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The effect of mother liquors obtained in one production stage of the popular medicinal preparation
Mildronate on yield and quality of winter rape (Brassica napus L.) grown for biofuel was tested.
The mother liquors contain quaterine-type compounds, which are known to stimulate growth of lu-
pines. In the three-year study, Mildronate mother liquors were sprayed on winter rape. The yield
and fat content of rape was determined. Mother liquor contains small amounts of methyl acrylate.
However, this compound was not found in rapeseed, stalks and soil. Mother liquors spray had a
positive effect on soil microorganisms. In the period from initiation of flowering to maximum flow-
ering stage, spraying with mother liquors, as well as with quaterine-M and isopropanol (basic sub-
stance of mother liquor), in most cases had a low (around 10%) positive effect on rape yield and
a very small impact on the fat content in rape grain. The effects differed among years, suggesting
interaction with weather conditions. The determined optimal mother liquors dosages were quite
wide, from 0.4 to 10 L ha’.
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INTRODUCTION

The adaptogenous activity of the medicinal preparation
“quaterine”, produced in the Latvian Institute of Organic
Synthesis, on plants and particularly on lupines is already
known (Shutov et al., 1980; Trapencier et al., 1981). During
the vegetation period of field crops, conditions can occur
that are unfavourable to their growth and development:
weather conditions, invasion of pests, competition from
weeds; sometimes excessive or inappropriate usage of pesti-
cides. Due to their adaptogenous traits, quaterine, its deriv-
atives and production by-products containing quaterine-type
compounds may be able to promote plant growth in unfa-
vourable growth periods, as previously observed on lupine
yield (Shutov et al., 1980). Production of Mildronate at the
JSC Grindeks results in potentially valuable derivatives of
quaterine, which currently are utilised.

We studied the effect of mother liquors, obtained in one
production stage of mildronate, on rape growth. Since the
mother liquor is basically isopropanol, and contains small
amounts of methyl iodide and methyl acrylate, we chose to
use a technical culture: winter and spring rape. The area this
crop planted has much increased, due to its potential appli-
cation for biofuel.

A review of literature did not register any examples of ap-
plication of an adaptogen in agriculture or rapeseed sowing,
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but studies are being conducted on adaptogens of natural or-
igin and their use in medicine. Growth stimulators of
natural origin which contain active, well-known substances,
such as cytokinins or auxins have been applied in agricul-
ture agricultural use (Budzynski, 2008; Krawczyk and
Skoczynski, 2008; Malarz; 2008; Matysiak and Sylwia
Kaczmarek, 2008) due to their specific impact, rather than
adaptogenous effect. Fungi belonging to Fusarium contain
the toxin Zearalenon, which has oestrogenic properties and
has effect similar to auxin (Biesaga-Koscielniak and Filek,
2010).

The aim of the current research was to test application of a
manufacturing by-product, which currently causes losses
due to its utilisation costs, on yield and quality of rape.

MATERIALS AND METHODS

Winter rape was cultivated in field conditions at the State
Stende Cereals Breeding Institute from 2007 to 2009. In the
season of 2006/2007, the rape was grown on sandy loam
soil with a podzolic turf (pH 5.1-5.5); in 2007/2008, on
sandy loam soil with a podzolic turf (pH 5.9-6.9); and in
2008/2009, on sandy loam soil with podzolic turf and turf
gley (pH 6.2-6.7). The varieties used were ‘Celsioss’ in the
first season and ‘Banyo’ in the second and third season.
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Winter rape trials were carried out in prepared fields for
sowing, choosing smooth places with homogenous soil
characteristics. The doses of mother liquors of mildronate
used were: 40 ml (during the first season), 80 ml (during the
second and the third season), and also 400 ml, 2000 ml and
10 000 ml per hectare. The respective doses of quaterine
were: 2 g (during the first season), 4 g (during the second
and the third season), and 20 g, 100 g and 500 g per hectare.
Spraying was performed in different rape development
stages. In the first season the first spraying was conducted
during the middle of the flowering period (61-63 ZS), the
second spraying — at the very end of flowering in the pod
development stage (69-70 ZS). An additional variant was
spraying in both above times. The spraying was performed
using a trial sprayer and applied with compressed water.
The solution was prepared by dissolving the preparation
dose 2 1 water. The winter rape was harvested on 31 July
2007, 31 July 2008, and 10 August 2009 (Table 1).

