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ABSTRACT

The aim of the research was to determine performancaafigl | et s deri ved from Ain vit
propagated plantlets of five potato cultivars/three years.

Minitubers represent a way to produce the -pesic material, by transplanting the
vitroplants (with a length of -8 mm) on protected environment (greenhouse, tursme ii nsect proof 0) .
The density of plantsfnmay vary 125 2007 250 on a substrate with peat and manure (1:1). The
minitubers are a biological source which is helpful in case of necessity, on initiation of a new culture
Ain vitroo, o ratiorf. Minitubers prodecton roay wasy énr function by density and
cultivar, from 2 to 45 minituber/plant.

The micropropagation of potafolanum tuberosutn., by in vitro culture
of single node cuttings and other plant tissues are commonly used in the
propagation of high genetic and disefis® seed tubers (high quality), germplasm
exchange and conservation (Dodds and col., 1992; Gopal and Minocha, 1997; Naik
and col., 1998). In vitro propagated potato plantlets are commonly used in potato
seed productio programmes for production of in vitro tubers, greenhouse
production of minitubers, or field planting. The routine multiplication of in vitro
plantlets, single node cuttings for example can be used to produce rooted plantlets
in vitro during the rooting Ipase. These rooted plantlets are subsequently
acclimatized ex vitro in a glasshouse to produce plantlets in the field to produce
seed tubers or minitubers (Jones, 1988; Struik and Lommen 1990; 1999).
Minitubers are small seed potato tubers produced aftdinatization from plants
propagated in vitro and planted at high density in the glasshouse in seed beds or in
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containers using different substrate mixtures. Minitubers can be produced
throughout the year and are principally used for the production ebgsie or
basic seed by direct field planting (Lommen, 1999, Ritter and col., 2001]). By
using minitubers in a seed programme, the number of field multiplications can be
reduced. This may increase the flexibility of seed production, improve the health
staus of the ultimate commercial seed production and reduce the time for adequate
volumes of seed from new cultivars to become available (Lommen and Struik,
1992; 1994).
Aln vitroo multiplication or fAin vitroo
rapid reprodugon of vegetal material, in our case of the material free of diseases.
Because the reproduction is clonally, is achieving a micropropagation of potato
varieties.

Rapid multiplication of Romanian varieties leads to their introduction on
culture on a very girt period and with a big productivity.

The principal features:

- culture initiation from potato sprouts with®cm length , on January
March

-meristematic explants with first pair of foliar primordial were detached on
sterile conditions, and inoculatiavas make on a medium specific to this phase.

-culture initiation was achieve on 80%, after-&D days in function by
genotype

-is obtained a healthy biologic material

the plantlets can be use for obtain mic
Aimi nituawemel eni nsect proof. o

1. MATERIAL AND METHOD

Tubers of five potato cultivars were induced to sprout at room temperature.
Cultivars used were: Ostara, Christian, Roclas, Nicoleta, Desiree.

Sprouts of 2B0 mm length were excised and sectioned into 5 eanh
with at least one node. Sections were surface disinfected by rinsing in 0.5% HgCl
for 3 minutes, followed by rinsing in sterilized distilled water. Aseptically
dissection of meristems is a delicate process, and all the operations take place on
sterlized room, in hood with laminar flux. Meristems witF32eaves primordia
were dissected aseptically and inoculated to the media (various levels of hormones
and in different combinations 0.5° mg/ | gi bbe
C under lightintensity of 20068000 lux in the culture room. The culture room
temperature were mainted at-24'C, while photoperiod was 16 hours at 16 lux.
After 2-3 months, depending by genotype, the minicuttings from developed
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plantlets was inoculated on a mediunthiNAA 0.5mg/l (Chiru N.). After this it

started mul tiplication step, for seeting |
mi crotuber s, or by Ain vivoo transfer in g
(figure 1)1 to obtain minitubers.

Fig.1-Tunnelstfipn®of o

The plantles enough
developed were multiplied, then
tested and again multiplied by
minicuttings (figure 2) - in
laboratory aseptically condition.
In generally, for a passage and a cycle are necessary 4 weeks. Acuticmg
develop on medium condition 4 nodes oA &eeks. This means 4 new plants on
3-4 weeks. Theoretical we can obtaihplants, when n is the number of culture
cycle. Preparation of medium: The nutrient media contained inorganic and organic
constituents ecording to MURASHIGE and SKOOG (M&S, 1962). The organic
constituents were: glycine 2 mg/l, mymsitol 100 mg/l, thiaminéiCl 0.1 mg/l,
pyridoxineHCI 0.5 mg/l, nicotinic acid 0.5 mg/l, agar 8% W/V and sucrose 2%
WI/V. The pH of the medium was adjusteds. 7 with either 1 N KOH or 1 N HCL.
The culture media were autoclaved at at’Cfor 15 minutes, then maintained at
2 7 Rin the culture room.

Fig. 2- Minicuttings

To obtain minitubers, healthy plants
after ELI SA test,rowere mul ti
by repeated minicuttings for in greenhouse
transferring. Transplanting was done by hand
and the density of plants was: 250plants/m
For every year was produced the
materi al fiin vitroo, and this was transplant
0 orfobtain minitubers.
Multiplication medium is medium Murashigghooge enriched with
vitamins, 209/l sucrose, 6¢g/l agar, pH of 5.8. The minicuttings were inoculated on
plastic recipient (25 minicuttings/recipient) and insert into growing room. When
plantlds had 56 cm were transplanted in greenhouse.
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Fig. 3- Minutubersi Christian variety

After 3-4 months we started to haest

minitubers (figure 3). After minitubers cropping per
variety we calibrated (>50mm; &D mm; <30 mm)
and counted.

2. RESULTS AND DISCUSSIONS
We had in view the next determinations:

- number of minituber/f

- number of minituber/plant;

- number of minituler<3 cm/n;
- number of minitubers betweerSgm/nf;
- number of minitubers >5cm/fn

- number of minitubers < 3 cm/plant;
- number of minituber betweer®m/plant;

- number of minitubers >5cm /plant.

The results of research were procdsseéth variant analysis a@hthe
significations of difference were established with multiple comparisons

Duncan Test.

Number of minituber/sq m, depending by

OSTARA CHRISTAN ROCLAS NICOLETA DES| REE

Varieties

B <30mm O 30-50mm O >50mm

Minitubers numbers/sq m, depending by

Fig. 5- Variation of minitubers number
2006, depending by size
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Table 1- Production of minitubers/3years/calibre

Calibre of 2006 2007 2008 Mean /variety
Variety (b) gl)nltubers Mini Duncan| Mini Duncan| Mini Duncan| Mini Duncan
tubers | test tubers | test tubers | test tubers | test
number number number number
OSTARA <30mm(h) | 88 c 66 e 84 d 79 ae
(&) 30 105 b 58 ef 75 de 79 ae
50mm(b)
>50 53 d 47 g 51 e 50 be
mm(ks)
Mean X 82,0 57 70 69,3 e
CHRISTIAN <30mm 137 a 66 e 99 [« 101 ac
(a) (ba)
3050 mm | 118 b 54 f 84 d 85 bc
(b2)
>50 45 e 25 g 55 e 42 cce
mm(ks)
Mean X 100,0 48,3 79 76 C
ROCLAS <30mm 84 c 90 d 119 b 98 ad
(29) (by)
3050 mm | 106 b 80 d 59 e 82 bd
(b2)
>50 51 d 5 h 46 f 34 cde
mm(bs)
Mean X 80,3 58,3 75 71,3 d
NICOLETA <30mm 108 b 143 b 190 a 147 a
(20) (b
3050 mm | 111 b 123 c 85 d 106 ab
()
>50 63 d 31 g 55 e 50 ace
mm(ks)
Mean X 94,0 99 110 101,0 a
DESI REH <30mm 158 a 259 a 87 d 168 ab
(as) (b))
30-50 mm 92 [ 110 c 56 e 86 bc
()
>50 53 d 28 g 30 g 37 bde
mm(ts)
Mean X 101,0 132,3 57,7 97,0 b
Mean / <30mm 115 125 116 119
Minitubers (by)
size lyear 30-50 mm | 106 85 72 88
(b2)
>50 53 27 47 51
mm(bs)
Mean X 91,3 79,0 78,3 86,0
DL 5 % (variety¥year) 5,633 10,99 (DL for every year)

DL 5% (Year) = 3.86; (variety) = 4,13
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Fig. 7- Variation of minitubers number in 2008, depending by size

From 5 tested varieties on 2006, the average peretyarof 3
calibres/square metre, mark the highest average of the semi late variety Desiree
(101), followed by semiearly variety, Christian. In 2007, the lowest average /3
calibres were observed to Roclas variety. Desiree variety presented the highest
averge/3 calibre (132.3 minitubers/square metre), followed by Nicoleta (99
minitubers/3 calibre/square metre). The lowest value was observed to Christian
(48.3 minitubers/3 calibres/square metre). Next year Desiree presented the lowest
value on 3 calibres/squa metre (57.7). The highest was to semilate variety
Nicoleta (110). We had a high fluctuation of minitubers/year, /variety, /3 calibres.
On the first place is the semilate variety Nicoleta, with an average/3 calibre of 101
minitubers, followed by semate Desiree (97).

As an average on 3 years, the most favorable year for minitubers
production/3 calibres, was 2006 (90.3), followed by 2007 (79 ) and 2008 (78.3).

Table 2- Production mean / 3 years

2006 2007 2007 Mean/3 years

Variety Mean | Duncan | Mean | Duncan Duncan | Mean/3 Duncan
Mean years

Ostara 246 [ 171 C 210 C 209 d

Christian 300 a 145 d 238 b 228 C

Roclas 241 [ 175 C 224 bc 214 d

Nicoleta 282 b 297 b 330 a 303 a

Desiree 303 a 397 a 173 d 291 b

Mean 248,8
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Variance Analyze
Limit difference

DLA DLB DLAB DLBA
P=5% 9.8691 10.6597 19.0957 18.4631
P=1% 16.3302  14.48827.1360  25.0955
P=0.1% 30.5659  19.4048 39.8637 33.6100

Table 3- Analyse the number of minitubers / nfon 20062008, NIRDPSB, Brasov

Varieties || Mean Relative prod. % | Difference
Ostara 209 100,0 -
Christian 228 109,1 19
Roclas 213 101,9 4
Nicoleta 303 145,0 94
Desir ®¢291 139,2 82

DL5%=169,77 ; DL 1% =246,933 ; DL0,1 % =370,4

o =
g 350 300 Q;n 308
= 300 28> O
;% 250 216210 238 21123‘,
S 200 7T N 11-! 173
é 150 . 145
2 100
§ s0
= o T

& & & o o7
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Fig. 8 - The wariation of minitubers production/3 years

In 2006, we can see that the most productive variety was Desiree with
303 minitubers/r the less productive was Roclas (241 minitubefy/ m

In all three years the most productive variety was Nicoleta (with an
average of 303 minitubers/3 years of research).

