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Abstract

Pleurotus ostreatus is one of the most widely cultivated and popular edible fungi from the genus Pleurotus. In the last
years, genetic variation of wild strains and cultivated varieties was investigated by use molecular markers and revealed
a reduction of the diversity in commercial cultures. In this paper are presented the results obtained by application of
combinatorial tubulin based polymorphism (cTBP) and inter simple sequence repeat (ISSR) markers, in order to
investigate the genetic variability in several commercial strains of P. ostreatus collected from different geographical
locations and their genetic relationships with wild isolates. Five polymorphic PCR products were obtained with primers
designated for intron 1 of beta-tubulin gene, and 12 polymorphic amplicons were detected when primers for intron 2 of
the same gene were used. Molecular analysis performed with ISSR primers displayed a polymorphism at intra specific
level. The data achieved with the ¢TBP and ISSR markers revealed a reduced genetic differentiation among the
commercial lines dispersed in Europe. However, comparing with commercial lines originated from USA, differences at
molecular level were observed, suggesting a possible influence of environmental conditions. Regarding the wild strain
of P. ostreatus, the molecular data indicated similarity with all European commercial lines. The results demonstrated
that the applied molecular methods could be considered efficient tools to evaluate the genetic diversity in Pleurotus
ostreatus.

Key words: genetic diversity, ISSR markers, Pleurotus ostreatus polymorphism, f-Tubulin, c7BP molecular markers.

INTRODUCTION In the last years, the interest in the genetic
structure of natural populations has increased
The genus Pleurotus (Jacq. Fr.) Kumm. the necessity to expand the knowledge of
(Pleurotaceae, Basidiomycetes) comprises a  genetic variation in cultivated species.
wide group of edible mushrooms with high  Currently, new approaches for assessing
nutritional value, therapeutic properties, and  genetic variability of the wild and cultivated of
various environmental and biotechnological  Pleurotus strains represent an important goal of
applications (Cohen et al., 2002). molecular genetics research.
Pleurotus is one of the most diverse groups Molecular approaches included techniques
among cultivated fungi with many taxonomic  based on random amplified polymorphic DNA
problems (Vilgalys et al., 1996). (RAPD) markers (Wang et al., 2003), amplified
In addition, the cultivated lines of Pleurotus  fragment length  polymorphism (AFLP)
may undergo a drastic loss of diversity = markers (Pawlik et al., 2012), inter simple
resulting from human selection (Hamrick and sequence repeat (ISSR) markers (Zhao et al,
Godt, 1989; Iracabal et al., 1995). 2013) and they are currently used to analyse
To clarify the taxonomic status of species inthe  genetic variation in basidiomycetes.
genus Pleurotus, researchers started to classify ~ ISSR markers were frequently used for the
these fungi also by genetic criteria (Bao et al., analysis of genetic variability and population
2004). structure in  many types of organisms
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(Kauserud and Schumacher, 2003; Wang et al.,
2012). In 1999, Thon and Royse developed a
set of primers for the B-tubulin genes which are
coding for basidiomycete PB-tubulin proteins
and showed that these genes may have a great
potential for phylogenetic studies of mushroom
species. Tubulin-Based-Polymorphism (TBP)
was introduced as a novel method for assaying
genetic diversity of some plant species and
varieties (Bardini et al, 2004), and is based on
the analysis of amplification products resulted
with primers directed to the first intron from
the coding region of the B-tubulin gene family.
The disadvantage of this method is the low
number of molecular markers due to limited
variation in the nucleotides sequence of this
intron of B-tubulin gene family. To solve this
inconvenient Breviario et al (2007) proposed a
new set of primers targeted to the second intron
of the p-tubulin genes. The combined
application of the primers for these introns
caused increased number of the molecular
markers and allowed a more reliable evaluation
of relationships between species/varieties
(Breviario et al., 2007). No information about
this approach was encountered for Pleurotus
genetic analysis. In this respect, the aim of
present study was to evaluate both ¢cTBP and
ISSR markers for the investigation of the
genetic diversity in several commercial strains

of  Pleurotus  collected from  different
geographical locations and their genetic
relationship with natural isolates.

MATERIALS AND METHODS

Mushrooms samples. Seven P. ostreatus
commercial lines collected from different
geographic  regions (Romania, Belgium,

Germany and USA) and one P. ostreatus
natural isolated were used for genetic diversity
studies (Table 1). Mostly of the fungal material
was kindly provided by Ph.D. Eng. loana
Tudor and Eng. Paul Covic.