Plot yield, 1000 kernel weight and fat content were mea-
sured in all seasons.

Significant differences were tested using analysis of vari-
ance (ANOVA: two-way with replications, ANOVA:
two-way without replications, and ANOVA: one-way).

METHODS AND CONDITIONS OF WINTER RAPE TRIALS

Taking into consideration the results of the first year, the
dose in the second research year was increased to 80 ml, ac-
cordingly, 4 g per hectare, and the spraying period was ex-
tended, by performing the first spraying at the end of
footstalk rising stage, which occurred at the beginning of
budding stage.

During the third year, taking into account the previous re-
sults, spraying was conducted at two times with the same
doses as in the previous year, but a new variant was used for
comparison: the solution was supplemented with pure iso-
propanol. Thus, the effects of mother liquors, quaterine-M,
pure isopropanol were compared to a control.

To test environmental effect of mother liquors of mildron-
ate, the presence of methyl acrylate in soil, rape grain, oil
and footstalk was tested, as well as changes of soil microor-
ganisms in sprayed rape plots. Also, regular monitoring of
sprayed rape and rape leaf scanning was conducted.

Meteorological conditions. Meteorological data were ob-
tained from the Stende Hydro Meteorological Station. Au-
tumn of 2006/2007 was favourable for development of rape,
but the beginning of winter was atypically warm with abun-
dant precipitation. Also the first and the second part of Jan-

Table 1

Agrotechnical element 2007

2008 2009

'Celsioss'

'‘Banyo'

Variety
Soil characteristic

PH ke

Content of organic matter,
-1
gkg

AvailableP,Os, mg kg™
(DL method)

AvailableK,0, mg kg’1
(DL method)

Precrop
Fertiliser, N-P-K
Sowing rate and time

Fertiliser

Herbicide
Retardant

Insecticide

Variant

Number of plots

sandy loam soil with podzolic turf
5.1-5.5

19-26
92-124
98-100

buckwheat for manure
10-20-20, 230 kg ha™!
4.0 kgha!, 16.08.2006

NH,/NO; 480 kg ha! in two times
(renewal of plant vegetation and
footstalks’ formation)

Active ingredient metazahlor (Butisan
Star) 2.5 Lha™, 17.08.2006

Active ingredient tebukonazol (Folicur)
1.0Lha'', 18.09.2006

Active ingredient alfa-cipermetrin
(Fastac 50) 250 ml ha™', 27.04.2007
24 and 6 control plots, 4 replications

102, size of plots 6 m?
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'‘Banyo'
sandy loam soil with podzolic turf
5.9-6.0

22-30
209-280
131-158

buckwheat for manure
4-20-20, 300 kg ha™!
3.5kg ha'l, 16.08.2007

NHyNO; 426 kg ha! in two times
(renewal of plant vegetation and
footstalks’ formation)

Active ingredient metazahlor (Butisan
Star) 2.5 Lha™!, 19.08.2007

Active ingredient tebukonazol (Folicur)
0.8 L ha!,7.05.2008

Active ingredients tiakloprin &
deltamethrin (Proteus 0.6) L ha’!
24.04.2008 & 0.61 ha™ 7.05.2008

32 and 10 control plots, 5 replications

170, size of plots 15 m>

sandy loam soil with podzolic turf
6.2-6.7

22-30
89-393
79-168

buckwheat for manure

6-26-30, 300 kg ha™!

2.7kgha'!, 19.08.2008

NH4NO; 420 kg ha™! in two times (re-
newal of plant vegetation and footstalks’

formation)