In 2007 we may observe that Christian, Roclas and Ostara had little
values of minitubers number/?nDesiree varietypresented the highest value of

117



minitubers / (397), but next year (2008), it presented lheest value (173). In
2008 the highest value of minitubers was found to Nicoleta.

The lowest value of minitubers average/3 years presented Roclas variety
(213.33).

From analyze table of variance we may see the homogeneity of varieties.
No one is significat
for DL 5%. The results with DUNCAN test, denote that there is no varieties tested
which significantly differ as average of minitubers numbet/ m

350 1 y=239 +177,1 3
R?=0,7125 303 2,64
£ 300 2,5
2 5 8° 2,02
5 250 228 s, 2 148981 =
! 209 213 g “lLe4a 1,6 16,5
E 200 S5 14 = —
2 g 1)1 1,16 1.2
9 150 N i L) T
o =
o =
2 100 =05
E
S 50 o T T T :
Ostara Christian Roclas Nicoleta Desiree
[V T T T T Varieties
Ostara  Christian  \Rgel@ss  Nicoleta  Desiree . .. .
Fig. 9 - The variation of minitubers
Fig. 10- Influence of

minitubernumber/rh variety on production/3 years

Is obvious that Nicoleta variety had the highest productivity 303
minitubers / square metre (as an average in all three years), followed by Desiree
with an aveage of minitubers yield by 291 fmOn the last place is Ostara variety
with an average of minitubers yield by 209 minitubefs/m

Table 4- Analyse of mean number of minitubers/plant on 2002008,
NIRDPSB, Brasov

Variety Minitubers mean/plant | Relativ numier of | Difference
minitubers
Ostara 1,38a 100,0 -
Christian 1,52a 110,1 0,14
Roclas 1,41a 102,2 0,03
Nicoleta 2,00a 144.,9 6,20
Desiree 1,93a 139,9 0,55
DL5 % =8,55; DL 1% =12,43; DL 0,1 % =18,65

From results analyse on 2006 for miius average/plant, we denote that
the highest number of minitubers/plant presented Christian and Desiree varieties
(2.01). The lowest humber was to Roclas (1.59). In the next year, average of
minitubers/plant the most productive is Desiree (2.64), andothest Christian
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(0.97). Roclas and Ostara present closely values (1.16 and 1.14 minitubers/plant).
In 2008, Nicoleta variety, had the highest productivity (2.2) and the lowest Desiree
(1.15).

3. CONCLUSIONS

-the tested varieties had presented differapicity of minitubers yield/fn

-in 2006 the best variety was semi late variety Desiree with 303 minitubers/sq m, in
2007 the best variety was Desiree, too (397 sq m), Nicoleta 330 minitubers/sq m;

- the higher average of number/sq m/3 years presentetedid@03 mean number

of minitubers/sq m), followed by Desiree (291 average number of minitubers/sq
m);

-in 2006 the best results Christian and Desiree presented 2.01 minitubers/plant; in
2007 Desiree 2.64 minitubers/plant, in 2008 Nicoleta presented iulmers
/plant. Average of minitubers/plant/3 years: the best results presented Nicoleta (2
minitubers/plant), followed by Desiree (1.93 minitubers/plant).

-Nicoleta variety, semi late, presented the biggest production capacity as mean/3
years, followedyy Desiree;

-from calibre > 50 mm are lowest number of minitubers/sq m from all varieties;
-from calibre<30 mm are the highest number of minitubers/sq m;
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ABSTRACT

The grapevine bacterial cancer, due to its particular aspect, has been known for a long
time, and it was described for the first time in Germany, in the year 1822 by P. Horter and in 1853 in
France by E. Fabre and F. Dunal, twout its aetiology being known (FaivAemiot 1984). In 1910
Hedgcock determined the bacterial nature of Bw@umefaciens pathogehe bacterial cancer
caused by Agrobacterium radiobacter pv.tumefaciens (Smith et Townsend), has been known to affect
a sigifficant number of plants ever since the Antiquity, leading to signifficant damage. In our
country, the grapevine cancer due to Agrobacterium tumefaciens has been reported in the year 1929
in the Arges county by Traian Savulescu. The disease is spreddralghout vineyards and
viticultural centres in our country, and it has been signaled as affecting sensitive varieties, especially
in the areas which constantly record minimum temperatures over their limit of endurance to frost.
Currently, studies are lmg conducted concerning an integrated and rational control of the
bacterian cancer of the grapevine, a higher biological protection with the end purpose of elliminating
toxic and pollutant pesticides. In the attempts to limit and prevent of tumorgegiesis by
Agrobacterium tumefaciens in theagevine, the efficacy certain biological products based on
strands of Bacillus subtilis, made at | . N. C. D. C. F. B u

Pathogenic agent.The disease is due to tigyrobacterium radiobacter
pv. tumefaciendacterium (Smith et Townsenderr, Young Panagopoulos sin.
AgrobacteriuntumefaciengSmith et Townsend) Conn,. Ordeubacteriales.

The bacteria that exist on the outside of the tumor, amidst the epidermic
cells are single rod shaped or can be found in chains with a single aituaine
gramnegative and non aciesistant.

The tumor cells characteristic to the grapevine bacterial cancer, incipient or
batter said tumor proliferation (the third stage of tumor transformation) become
autonomous entities The tumor tissue (governed dhifferent genome than that of
the host plant)shows a double growth autonomy compared to the incited bacterium,
and the cancerization process continues after the bacterium is no longer present.

The period of incubation of the bacteria is given by numefacters such
as: species and the age of the plant, climatic conditiegpecially temperature.
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The optimal temperature for the growth of grapevine bacterial cancer3s02g C ,
and the relative humidity is around 80%. Light is an inhibiting factor, and
tumorgenesis is favored by the dark period after the inoculation. Bageswth

is favored by humid soils and compacts of nitrogenous fertilizers, the affinity
between the graft and the father plant, hail and the attack of nematodes. Out of the
observations made so far it may be concluded that grapevine varieties have
different degrees of sensibility to cancer.

1. MATERIAL AND METHOD

Two experimental lots have been observed after the attack of the bacterial
cancer has been recorded; one lot was cultivated with the Black Feteasca variety
and the other with th€ h a s s e | Adsla Muscat,@Hamburg Muscat, Royal
Feteasca, both lots part of the Odobesti vineyard.

During the vegetation period there have been observations and
deteminations in the experimantal field of S.C.D.V.V. Odobesti, on the Black
Feteasca variety concerninbet efficacy of treatments with biopreparates with
bactericide action against bacterial cancer.

I. Strands ofBacillus subtilishave been tested, taken from I.C.D.C.F.
Bucuresti as biopreparates, in three variants:

V1- BSP +BSU (isolate from twitch anttied cereals);

V2 - BSP +BSO (isolate from twitch and barley);

V3 - B4 (isolate from deciduous tree leaves );

As a witness variant the chemical standard has been used, respectively
Funguran OH 50 WP, in a concentration of 2% (V4).

The studied phytogthogen bacterium wag#\grobacterium tumefaciens
(Smith et Townsend). The proposed control scheme is mainly based on a number
of treatments applied over a year, out of which, during vegetation, two bio
pesticide treatments have been done, as follows:

- the first treatment has been carried out on 26.03.2008, which, pheno
technologically, coincides with the cutting for fruit bearing and has as a main
objective the need to cover the wounds after cutting;

- the second treatment has been carried out on 08.@.200noment
which represents, usually after hail, the intense growth of the shoots phenological
phase.

Il. In the experimental lot cultivated with the Hamburg Muscat, Adda
Muscat and Royal Feteasca varieties, there have been two treatments done, both
with the BSP+BSU product but in different concentrations (2% and 5%)
comparative to the chemical withess Funguran OH 50 \AG%4B
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2. RESULTS AND DISCUSSIONS

Diseased plants (afected by bacterial cancer) showed dried tumors both on
the seatof the vine, as @il as two year old shoot$hus, usually infected plants,
under the aspect of yearly growth appear normally developed, and others, weaker,
which generally show less color of the leaves and have low productivity.

The observations have been conducted ceadisd plants at the moment of
the ripening of grapes and highlighted the apparition of a new tumors, and the
average figure was of 0.20 tumors/plant for V1 and 0.58 tumors/plant for V2 (table
1). The untreated vines (Witnesses) showed more and biggersttimaor in plants
treated with biopreparates (0,64,5 cm). The chemical standard Funguran OH 50
WP in a concentration 2% has had an inhibition percentage of 14,58%, and the
bioproducts BSP+BSO (V2) and B4 (V3) an inhibition percentage of 12,50%
(Table 2).The attack degree was higher for V2 (BSP+BSO), respectively 0,08%
comparative with the chemical witness of 0,30% and 1,02% in the untreated
witness (Tab. 3), and an aficacy of 96% for the BSP+BSU (V1) preparate reveals
a good inhibiting action.

Tablel- The average number of tumors and their dimensions for the
Black Feteasca variety

Variant Product Conc. Average no. Diameter of
(%) of tumors tumor (cm)
Vi BSPi BSU 5 0,20 0,20,5
V2 BSPi BSO 5 0,58 0,1-0,5
V3 B4 5 0,33 0,1-0,5
V4 FunguranOH 50 WP 2 0,50 0,1-2,1
Untreated witness - - 0,45 0,64,5

The three biopreparates used in treatments, in a concentration of 5% have
inhibited the growth ofAgrobacteriumtumefaciengolonies, with good results for
the BSP+BSU and B4 biopreparates.

