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The discovery of brassinosteroids (BS) just over 20 years ago opened a new era in studies of bio-regulation in living
organisms. Previously, the only known role of steroids as hormones was in animals and fungi; now a steroidal
hormone in plants had been added. Progress in brassinosteroid research has been very rapid. Only 20 years passed
between the discovery of brassinolide, the ®rst member of the series, and the application of brassinosteroids in
agriculture. Although the other plant hormones have been studied for a much longer period, there has not been
similar development. Within the last couple of years two books on brassinosteroids (Khripach VA, Zhabinskii VN,
de Groot A. 1999. BrassinosteroidsÐa new class of plant hormones. San Diego: Academic Press; Sakurai A, Yokota T,
Clouse SD, eds. 1999. Brassinosteroids: steroidal plant hormones. Tokyo: Springer Verlag) have been published, but
many new data have appeared since that time. Many of the more recent data is devoted to molecular biological
aspects of BS and has helped to create a vision of their role in plants and their mechanisms of action. New discoveries
of the physiological properties of BS allow us to consider them as highly promising, environmentally-friendly, natural
substances suitable for wide application in plant protection and yield promotion in agriculture. This aspect of BS is
the main subject of this Botanical Brie®ng. # 2000 Annals of Botany Company
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China and the USSR. The results obtained in this branch of
INTRODUCTION

Plants possess the ability to biosynthesize a large variety of
steroids whose function as hormones has frequently been
postulated. However, it was not until 1979 that the presence
of steroidal hormones was con®rmed in plants. In that year,
American scientists published data on a new steroidal
lactone called brassinolide, which was isolated from pollen
of Brassica napus L. that had been collected by bees (Grove
et al., 1979). Three years later, castasterone, a biosynthetic
precursor of brassinolide, was isolated from insect galls of
Castanea crenata (Yokota et al., 1982). Today, more than
40 structurally and functionally related steroids have been
identi®ed from natural sources. These compounds are the
brassinosteroids (BS) and are a new class of plant hormone.
The structure of brassinolide is shown in Fig. 1. The
structures of other BS di�er from it within the boxed areas I
and II. For example, castasterone has a keto group at the
C6 position of the steroidal skeleton instead of a lactone
group, and two other important BS, 28-homobrassinolide
and 24-epibrassinolide, di�er from brassinolide by the
substituent in the side chain at C24 or by its con®guration
at C24, respectively.

Since the discovery of BS, more than 1000 articles have

hed on various aspects of their research, mainly
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by scientists from Japan (45%), USA (15%), Germany
(10±15%), China (10±15%) and the former Soviet Union
(10±15%). At ®rst, investigations focused on the occur-
rence of BS in plants and their chemical synthesis. Later,
attention concentrated on the physiological properties of
BS and their mode of action. From the beginning of
investigations in the USA (Maugh, 1981), BS were con-
sidered promising compounds for application in agricul-
ture, because they showed various kinds of regulatory
activity on growth and development of plants (Table 1),
and their economic value as yield-promoting agents was
predicted by the early 1990s (Cutler, 1991).

The practical value of BS in promoting yield was con-
®rmed by studies in various countries, especially Japan,
# 2000 Annals of Botany Company

FIG. 1. Structures of some brassinosteroids.



TABLE 1. Some physiological e�ects of brassinosteroids in plants

Cell level Whole plant level

Stimulation of elongation and ®ssion Growth promotion
E�ect on hormonal balance Increase in the success of fertilization
E�ect on enzyme activity; H�-pump activation Shortening the period of vegetative growth
Activation of protein and nucleic acid synthesis Size and quantity of fruits increase
E�ect on the protein spectrum and on the amino acid composition

of proteins
E�ect on the content of nutritive components and fruit quality
improvement

E�ect on the fatty acid composition and on the properties of
membranes

Increased resistance to unfavourable environmental factors, stress
and diseases

Enhancement of the photosynthetic capacity and of translocation
of products

Crop yield increase
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BS research have been summarized in a number of reviews
(Maugh, 1981; Fujita, 1985; Abe, 1989; Mandava, 1991;
Takeuchi, 1992; Prusakova and Chizhova, 1996; Khripach
et al., 1997) and in two recent books (Khripach et al., 1999;
Sakurai et al., 1999). In this Botanical Brie®ng we will
concentrate on the most recent results of BS research; results
that have appeared following the publication of these books.
New data on physiological properties of BS and their
application in agriculture, including those that are di�cult

for Western readers to access, will be presented.