Active ingredient metazahlor
(Butisan-400) 2.5 L ha™', 19.08.2008

Active ingredient tebukonazol (Folicur)
0.6 L ha'', 10.10.2008

Active ingredient alfa-cipermetrin (Fastac
50) 250 ml ha™', 29.04.2009

32 and 10 control plots, 5 replications

170, size of plots 15 m>
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uary were atypically warm. At the end of winter, tempera-
ture decreased; the snow layer was comparatively thin,
causing damage to the crop in places where there was no
snow. The lowest air temperature (—19.7 °C) was recorded
in the end of January, when the soil was covered by a 16-cm
layer of snow. At the beginning of February, temperature
became milder, and snow rapidly melted. Temperature in
the second part of February decreased and remained cold all
month. In general, the wintering conditions were unfavour-
able. The third part of March was very warm and the vege-
tation rejuvenated in winter crops, but the beginning of
April was comparatively colder than March with frosts dur-
ing nights. Many plants were damaged during the winter.
Growth of winter crops completely revived only in the third
part of March. Conditions for sowing of spring rape were
favourable. The beginning of March was cool and dry;
nights were frosty. The weather at the end of May was very
warm. In general, weather for growth and development of
rape was satisfactory. Due to the warm weather the stem
elongation phase occurred rapidly. June was warm and dry.
Average air temperature in July was close to the norm; Au-
gust also was warm, but mostly rainy. Conditions for winter
rape sowing then were optimal. At the beginning of winter
2007/2008, the weather was atypically warm. January and
February were atypically warm for winter and wintering
conditions for the crops were satisfactory. March was
warm and wet; the average temperature was 2.5°C higher
than the norm. April started with warm weather and winter
crops revived, but temperature fell in the beginning in the
second part of a month and vegetation in winter crops
stopped growth for a period. May was comparatively mild
and dry, nights were frosty, but the end of May was very
warm. Weather for growth and development of rape was
satisfactory. Due to warm weather rape rapidly grew and
started to flower. The weather remained warm and dry also
in June, resulting in less available. The average air temper-
ature in July was close to the norm. August was warm, but
rainy. Harvest was possible only in rainless days. Generally,
precipitation sum in August was 159.5 mm, which was
183.3% compared to the norm. The conditions for germina-
tion and development were favourable.

Autumn of 2008/2009 was comparatively warm, and the
greatest precipitation sum was observed in October. Air
temperature in November was above the norm, and precipi-
tation was 172% higher than the. Also the average air tem-
perature in December was above the norm. The average air
temperature in January was —4.6 °C. The snow layer was
not firm and wintering conditions was satisfactory. Weather
in February was cool, precipitation was in form of snow or
wet snow, and wintering conditions were favourable. March
was cool, but the average temperature was higher than
norm. The beginning of April was warm and dry and such
weather lasted all month; although nights were frosty. May
was comparatively warm with a small precipitation amount.
The beginning of June was warm and humid; moisture was
sufficient. In general, the temperature in June was lower
than the norm. July was warm and sufficiently humid. The
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weather at the beginning of August was warm and dry, the
middle of this month was rainy, and the end — sunny.

RESULTS

The impact of mother liquors of mildronate on rape yield
and fat content differed between the three years of study,
depended on agro-climatic conditions. During first season,
the largest doses of mother liquors of mildronate (2 1 and
10 1 per ha) had a significant positive effect on yield of win-
ter rape, in cases when spraying was performed in the mid-
dle of flowering period and when two sprying times were
implemented — in the middle and at the very end of flower-
ing (in both variants the dose was 400 ml per ha). Spraying
at the very end of the flowering period, as well as spraying
with a lower dose like 80 ml per ha, did not have significant
effect on yield. Analysis of variance (probability <95%)
did not show and effect of dose, but spraying time had sig-
nificant effect (F = 5.76 > F;, ;; = 5.31). Dose and time of
spraying Quaterine-M did not have significant effect on
rape yield (Fig. 1).
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150 |- ! — — — - i | - nl

1+l
1.00
ull

0.50

0.00 -

500 ‘ 100 20 2 40 ‘ 400 2000 | 10000

Doses of quaterine-M g ha-1 | Control| Doses of mother liquors ml ha-1

Fig. 1. Yield of winter rape in 2007 (t ha'l). Spraying: I — the first, II — the
second, I + II, both.

In 2008, no significant effect of dose and time of spraying
with mother liquors of mildronate and of quaterine-M on
yield of winter rape was observed, when compared to the
control control (mother liquors: F = 2.36 < Foos = 2.49;
quaterine-M: F = 1.69 < F o5 = 2.49).

In 2009, only optimal spraying times were implemented and
the effect of pure isopropanol was tested.