Il. In the experimental lot, cultivated with the Hamburg Muscat, Adda
Muscat and Royal Feteasca variety there have been two treatments attempted, with
the BSP+BSU product in different concentrations (2% si 5%) compared to the
chemical witness chimic Fungam OH 50 WP (¥%). The biologic product
BSP+BSU used in a concentration of 2% showed better results cmpared to the
chemical witness chimic (Funguran OH 50 WP) applied in a concentration of 3%.
The inhibition was of about 49% in the Black Feteasca vaeaty 65% in the
Muscat Hamburg for a concentration of 2% (Table 4). For a concentration of 5%
the inhibition was of 100% on varieties.
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Table 2The attack frequency of the bacterial cancerAgrobacterium tumefacienjson
the Black Feteasca variety 2008

Varianta Productl/ Repetition| No. of analyse No. of Frequency
conc. vines attacked vines (%)

V1 BSP-BSU 5% 1 24 6 25,00

2 24 4 16,66

3 24 5 20,83

Average 24 5 20,83

V2 BSP-BSO 5% 1 24 2 8,33

2 24 4 16,66

3 24 3 12,50

Average 24 3 12,50

V3 B4 5% 1 24 4 16,60

2 24 1 4,17

3 24 4 16,66

Average 24 3 12,50

V4 Chemical withess 29 1 24 5 20,83

Chemical withess 29 2 24 2 8,33

Chemical withess 29 3 24 3,49 14,58

Average 24 3,49 14,58

Untreate | - - 57 13 22,81
d witness

Table 3Preliminary results on the degree of attack of the bacterial cancer on
the Black Feteasca variety

Variant Product Conc. F | GA E
(%) (%) (%) (%) (%)
Vi BSPi BSU 5 20,83 0,20| 0,05 96
V2 BSPR -BSO 5 12,50 0,58| 0,08 93
V3 B4 5 12,50 0,40| 0,05 96
V4 Funguran 50 OH 2 14,58| 2,10| 0,30 71
Untreated witness - - 22,81| 4,50 1,02 0

Table 4The biological action of the BSP+BSU biopreparate on the growth of
the Agrobacterium tumefaciensolonies in the Odobesti vineyard on different varieties
in 2008 year

Kg/ The inhibition percentage of tht_e colonies of
Product ha Agrobacterium tumefaciens
% Muscat Muscat | Chasseles Royal
Hamburg Adda dor ® Feteasca
BSP- BSU 2 65 50 53 49
BSP- BSU 5 100 100 100 100
Funguran OH 50 WP 3 45 39 41 37
Funguran OH 50 W 6 100 100 100 100

From the analysis of the data in the table there results that the differences
in sensibility of varieties leads to differences after the treatments.

12¢



3. CONCLUSIONS

During the first part of the year 2008 there have not been favorable
conditions for the evolution of theAgrobacterium tumefaciensBacterium,
however the bacterium a greater intensity of growth during-Aubust, when
precipitations were few and the temperatures high.

Biopreparates from various strandsBafcillus subtilishave determined the
protection of the treated grapevine plants, with good results.

The Funguran OH 50 WP chemic standard in a concentration of 2% has
had a 14,58% inhibition, and the bioproducts BSP+BSO (V2) and B4 (V3)
12,50% inhibition.

Duringrainyer i ods the productodés effects were d

With the biological products based 8acillus subtilis,the treated plants
showed better results, in comparison with the chemical witness, with an efficacy of
93-96%, due to the protection the biopreparate badthe wound, not being
washed by the rain and increased the resistance of the grapevine plants, resulting in
the stagnation of tumor formation.

Treatments with bi@hemical products done during spring after the cutting
opperations have ensured a good gution of the grapevine, and thus these
procedures are reccomended.
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ABSTRACT

Under controlled conditions in 2006 was conducted an experiment with seed treated in
different ways in levels of soil moisture, to establish their influence on germination and initial
development of the seed. The results show that adequate siilnador this purpose is 780% of
the OPH / overall polish humidity. Here the time of germination is reducedlRydays, which is of
great importance for agricultural production.
At this humidity the plants grow and develop faster.
The higher soil mature- 80-90% of the OPH does not lead to etiolation of plants.

The presoil humidity has a great influence on the germination of mangold
seeds. All kinds of soil processes are related to its retention. The optimal soil
moisture varies for the agricularcrops. Some authors accept this limit for-60
70% of OPH / 2 / (limit soil moisture). The development of cultures in their initial
period of development is characterized by reduced amount of rainfall and moisture
in the soil layer @15 cm less than 50%f OPH. This prevents timely and joint
germination of seeds, which is an important factor for obtaining high yields (1, 3,
4)

There is not enough clarity on the optimal level of soil moisture, necessary
for timely and jointly germination of mangold seatd the interest to it has
significantly increased. In practice, for many years the sowing takes place under
normal soil moisture. In such conditions prerequisites for the timely and joint
germination of seeds are not created and a large part of thefplatiasgrow.

The set objective was to clarify the process in greenhouse conditions. This
article publishes results based on an experiment with a mangold seed of kind Vesi
in black earth soil type carbonate.

1. MATERIAL AND METH ODS

In greenhouse conditie we set experiments in eight repetitions using
block method to determine the appropriate level of soil humidity, which is required
for timely and joint germination of beet seeds treated differently. There were pre
determined watephysical properties o$oil (limit humidity /LV/ - 49.8%, OPH
Joverall polish humidity/ 28.0%, bulk weight 1,15 g/cr).

We took from the arable layer 020 centimeters a sample of soil and
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dried it to absolute dry weight. We put in plastic containers 500 grams of the dried
soil and we damped it to 3% OPH. The sowing was done applying the
common agreed methodology for the studied agricultural crop. Thus wet pots we
weighed and put at 1216 A and r el a70% We weighed thd t y
samples every 24 hours to fivdater consumption. The difference between the
initial weight of setting the experiment and received at the time of the drawing is
accepted as water consumed, which is equal to the infusion of new content. This
ensures the maintenance of adequate moistutieei percentage of OPH for each
variant.

Seeds used were from the same origin and meet the requirements of the
Bulgarian standard / BDS / (tabel.1).

Table 1- Sowing characteristics of the different processed beet seed

Variants Fraction Absolute massof| s, .| s %
1000 seeds
Polished 3.5 06 11,840 81 89
Incrusted 3.5 & 12,630 82 93
Dropped 3.5 & 41,850 83 94
Dropped + Furadane 3.5 & 43,000 80 91

GD 5,0%

From 13" to 35" days from seeds sowing we conducted phonologic
measurements of the grovaeeds. We reported the following parameters: water
used, duration of vegetation, height of the grown plants, the number of days to
complete germination, general condition of the surface mass and grown and not
grown plants. On the 85lay we reported thiength and weight of the ovground
and underground mass of plants.

2. RESULTS AND DISCUSSION

Experimental data for the influence of soil humidity on the percentage of
plants grown and the deadlines for full germination of seeds are shown in Fig. 1
and2.

When soil moisture is from 30 to 40% of OPH not a single kind of the
treated seeds do grow and in 50% of OPH they do not grow jointly. In all types of
seeds there is a tendency to increase the percentage of grown plants with increasing
the humidity

12¢
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Fig. 1. Influence of the soil humidity Fig 2. Dependence of the terms of full
germination n the soil moisture

Incrusted and polished seeds reached their maximum at humidity 90%
OPH and dragged seeds and draggédiradand at humidity 80%. The highes
percentage jointly grown plart®91% was observed in variants with incrustation of
seed and then followed by dragged (89%), draggedradane (81%) and polished
(76%).
Different degrees of soil moisturizing affect the germination of seeds
(Fig.2). In dl types of seeds, a higher humidity determines a shorter period from
sowing to full eruption. Most pronounced dependence on the humidity has been
observed in polished seedfrom 19 days at 50% this period is reduced to 7 days
in 70% humidity of OPH, ighe reduction is 63% by the change in humidity of
20%. Strong shortening of the period from 19 to 8 days is observed in dragged
seeds and with dragged~dradane 1 2 days at 50% and 10 days 1in
90% of OPH. These data suggest that in thegmess of higher soil moisture the
germination period of mangold shortens by 5
In all variants of seed treatment the moisture has significant influence on
the mass of fresh plants (fig.3, A and B). Increasing the humidity from 50% to 90%
leads tdfour times, and in the dragged seedsven times increasing the total mass
of the plants (Fig. 3 a). Similar is the general trend of the mass of the roots,
presented in Fig. 3 b.
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Fig. 3.Influence of soil humidity on the mass of a plant 35 days gdtenination

At low levels of humidity the plants develop their root system with
priority, which is demonstrated by the ratios between the masses of the root of the
plant presented in fig.4.

R
g Fig. 4. Relationship between the
g masses of the roots arttetplant 35
" days after germination
humidity %

. pokshed s9a0s -

o Incrusted seads

A drapged seeds e

e dragged ssads + Furadane

. polishad seecs 1N

norusied seeds
dragged seads
dragged seeds + Furadane

Data rates of overground and underground parts of plants are presented in
fig.5. In 90% of OPH plants grow quickly and are highest in all tested variants.
This trend is kept for the length of roots, while inceasand gragged seeds have
the maximum values at humidity of 80% OPH.
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There is no marked correlation between soil moisture and the ratio between
the length of roots and plant as is observed according to the ratio between the
masses of oveground and underground parbgided on fig.4
Length of one plant, cm Rooths length, cm
) polished seeds
A incrusted seeds
p dragged seeds
. dragged seeds + Furadane

polished seeds
incrusted seeds
. dragged seeds
--- dragged seeds + Furadane

3. CONCLUSIONS

Adequate soil misture for a timely and joint germination of mangold
seeds is M@0% of the OPH. In this humidity the period on germination is
accelerated by-22 days, which is crucial for agricultural production.

Maintained by us soil humidity 790% of OPH leads to kter growth and
development of the beet, resulting in a faster increasing the height and mass of the
overground and underground parts of plants.

Furadane insecticide used for treatment of beet seeds in a dose 1.5
kilograms for 100 kilograms of seed does$ remluce germination under greenhouse
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conditions. The higher soil moisture-80% of the OPH does not lead to plants
etiolation.
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ABSTRACT

In a field experiment was st the influence of the tillage systems in the rotation on the
bulk density of Leached Smolnitsa (Haplic Vertisols, FAO). From the study was established that the
packing effect of the soail tillage machines is distributed along the whole plough layenebubst
significant it is in the zone located immediately under the tillage depth. With the increase of the land
use period tendencies of overpacking are manifested. The main tillage of the spring crops and the
tillage before sowing of the winter cereal® ahe basic regulators of the bulk density changes, but in
a lesser degree the additional tillage influences also the spatiality and the durability of changes in the
values of the bulk density.

Bulk density is one of the dynamically changing parametérthe physical
characteristics of the soil. Quality and at the same time the most -gawviag
tillage performance depends on the bulk density current value. On the other hand in
the compound mechanism of soil compaction and decompaction the tillagel is use
as the main regulator for improvement of the increased of naturally occurring
processes buk density [Stoynev (1975), Dawidowski(1997), Hakanson(2000)].
Bulk density of the soil remains unchanged for a very short period. Then it changes
its values and thquantification depends on the speed of natural processes flow in
the soil and the intensity of the soil surface load caused by the impact of
agricultural machines and aggregates wheels [Borisov (1985), Dimitrov (1997),
Blackwell(1989), Chan(2003), Rastig000)].