Nomura et al., 1999).
BS ARE WIDE-SPREAD IN THE PLANT
KINGDOM AND CONTROL THE PROCESSES
OF PLANT GROWTH AND DEVELOPMENT

Brassinosteroids are found in gymnosperms, monocotyle-
donous and dicotyledonous plants, and in algae. New
studies (Fujioka et al., 1998; Sasse et al., 1998; Schmidt et al.,
1998; Shim et al., 1998; Yokota et al., 1998) con®rm that BS
are obligatory plant constituents, with the highest concen-
trations being found in the reproductive organs and in
growing tissues (pollen, immature seeds, shoots). The range
of concentrations and structures of BS that can be found in
plants is wide and characteristic for a given species at speci®c
periods of development. The highest measured concen-
tration is about 10ÿ1 nmol gÿ1 fresh weight (brassinolide in
the pollen of Brassica napus andVicia faba) and the lowest is
about 10ÿ7 nmol gÿ1 (homocastasterone in immature seeds
and sheaths of Chinese cabbage, Brassica campestris
var. pekinensis). The average situation is illustrated by
recent data of Fujioka et al. (1998) on the concentrations of
BS (brassinolide and its biosynthetic precursors) in mature
seeds of Arabidopsis thaliana: brassinolide, 3.9 � 10ÿ3 nmol
gÿ1; castasterone, 9.5 � 10ÿ4 nmol gÿ1; typhasterol,
3 � 10ÿ3 nmol gÿ1; 6-deoxocastasterone, 3.5 � 10ÿ3 nmol
gÿ1; 6-deoxotyphasterol, 2.1 � 10ÿ3 nmol gÿ1; 6-deoxo-
teasterone, 1.2 � 10ÿ3 nmol gÿ1.

Brassinosteroids are integral components of the plant
hormonal spectrum, in¯uencing the total hormonal bal-
ance and the concentrations of other phytohormones. For
example, BS restored the normal responses to other phyto-
hormones in an Arabidopsis mutant with altered hormonal
sensitivity (Ephritikhine et al., 1999). This can be inter-
preted as con®rmation of an earlier proposal by Takematsu

(pers. comm.) for a leading role of BS among
phytohormones. The search for new interactions continues
(Korableva et al., 1998; Shakirova and Bezrukova, 1998).

Brassinosteroids are involved in the process of cell
enlargement through their e�ects on gene expression and
on enzyme activity (Mussig and Altmann, 1999). A better
understanding of the absolute requirement for BS in cell
elongation has become possible from studies on mutants
and from molecular genetic approaches (Nicol et al., 1998;
Azpiroz et al., 1998; Salchert et al., 1998; Munoz et al.,
1998). Thus the importance of BS in cell division was
recently con®rmed by the ®nding that brassinolide can
accelerate or inhibit cell division in isolated leaf protoplasts
of Petunia hybrida, depending on the phase of cell
development and auxin and cytokinin conditions of the
culture (Oh and Clouse, 1998).