The effect of dose (F = 3.66 > F; ;; = 3.49) on winter rape
yield in 2009 was significant. The effect of spraying time
(F=4.56 > F; o5 = 3.92) did not reach the level of signifi-
cance, but there was a tendency that in most cases rape
yield was bigger in variants with the first spraying (first
flowers, beginning of flowering stage); only in case of
isopropanol did the late spraying (in flowering maximum)
lead to improved effect. The most effective doses of the
tested chemical agents were second and third doses. The
first sprayings of isopropanol with the second (0.4 L ha'l)
and third 2 L ha'l) doses provided significantly better yield
than of the control. In the case of quaterine-M, the second
dose (20 g ha'l) was most effective for both first and second
spraying. Spraying of mother liquors significantly improved
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winter rape yield both utilising the first and second spraymg
with the second (0.4 L ha'l) and third (2 L ha ) doses.
Spraying with mother liquors resulted in significantly better
effect than with quaterine-M in both sprayings using the
third dose and better than isopropanol in the second spray-
ing of second dose. However, in general differences among
sprayings of quaterine-M, isopropanol and mother liquors
of mildronate were not significant (Fig. 2).

4.5

m Control
oI
oIl

Doses of quaterine-l\/l‘ Doses of mother  |Doses of isopropanol
g ha-1 liquors ml ha-1 ml ha-1

Fig. 2. Yield of winter rape in 2009 (t ha']). Sprayings: I — the first, I — the
second.

Also the impact of spraying on fat content in rape depended
on weather conditions in the corresponding season. In the
season of 2007 the fat content in rape was higher than in the
control in all variants, except in one. However, a significant
difference was observed in only half of trials when sprayed
with mother liquors, and only in one sixth of trials when
sprayed with quaterine-M. Also, there was no significant
difference for spraying time (mother liquor: F = 0.105 <
Foos = 4.459; quaterine-M: F = 0.619 < Foos = 4.459).
Also, the significance of dose reached only 91.4% for
mother liquors and 85.8% for spraying with quaterine-M
(respectively: F = 3.021 < F; s = 3.838 and F = 2.347 <
Fp.05 = 3.838).

In contrast to the previous season, in 2008, spraying doses
of mother liquor and quaterine-M showed significant impact
on fat content in rape grain (mother liquor: F = 5.05 >
Fy.05 = 3.26; quaterine-M: F = 5.13 > F, 5 = 3.26): the sec-
ond dose of quaterine-M and second dose of mother liquor
in all spraying times caused significantly reduced fat con-
tent.

In general, spraying time did not significantly affect fat con-
tent in rape grain: mother liquor: F = 1.22 < F ;5 = 3.49;
quaterine-M: F = 0.63 < F (s = 3.49. The last spraying,
when rape was sprayed with pure isopropanol, led to higher
fat content in rape grain compared with the effect of mother
liquors. This spraying was conducted without replications,
and the effect will be studied in subsequent trials.

In 2009, the spraying dose showed significant effect on
winter rape (F = 12.03 > F ;; = 3.49). The choice of agent
and spraying time did not have s1gn1f1cant effect on fat con-
tent: the second dose (20 g ha ) and the third dose (100
gha ) of quaterine-M in both sprayings caused better effect
than the control, as did all sprayings with isopropanol and
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all sprayings with mother llquors excluding the first spray-
ing of first dose (80 ml ha ) and second spraying of the
fourth dose (10 1 ha'l) (Fig. 3). The yield of rape fat (oil)
per hectare was also calculated (Fig. 4).
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Fig. 3. Fat content in winter rape in 2009 (%). Spraying: I — the first, II —
the second.
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Fig. 4. Fat (oil) yield in winter rape in 2009 (kg ha'l). Spraying: I — the
first, II — the second.

In 2009, production trials with winter rape were performed,
in which four varlants were compared: spraying with
mother 11quor (101 ha™! , 0.5856 ha), with pure 1soPropanol
(101 ha™! , 0.5856 ha), w1th quaterine-M (500 g ha™", 0.5760
ha), and control — sowing without spraying. The spraying
was performed together with the first spraying in the experi-
mental field, i.e. at the very beginning of the flowering
stage. Control — in two fields with a total area of 0.9 ha
(0.4712 ha + 0.4464 ha). The yield from the field sprayed
with isopropanol exceeded that of the control by 3%, with
quaterine-M by 5%, but with mother liquor of mildronate
by 73% (Table 2).

