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The pres ent work sum ma rizes field re searches on stim u lat ing ef fect of metalocomplex com pounds based on urotropin and
dimethyl sulfoxide (DMSO) on ag ri cul tural crops. It has been shown that these com pounds are the ef fec tive growth stimu la -
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Introduction. The tendency to increase the amount of new
physiologically active substances for agriculture is observed 
in Ukraine nowadays [1]. The application of
metal-containing growth stimulators which are able to
intensify biological functions of plants at insignificant
concentrations is a perspective direction in this area [2].
Metalocomplex (biocoordinate) compounds correspond
to these requirements as they show multifunctional

properties [2-16]. Their effectiveness is higher at low
concentrations comparing to that of ions of metal and
organic molecules that compose them [17]. Besides,
coordinate compounds provide the plants with
microelements which they lack in the ground [18].
Complex compounds are not phytotoxic, have a wide
action spec trum, and the main thing is that they are not
toxic for the warm-blooded animals[2].

A great number of experimental works investigating
physiological properties of metalocomplexes have been
published, which are generalized in [2-8]. Systematic
investigations on studying “structure-activity”
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dependence were performed [5]. It was discovered that the
effectiveness of metalocomplexes biological activity is
determined by the nature of metal, ligand environment,
and the concentration. However, only an insignificant
number of works was dedicated to the study of the
stimulating effect of metalocmplexes based on urotropin
and dimethyl sulfoxide (DMSO) on plants [16, 17, 19-32].

The aim of our work was the investigation of
stimulating effect of the mentioned metalocomplexes on
germinating capacity and crop productivity of agricultural
plants.

Materials and Methods. Earlier obtained
metalocomplexes based on urotropin were of general
formula:

where M: Cо (CB–10); Cu (СВ–11); Mn (CB–12);
Sn (СВ–13); Mg (CB–14); Ni (СВ–15); Ba (CB–16);
and L - DMSO. 

It was shown [20-32] that these metalocomplexes
stimulate effectively the processes of germination of
grain-crops, vegetables, and melons, and in their action
they exceed a well-known stimulator Emistym. Laboratory 
researches were performed according to the modified
method of determining growth regulators of root system
and above-ground part [33]. Physiological action of
substances was investigated in the concentrations of 10-2 –
10-5 percentage (p.c.) [24, 25]. Statistics was calculated by
the method [33]. Standard error was in the range of
0.5-2.5%.

In accordance with laboratory results [17, 20-32] of the 
Department of Chemical Regulation of Plant Growth and
Development of The Institute of Bioorganic Chemistry
and Petrochemistry of NAS of Ukraine, the following
compounds CB-10 (Slavutych), CB-12 (Crystalin), and
CB-16 (Oksamyt) were recommended for field testing [34,
35].

Well-known growth stimulators Emistym C,
Betastymulin and Agrostymulin were chosen as etalons for
researching growth regulators. The field tests were
performed on winter wheat, rice and sugar beets. Winter
wheat researches were performed in the Ukrainian State

Scientific Research and Project Technological Institute on 
Prognosis and Distant Probing of Agronomic Resources
[34], Cherkasy, Chernihiv, Volyn Institutes of
Agroindustrial manufacture (AIM), Vinnytsia, Poltava,
Podillya, Genichevsk agricultural research stations [34],
Nizhyn Sort Research station and agrocompany
“Nizhyn”. The experiments were performed in
accordance with the requirements of B.A. Dospehov’s
method [34], the fields with equated agricultural
background, including typical for winter wheat
predecessors, and the sorts registered in State Registry were 
used. The experimental area of most of scientific
institutions was 30-50m2 each, the experiments were
repeated 4 times. Crop predecessors, fertilizers, and sorts
of winter wheat were recommended for local conditions.
Winter wheat cultivation was performed according to the
requirements for intensive technologies application. The
obtained crop yields were processed by the method of
variance analysis defining the indices of the least essential
difference and research accuracy. 

The study on the influence of Slavutych growth
regulator on growth and development features of winter
wheat crops, productivity, and the quality of grown
products was performed at processing of seeds as well as at
spraying the crops. The crops grown without growth
regulators were accepted as control sample, the crops
grown with the processing of seeds by Agrostymulin at the
norm of 10ml per ton of seeds, and at spraying crops the
norm was 5ml per hectare. The seeds were treated by water
solutions of these preparations. The spraying of seeds was
performed at the stage of entering the tube. At the same
time the influence of biostimulators on productivity and
quality of winter wheat production at different seeding
terms and different depth of covering the seed, at different
fertilizer backgrounds and at their connection with
pesticides was determined. 