The purpose of the present study is to determine the extent of the tillage
influence on the variability of the bulk density of the leachawlnitsa as well as
the period of time for which remained the tangible changes in the values of the
indicator, caused by the anthropogenic activity.

1. MATERIAL AND METHODS
Field experiments conducted in Bozhuriste experimental basis with four
field and thredfield soilprocessing studied the effects of treatments for individual
crops on the volume density lslached smolnitsa. There have been monitored the
durability and dynamics of changes in bulk density after the main tillage for spring

crops and treatments for t he -pioughingr sowi
26-28 cm, ploughing 112 cm, ploughig 1618 cm and plouging 2@ 2 ¢ m; U2

loosening the soil 2@8 cm, disking 162 cm, disking 1412 cm and disking 0
131
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12 c¢ m;ploughidg 1618 cm, disking 1@2cm, ploughing 125 cm and
disking 1012 cm. The following rotation was to establish the inflcee of
additional treatment on these crops.

Bulk density was determined by weight method with rings with volume of
100 cm3 in four repetitions. Bulk density is reported in the arable horizon to 40 cm
depth at intervals of 10cm thickness of the layer. Iditamh to moisture content
and bulk density the hardness of the soil is reported too. A statistical processing of
the obtained data has been made.

The surveyed soil diversity is representative for the heaviest in mechanical
composition leached smolnitsaitivcontent of physical clay (particles> 0.01 mm)
over 73% and yl (> 0.001 mm) from 53.3% to 58.0%. The sail is characterized by
powerful about one metre deep humus horizon with crgramshaped structure.

Y| fraction contains mostly mixethyer minerals about 75 percent generated by
the packages hydromica and montmorillonite. Clay minerals are in a very high
degree of dispersity, which determines the dynamic changes in the structural
condition of the soil.

2. RESULTS AND DISCUSSIONS

In the first yeaof the study (1995), although soil moisture content of about
70% of the total field moisture density was found, the values of the bulk density
especially in the arable layer3D cm within the equilibrium densityfrom 1.00
g/cm3 to 1.38 g/cm3 / Fig. 1 Ih measuring the maize in waipeness phase as a
result of good wetting and retention for a longer period of the loosening effect of
the treatments, the values were not altered substantially. Between the two
measurements were found insignificant differes in all variations. At the end of
the vegetation in Option 1 is well proven the reduction of the bulk density
compared to other treatment options.

In 1996 the spatial alteration and the period of duration of the changes in
bulk density are reported gulots of spring barley and maize. In the spindle phase
of the barley well proven (GD 0.1%) are the differences in bulk density26f&m
layer of treatment options. After shallow processes the bulk density is in the limits
1.341.38 g/cm3, after ploughing.181.22 g/cm3. In the 3@0 cm layer of plots
of shallow tillage (variant 3) the bulk density is higher than the other two options
respectively by 0.09 g/cm3 and 0.06 g/cm
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Fig.1. Bulk density in @0 cm layer of leached
smolnisa depending on the system of treatment
(1995, Corn; 1996, spring barley; 1997,wheat;
1997, sunflower, 1998, wheat)
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Until harvesting of culture in conditions of water deficit the bulk density of
0-30 cm arable layer increases in the options with glowggfrom 10.6% to 14.9%.

In 30-40 cm undeiarable layer the bulk density increases in options 1 and 2 with
previously measured lower values. On the plots of maize the bulk densi0n 0
cm layer is highest after ploughing at that depth of tillage, vetiigreater depth as

a result of a greater percentage of larger units of agricultural machinery the
compaction is lighter and the values are lower.

Although the values measured for the index iFB8R0cm layer are slightly
higher than those layer measurad0-40 cm layer they give reason to assume that
density is highest in the area located directly below the depth of processing. Until
maize reaches wanpeness the bulk density increases in depth of the whole
horizon studied and the compaction is sigaific in the layer is 2d0 cm,
respectively with 0.07 g/cm3 (variant 2), 0.08 g/c(w@riant 1) and 0.14 g/cm3
(variant 3).

This increase in values is due both to the shortage of soil moisture and the
natural processes of hardening and compaction chastictef the clay smolnitsa.

As a consequence of the natural decompaction during the autinter
period in the third year in rotation 2 the bulk density values decreased across the
whole arable horizon as for the surface layer depending on the vdrgomom
0.13 g/cm3 to 0.20 g/cm3, and in layer8D cm from 0.12 g/cm3 to 0.17 g/cm3.
These abrupt changes in bulk density are explained by the high plasticity of the soll
aggregates, due to its high content of clay and yl. Similar are the resuléspbbth
with sunflower (after spring barley), but more expressed in the [ag6rdmn.

Since the period between the reporting of bulk density at wheat harvest and
sunflower efforescence is short, the data comparing shows that for the 4a@er 0O
cm (level @ processing) the plots with sunflower have lower values compared with
those with seed of merged surface. These differences are due to the retention of
loosening effect of sowing treatments and intercrops in sunflower. In the adjacent
layer the differencesare slight, while in layers 380 cm the bulk density has
almost equal values.

By harvesting of sunflower seeds in soil moisture content similar to that of
maize at harvest (about 70% of full field moisture) there are established higher
values of the bulklensity- an average of 0.15 g/cm3 in the arable lay80@&m,
which shows that the anthropogenic impact on the clay smolnitsa for a longer
period leads to additional sealing of arable layer.

Wheat presowing treatments in fotfield sowingrotation impove the
value level of the bulk density only in layer20 cm, while in the 3@0 cm layer
the soail loosening is negligible and until harvesting of the culture the indicator
values again exceed the upper limit of the optimum 1.4 g / cm3. These results
confrm the need to perform periodically (in-43 years) deeper ploughing of
leaching smolnitsa soil with dynamically changing physical characteristics.
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Fig. 2-Bulk density of leached smolnitsa depending on the additional treatments

In our next fieldexperiment for the same sowingtation and the same
basic processing was held additional processing with disc harrow and cultivator.

The results of both measurements during the vegetation of growing crop
(Fig. 2) show that for the-20 cm layer the bullkdensity values are higher in the
plots of cultivation, although the differences in most cases are unproven. Disking
achieves findragment structure of the soil in the surface layer, thus ensures better
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seeds bed. In the deeper investigated layers diifeseare not found or they are
unproven.

In our second experiment in the beginning of the rotation the values of the
bulk density are favourable for the wheat development, in ear formation phase they
are from 1.02 1.08 g/cm3 to 1.141.19 g/cm3 in thewsface layer, respectively,
1.20- 1.24 g/cm3 to 1.271.32 g/cm3 for the layers 280 cm. Successful control
of the bulk density in the fallow land is achieved by shiged fallow land from
spring to autumn of the test area. At the end of the experimdrarvesting of the
sunflower seeds in the layer -20 cm the bulk density is measured over the
equilibrium density, i.e. it is already a limiting factor for the productive potential of
the culture.

3. CONCLUSIONS

The survey established and reaffirmedme dependencies between the
bulk density and soil processing, taken as a tillage system in the soil rotation:

1. It was established that the packing effect of the soil tillage machines is
distributed in depth along the whole plough layer, but the nigsifisant it is in
the zone located immediately under the tillage depth;

2. In leached smolnitsa with a high content of clay the loosening process
runs faster when there is a sufficient moisture. However, with increasing of the
period of land use, tenddre of overpacking are manifested, which requires the
soil processing to be carried out periodically at a bigger depth;

3. The main tillage of the spring crops and the tillage before sowing of the
winter cereals are the basic regulators of the bulk decis#tgges. The results,
however, establish that although to a lesser degree the additional tillage influence
also the spatiality and the durability of changes in the values of the bulk density,
depend on the type of soil processing tools and timing.
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ABSTRACT

Proton Transfer Reaction Mass Spectroatry (PTRMS) offers the possibility of sensitive volatile
organic compound (VOCSs) detection without sample preparation or chromatography and is therefore
a suitable tool to track the dynamics of VOCs emission.-Brhas wide application in medicine

and eavironmental research. Monitoring of VOCs emission could be used in the control of food, and
examples will be shown on the ripening/aging process of fruit, on VOC emissions from coffee, and on
the quality control of meat.

In the present study we describieetpossibilities of PTRIS use in the detection of volatile
compounds under in vitro conditions. The identification of nepetalactone in the atmosphere of glass
jars, in which shoot cultures of three Nepeta species were grown, was performed. The effect of
different carbohydrate source in culture medium on the accumulation of nepetalactone in shoot
cultures of N.rtanjensis, N. sibirica and N.nervosa was investigated. Furthermore, the release of these
monoterpenoid lactones from the surface of shoot cultuassa¥go examined.

The genusNepeta (Lamiaceag comprises about 280 species that are
distributed over a large part of Central and Southern Europe, and West, Central,
and Southern Asia (Davis 198Xepetaspecies are widely used in folk medicine
becaus of their antispasmodic, diuretic, antiseptic, antitussive, antiasthmatic and
febrifuge activities. The pharmacological effectdNapetaspecies are ascribed to
nepetalactones, which are usually the main components of their essential oils. The
feline atractant properties of severdepetaspecies have been known for a long
time (Bicchi et al., 1984; De Pooter et al.). Nepetalactone is an iridoid

13¢

Bul eva


mailto:*jasmina.nestorovic@ibiss.bg.ac.yu

monoterpenoid which exists in the form of eight stereoisomers, four
diasteroisomers and their correspondingrtiomers. With a few exceptitions, the

7S diasteroisomers are the ones found in natural sources (Liblikas et al.).

The essential oils are usually accumulated in glandular trichoms on the leaf
surface, from where they can be released like volatile orgamypounds (VOC)

into external media. Since 1998, PPME has been used in a large number of
laboratory and field studies of the biogenic VOCs released from vegetation to the
atmosphere (Lindinger et al.). PINRS offers the possibility of sensitive VOC
detetion without sample preparation or chromatography, and is therefore a
suitable tool for following the dynamics of VOC emission.

