0.02a
10 0.483+0.41b  1445+£1.60b  0.196+0.07b 0.430+0.05b  921+0.20b 0.010+0.90a  0.465+0.25b 791+£0.57b  0.324+0.05b
12 0.489+0.10b  1708+£3.50b  0.280+0.01b 0.439+0.00b  973+0.13b 0.010+0.20a  0.454+0.15b 724+0.30b  0.432+0.07b
14 0.472+0.27b 1663x2.20b  0.305+0.14b 0.445+0.01b  1122+0.30bc 0.000 0.440+0.14b 673+0.10b  0.436+0.08b
16 0.469+0.15b  1631+4.15b  0.443:0.03c 0.425+0.02b  926+1.16b 0.000 0.478+0.25b 784+1.00b  0.433+0.01b
18 0.463+0.30b  1414+0.20b  0.445:0.08c  0.420+0.0b 835+2.20b 0.000 0.476+0.30b 744+0.21b  0.420+0.02b
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P. alba: PO enzyme activity was very low at the
beginning, and started to increase after the 4™ day. The
increase continued through to the 10" day and reached
the highest level during rooting on the 12" day. The
enzyme activity decreased gradually after the 16™ day
(Table 2, Fig. 1).

P. tremula: There was little activity until the 6% day.
Activity started to increase when the buds broke, and
continued throught to the 14™ day. It reached the highest
level on the 14™ day and then decreased (Table 2, Fig.

1).
IAA-O activity

P. nigra: There was no IAA-O activity until
primordium formation. Enzyme activity showed a large
increase after the 6™ day and reached the highest level on
14th day, and then remained at almost the same level
(Table 2, Fig. 2).

P. alba: At first, no IAA-O activity was determined.
After the 4™ day, a little activity became apparend.
Enzyme activity started to increase from Day 6, reached
its highest level on the 14™ day, and then remained at
almost the same level during the rooting period (Fig. 2)

P. tremula: There was no significant activity in the
cuttings of this species. A little activity was determined
during primordium formation on the 12™ day.

Discussion

Peroxidase has a number of very important roles in
plants. It plays a role in the defence response of a plant
to pathogen attack (22), in the biosynthesis of lignin,
suberin and some phenolics, and in cell division and
differentiation (21). Previous studies have shown that PO
activity increases during cell division and primordium
formation (2, 3, 5). Haissing (6) suggested that PO plays
a role in the formation of cofactors which are necessary
for root initiation. In our study, PO activity increased
during rooting or primordium formation periods, in all
cuttings, although the rooting capacities were very
different. However, no apparent correlation was found
between PO activity and rooting ability. Our results are in
agreement with the earlier findings (5, 23).

IAA-O activity is related to IAA catabolism in cuttings.
Dalet and Cornu (2) concluded that IAA-O regulates the
endogenous IAA concentration and promotes rooting. In
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Figure 2. IAA-Oxidase activity in cuttings of P. alba, P. nigra and P. tremula
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addition, previous studies have shown that IAA-O is
localised in the tissue, where root initials are first formed,
and promotes rooting (11, 12). Auxin treatment induces
an increase in 1AA-O and peroxidase activities in roots
(13, 14). In our experiments, IAA-O activity was observed
during rooting and primordium formation but there was
no 1AA-O activity in the unrooted P. tremula cuttings, in
which bud burst occurred before primordium formation.
These findings are in agreement with earlier findings. It
can be speculated that the increased 1AA-O activity was
responsible for rooting or at least for the emergence of

References

1. Galston, A. W., J. Bonner, and R.S. Baker . Flavoprotein and
Peroxidase as components of the Indoleacetic acid peroxidase
system of peas. Arch. Biophys. 42:456-470 (1953).

2. Dalet F, and Cornu D. Lignification level and Peroxidase activity
during in vitro rooting of Prunus avium. Can. J. Box. 67: 2182-
2186 (1988).

3. Ingemarsson B. S. M. Ethylene effects on Peroxidases and cell
growth patterns in Picea abies hypocoty! cutting. Physio. Plant.
94: 211-218 (1995).