The effect of researched complexes on the crop
productivity of rice was studied in Kuban State Agrarian
University. Field tests on the crop productivity of sugar
beets were performed at Ternopil, Poltava and Chercasy
research stations [34], Nizhyn State Sort-Researching
station and on the station of Nizhyn Agricultural
production cooperative (AРС) named after Frunse. The
influence of abovementioned complexes on germinative
capacity of agricultural crops seeds was analyzed at Nizhyn 
State Sort-Researching station and on the station of
Nizhyn АРС named after Frunse in 2003 – 2005.  

Results and Discussion. The study of effectiveness of
growth regulators application on germinative and
productivity capacity of winter wheat showed that at the
introduction of one of the researched preparations the
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plants exceeded the control sample significantly by the
coefficient of tillering, the depth of tillering knot position
as well as by the quantity of productive stems per crop. The
depth of tillering knot position increased in 18-67% under
the influence of the growth regulator. Its average value
amounted to 2.4 cm, in the variants of processing seeds
with Slavutych - 3.6 cm, and with Agrostymulin – 3.8 cm.
It indicates that shooting, treated with biostimulators, have 
better conditions for wintering.

According to the outcomes of probes (1999-2001) at
five scientific institutions (Chercasy, Chernihiv, Volyn
Insititutes of AIM, Podillya, Genichevsk agricultural
research stations) [34], Nizhyn Sort-Researching station
and Nizhyn agro company (2003 - 2005) it was shown that
Slavutych has significant influence on the increase of crop
productivity of winter wheat [34] (Table 1). 

According to Table 1 Slavutych exceeds the effect of
Agrostymulin by its main indices and contributes to the
increase of the quantity of stems in 22%, of the weight of
head seed – in 6.7%, of the weight of the thousand of seeds
– in 3.2% in comparison with the control sample, which
has significant influence on the increase of crop
productivity of winter wheat. 

The outcomes of probes of the effectiveness of
processing winter wheat seeds with the growth regulators in 
the combination with spray ing crops are shown in
Table 2. 

According to Table 2 spraying winter wheat crops with
the preparation Slavutych influences its productivity
generally better, than spraying with Agrostymulin. Thus,
Slavutych caused crop productivity of winter wheat in 2000 
in 3.2 centner per hectare (20.1%), in 2001 – 3.2 centner
per hectare (17.1%). In two years the average crop increase
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Ta ble 1
The in flu ence of two-time-ap pli ca tion of growth reg u la tors on pro duc tiv ity el e ments of win ter wheat plants (Genichevsk ag ri -
cul tural re search sta tion, 2001) [34] 

Variant Plant height, cm
Quantity of productive

stems per 1 m2
Weight of head grain, gr Weight of 1000 seeds, г

Control (without
growth regulators)

107,6 987 1,63 39,8

Agrostymulin, 10 ml/t
(processing of seeds) -
background

112,6 1054 1,73 40,7

Background +
Slavutych,10g/hectare

113,1 1204 1,74 41,1

Ta ble 2
The ef fec tive ness of pro cess ing win ter wheat seeds with growth reg u la tors in com bi na tion with shoot ing spray ing (Chernigiv
In sti tute of Agroindustrial man u fac ture) [34]

Experiment variant

Yield, centner/hectare ±  to the control (2001)
Average,
centner/
hectare

+, –  to the control

2000 2001
centner/

hectare
%

centner/hect
are

%

Control (without growth
regulators)

15,9 18,7 - - 17,3 - -

Background +
Agrostymulin,

10 ml/hectare
19,7 20,3 1,6 9 20 2,7 15,6

Background + Slavutych,

10g/hectare
19,1 21,6 3,2 17,1 20,5 3,2 18,6



enlarged in 18.6%. Almost analogous outcomes were
obtained by the private agroindustrial enterprise (РАЕ)
Nizhyn Agrocompany (the crop productivity was observed
in 4.1 centner per hectare (20.2%) in 2003, in 3.9 centner
per hectare (17.7%) in 2004 and in 3.8 centner per hectare
(17.5%) in 2005).