Many results suggest that BS are required for optimal
productivity and resistance to unfavourable in¯uences of
the environment (stresses, diseases: see below). A lack of BS
in mutants, caused by breaks in BS biosynthesis, leads to
dramatic deviations from normal development, which
can often be rescued by application of exogenous BS
(Altmann, 1998, 1999; Choe et al., 1998, 1999a,b; Klahre
et al., 1998; Bishop et al., 1999; Ephritikhine et al., 1999;
PLANTS RESPOND TO VERY SMALL DOSES
OF BS, COMPARABLE TO THOSE FOUND

NATURALLY

BS-induced changes in growth and development are the
result of a cascade of biochemical reactions, which can be
initiated via direct action of BS on the genome or by an
extra-genetic route. Both routes assume the participation of
a system of secondary messengers and can act together. An
important feature is the ability of BS to act in extremely low
concentrations. An indirect con®rmation of this phenom-
enon is the very low concentration of BS in plants. A typical
quantity of BS in agricultural applications is between 5 and
50 mg per hectare for growing plants. If it is assumed that
the highest dose is fully absorbed by plants, it means that
the average BS concentration is 10ÿ7% or 2.1 � 10ÿ3 nmol
gÿ1 if the total weight of plants were 50 tonnes. If only a
part of the BS were to be absorbed by the plants, the
concentration would be diminished. Although this concen-

tration looks extremely low, the ®nal result is close to the
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natural BS concentration in plants, and still much more
than the 1010 molecules of BS per plant that are likely to
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initiate growth responses.

the near future.
BS HAVE A BROAD SPECTRUM OF
STIMULATIVE AND PROTECTIVE

ACTIVITIES THAT HAVE A POSITIVE
EFFECT ON THE QUANTITY AND

QUALITY OF CROPS

Experiments to investigate the potential of BS for use in
agriculture began in the 1970s in the USA and showed
bene®cial e�ects (Maugh, 1981; Mandava, 1991). In the
early eighties, studies on BS in Japan and the USSR
con®rmed their usefulness as agricultural chemicals (Fujita,
1985; Abe, 1989; Takeuchi, 1992; Khripach et al., 1993).
Since then, numerous reports from all over the world have
appeared and many potential practical uses have been
patented. Along with growth alteration, BS can in¯uence
plant development, in particular reproduction, maturation,
senescence, and seed yield.

Brassinolide, 24-epibrassinolide, and 28-homobrassino-
lide and some other BS have been tested in ®eld trials to
determine their in¯uence on plant growth and development
and on crop yield in natural conditions. The results
obtained in ®eld trials do not always coincide with those
predicted from bioassays. Under ®eld conditions, better
results can be obtained with 24-epibrassinolide and
28-homobrassinolide, even though the activity of brassino-
lide is usually higher in bioassays. One reason for this e�ect
could be the lower stability of brassinolide compared to
24-epibrassinolide and 28-homobrassinolide under ®eld
conditions. This, together with the fact that 24-epibrassi-
nolide and 28-homobrassinolide can be synthesized more
cheaply than brassinolide, has promoted use of these two
natural hormones in agricultural applications. Nowadays,
24-epibrassinolide is used as the active ingredient in
preparations that are o�cially registered and have large-
scale application. Nevertheless rapid development of the
application of 28-homobrassinolide in agriculture might be
expected because of its speci®c action in plants.

An important feature of BS is their ability to increase not
only the yield, but also the quality of crops (Prusakova et al.,
1999a). Thus, the application of brassinolide, 28-homo-
brassinolide, and 24-epibrassinolide to potato plants in a
dose of 10±20 mg haÿ1 gives, along with a 20% rise in
productivity, a better quality of crop with regard to a
diminished nitrate content and enhanced starch and vitamin
C content (Khripach et al., 1996b). Treated plants are
damaged less by phytophthora and have better consumer
properties. A similar in¯uence of BS has been reported for
tomato, cucumber, sugar beet and some other plants.

Another new aspect of the in¯uence of BS is their ability
to regulate the uptake of ions into the plant cell. BS can be
used to reduce the accumulation of heavy metals and
radioactive elements when plants are grown in areas that are
polluted by these contaminants (Khripach et al., 1995,
1996a).