The objective of this study was to determine whether HPLC and¥@$Rould be

used as indirect screening tools for the selectbmepetalactorech Nepeta
species. In our experiments we used three diffédepietaspeciesN.rtanjensis, N.
sibirica andN.nervosa. In vitrshoot cultures were grown on various carbohydrate
sources in order to investigate whether they influencetagrtone accumulation

in shoots and their release from the surface to the surrounding atmosphere.
Furthermore, one more objective of the present work was to optimize the
composition of culture media for than vitro growth, as well as for the
nepetalactoe accumulation.

1. MATERIAL AND METHOD
Plant material
The seeds ofN. rtanjensis were collected in August 2004. from
greenhouse grown plants. SeeddNofibiricaandN. nervosavere provided from
Grugapark Essen (Internatioris¢ed Exchange, Essen, Germany).

Sterilization and plant culture conditions

Seeds were surface sterilized in 20% solution of commercial bleach for 10
min and than rinsed 5 times in sterile distilled water. The germinatiomedsvas
induced by 24 h treatment with 1 mM solution of £@ontaining 500 mg™
nystatin. Seeds were rinsed in sterile distiled water for 3 more times and
subsequently transferred on a kstfength MS medium (Murashigie and Skoog)

supplemented with T0mg "' myo-inositol, 20 g I'* sucrose and 7 g1 agar.
Media were brought to pH=5.8 (pH 7.0 fbk. rtanjensi} before sterilizing by
autoclaving at 114 AC for 25 min.
Cultures wee grown in 350 ml glass jars closed with transparent
polycarbonate caps, with 60 ml culture medium in each. All cultures were grown in
a growth chamber under long day conditions (16/8 h light/dark cycle) at a

t emper at ur@ and & relatie htinidRy of 680%. Light was provided

by 60 W white fluorescent tubes with photon flux density5@l m ?s ™ ("Tesla"
Pan| evo, Serbia).
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All the experiments were performed using a sirgtee of each species
(N. rtanjensis N. nervosaand N. sibirica). Four weeks after the onset of the
experiments the following parameters were recorded: the mean length of shoot, the
mean number of nodes and axillary buds per shoot, rooting percentsieafrd
dry weights of shoots. In order to obtain sufficient plant material, all the
experiments were repeated two times, with 40 explants each.

HPLC-UV and HPLGMS analyses

The plant material was aifried and stored in papdsags at room
temperature until use. Each sample (250 mg, dried and powdered) was spiked with
10 pl of geraniol (Haarman Reimer, Germany), which was used as an internal
standard, and extracted with 10 ml of methanol. All samples were filtered through
a 0.45um nylon filter (Spartat8 NY, S & S Bi opat h, USA) and st
use.

Table 1- Average PTRMS parameters during the measurements

Parameter Units Value
Press controller [mbar] 365
Flow controller [scem] 7
uso V] 99
us V] 60
uQL V] 49
UNC V] 6
Source current [mA] 7
Inlet temperature [ A C] 60
Udrift V] 597
Pdrift [mbar] 2.18
Tdrift [ AC] 60
Detection pressure [mbar] 4E-05
SEM Voltage \Y| 2400

The analyses dfis,trans andtrans,cisnepetalactone contein extracts oiN.
rtanjensis N. nervosa and N. sibirica shoots were performed by using a
modification of the procedure described by Ganzera et al.(2001). All the analyses
were performed on a Hewlett Packard HPLC system, model 1100 with DAD. The
columnused for the nepetalactone analysis was Hypersil-B$B (5um), 125 x 2
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mm |.D. The mobile phase consisted of purified water (MilliQ Water System
Corporation, France) and acetonitrile (CHCN; HPLC grade, Acros Organics, Geel,
Belgium). Water (A) and acetdrile (B) were applied in the following gradient
elution: 70% A (0.00 min); 60% A (15.00 min); 0% A (20.00 min); 0% A (25.00
min). The flow rate was set to 0.400 ml fhiand the detection wavelength to 225

nm, which is the UV maximum of nepetalactonel #halyses were performed at

40 AC. The sampl eul\Aoaddditiorel péak gosfionaterdwasva s 5
made by a peak spectra evaluation via HP Chemstation chromatographic software
(Pallo Alto, USA) also used for the data acquisition and method/rutrato
Standard solutions were prepared by dissolviig rtanjensis essential oil,
containing 79.89%rans,cisnepetalactonend 6.30%cis,transnepetalactone, in
methanol (10ul/10 ml methanol). Further calibration levels were prepared by

diluting the stek with methanol (correlation coefficient’R0.99877).

In order to confirm the identified nepetalactone stereocisomers, samples
were analysed by HPL®IS. Reverse phase HPLC analysis was carried out on
Waters Breeze HPLC system (Watdwklford, MA, USA) with EMD 1000 mass
detector in positive ESI mode. Signals were recorded in single ion mode for
nepetalactone at m/z 167 for as well as MS scan for mass span fret0d @onu.

ESI source parameters were 3.5 kV for capillary and 35 Vcéore voltage,

respectively. Source temperature was 43@&nd desolvation temperature was 400

°C. Separations were performed on Waters Xterra MB €olumn 2.1x 50 mm

with 3.5 em particle size. Mobil e phases wer
and 30%acetonitrile (mobile phase B) with following gradient profile: in first 20

minutes from 30 to 70% B, followed by 15 minutes reverse to 30% B with

additional 5 minutes of equilibration time. Acetonitrile (J. T. Baker, USA),

methanol (Carbo Reagenti, Milanand p.a. grade formic acid were used. The data

acquisition and evaluation were carried out by the Waters Empower 2 Software

(Waters, Milford, MA, USA).

PTR-MS analysis
Standard Proton Transfer Reaction Mass Spectrometer-MPSR
(lonicon Analytik, Innsbruck, Austria) was used for the measurements of
nepetalactone concentrations in the atmosphere of glass jars. Average instrument
parameters during the measurements are shown in Table 1. Each measurement was
performed within 20 cyles with a sample time of 5000 ms/mass.

2. RESULTS AND DISCUSSIONS

Our previous research developed successfulitro propagation protocol )
for N. rtanjensisby usingonsmnode stem segments (Migil et al
al., 2005b). Results presented in this paper indicate successfull application of
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described protocol foin vitro propagation of differenNepetaspecies, including
N.sibirica andN.nervosa To our knowledge, there is no documented literature on
propagation procedures of othElepetaspecies. The formation and subsequent
elongation of axillary buds was observed on explants. The regenerated plants
developed normally, and rooted spontaneouslynormonefree medium. About
40% of N. rtanjensisand N. sibirica shoots and near 50% ©f. nervosashoots
rooted within one month ah vitro culturing in culture medium whit sucrose and
glucose and mach less in culture medium whit fructose. The majoritgots
developed between thé“2and 3 weeks of the culture. A positive correlation
between the rooting and the length of the highest shoot was observed (data not
presented). The elongated shoots generally formed 3 to 6 nodes in all three types of
carbolydrate in culture medium. The morphological parameters of cultdepata
species, recorded one month after subcultivation, are presented in Table 2.
Nepetalactone, the dominant compound in essential oils of majority

Nepetaspecies, which shwes various biological activities, was the compound of
interest for our investigations. We analyzed the content of this iridoid
monoterpenoid in shoots of three differ&epetaspecies, grown in the presence
of different carbohydrate source, by using HPRED method. We also performed
PTRMS analysis of nepetalactone concentration in glass jars. The presence of
nepetalactone in the atmosphere of culture jars is the consequence of its relief in
the surrounding area from the leaf surface. After their accdiomlan the
glandular trichomes ah vitro grown plants, VOCs are released and thay spread
over the glass jars, in which the plants are cultivated.
In words of nepetalactone accumulation and its relief from the leaf surface,
significant differences betweeNepeta species were detected. The type of
carbohydrate present in the culture medium significantly influenced accumulation
of nepetalactone in shoot cultures, as well as its release from the surface of the
plants (Figure 1). It is well known that photoslyetic activity of tissuén vitro is
reduced, mainly due to low light intensity, limited gas exchange, and high relative
humidity in tightly closed vessels. Therefore fiorvitro growth and development,
a continuous supply of carbohydrates is essential.

Qualitative and quantitative nepetalactone content in methanol extractgitob
grown plants was analyzed by revemwmse HPLC coupled with UV and MS
detection. Onlytrans,cisnepetalactone was detected in shootsNatanjensis
while cis,transnepetalactone stereoisomer was present Nrsibiricaa No
nepetalactone was observed in shootbl.ohervosa The highest concentration of
trans,cisnepetalactone irN.rtanjensisshoots was detected when plants were
grown on media containing sucrose or gkeoSignificantly lower concentration
of nepetalactone was determined in shoots grown in the presence of fructose.
However, the highest concentration of this monoterpenoid in atmosphere of glass
jars was recorded for shoots grown on media supplememitedfructose. The
similar trend was observed fais,transnepetalactone irN.sibirica shoots.
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Therefore,

negative correlation was noticed for

nepetalactone content

atmosphere of glass jars in relation to nepetalactone content in shoots.

Table 2- In vitro growth and morphogenesis oN. rtanjensis N. sibiricaand N.

nervosac ul t ur ed I MS culture media
or 2% fructose. Values amerror epresented
culture media with 2% sucrose N. rtanjensis N. sibirica N. nervosa
The mean length of the highest 55.68 N 56 N 2 45.43 N
shoot [mm] B B B
The mean number of nodes pe 5.35 N O 4.63 N 5.98 N
shoot B B B
The mean number of axillary 9.18 N O 7.65 N 9.47 N
buds per shoot
Rooting of shoots [%)] 41.34 44.52 50.99
FW [g] 0.272 N 0.171 N 0.134 K
DW [g] 0.021 N 0.023 N 0.012 K
culture media with 2% glucose
The mean length of the highest 53.67 N 49.04 N 48.43 N
shoot [mm] B B B
The mean number of nodes pe 4. 35 N G 3.26 N 4. 91 N
shoot B B B
The mean number of axillary 8.12 N O 6.49 N 9.27 N
buds per shoot
Rooting of shoots [%] 38.37 40.57 47.94
FW [g] 0.265 N 0.165 N 0.138 K
DW [g] 0023 N 0. 0.019 N 0.012 K
culture media with 2% fructose
The mean length of the highest 40.67 N 41.04 N 39.43 N
shoot [mm] B B _
The mean number of nodes pe 3.31 N 0 3.26 N 4. 05 N
shoot B B _
The mean number of axilkar 6.12 N G 6.05 N 8.47 N
buds per shoot
Rooting of shoots [%] 29.58 32.59 37.52
FW [g] 0.212 N 0.189 N 0.116 K
DW [g] 0.019 KN 0.017 N 0.011 K
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2] sucrose
35, A [_Jglucose
fructose