The researches of the influence of Slavutych
preparation on the indices of grain quality (the content of
cellulose, nature and weight of 1000 seeds) at the
processing of winter wheat seeds before sowing, performed
at Chernihiv Institute of AIM in 2000 – 2001, are
summarized in Table 3 [34]. 

According to the given table, at the processing of
winter wheat seeds with the Slavutych preparation the
content of cellulose increases in 6.4%, nature – 0.5%,
weight of 1000 seeds – 10.5% in comparison with the
control sample. Still it has less influence on the content of
cellulose than Agrostymulin, it has almost the same
influence on the nature, though it exceeds the effect of the
latter on the index of the weight of 1000 seeds in 5.3%.

According to the outcomes of probes, performed at the
station of the АРС Nizhyn Agrocompany, at the
processing of seeds in the combination with spraying
winter wheat crops, Slavutych preparation exceeded the
effect of the control sample in all the indices of grain
quality (in the content of cellulose – 11.4%, in the weight
of 1000 seeds – 10.6%). In two years the average increase
of winter wheat crops on the research field enlarged in
18.7%. The researches of the Slavutych preparation
influence on the indices of grain quality at the winter wheat
seeds processing before sowing showed that it increases the
content of cellulose in 8.7% and the weight of 1000 seeds –
in 10.2% in comparison with the control sample.

The researches of the effectiveness of Slavutych
preparation on winter wheat crops at different predecessors 
were performed at Genichevsk agricultural research
station. The effectiveness of the preparation was
determined at growing winter wheat, sown on the fallow
land and corn for silage. The results of experiments are
shown in Table 4 [34]. 
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Ta ble 3
The study of the in flu ence of Slavutych prep a ra tion on the in di ces of grain qual ity at pro cess ing win ter wheat seeds
(Chernigiv In sti tute of Agroindustrial man u fac ture)

Experiment variant
Cellulose content, % Nature, г Weight of 1000 grains, г

2000 2001 2000 2001 2000 2001

Control (without
growth regulators)

31,7 32,6 750 775 29,8 36,9

Agrostymulin, 10
ml/t

37,8 33,0 752 778 31,1 38,9

Slavutych, 10 g/t 36,3 32,1 747 785 34 39,7

Ta ble 4
The ef fec tive ness of growth reg u la tor Slavutych at pro cess ing win ter wheat seeds on dif fer ent pre de ces sors in 2000
(Genichevsk re search sta tion) 

Experiment variant

Wheat predecessor

Fallow land Corn for silage

Yield ± to the control Yield ± to the control

centner/hectare centner/hectare % centner/hectare centner/hectare %

Control (without
growth regulators)

41,2 - - 36,1 - -

Agrostymulin, 10
ml/t

43,1 1,9 4,6 39,6 3,5 9,7

Slavutych, 10 g/t 46,2 5 12,1 36,7 0,6 1,7



One can make a conclusion out of the data given in
Table 4 that the usage of Slavutych is the most effective
after fallow land (crop productivity increases in 12.1% in
comparison with the control sample, and in 7.5% in
comparison with the etalon), and the usage of
Agrostymulin – after corn for silage (crop productivity
increases in 9.75 and 8% respectively). 

The outcomes of probes of the influence of the
mentioned complexes in field tests on rice productivity
(germinative capacity, accumulation of dry weight,
structure of vegetating plants crops) are summarized in
Table 5. 

According to Table 5 Emistym and the composition
CB-10 effect vegetating rice plants almost on the control
level, while the composition CB-12 increases the range of
indices (germinative capacity, length of panicle, quantity
of grains, weight of 1000 seeds, decreases the percentage of
hollow grains). It has significant influence on the
productivity of this crop. Thus the average length of
panicle increases in 11.9%, weight of seeds out of 10 crops
– in 18.1%, weight of 1000 seeds – in 21.3%, and the
percentage of hollow seeds decreases in 8.8%.  

