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Summary. Plant growth retardants Alar (dimethylhydrazide of succinic acid)
and its structural analogue MEIA (b-monomethyl ester of itaconic acid) at
a concentration 2000mg/l sprayed at the fourth true leaf stage of tobacco
seedlings caused identical retardation in stem growth from the second till
the tenth day after treatment. Soluble peroxidase activity in stems of the
treated plantsincreased on the second day after treatment and remained the
same until the end of the investigated period. | AA-oxidase activity also in-
creased on the second day after treatment, but later dropped slowly and
reached the control level. Alar and MEIA did not influence peroxidase and
|AA-oxidase activity in vitro. From the second day till the end of the inves-
tigated period an increasein total phenolsand in thelevel of chlorogenic acid
in the stems of the treated plants was also observed. The increase of 1AA-
oxidase activity post treatment with growth retardants Alar and MEIA prob-
ably took part in the regulation of stem growth of tobacco seedlings. The
regulation of enzyme activity might not be direct and could be due to the
participation of phenol compounds.
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Introduction

Alar isagrowth retardant with proven effect and practical application on many plant
species (Wittwer, 1971). However, its use in recent years has been limited because
of data about itstoxic effect (Hurter et al., 1988). MEIA is a growth retardant with
higher activity than Alar in retarding the growth of pea plants and cucumber hypo-
cotyls, with low LD5,;=500mg/kg live weight in Agness Blum albino mice test
(Karanov et al., 1975). Both growth retardants have a similar chemical structure,
which could mean also similar mechanisms of action. An equally retarded growth
rate was established in stems of tobacco seedlings ten days post their treatment with
various Alar and MEIA concentrations (Petkovaand Angelova, 1994). Itisaknown
fact that gibberellin and auxin phytohormones play a significant role in the process
of stem elongation (Graebe, 1987). Lower gibberellin content after plant treatment
with Alar is not dueto blocking of biosynthesis (Muromtzev et al., 1989), but most
probably to blocking its transformation into active forms (Menhenett, 1981), the trans-
port to intensively growing zones, aswell asto enhanced conjugation into glycoside
and glycosil-esters (Taceno, 1981). Auxin content is also reduced after plant treat-
ment with Alar (Jindal et al., 1977) due most probably to the change in enzyme ac-
tivities from the biosynthetic (Reed et al., 1965) or the catabolic pathway (Jain et
al., 1969). Basic peroxidases affect by their oxidase function the deactivation of
auxins by degrading them(Gaspar et al., 1985). In arelation with thisthe present work
is an attempt to follow in dynamics the growth retarding effect of Alar and MEIA
on tobacco seedlings, aswell asthe changesin soluble peroxidase and | AA-oxidase
activities. Changes in the amounts of total phenols and of chlorogenic acid, the in-
hibitor of |AA-oxidase activity (Chirek, 1990) were also investigated.

Material and Methods

Theinvestigation were carried out with tobacco of oriental type (Nicotiana tabacum
cv. Plovdiv 5) grown in glasshouse conditions. Vegetation pots with a diameter of
25cm, filled with soil and manurein a2:1 ratio, were used in which 0.8g/m? seeds
were sown. The treatment with Alar and MEIA in concentration 2000 mg/dm? was
made by spraying the plants in one pot with 12ml of the respective solutions. The
treated plants were in the fourth true leaf stage. Samples for analysis were taken in
the day of treatment and on the second, fourth, seventh and tenth day after treatment.

Peroxidase activity was determined according Herzog and Fahimi (1973). One
gram plant material was ground in 5ml of 0.05M phosphate buffer (pH 6.1) and
centrifugated for 30min at 160009 . The reaction medium used for assaying enzyme
activity contained 10m of enzyme extract; 25m of 0.6% H,O, and 1.35ml of 3,3-
diaminobenzidine solution as hydrogen donor. The changes of optical density were
registered at 465nm.
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IAA-oxidase activity was determined after Gamburg (1966). Two and a half
grams of plant material were ground in 5ml of 0.02M phosphate buffer (pH 6.1) and
centrifugated for 30min at 16000g. The supernatant was purified through a column
with Sephadex G-50. The collected three fractions of 2ml each with highest protein
and enzyme activity were used in determining | AA-oxidase activity. Thereaction me-
dium used in enzyme activity determination contained 0.5ml of enzyme extract; 2ml
of 103M 1AA; 1ml of 103M MnCl,, 1ml of 103M 2,4-dichlorophenol and 5.5ml
of 0.02M phosphate buffer (pH 6.1). Alar and MEIA were added in reaction medium
in the experiments in vitro. Forty min reaction time was established in our previous
experiment as optimal. The changesin IAA quantity were registered at 530 nm after
one hour reaction with Salkovski’ s reactive.