New promising ®ndings in food and non-food appli-

cations are growth stimulation in mushrooms (Alexeeva
et al., 1999), production of ornamental plants (Runkova
et al., 1999), enhanced resistance of lawns in contaminated
environments (Kalashnikov and Melnikov, 1999), improve-
ment of the introduction and adaptation of new crops in
new areas (Belova, 1999) and production of grapes
(Chirilov et al., 1997). The capability of BS to stimulate
root growth (Davidtchuck, 1999) that is important for plant
adaptation is, however, still the subject of discussion in the
literature (Khripach et al., 1999).

In Russia and Belarus, 24-epibrassinolide is the active
ingredient of the plant growth promoter Epin2 (Moiseev,
1998), which has been o�cially registered since 1992 and is
recommended for treatment of agricultural plants such as
tomato, potato, cucumber, pepper and barley (State
Chemical Commission of Belarus, 1998; State Chemical
Commission of Russian Federation, 1999). A preparation
with the same active ingredient was extensively investigated
in Japan in the middle of the 1980s (Nippon Kayaku Co.,
1988). It was found to be e�cient for increasing the yield of
many crops. Another chemical, Tianfengsu, has been
developed in China as the result of a joint research pro-
gramme between Japanese and Chinese scientists (Ikekawa
and Zhao, 1991). This preparation is mainly a mixture of
natural 24-epibrassinolide and its unnatural 22S, 23S
isomer; Tianfengsu is widely used in China to increase
yield of crops such as rice, maize, wheat, cotton, tobacco,
vegetables and fruit (Ikekawa, pers. comm.).

It is worth mentioning here the potential role of BS in
countries with highly developed agricultureÐcountries
such as the USA, Japan and in Europe. Information on
any o�cial registration of epibrassinolide in Japan is
lacking, probably because of the variable responses
obtained in ®eld trials (Cutler, 1991). American researchers
have also reported erratic responses to brassinolide in
®eld evaluationsÐthe main reason for `little interest in
developing brassinosteroids for agricultural usage in the
US' (Ste�ens, 1991). The relative e�ects of BS may be low
when the conditions under which plants are growing are
generally favourable. This could explain the consistently
good results obtained in China, compared to those in Japan
(Ikekawa and Zhao, 1991). However, it has become clear
that not only crop yields, but also the quality of crops and
their resistance to diseases, could be positively in¯uenced by
application of BS. This allows a more environmentally-
friendly type of agriculture, which may become an issue in
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BS INCREASE PLANT RESISTANCE TO
STRESS AND PHYTOPATHOGENS, AND
CAN BE USED AS A SUBSTITUTE FOR

SOME TRADITIONAL PESTICIDES

The potential applications of BS in agriculture and horti-
culture are based not only on their ability to increase crop
yield, but also to stimulate other physiological processes.
As a result, it may become feasible to grow crops under
unfavourable (stressful) conditions, such as high salinity,
drought or insu�cient nutrients (Prusakova et al., 1999a,b).
Although these stress-protective properties of BS have been

known for some time, systematic investigations into the
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potential of BS to enhance plant resistance to diseases have
only recently been undertaken. Among the results obtained
to date, most data are related to the in¯uence of BS on
fungal phytopathogenesis. The treatment of potato plants
with BS decreased the level of phytophthora infection: it
was shown, in ®eld experiments, that spraying plants
with BS (brassinolide, 24-epibrassinolide, and 28-homo-
brassinolide) solutions at the beginning of the bud
formation period was most e�ective (Khripach et al.,
1996c). In some cases, the protective e�ect of BS against
fungi was even higher than for plants treated with standard
fungicides. A single dose of 20 mg haÿ1 of 28-homobrassi-
nolide on potato was comparable to the e�ect produced by
a double treatment with the standard fungicide, Arcerid
(composition of ridomil and polycarbacine) at 2 kg haÿ1.
Crop yield was higher for the plants treated with 28-
homobrassinolide than for those treated with Arcerid, and
about 20% greater than the untreated control. Recent data
(Savel'eva et al., 1999) con®rmed the e�ciency of BS
application in the reduction of phytophthora infection (up
to a maximal 40%). Usually, the higher the level of pest
development, the higher the expression of the protective
properties of BS observed. Treatment with 24-epibrassino-
lide prolongs dormancy of potato tubers and increases their
resistance to sprouting and diseases, changes that are
associated with enhancement of ABA and ethylene levels,
and also the presence of phenolic and terpenoid protective
substances (Korableva et al., 1999).