The study of the influence of the mentioned
compositions on the germinative capacity of sugar beet

seed was performed in the laboratory [21-23], as well as in
field tests [35]. As a result of laboratory researches on
germinative capacity of sugar beet seed it was determined
that a tape which contains N-oxide of pyridine or N-oxide
of pyridine and oxalate acid was the best at sprouting in
Petri dishes with the usage of tapes and plants growth
regulators. It contributes to germinative capacity of seeds
up to 98% in comparison with 82.7 of the control sample.
The usage of the soil for sprouting sugar beet seed decreases 
this index, while 20-hour-steeping of seeds in the solutions
of complex compositions increases sprouting in 10-15 %
on average [21-23, 35].

The results of the field tests of the influence of
Krystalin on the increase of productivity and sugar-content 
of sugar beet are summarized in Table 6 [35]. 

According to Table 6, this preparation increases the
productivity of sugar beet in comparison with the control
sample in 48 centner per hectare (13 %), and the obtaining
of sugar – in 9.4 centner per hectare (13.9 %) and it
exceeds the well-known growth regulator of sugar beet –
Betastymulin. While using Krystalin at  Nizhyn State
Sort-Researching station the average increase of sugar beet 
crop amounted to 48 centner per hectare (13%) in 2003; 51 
centner per hectare (14%) in 2004 and 49 centner per
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Ta ble 5
The in flu ence of pro cess ing veg e tat ing plants with re searched com plexes on the yield struc ture of rice (sort Spalchyk)

Composition Concentration  (p.c.)
Average length of

panicle, cm
Weight of grains of

10 plants, gr
Weight of 1000

seeds, gr
Hollow grains%

СВ–10 10–2 15,8 149,1 33,1 18,95

СВ–12 10–2 16,9 177,6 38,2 16,03

СВ–16 10–2 15,7 121,4 35,5 22,72

Emistym 10–3 15,5 152,0 33,4 24,16

Control - 15,1 150,4 31,5 24,84

Ta ble 6
The study of the in flu ence of pro cess ing sugar beet seeds with Krystalin on pro duc tiv ity and ob tain ing of sugar (Ternopil re -
search sta tion)

Variant
Productivity,

centner/

hectare

Content of
sugar, %

± to the control
Obtainigof

sugar,
centner/hectare

± to the control

centner/hectare %

Control 359 18,8 - 67,5 - -

Betastymulin 20 ml/t 401 18,8 0 75,4 7,9 11,7

Krystalin 20 g/t 407 18,9 0,1 76,9 9,4 13,9



hectare (12%) in 2005. The obtaining of sugar increased in
9.4 centner per hectare (13.9%) on average in comparison
with the control sample. 

The outcomes of probes of the influence of the
mentioned compositions on the germinative capacity
while growing agricultural crops showed that the
processing of seeds of vegetables and melons with these
preparations at Nizhyn State Sort-Researching station
increased field germinative capacity in the range of 15-20% 
in comparison with the control sample. Oxamyt
preparation showed the highest effectiveness. The
processing of seeds, performed on the Nizhyn station of
АРС named after Frunse, contributed to similar increase
of field germinative capacity of vegetables, melons and
industrial crops and increased the speed of seed sprouting
1.5 fold in comparison with the control sample. Slavutych
and Krystalin made the biggest influence on sprouting of
tomatoes and cucumbers, increasing seed sprouting from
12 to 23.5%.

Conclusions. Thus field tests proved that Slavutych has
positive influence on grain-crops, increasing productivity
and quality of production, enlarging the coefficient of
tillering, the depth of tillering knot position and the
quantity of productive stems per plant etc. Krystalin
increases sugar content and productivity of sugar beets,
and Oxamyt betters seed sprouting and stimulates the
growth and development of agricultural crops.

According to the main indices the researched
compositions exceed the action of known stimulators of
plant growth (Emistym C, Betastymulin and
Agrostymulin) and can be recommended as new plant
growth regulators which will allow extending the
assortment of domestically produced ecologically safe
growth regulators of agricultural crops, increasing
productivity and quality of production. 
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Дослiдження стимулювальної дiї на сiльськогосподарськi культури

металокомплексiв на основi уротропiну i диметилсульфоксиду

Резюме

Вперше узагальнено польова дослідження із стимулювальної дії на
сiльськогосподарськi культури металокомплексних сполук на основі
уротропіну i диметилсульфоксиду. Показано, що згадані речовини
спричиняють суттєвий вплив на схожість насіння i врожайність
сiльськогосподарських культур.
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