The amounts of total phenolswas determined after the method of Sweinand Hillis
(1959). Total phenolswere extracted from the plant material with ethanol. The reac-
tion medium used in determining the amounts of total phenols contained 0.5ml of
ethanolic extract, 0.5ml of Folin reagent and 1ml of Na,CO,. The changes in opti-
cal density were registered at 730nm. The results were calcul ated after the standard
curve with chlorogenic acid.

The content of chlorogenic acid was determined after Hausermann and Waltz
(1962). The reaction medium used in determining chlorogenic acid contained 1 ml
of ethanolic extract; 0.5ml of 0.5M phosphate buffer and 0.2ml of 1% flavognost
solution. The changesin optical density were measured at 381nm.

Total soluble protein content was estimated after the method of Lowry et d. (1951).

Results

Results of the stem growth inhibition of tobacco seedlings in dynamics after Alar and
MEIA treatment (concentration 2000 mg/dm?) are presented in Fig. 1. Growth retardation
in Alar treated plants began on the second day after treatment, increased gradualy and
on the seventh and tenth day their stems were about 30% shorter than the stems of
control plants. In MEIA treated seedlings the effect was | ess pronounced on the sec-
ond and fourth day, but on the seventh and tenth day it was close to that of Alar.
The results of the soluble peroxidase activity changes in the stems of tobacco
plants are presented in Fig. 24. On the second day after Alar treatment of the seed-
lings, soluble peroxidase activity in their stems was considerably increased and with
small fluctuations kept its level up to the tenth day. In stems of MEIA treated seed-
lings an increase of soluble peroxidase was also observed, but it was much smaller
than in the stems of Alar treated seedlings. Ten days post treatment the enzyme ac-
tivity in stems of Alar and MEIA treated seedlings was the same.
Results of the IAA-oxidase activity changesin the stems of tobacco plantsare
shown in Fig. 2B. A considerable increase in the enzyme activity was observed on
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Fig. 1. The influence of Alar and MEIA on the length of the stems of tobacco plants
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the second day after Alar and MEIA treatment. On the fourth and seventh day the
differences in IAA-oxidase activity in stems of control and treated seedlings were
gradually reduced and on the tenth day they did not exist.

Results of in vitro conducted experiments with Alar and MEIA in 10°M to
10°M concentrations concerning their direct influence on soluble peroxidase and
|AA-oxidase activities are presented in Table 1. Data show that Alar and MEIA in
applied concentrations did not affect in vitro the activity of both enzymes.

Table 1. The influence of Alar and MEIA on the activity of peroxidase and IAA-oxidase

from tobacco stems in vitro

Peroxidase units per ml

ny degraded IAA mg protein~tmint

Concentration Alar MEIA Alar MEIA
10°M 14.610.6 17.0x2.0 66.0£12.0 78.81£19.2
10 M 14.5%+1.6 16.0+1.0 71.2£11.2 77.3116.0
10" M 12.91+0.8 15.5+2.0 73.7£11.9 78.1+18.4
108 M 13.8%+1.1 16.8+£2.9 71.41£10.8 80.0+16.2
10°M 14.712.0 17.4+3.0 74.2£12.9 83.0+16.2
Control 13.2+1.4 17.4+2.8 66.2+12.0 73.4+19.2
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Fig. 2. The influence of Alar and MEIA on the peroxidase (4) and IAA-oxidase (B) activity in the
stems of tobacco plants

Results about total phenol changes in tobacco stems after Alar and MEIA treat-
ment are presented on Fig. 34. The amounts of total phenols increased considerably
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on the second day after Alar treatment and continued to rise up to the tenth day. In
the stems of MEIA treated seedlings an increase of total phenol amounts was also

Fig. 3. The influence of Alar and MEIA on the amounts of soluble phenols (4) and chlorogenic acid
(B) in the stems of tobacco plants
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observed, but it was much lower than that in Alar treated seedlings. The content of
chlorogenic acid, which is the main phenol inhibitor of |AA-oxidase activity and a
widely extended phenol in tobacco plants (Loche, 1966) changed also after Alar and
MEIA plant treatment. Results concerning the changes of chlorogenic acid content
areshownin Fig. 3B. The stemsof Alar and MEIA treated plants had higher content
of chlorogenic acid than the control ones on al days of the investigation except on
the fourth day.