Field application of 24-epibrassinolide to barley plants in
doses of about 5±15 mg haÿ1 signi®cantly decreased the
extent of leaf diseases induced by mixed fungal infection,
along with an increase in crop yield. A comparison of the
results with those obtained after application of Bayleton
(0.5 kg haÿ1), the traditional fungicide (Pshenichnaya et al.,
1997) used under these conditions, showed the higher
capacity of 24-epibrassinoide as a protective factor against
fungi. A protective e�ect of 24-epibrassinolide against fungi
was established in ®eld trials with cucumber (Churikova
et al., 1999). The data obtained illustrate signi®cant
suppression of mildew in cucumber plants treated twice
with 24-epibrassinolide. First, seeds were soaked in a 0.1 mg
lÿ1 solution of 24-epibrassinolide and then the plants were
sprayed with a dose of 25 mg haÿ1 at the ¯owering stage. An
increase in the activity of some enzymes (peroxidase,
polyphenoloxidase) in the leaves of cucumber plants has
also been found. Since these enzymes are involved in the
metabolism of polyphenols, a change in their activity may be
considered as one of the factors connected with increased
plant resistance to infection.

A newly discovered aspect of the protective action of BS
on plants is related to their ability to stimulate resistance to
viral infection (Bobrik et al., 1998). Potato cuttings cultured
in a medium containing brassinolide, 24-epibrassinolide, or
28-homobrassinolide showed a signi®cant increase in all the
parameters that characterize growth and development, in
comparison with a control, and this led to a higher yield of
plants. One of the most important e�ects was a reduction of
viral infection in the material, and this e�ect was found in
all stages of plant development. Along with an essential

444 Khripach et al.ÐSteroidal Plant Hormones
lowering of viral infection, the plants obtained from
BS-treated cuttings gave a higher crop yield when compared
to plants from untreated cuttings. The maximum increase
in crop yield, 56%, occurred in plants whose previous
generation was produced from material that was grown in a
culture medium with 24-epibrassinolide at a concentration
of 0.25 mg lÿ1. The highest increase in yield corresponded
with the lowest level of disease.

These data indicate that exogenous BS can act e�ciently
in plants as immuno-modulators when applied at the
appropriate dose and at the correct stage of plant develop-
ment. As in other cases of BS-regulated stress response, the
pathogen protective action of BS is the result of a complex
sequence of biochemical shifts such as activation or
suppression of key enzymatic reactions, induction of protein
synthesis, and the production of various chemical defence
compounds. These relatively little investigated properties of
BS are promising from a practical point of view. They open
up new approaches for plant protection, based on the
employment of very small amounts of environmentally-
friendly natural substances instead of traditional pesticides,

arrant Better Crops for the XXI Century
BS HAVE BEEN COMPONENTS OF
ANIMAL FOOD CHAINS THROUGHOUT

THEIR EVOLUTION

The metabolism of BS in mammals has not yet been
investigated. It may be speculated, however, that a `normal'
catabolism of the steroidal skeleton will take place. Being
normal constituents of practically all plants, BS have been,
and are, consumed by mammals, and so additional harmful
e�ects are not likely from their use in agriculture. This
assumption is an important prerequisite for considering BS
as ecologically safe, non-toxic chemicals for agriculture.
However, con®rmation of their safety can be obtained from
toxicological studies.