3,0

-

2,54 -

2,0+ %
1,54

1,04

atmosphere of glass jars (ppbV)

0,5+

Concentration of nepetalactone in

Fig.1- The effect of diffemt
carbohydrates present in the
culture medium on the: (A)
concentration of trans,cis
nepetalactone in shoots of
N.rtanjensis and cis,trans
nepetalactone stereoisomer in
shoots of N.sibirica; (B)
concentration of nepetalactone in
the atmosphere of glasars.
Values are presented as
meanNstandard erro

0,0

T T
N.rtanjensis N.sibirica

o & |

Nepetalactone concentrarion
.in shoots (pg mg'ldry weight)
»
1

-

N. rtahjensis N.sibirica

3. CONCLUSIONS

Qualitative content of nepetalactone, as determined by using HIALL
and HPLCMS analyses, varies among species used in this study. Furthermore,
guantitative content of different nepetalactone stereocisomers in shoot cultures is
influenced by the type of carbohydrate which is exogenously applied as the source
of carbon and energy. The best results obtained with sucrose, may have been
caused by morefficient uptake and utilization of this sugar by plant tissues, what
further stimulates the production and accumulation of nepetalactone. In the present
study we demonstrated the efficient use of AMI& method for the detection of
volatile compounds, sudl nepetalactone, undar vitro conditions. According to
our results, nepetalactone, together with other volatile compounds of essential oils,
is released from the surface of shoots into the surrounding. The highest levels of
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this monoterpenoid in the rabsphere of glas jars were detected for shootd. of
rtanjensisandN. sibiricagrown on media containing fructose.
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ABSTRACT

Five strains/isolates of Pleurotus ostreatus were examined for in vitro mycelial growth on
three types of nutritive media: malt extragar (MEA), potato dextrosagar (PDA) and wheat
extractagar (WEA). The influere of medium type and pH (5.5, 6.0, 6.5, 7.0) on the mycelial growth
at di fferent temperatures (18, 20, 22, 24, 26, 28,
analysis applied to obtained data showed that the optimal mycelial growth rate® day7of
incubation were recorded between 26AC and 30AC for
multispore culture 421/1 and the commercial strain P80 provided the fastest mycelial growth on PDA
adjusted to pH 6.5

Mushroom cultivation represents onegf the most economically viable
biotechnological process for the valorization of residues generated as a result of
agraforestry and agrindustrial production(Buswell and Chang, 1993; Chang,
2006; MartinezCarera, 2006; Philippoussis, 2009).

Pleurotus spp, known as oyster mushroomsthe type species iPleurotus
ostreatus(Jacq: ex Fr.) Kummer are the second most important mushrooms in
production in the world, more than 25 % of total world production of cultivated
mushrooms (Chang, 2006).

The group ofPleurotusconsists of woodotting basidiomycetes that reveal high
efficiency in degradation of a wide range of lignocellulosic wastes into mushroom
protein and some metabolites with pharmaceutical applications {Samepos et
al., 20®). Their mycelium produce significant quantities of exoenzymes which can
degrade lignocellulosic bygroducts and use them as nutrients for their growth and
fructification (lracabal et al., 1991; Mikiashvili et al., 2006; Stajic et al., 2007,
Isikhuemhen tal., 2009).

The bioconversion efficiency of Bleurotusstrain is related to the vigor of its
mycelium and to its capacity to activate physiological mechanisms necessary to
adequately exploit the medium (Zhang, 2002; Royse, 2002). The capacity to
colonize culture substrates with fast speed is an important prerequisite for a
commercial strain ofPleurotus spp it avoids the development of competing
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microorganisms and reduces the incubation period. During this stage, the effect of

the environmentalgrameters as temperature, light, pHplays an essential role in

mycelium growth. Works on this subject dealing wikhostreatusreported

different temperatures betweehn7.02(d!AC and 30/
mycelial growth (Delmas, 1989, Furlanadt, 1997 Nasim et al., 2001; Zervakis et

al., 2001; Gregori et al. 2007; Ibekwe et al., 2008).

In this research, fiv@leurotusostreatusstrains were cultured on three different
nutritive media: potato dextrossgar (PDA), malt extragigar (MEA)and wheat
extractagar (WEA). The mycelial growth rates at different temperatures and pH
values were evaluated in order to select the suitable culture medium and to
optimize conditions for a faster mycelial growth.

1. MAT ERIALS AND METHOD S

Mushroomstrains

Five strains/isolates d?leurotus ostreatusiere studied: T1) 421L commercial
strain, from R.L.V.F.G. Vidra; T2) 421A multispore culture obtained from 421,
T3) 426s- tissue culture isolated from a sporophore collected in nature; B4)142
- multispore culture obtained from 426 s; T5) control strain P&blated from
mushrooms in a culture spawned with commercial strain P80 (Italspawn). Stock
pre-cultures were grown on potato dextr@sgar plates (Petri dishes) at-245 A C
and storede34 AC. The inoculum for our experiments
the colonies grown on plates after 7 days of incubation.

Culture media and mycelia growth

Experimental mycelium cultures were grown on three different solid media:
potato dextoseagar (PDA: 25% potatoes, 1% dextrose, 2% agar), malt extract
agar (MEA: 2% malt extract, 2% agar) and wheat extager (WEA: 3.2 % wheat
grains, 2% agar). Flasks having 1 liter medium were sterilized in autoclave at
121AC for 20 mi aved kgsefied Média wereapodrea cirto
sterilized Petri plates (90 mm diameter). On solidification of fresh media (PDA,
MEA and WEA), the plates were inoculated witth 4nm fragments of mycelium
prelevated from the stock cultures qodtured on PDA.

Mycelial growth was estimated by measuring with a vernier the diameter of the
mycelial colonies along two perpendicular axes, after 7 days of incubation.

Effect of temperature and pH

First, mycelial growth of all the strains/isolates was studie@®DA medium at
di fferent val ues of temperature (18, 20, 22,
6.0, 6.5, 7.0). Petri plates with fresh PDA medium at pH 5.5, were inoculated with
the experimental strains and OA€ubataAg, for 7
24AC, 26AC, 28AC, 30AC. There were used four
each value of temperature. The same procedure was repeated for PDA medium
with pH adjusted to 6.0, 6.5 and 7.0. The mycelial growth rates (Hnwdre
calculatedcas means of 4 replicates for each treatment.
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Next, the effect of the others two mediMEA and WEA- on the mycelial
growth was examined, but the range of temperature and pH values was reduced to
24AC, 26AC, 28AC and sgehardinetérswer@ sefectedass pect i vel
most suitables for mycelial growth in the first tiadn PDA medium. The mycelial
growth rates were also calculated as means of 4 replicates for each treatment.

The resulted data were statistically correlated using whgance analysis
method.

2.RESULTS AND DISCUSSIONS

The first step was to investigate the joint effects of the temperature and pH
values (PDA medium) on the mycelial growth of our five experimental strains. The
temperature rang2ACwe242AQ8ATG6AQR0AXT8AQR, 30AC

PDA pH5.5

T2 y =-00282¢ +15080x - 14459 [Fjg.1. The relationship between

8,57 R2 = 0,9808 .

g ] T8 y=-00271x%+1,555x - 14,114 & mycelial growth rate and

75 R7=0.9916 temperature on PDA, pH5.5
g 77 “V:'O"’Zsﬁ; oo 13529 Strains symbols: T1& T2 =0
2 651 Y ' T3 =&, T4 = T,; T5= +
> 8 Y
g% ¥ The optimal values for
E 5 1 ¥ T4 y =-0,0183x? + 1,0552x - 9,1357 . p

45 1 R? = 0,507 mycelial growth on both

32: T3y = -0,0168" + 0.9741x - 8,189 temperatures and pHs for each

A . wmwm strain were evaluated by non

16 18 20 22 24 26 28 30 32 linear regression (Fig.-4).
temperatur The results of the

regression analysis applied to
the our data showed that, BIDA medium, the optimal rates of mycelial growth at
day of incubation were recorded between 26
and pH values. Temperature influences the growth by affecting enzymatic activity
of mycelium and vitamin synthesis. Optimamperature values fd?. ostreatus
mycelial growth-b et we e n 2 4 A Gvera regbrted Ioy Alierent authors
(Delmas, 1989Nasim et al., 2001; Zervakis et al., 2001; Gregori et al. 2007). Our
results are in close position with those of Zervakisl ¢2001).
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PDA pH6.0
T5 y = -0,0329x2 + 1,8675x - 17,858

91 y =-0,0283x2 + 1,6246x - 14,748 R?=0,9882
8,5 1 R?=0,9624
8 4
7,5 1 _ 2
¢ T1 y =-0,0319x2 + 1,7791x - 16,609
g 7 S R?=0,9799
E 651 7 x
> 61 A
E 5,5 1 T4 y =-0,0207x? + 1,1682x - 10,198
E 51 R?=0,9784
4,5 4 T3 y =-0,0176x2 + 1,0007x - 8,0695
4 R?=0,9922
3,5 1
3 T T T T T T T 3

28 30 32

=
o

18 20 22 24 26
temperatur

Fig.2. The relationship

between mycelial growth

rate and temperature on

PDA , pH 6.0

Strains symbols: T1& T2

=0,; T3 =&, T4 =

PDA pH6.5

18,562

; e

T1 y =-0,0285x + 1,5818x - 13,738
R?=0,9725
T4 y =-0,0166x” + 0,9264x - 6,5514
R?=0,9459

T3 y =-0,0135x2 + 0,7604x - 4,5967

R?=0,9674

9 - T2 y= -0,0312x% + 1,7721x - 16,265
R?=0,9775
8,54 T5 y =-0,0342x?+ 1,9346x -
. . . 8 - R?=0,9858
Fig.3. The relationshp
between mycelial growth g757 ~
rate and temperature on g 71 yr
PDA, pH 6.5 265 1 4
Strains symbols: T1& T2 g 6 -
=0, T3 =@, T4 g5
5 .
4,5 4
4 — T — T

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

temperatur

All the strains revealed

higher mycelial growths rates on PDA medium with the iniatial pH value adjusted
to 6.5.(Fig. 3). For exemp] strain T2 presents a highly significant correlation
(r=0.989***) between mycelial growth rate and temperature. The related
regression equation y = 0.0312% + 1.7721xi 16.265 determines maximum

mycelial growth rate (8.91 mm™ a't

2 8. 4 OpkeSents &so |m highty T 3

significant correlation (r=0.984***) between mycelial growth and temperature. In
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this case, the corresponding regression equatiorOy0435% + 0.7604xi 4.5967
indicates maximum mycelial growth rate (6.10 mifhd at 28 316 AC ( Fi g.