4. Nkang A., Effect of cyanide Pretreatment on Peroxidase Activity in
Germinating Seeds of Guilfoylia monostylis. J. Plant Physiol. vol.
149 pp.3-8 (1996)

5. Pythoud F. and Buchala A. J., Peroxidase activity and adventitious
rooting in cuttings of Populus tremula. Plant Physiol. Biochem.
27(4) 503-510 (1989)

6. Al Barazi, Z., and Schwabe W.W. The possible involvement of
ployphenol-oxidase and the auxin-oxidase system in root
formation and development in cuttings of Pistacia vera. J. of Hort.
Scie. 59, 453-461 (1984).

7. Battaccharya N. C., Kaur N. P. and Nanda K. K. Transient in
isoperoxidases during rooting of etiolated stem segments of
Populus nigra. Bichem. Physiol. Pflanzen 167, 159-164 (1975)

8. Corter C. T. Auxin synergists in the rooting of cuttings. Physiol.
plant., 22, 497-502 (1969).

9. Pilet, P. E. Auxin and process of aging in root cells in: Fourth
international conference of plant growth regulation. lowa State
Univ. Press. Amer. pp. 167-179 (1961).

10.  Bolduc, R. J; Cherry, J. H; Blair, B. O. Increase in indoleacetic
Acid-oxidase Activity of winter wheat by cold Treatment and
Gibberellic Acid. Plant. Physiol. 45, 461-464 (1970).

11. Mancousin, C:, Favre, J. M. and Thomas J. Early Changes in auxin
and Ethylene Production in vine cutting before adventitious
rooting. Plant Cell, Tissue and Organ Culture, 19: 235-242 (1989)

T. GUNES

roots. We suggest that foliar originated IAA is localised in
the basal parts of the cuttings and inhibits rooting. IAA-O
enzyme changes influence rooting by 1AA catabolism.

In conclusion, the results suggest that PO activity
doesn't affect rooting ability or rooting percentage, but
can play a role in cell division. IAA-O is related to rooting
and probably affects root formation by [AA catabolism. In
the initial stage, oxidation products of IAA may promote
root formation, especially when linked with the presence
of phenolic substances.

12, Srivastava,0. P, and Haystee R. B. An interrelationship among
peroxidase, IAA-oxidase, and polyphenol oxidase from peanut
cells.Can. J. Bot. 55, 2630-2635 (1977).

13.  Gove J. P. and Hoyle M. C. The isozymic similarity of indoleacetic
Acid oxidase to peroxidase in Birch and Horseradish. Plant
Physiol. 56, 684-687 (1975).

14.  Srivastava O. P, and Van Huystee R. B. Evidence for close
association of peroxidase, Polypenol oxidase, and IAA oxidase
isozyme of peanut suspension culture medium. Can. J. Bot. 51:
2207-2215 (1973).

15.  Pilet, P. E: Lavanchy, P. and Sevhonkian, S. Interactions between
peroxidase, polypenol oxidase and auxin oxidase. Physiol. Plant.
23: 800-804 (1970).

16.  Davis B. J Disc electrophoresis Il. method and application to
human serum proteins (1964).

17.  Alcazar, M. D.,Egea, C.,Espin, A., Candela M. E. Peroxidase
isoenzymes in the defense response of Capsicum alnnuum to
Phyophthora capsici. Physiol. Plant. 94: 736-742 (1995).

18, Ye, X. S. Pan, S. O. and Kuc, J. Activity, isoenzyme pattern and
cellular localization of peroxidase as related to systemic resistance
of tobacco to blue mold (Peronospora tabacina) and to tobacco
mosaic virus. Phytopathology 80: 1295-1299 (1990).

19.  Hoyle, M. C. and Routley, D. G. Promotion of the IAA oxidase,
Peroxidase complex enzyme in yellow birch. The Roya Soc. New
Zeland, Wellington, pp 743-750 (1974).

20.  Lowry, O. H., Rosebrough, N. S. Farr A. L., and Randall, R. J.
Protein measurements with folin-fenol reagent. J. Biol. Chem,
193: 365 (1951).

21.  Guskow, A. V., Tikhomirov, [.A. and Polikarpova, F. Relationship
between peroxidases and root formation ability in stem cuttings of
clonal rootstock of apple. Physiologia Rastneii 7: 21-23 (1988).

22. Haissig, B. E. Meristematic activity during adventitious rood
primordium development influences of endogenous auxin and
applied Giberrelic acid. Plant Physiol.: 49, 886-892 (1972).

101