The acute toxicity data obtained at the Sanitary-Hygienic
Institute of Belarus for 24-epibrassinolide are: LD50 (orally)
in mice ( female) is more than 1000 mg kgÿ1; LD50 (orally
and dermally) in rats (male/female) is more than 2000 mg
kgÿ1. Dermal toxicity in rats (male/female) is more than
2000 mg kgÿ1. The formulation, Epin (0.025% solution of
24-epibrassinolide), in mice and rats (orally and dermally)
has an LD50 of more than 5000 mg kgÿ1. Repeated experi-
ments con®rmed the value of LD50 for 24-epibrassinolide
orally in mice and showed a value for Epin which was
higher than 15 000 mg kgÿ1 (white rats, orally or intra-
nasally). In concentrations of 0.2%, 24-epibrassinolide did
not irritate mucous membranes of rabbits' eyes; this
compound, or a solution of Epin, did not irritate the
skin. The Ames test for mutagenic activity carried out at the
Scienti®c Research Center of Toxicologic and Hygienic
Regulation of Biopreparations of Russia, with or without
metabolic activation, was negative (Salmonella typhimurium
TA 1534, TA 1537, TA 1950, TA 98, TA 100). In micro-
nuclear or chromosome abberation tests (mice CBAB1/6)
neither 24-epibrassinolide nor Epin caused spontaneous
mutations.

Complex biological testing on Tetrahymena pyriformis

carried out at the Sanitary-Hygienic Institute of Belarus has
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con®rmed the genetic safety of 24-epibrassinolide and the
absence of mutagenic activity over seven generations. In
acute, subacute, and chronic experiments, 24-epibrassino-
lide showed low toxicity and very little cumulative e�ect.
In prolonged experiments, 24-epibrassinolide showed no
toxicity but a pronounced adaptogenic e�ect (increasing
adaptive ability of the population). Studies on ®sh toxicity
showed no negative e�ects, but pronounced stimulative and
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toxico-protective properties (Vitvitskaya et al., 1997a,b).

1997; Kamuro and Takatsuto, 1999).
AGRICULTURALLY APPLIED BS,
ALTHOUGH THEY ARE PREPARED

SYNTHETICALLY, ARE IDENTICAL TO THE
NATURAL PHYTOHORMONES

The extremely low BS content in plants means that chemical
synthesis is vital in this ®eld of research. Synthesis is the only
source of BS for physiological studies and for practical
application in agriculture. The studies on chemical synthesis
of BS and their analogues (compounds, structurally related
to BS, which do not occur in nature) began immediately
after the elucidation of the structure of brassinolide and are
ongoing. Chemical synthesis of BS can be considered as
reasonably e�cient, and for some BS economically feasible,
large-scale syntheses are available for the production of
su�cient quantities for agricultural application.

The most convenient starting materials for BS syntheses
are sterols that are easily available from natural sources and
contain the same carbon skeleton as the target hormone. In
such cases, only the introduction of the chemical function-
alities that are typical for BS is necessary. Unfortunately,
22-dehydrocampesterol, which has the correct carbon
skeleton and suitable starting functionalities for the syn-
thesis of brassinolide, is not available in su�cient quantities
from nature and for that reason most brassinolide syntheses
are still rather long and relatively complicated. For
24-epibrassinolide and 28-homobrassinolide, both promis-
ing for agricultural use, relatively simple and straightfor-
ward large-scale syntheses are available, starting from
ergosterol and stigmasterol, respectively.

The constantly increasing demands for the ecological
safety of agricultural chemicals introduces a signi®cant cost
for toxicological studies on unnatural pesticides. For the
immediate future, a much wider employment of natural
products may be pro®table, perhaps together with the
application of traditional chemicals when necessary. The
long-term toxicological e�ects of natural products (such as
BS) are either non-existent or dramatically lower than those
of synthetic, unnatural compounds. It is important in this
respect that the synthetically prepared BS, which are
intended for agricultural application (State Chemical
Commission of Russian Federation, 1999), are pure
compounds and fully identical to the corresponding natural
phytohormones. This is also necessary in studies of the
physiological e�ects of BS, especially those concerning the
mechanisms of BS action, in order to prevent mistakes that
could be the result of e�ects of unnatural compounds that
are present as `impurities'.