Discussion

Alar applied directly to the leaves or through the roots, retards stem growth of to-
bacco plants like other growth retardants (Kadoet al., 1969; Pandey, 1973). Applied
ontheleaves Alar is actively absorbed and transferred to plant rootsin the first three
days post treatment (Zeevaart, 1966; Dick, 1972). Our experiments conducted in dy-
namics showed that on the second and fourth days after Alar and MEIA tobacco treat-
ment was observed adlight retardation of stem growth, which was gradually enhanced
and waswell expressed on the seventh and tenth day. The changesin peroxidase and
|AA-oxidase activity, total phenols and chlorogenic acid contents were clearly mani-
fested on the second day and they probably take part in the following considerable
growth inhibition.

Itisawell known fact that peroxidase can regulate plant stem growth by chang-
ing the endogenic auxin content (Gaspar et al., 1985), the oxidation of whichis per-
formed by its IAA-oxidase function. Our investigations showed a considerable in-
crease both of peroxidase and | AA-oxidase activitiesin the stems of Alar and MEIA
treated plants as early asthe second day. In the following days | AA-oxidase activity
was quickly reduced and came close to that of the control on the tenth day after treat-
ment. At the same time the peroxidase activity remained significantly higher. This
result can be explained by the suggestion that only a part of peroxidase izozymes
manifest IAA-oxidase activity (Gove et a., 1975). Denchevaand Klisourska(1988)
have established that retardant CCC affectsin different ways the activity of cationic
peroxidase izozymes of maize seedlings and especially izozyme N6 and its |AA-
oxidase activity. Similar result showing different degree of increased | AA-oxidase
and peroxidase activity was observed by Gaspar et al. (1968) in barley plant stems
post treatment with the retardants CCC and AMO-1618. The higher peroxidase ac-
tivity maybetakes part in the faster process of lignification after Alar and MEIA treat-
ment (Petkovaand Angelova, 1994). Results from our recent work showed an increase
of total phenol amounts which maybe used as substrata of lignification. Alar and
MEIA did not affect in vitro the activity of both enzymes, although there are refer-
ence data about activating | AA-oxidation by dixarboxyllic acids, such as oxalic, cit-
ric and malonic acids (Forchetti et a., 1983). The level of phenols, IAA-oxidase
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activity and auxin level are closely connected and represent an important element of
the growth regulating mechanism (Chirek, 1990). The retarded growth of tobacco
seedling stems after Alar and MEIA treatment was preceded by a considerable in-
crease of IAA-oxidase activity, the following decrease of which was probably due
to arisein the level of inhibitors of phenolic nature. Results of the present investi-
gation showed the higher activity of Alar.

References

Chirek, Z., 1990. Changesin the content of phenolic compountsand | AA-oxidase activity dur-
ing the growth of tobacco Crown Gall suspension culture. Biol. Plant., 32, 19-27.

Dencheva, A. V., D. Y. Klisurska, 1988. The effect of CCC on the growth, peroxidase and
IAA oxidase activity of maize seedlings. Plant Physiol. 14(2), 59-67 (In Bulg.).

Dicks, J. W., 1972. Uptake and distribution of the growth retardant aminozide in relation to
control of lateral shoot elongation in Chrysanthemum morifolium. Ann. Appl. Biol.,
72, 313-323.

Forcetti, S. M., H. A. Tigier, 1983. Effect of dicarboxylic acid on the peroxidase-1AA oxidase
isozymes of soybean callus. Physiol. Plant., 59, 355-358.

Gamburg, K. Z., 1966. Determination of |AA-oxidase activity and its inhibitors. In: Methods
for determination of growth regulators and herbicides. Nauka, Moskow, 57-66.

Gaspar, T., J. Lacoppe, 1968. The effect of CCC and Amo-1618 on growth, catalase, per-
oxidase and indolilacetic acid oxidase activity of young barley seedlings. Physiol.
Plant., 21, 1104-1109.