PDA pH7.0 T5 y =-0,0337x? + 1,8796x - 17,655
R?=0,9852

172 y =-0,0319x2 + 1,7841x - 16,479 //_f%
] R?=0,9796 o

T1 y =-0,0319x% + 1,7784x - 16,73
R%=0,9758

o
o ©
)

mm/day (mean:
o N
(6)] [e0]
)

(&)

T4 y =-0,02x% + 1,147x - 10,184
R?=0,9652

T3 y =-0,0154x> + 0,915x - 7,3986
R?=0,9646

FS NG, NS, - N, BN
L L L .

N

4

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
temperatur

Fig.4. The relationship between mycelial growth rate and temperature on PDA, pH 7.0
Strainssymbols: T14 T2 =06; T3 =&; T4 = 1;: T5= +

The strains T2 and T5 showed the fastest mycelial growth rates on PDA
medium in all the pH's vants, in contrast with T3 and T4 which were the slowest.
This can be explained by the different origin of these strains/isolates: T2 and T5
descend from selected commer ci al strains, W
isolates. Variation in mycelial growtepeed as a function of strain has been
described by others authors, too (Delmas, 1989; Zervakis et al., 2001).

Regarding the optimal pH value of 6.5 revealed by the growth of all our strains
on PDA medium, this is very much in line with the resufttbbekwe et al.(2008).

In Fig.5, for exemple, strain T2 presents a non significant correlation (r = 0.930)
between mycelial growth rate and pH. The related regression equatio0.86xX
+10.954% 26.065 indicates maximum mycelial growth rat@8mm d') at pH =
=6.37. Strain T4 presents a significant correlation (r = 0.961*) between mycelial
growth and pH value. The related regression equatiorn0y32X + 4.084xi 6.63
fit a maximum mycelial growth rate (6.40 mrit)cat pH=6.38. The testedrains
have a similar behaviour when they were grown on the same pH variants, but at
28AC (Fig.®6).
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PDA 26 degr. Celsiu Fig.5. Variation of mycelial

° growth rate on PDA medium
with different pH values, at

g 26A C
Z T5y = -0,78x2 + 10,022x - 23,37 _ »
< R? = 0,955 T2 y = -0,86><2 +10,954x - 26,065 .
£ R7=0865 Three strains dP. ostreatus
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Ke]
€
£ .//—'—L‘—IH-

6 -

T4 y =-0,32x* + 4,084x - 6,63
R?=0,9228
5
5 55 6 pH 6,5 7 75

. L. . PDA 28 degr. Celsius
Fig.6. Variation of mycelial

. 9 ‘
growth rate on PDA medium /f”—"—\
X . 8,5
with different pH values, at /
p g
28A C % T5 y = -0,665x? + 8,5455x - 18,719
© 75 T2 y =-0,9x? + 11,526x - 28,075 R%=0,9762
; E R?=0,8708
Three strains of P. = 7 =0
ostreatus: T2=#; T4=<; 2 65
T5=@ e - T ——a
T4 y = -0,36x2 + 4,556 - 8,065
55 R?=0,9737
When agatbased 5 - : - - -
5 55 6 pH 65 7 75

media are used, medium
composition plays an important role as it detemsithe mycelial growth rate, and
correct medium ingredient ratios are crucial for fast colonization (Gregori et al.,
2007). The following step in our study was to verify mycelial growth of our
experimental strains on two other different medidEA and WEA - in relation to

a narrower/ opti mal range of temperature (24

founded on PDA tests (Fig.7, 8).

By related regression equations the optimal temperature values for the

mycelial growth on MEA with pH 6.5 were determingtas 26.56C/ 8 . 1 4

mmd* f or T1, 26. 86/0C/ 8TB2 mMmmd4IhkdB,5. 80 mmd
26. 80AC/8.096 Tdmdand 2 6for6r3 (Kig7).8. 6 7 mmd

The optimal temperature values for the mycelial growth on WEA with

pH 6.5 by the regression equats were identified as 26.8%C/ 7 . 6%r mmd

T1l, 26.84AChT. §2, mAd . 2f90A/C/ 3,302 6nmM9 AC/ 5. 34
for T4 and 2 6for83Kgs).7. 88 mmd
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MEA pH6.5 Fig.7. Variation of

T2 y =-0,0525x + 2,82x - 29,26 mycelial growth rate

e —e with temperaturen

8 D MEA , pH 6.5
o TL y =-0,04x% + 2,125x - 20,1 Strains symbols: T1&
g - , T2 =06; T3 =&; T4 =
£ 1 T5 y =-0,0487x“ + 2,5975x - 25,97 T5_ +
z T4 y =-0,05% + 2,68 - 29,95
ke
E 87 B —
IS E;L’if****ﬂs

5 1 T3 y =-0,0262x2 + 1,4375x - 13,92

4 T T T ]

22 24 26 28 30

temperatur

Similar to PDA medium at pH 6.5, the strains T2 and T5 showed the fastest
mycelial growth rates on both MEA and WEA media at pH 6.5, in contrast with T3
and T4, which gaveéhe slowest rates.

Nasim et al.(2001) found that MEA provide fasRostreatusmycelial growth
rates than PDA. In our experiments, PDA medium sustained faster mycelial growth
than MEA and WEA, respectively (Fig. 9, 10).
The maximum growth/optimakemperature for strain T2, calculated by
the regression equations was determinated.@& mmd/27.15AC on PDA,

861mmd/ 26. 86 AC on ME/A2&@n@&4AXAC88n mMBA (Fig. 9).

The same type of calculations gave the following results for a slower
strain T3 : 6,15 mmd26.79AC on PDA 2543370 ommdMEA and 5.
mmd727.33AC on WEA (Fig.10).
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3. CONCLUSIONS

1. The optimal temperaturealues for the mycelial growth of B. ostreatus
strains on PDA, MEA and WEA media were found in the range®6 A C .

2. All the strains revealed higher mycelial growths rates on PDA medium
followed by MEA and WEA, in order.

3. The best mycelial growth rates weregistered for all the strains on media
with pH initial adjusted to 6.5.

4. The multispore culture 421/1 and commercial strain P80 provided the fastest
mycelial growth rates on all three media and pH variants, in contrast with
the wild-type cultures 426smal 426s/1 which showed the slowest growths.
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ABSTRACT

Echinacea purpurea L. is one of the most common meditirplants used as an
immunostimulantEchinacea, better known as purple coneflower, has received a global attention
because of its increasing medicinal valighe production of new varieties and higher quality
products fronEchinaceaspp. requires a greateinderstanding of the regulation of plant growth and
the production of specific secondary metabolites. The current studies were designed to generate
vitro propagation protocols for selected Bulgarian line furpurea L.Seeds are an important
explantsfor establishing of genetic stable in vitro cultures. Different methods for seed sterilization
including surface sterilization with Domestos have been adopted. For in vitro germination of
Echinacea seeds half basal MS media components are suffidieat.influence of different
concentrations of plant growth regulators on in vitro propagation of Bulgarian lire. plurpurea
antioxidant activity and phenols content of different extragts investigated.

In recent years the use of medicinal plants andshbds increased and
gained vast popularity, especially in developed countries. The main sources of
medicinal plants are their natural habitats. Their indiscriminate collection leads to
diminished populations and changes in genetic diverBityring thelag years,
Echinacea products are ranking in top 10 as most sold herbal products in USA and
Europe (Bone, K., 2004). Although their commercial success, there are a lot of
obstacles and uncertainties about the technologies such as improving growth
conditions;maintaining the genotype of valuable genetic lines and improving the
quality of produced biologically active substances.

Echinaceaspecies belong to tribusieliantheag(Binns, S.et al. 2004) and
they are the largest genera of family Compositae (Astegac@hey are mainly
herbaceous perennial plants. The most popular spediehinfaceagenera are; .
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angustifolia, . pallida, (..silmelvatgat a. (pa
sangui nea, [ . a t andy r. u bPeunr §u ar peyahrgel obthemo s a
have been used as medicinal herbs . pur pur éat andobads)c h
angustifolia DC(root) and; . pal I(iPea rNyt tN. 4t ar .. 2001) .
purpureaar e di pl oids with a somatic chromosome n
al 2004). Natural Products Alert Database (NAPRALERT) shows more than 216
multifarious biologically active substancesgin. p u (Munch, 8.et al. 2006).
Main groups are alcamides, polyacetylenes, caffeine acid derivatives and
glycoproteins. Caffeineacid derivates (CADs) are of major importance. The
hydrophilic fraction ofEchinaceausually contains CADs such as: caftaric acid,
chlorogenic acid, cynarine, echinacoside and cichorium acid. Differences between
three species oOEchinaceagenera used as ulieinal plants are cichorium acid,
cynarine and echinacoside. Cichorium acid is typicaBopurpureaand it could
be found in very low concentrations i pallidaandE. ©n g u s .tCyriarteé is a
found in roots ofE . On g uwhilst eichinbcibside is typical fdE. pallida
Cichorium acid and echinacoside are considered to be the most important
components of phytochemical compound€ohinaceagenera. Cichorium acid as
a phenolic compound possesses antioxidant activity and it is very typical and
widely distributed inAsteraceag€Binns, S. et al. 2002).  There are more than 350
clinical and pharmacological researches on mediginapertiesof [ . purpur ea
and its veratile healing attributes such as inhibition of hyaluronidase and HIV
integrase; raising white blood cell count (Rininger et al. 2000); strong antiviral
activity; prevention and treatment of infections which involve the upper respiratory
tract (Barrett, P.et al. 2002; Rininger, A. et al. 2000); antifungal activity on
different species ofandidg including Candida albicangBinns, S. et al. 2002;
Binns, S. et al. 2004); antiinflammatory activity; antibacterial and insecticide
activity (Clifford, L. et al.2002) etcy . p u r is tegasedad as the modern anti
cancer agent because of its immustionulating activity.