Although the term `BS' includes only naturally occurring

compounds, the story of their agricultural application is not
complete without mentioning BS analogues. Many
analogues have been synthesized and patented as new
plant growth promoting substances, especially those that
were found to be more easily synthesized than natural BS.
Following an intensive search for new BS in plants, some
analogues were recognized as naturally-occurring com-
pounds. This was the case for 24-epibrassinolide, which was
described by Thompson et al. (1979) purely as a synthetic
compound, but was found by Ikekawa et al. in pollen of
broad bean (Vicia faba L.) in 1988. Among the well-
investigated BS analogues are isomers with unnatural
con®gurations of the hydroxy groups at C22 and C23
(22S, 23S- or 22b, 23b-isomers). These compounds, for
example 22S,23S-homobrassinolide, can be synthesized
much more easily than the natural compounds and they
have a relatively high biological activity. Another group of
analogues possesses all the characteristic structural
elements of BS in a modi®ed chemical form, which allows
their transformation in living cells into the active phyto-
hormone. One representative of this group is (22R,23R)-
epoxy-homobrassinolide, 2,3-diacetate, also known as
TS303. In many ®eld trials this BS analogue showed good
results with respect to germination, root formation, growth,
fruit-setting, crop yield and stress resistance for a number of
agricultural plants (Takatsuto et al., 1996; Kamuro et al.,
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BS CAN BE APPLIED FOR THE TREATMENT
OF PLANTS OR SEEDS USING EXISTING

EQUIPMENT AND TECHNOLOGIES

The growth-promoting activity of BS usually takes place
only after treatment of plants in the appropriate phase of
development and within a certain concentration range,
which is di�erent for each plant species and type of BS. For
large-scale ®eld application, two modes of BS application
are possible: seed soaking and foliar spray (State Chemical
Commission of Belarus, 1998; Vakulenko and Shapoval,
1998; State Chemical Commission of Russian Federation,
1999). Both methods have been investigated extensively, but
results with the latter method were found to be highly
dependent on the phase of plant development. Generally,
better results can be obtained when young rather than old
plants are treated. The formulation of the spraying solution
is very important, and additives are necessary to facilitate
the spreading of active substance, to prevent early drying
and to ensure penetration of BS via cell walls. The working
solution should be prepared by dilution with water shortly
before application, which can be done with normal agri-
cultural sprayers. The ability to combine BS treatment of
plants with other pesticides, for example with fungicides for
potato treatment, allows BS to be used with existing tech-
nologies for plant protection, with no signi®cant additional
expense.

A new variant of BS application has been developed
recently (Pirogovskaya et al., 1996), based on the use of
combinations of BS with mineral fertilizers. Field trials
showed an increase in yield and an improvement in the
quality of crops of barley, oat, potato, winter rye and wheat.

In this approach, 24-epibrassinolide was recommended as
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an addition (10ÿ4±10ÿ6%) to nitrogen±phosphorus±pot-
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assium fertilizers.
CONCLUSIONS

Data obtained by American investigators on the appli-
cation of BS resulted in the conclusion in 1981 that: `New
chemicals promise larger crops' (Maugh, 1981). Now,
almost 20 years later, all the collected data lead us to the
conclusion that the use of BS can produce larger and better
quality crops. Research suggests that BS can be developed
to be a new generation of agricultural chemicals, which do
not interfere with the environment, act in natural doses and
in a natural way. For these reasons BS have good prospects
for enhancing plant production and protection in the near
future. Being natural compounds, which stimulate the plant
itself via activation of gene expression in a certain period of
development, BS do not initiate co-evolution of pests. Such
an approach, based on a wider use of existing genetic
resources looks promising, may be better accepted by the
consumer and can enrich our arsenal of plant protection

strategies in the twenty-®rst century.
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