Gaspar, T., C. Penel, F. J. Castillo, H. Greppin, 1985. A two-step control of basic and acidic
peroxidases and its significance for growth and development Physiol. Plant., 64,
418-423.

Gove, J. P., M. C. Hoyle, 1975. The izoenzymatic stimulatory of indoleacetic acid oxidase
to peroxidase in birch and horseradish. Plant. Physiol., 56, 684-687.

Graebe, J., 1987. Gibberelin biosinthesis and control. Annu. Rev. Plant. Physiol., 38, 419-465.

Hausermann, M., P. Waltz, 1962. Eine spectrophotometrische schnell methode zir
bestimmung von chlorogensaure and rutin in tabak. Beitrage ziir Tabakfarschung,
H.7, 275-284.

Herzog, V., H. D. Fahimi, 1973. A new senditive colorimetrical assay for peroxidase, using 3,3-
Diaminobenzidine as hydrogen donor. And. Biochem., 55, 554-562.

Hurter, J., T. Umicer, T. Ramp, R. Schumacher, 1988. Unsymetrical dimethylhydrazine and
daminozide residues in fresh and peocessed cherries and apples. Acta. Hortic., 239,
81-84.



44 S. Petkova, Y. Angelova

Jain, M. L., P. J. Kadkade, V. H. Patric, 1969. The effect of growth regulatory chemicals on
abscisssion and |AA-oxidizing enzyme system of dwarf bean seedlings. Physiol.
Plant., 22, 1038-1042.

Jindal, K. K., S. Dalbro, 1977. Effect of succinic acid-2,2-dimetylhydrazide on endogenous
auxin level in apple shoots. Physiol. Plant., 39, 119-122.

Kado, S., Y. Uno, 1969. Influence of plant growth regulators of tobacco plants. Bull.
Utsunomiya Tob. Exp. Stn., 7, 41-63.

Karanov, E., G. Vassilev, L. Hristova, 1975. Growth-retarding activity and chemicals struc-
ture of certain derivatives of itaconic acid. Compt. rend. Acad. bulg. Sci., 28(8),
1975, 1097-1100.

Loche, J., 1966. A contribution to the study of polyphenolsin tobacco plants. In: Annales de
la direction des etudes et de |’ equipment, 3, 11-115.

Lowery, O. H., N. Z. Rosenbough, A. L. Farr, R. J. Randall, 1951. Protein measurementswith
Folin phenol reagent. J. Biol. Chem., 193, 265-275.

Menhenett, R., 1981. Evidence that daminozide, but not two other growth retardants, modi-
fies the fate of applied gibberellin Ag in Chrysanthemum morifolium. J. EXp. Bot.,
31, 1631-1642.

Muromtzev, G. S., Z. N. Pavlova, M. Krasnopolskay, L. A. Naubanova, 1989. Interaction
between retardants and physiological active terpenoides. Newspapers Acad. Sci.
U.SSR, Seriebiol., 1, 116-123.

Pandey, S. N., 1973. Effect of B995 (N-dimethylamino succinic acid ) on growth and alka-
loid content of tobacco (Nicotiana tabacum L.) plants. INKVV Research Journal,
7, 31-34.

Petkova, S. G., Y. M. Angelova, 1994. Possibilitiesfor regulation stem growth of tobacco seed-
ings by treatment with some growth retardants. Field Crops Research, 38, 175-179.

Reed, D. J, T. C. Moore, J. D. Anderson, 1965. Plant growth retardant B 995: a possible mode
of action. Science, 148, 1469-1471.

Swein, T., W. E. Hillis, 1959. Phenolic constituents of Prunus domestica. The quantative
analysis of phenolic constituents. J. Sci. Food Agr., 10, 63—-68.

Takeno, K., R. L. Leggdl, R. P. Pharis, 1981. Effect of growth retardant B-9 (SADH) on en-
dogenous GA level and transport and convertion of exogenously applied 3(H) GA,,
in Alaska pea. Plant Physiol., 167, suppl 581.

Wittwer, S. H., 1971. Growth regulants in agriculture. Outlook on Agriculture, 6, 205-217.

Zeevart, J. A. D., 1966. Inhibition of stem growth and flower formation in Pharbitis Nil with
N,N-Dimethylaminno succinic acid (B995). Planta (Berl), 71, 68-80.