In the last couple of years there was an increasing interest towards natural
antioxidants e.g. phenols that protect cells from oxidative clsaf@g@rdner et al.,
2000). Oxidative stress is believed to be the main reason for progressive
neurodegenerative disorders as Alzheimer's disease, it is also crucial for initiating

cancerogenesi s, at heroscl erosis idamid r heumat i
activity of E. purpureais due mainly to contribution of polyphenolic compounds
(Barrett, B. 2003; Speroni, [ . etr .al . 2002)

purpurea have high antioxidant activity and prevent thenerationof free
radicals and peroxide oxidationof lipids (Barrett, B. 2003).Echinacea
productsare among the mogtopular phytomedicinesn the North American
market and yet it is still unknown the exact complex of biologically active
substances. Most of plants with pharmacettimportance grow in wild (Edwards,
R. 2004) and only 10% are being cultivated vitro. Intense collection of

157



medicinal plants in the last decades has led many species on the edge of extinction
and threatened biodiversity. Conservation of the endemibreatened species is
carried out using different strategies. Micropropagation is a powerful tool for ex
situ conservation programs of the rich flora, especially for the species with the
reduced populations. It is also irreplaceable for low seed prodptmgs and for

rapid multiplication of species producing important secondary metabolites or
possessing other valuable traits. The condition of the gromedjais crucial for
quality of the explants and for intactness of genetic lines with valuable
phytaherapic secondary metabolites. Successful micropropagation protocol of
medicinal plants is an optimal balance between grown mass and produced
secondary metabolites which demands qualitative and quantitative analysis of in
vitro synthesized biologically &iwe substances. Phytochemical analysis of in vitro
explant is a crucial premise for estimating benefits of its further biotechnological
exploitation and optimization of growth conditions aiming high production of
substances of interest. The purpose ofgtesent study is to determine a proper
protocol for in vitro propagation of Bulgarian line Echinacea in order to achieve
high biosynthesis of secondary metabolites as they are observed in vivo.

1. MATERIALS AND METHODS

Plant materiat
Dried plant materiabnd seeds of Bulgarian lirtle. purpurea(line = 1 , summer
Echinaced, cultivatedin vivo were kindly granted by Ass. Prof. A. Dzurmanski
(Institute of Roses, Essential and Medcinal Cultures, Kazanlak, Bulgaria).
Plant material and seeds were collected in the autumn of 2007 and kept in
specialized accomodations. The sterilization of seeds for in vitro propagation
includes:
A sterilization in 70% ethanol for 30 sec.
A sterilization in Domestos for 25 min.
A invittocul tivation: 250 seeds of Il i ne
sterilization were cultured on mieim and kept in dark for two weeks
at t emper at uHalebasalavid Ged{a Edmpgonehty without
vitaminswere used (Murch, J. et al. 2006).
After 14 days of dark cultivation, the sprouting seeds were transferred for another
14 days at hoarSoflgBt a (i 6 05 émmdynthetic photon flux
density, Philips TLDE33) (Fig.2).
One month old plants were placed on standard MS medium, containing different
concentrations (0-:1.0 mg/l) of BA (Nébenzyhdeni ne)HOK n-d U U
naphtylacetic acid) in order to determine the most effective concentration for
physiological status of plants and amount of phenolic substances. Growth
regulators were added before autoclaving the medium.
Total phenolic determination
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100mg DW of the samples of shoot cultuiasvitro and plantsin vivo were

extracted with hot ethanol. Total phenolics were determined by the Folin &

Ciocalteubs colorimetric met hoduobdi Singl et on
: the extract was placed in tdsbe and

distilled water, 1:1 Folin

reagent and 20% N@O; were added. The

absorbtion was measured at 730nm and

the total phenolics were calculated by

means of a calibration curve of

chlorogenic acid and expressed as

micrograms  of  chlorogenic  acid

equivalent per 1 gram of DW of the

sample

For statistical significance the data were

processed and assessed by LSD at a 5 %

level of probability.

Fig.1 Fig.2

2. RESULTS AND DISCUSSION

A lot of medicinal plants grow wild under seveaathropogenicabiotic
and biotic stress in their habitats. Their populations are negatively influenced by
anthropogeni@mpacts and step towards thpieservation and keeping biodiversity
is taken. Micropropagation is a powerful method for preservation of the rich flora
and species of interest with valuable traits such as p u r Miecropeopagation
systemis vital to the biotechnology industry. Qvihe last decade, it has been
a powerful tool for cloning and propagation of horticultural plants, especially
those with low fertility. Micropropagation increases the scale and speed of
production and yields healthier plants which synthesize valuablendzgo
metabolites or possess other traits of intellesiitro propagation is based on the
ability of plants to form apical or lateral shoots biad outgrowth (Clinef . 1997) .

In some plants, théateral budlocated in the axil of each leaf does not
grow to form branches, especially at first. This condition is known as saing|
dominance Apical dominance is caused by the apical bud producing k8lole
acetic acidn abundance. This auxin is transported basipetally from the apical bud
and causes the lateral buds to remain dormant. Lower concentration cause lateral
buds to remain dormant and a higher concentration cause the apical bud to grow.
The difference in regmse between the two kinds of buds is explained in their
sensitivity to the auxin concentratienihe lateral buds are more sensitive to auxin
than the apical bud. Researches on apical dominance in herbaceous plants have
shown that auxin/cytokine ratio cwals lateral buds growtli basipetal auxin
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transport inhibits lateral buds whilst synthesized in root cytokines promote their
growth (Cline, [. 1994, Blotéva Vhatralk2000;f . et al . 1
KapchinaToteva V.et al. 2003). For successfalvitro propagation oEchinacea
the application of @oenzylaminopuringBA) and Xnaphtylacetiacid (NAA) in
culture medium is needed (Zobayed, S. et al
Murch, S. et al.2006). Successful combination of auxin/cytokineecaration is
crucial for achieving propeioot systemo aerialpartratio in cultivated plants of
E. purpurea( Kor oc h, ¢ . et al 2002; Choff e, S . Jt
established that from the varieties of appl:i
Echinacea, the most appropriate for inducing well developer root system is 0,3
mg/l NAA. The obtained results are correspondent to other observations (Choffe,
K. et al. 2000; Harbage, J 2001; Koroch, A. et al. 2002; Lakshmanan, P. et al.
2002; MechandsS$. et al. 2003; Zobayed, S. et al. 2003; Sauve, R. et al. 2004).
After 45 days cultivation we assumed that the optimal concentration of growth
regulators for in vitro propagation &chinaceaappears to be 0,1 BA + 0,5 NAA
(Fig.4) and 0,3 NAA (Fig.5).
In recent years the increaséatterest towards natural antioxidaimis
been drawn mainly by poliphenolic compounds, found in variety of medicinal
plants and functioning as free radical scavengers, thus reducing negative effects of
oxidative stress (Gardnep, . Jt al . 2 0EO fuppureah@ve prdwerc t s o f
their antioxidant activity by eliminating free radicals and preventing peroxide
oxidation of lipids (Brown, L. et al. 2005; Facino et al.,1995;Lee et al.,2003;Pellati
et al., 2004).
Plants with regularacemes (lines 1 and 2) of the four Bulgarian selection
Echinacea lines have contemporaneous blossoming when collected in autumn of
heir firs year. In blossoming lines 1 and 2 only 30% of racemes are on earlier stage
of blossom while this percent rises 1p42-50% in lines with tubular florets (lines
3 and 4) (Table 1).

Growing Ehinacea above
mentioned variations did not lead
to occurrence of callus genesis
and vitrification. Obtained results
| are similar to those of other
research group (Choffe et al.
2000; Koroch et al., 2002).

Fig 4
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Quantitative changes in secondary metabolite biosynthesis depend on
genetic, physiological, metabolitic and ecological factors and thus enacting search
of genotypeswith proven and stable traits of interest. The determination of the
amount of total phenolic components in four Bulgarian lines of Echinacea, grown
in vivo, showed that most perspective in vivo lines are: line 4 (tubular florets
Echinacea, collected in aumn) and line 1 (regular Echinacea, collected in
summer)i Table 1.

It was shown that cichorium acid is located mainly in aerial parts of plant
(Hu et all.,2004) and depends on variety of factors, mostly the season of
harvesting. Highest concentratiogauie observed at the beginning of vegetation and
they diminish with aging.

Two of the selected Echinacea lines are harvested in different seasons.
High phenolics amount observed in lines 1 and 4 could be explained by the fact
that tubular florets Echinacdline 4) grows at the beginning of autumn, while the
regular Echinacea (linel) grows at the beginning of summer (unpublished data by
A.Dzurmanski).

Improving biotechnological plant methodology for propagation,
preservation and synthesis of pharmaceutivetabolites depends on adequate and
well-balanced ratio between biomass growth and biosynthesis of secondary
metabolites. Thus in vitro cultivation of plants helps gain information on the
quality as well as on the quantity of biomolecules with pharmazzguthportance.

Table 1- Dry weight yield and amount of total phenols, observed in vivo in different lines
of Echinacea.

Echinacea lines Dry Number | Racemes/g Phenols,
weight of mg/g.DW
yield/g | racemes LSD/ PQ0.650

Line 1 7 summer| 263 81 12 60
Echinacea

Line 2 i autumn| 256 78 11 57.5
Echinacea

Line 3 1 summer| 247 95 9 40.03
Echinacea with

tubular florets

Line 4 i autumn| 197 65 4 78.5
Echinacea with

tubular florets

Usually in vitro cultivating of plants producing valuable secondary
metabolitesin constant and strictly controlled conditions (temperature, light,
mineral elements) results in attenuation or total eclipse of their biosynthesis. This is
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the reason why we monitored the total phenolic amount in the most perspective
variations (Table 2).

Table 2- Total phenols in line 1 Echinacea, grown in vitro.

Variations Amount of total phenols g/g DW
Controli stem 32.05

Control - roots 42.03

0.2 mg/ll ¢$+0.5 mg/l NAA- stem 25.12

0.2 mg/l I¢+6ootds mg/ || 40.02

0.3 mg/l NAA - stem 42.07

0.3 mg/l NAA-roots 19.08

0.1 mg/ll $+0.4 mg/l NAA- stem 19.02

0.1 mg/ |l I ¢+m@ats4 mg/ || 44.02

LSD P ©8.90865

As far as the phenolic amount is concerned, we could conclude that
optimal concentrations of growth regulatdes in vitro cukivation are 0,3 NAA
(stem) and 0,1 BA + 0,4 NAA (roots). Interestingly, the amount of total phenolic
compounds in line 1 Echinacea, groimnvitro, is compatible to the amount of in
vivo grown plants.

3. CONCLUSIONS

The results obtained in the present gtudr the main biochemical
characteristic ofn vitro cultured Echinacealine 1, are similar tan vivo plants,
showing that the method is prospective for conservation of selected lines for future
utilization as a source for yield of secondary metaboilitestro.

This work is financially supported from grants on contract 19/09 with

Sofia University and Operational Programme 0
financed by the European Union through the European Social Fund ISUN
BG051P00013.3.04/42.
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