Table 2
YIELD OF WINTER RAPE IN PRODUCTION TRIAL OF 2009

Variant Area, |Yield, | Yield, | Dried | Dried | Yield of %
ha |tat9%]| tha sample [cleaned| cleaned,
humid-| at 9% not Sam- | tha’
ity |humidity|purified | ple, g | (9% hu-
g midity)
Control 09176 2.02 429 1531.3 13852 3.81 100

Mother liquor 0.5856 4.40  7.51 1078.6 949.0  6.60 173
Quaterine-M  0.5760 2.55 443  843.1 7653  4.02 105
Isopropanol ~ 0.5856 2.64  4.50 1243.5 1080.8 3.91 103
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DISCUSSION

Spraying with mother liquor of mildronate increased winter
rape yield, except in some variants. The increase in most
cases was around 10%, and depended on meteorological
conditions in the season. Similar results were obtained
forpure isopropanol and quaterin-M. Since the production
trial was performed without replication, it is likely that the
positive result for mother liquor of mildronate is a chance
effect, which was affected by heterogeneity of fields in as-
sociation with weather conditions during winter and the
vegetation period. The production trial should be repeated,
most likely in homogenous fields of Zemgale.

Spraying with mother liquor increased the fat content in
rape seed, except in some variants, but mostly the observed
difference from the control was insignificant, and some-
times a small decrease was observed. Obviously, the effect
is very much affected by meteorological conditions.

The most optimal dose was 2 1 ha™!, but spraying can be
conducted using a comparatively wide amplitude of doses
— from 0.4 1 ha™' to 10 1 ha™!. The most optimal spraying
time was from the appearance of first buds to the middle of
flowering.

Methyl acrylate was not found in rape seed, footstalks, and
soil in fields sprayed with mother liquor of Mildronate. The
sprayings both with mother liquors and quaterine-M were
visually evaluated to not affect bee behaviour and there are
no visual physiological changes in plants. Analysis of soil
microorganisms, performed in the Laboratory of Microbiol-
ogy of Latvia University of Agriculture, found a slightly
positive but temporary effect of mother liquor of Mildronate
on soil.

There were no problems in compatibility of working liquids
obtained from quaterine-M and mother liquors with 17 dif-
ferent frequently used pesticides. Mother liquor in doses
from 0.4 to 10 1 ha™! are recommended for winter rape that

Received 17 November 2011

is used biogas production. The spraying can be performed
from the end of bud formation stage till the maximum of
flowering, taking into consideration conditions for work
with pesticides. Due to the bad smell of the mother liquor,
it is necessary to avoid spraying in close to towns.
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MILDRONATA RAZOSANAS ATSALNA IETEKME UZ ZIEMAS RAPSA RAZU UN KVALITATI

Veikts pétijums par populara preparata mildronata vienas raZoSanas stadijas atsalpa parbaudi uz biodegvielas razoSanai audzétu ziemas
rapsi. PEtijumu pamato kvaterina tipa savienojumu klatbtitne pétitaja atsalni un fakts, ka kvaterinam piemit adaptog€nas 1pasibas un ka tas
veicina lupinas augSanu. Misu pétijuma tris gadu laika parbaudijam mildronata atsalpa miglojumu ietekmi uz ziemas rapSa razu un tauku
saturu rapSa s€klas. Ta ka atsalnis satur nedaudz metilakrilata piemaisijuma, pasiitijam parbaudi uz metilakrilata klatbutni rapsa seklas,
stublajos un augsn€, un to nekonstat€jam. Parbaudé tika konstatéta atsalpa miglojuma ietekme uz augsnes mikroorganismiem, kas tika
vertéta ka visuma pozitiva. Noskaidrojam, ka laika no rapSa ziedéSanas pasa sakuma lidz ziedéSanas fazes maksimumam, kad pumpuru vél
ir vairak neka aizmetuSos pakSu, miglojumi ar atsalni, ka arl salidzinaSanai pemtie miglojumi ar kvaterinu-M un izopropanolu — atsalpa
pamatvielu — vairuma gadijumu dod nelielu, lidz 10% pozitivu efektu uz rapSa raZzu un pavisam nelielu — uz rapSa graudu tauku saturu,
tacu iegitie rezultati bija atSkirigi pa gadiem. Tas liecina, ka seviski liela loma ir metereologisko apstaklu ietekmei. Optimalas atsalna devas
robeZas ir visai plaSas, no 0.4 lidz 10 L hal.
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