The stock cultures of fungal strains were
maintained on PDA (potato dextrose agar)
slants at 4°C.

DNA isolation. Mycelia developed on PDA
medium in Petri dishes with cellophane were
used for DNA extraction. The total DNA was
extracted using a Plant Genomic DNA

Miniprep Kit (Sigma) according to the protocol
specified by the manufacturer. The purity and
quality of the genomic DNA were determined
spectrophotometrically and by 0.8 % agarose
gel electrophoresis. The DNA solution in TE
buffer was stored at -20°C.

Table 1. Fungal strains used in experiments

No. P. ostreatus strains Source
1 | P. ostreatus — wild isolate Chitila forest
2 | P. ostreatus var. Florida2125 Belgium
3 | P. ostreatus var. Florida Romania
4 | P. ostreatus 1220 USA
5 | P. ostreatus 50 Romania
6 | P. ostreatus HK35 Belgium
7 | P. ostreatus 375 Belgium
8 | P. ostreatus 2191 Belgium

12

c¢TBP - PCR Amplification. Two pairs of
primers for the introns of beta-tubulin gene
proposed by Brevario et al. (2007) were used
for PCR amplification (Table 2).

Table 2. The sequences of primers used for cTBP-PCR
amplification

TBP Primers Nucleotide sequence (5’-3”)
markers
TBP fex1 AACTGGGCBAARGGNCAYTAYAC
Intron 1 TBP rex1 ACCATRCAYTCRTCDGCRTTYTC
TBP fin2 GARAAYGCHGAYGARTGYATG
Intron 2 TBP rin2 CRAAVCCBACCATGAARAARTG

PCRs were performed in a 20 pl total volume
which consisted of 1x PCR buffer (10 mM
Tris.HCI (pH 8.8), 50 mM KCI, and 0.1% v/v
Triton X-100), 0.2 mM each dNTP, 2.5 mM
MgCI2, 50 ng of template DNA, 1 uM each
primer, and 1 U Tagq polymerase 360
(AmpliTag360DNA Polymerase-Promega). All
amplification reactions were performed in a
thermal cycler (Eppendorf, Germany) with the
following program: 94 °C for 3 min followed
by 35 cycles of 94 °C for 30 s, 55 °C for 40 s,
and 72 °C for 90 s. The reactions were held at
15 °C after a final extension at 72 °C for 8 min
(Bardini et al., 2004). Highlighting products
was performed on agarose gel (1.5 %), staining
with ethidium bromide and visualization under
UV light using UVP BioDoclt system.



PCR Amplification with ISSR primers. For
PCR amplifications were used six ISSR
primers (Table 3).

Table 3. ISSR primers used for PCR amplification

ISSR Primers Nucleotide sequence (5’-3’)
HBI5 (GTG)3 GC
17898A (CA)7-AC
17898B (CA)7-GT
UBC810 (GA)-T
UBC866 (CTC)6
UBC876 GAT AGA TAG ACA GAC A

The reactions for the amplification of the DNA
were carried out in a thermocycler (Eppendorf)
under the following conditions: 94 °C for 2 min
followed by 35 cycles of 94 °C for 30 s, 44 °C
for 30 s, and 72 °C for 90 s. The DNA
fragments were separated by 1.0 % agarose gel
electrophoresis, in 1x TBE buffer. The gels
were stained with ethidium bromide and
examined using UVP BioDoclt system.

Data analysis. Amplicons generated by PCR
amplification were scored as either present (1)
or absent (0) across all accessions to build
separate binary data matrices. The dendrograms
were constructed with UPGMA cluster analysis
using TREECON for windows software
(version 1,3b). UPGMA cluster analysis was
based on Nei and Li’s (1979) genetic distance.

RESULTS AND DISCUSSIONS

c¢TBP analysis. The electrophoretic patterns of
the DNA fragments obtained for both the first
and the second intron of beta-tubulin gene from
eight lines of P. ostreatus were analysed. Clear
five polymorphic bands with 340 bp, 430 bp,
500 bp, 780 bp and 970 bp were detected for
the first intron (Figurel).

Differences regarding the presence/absence of
some amplicons were observed among the
mushrooms varieties, both wild type (natural
isolate) and commercial lines.

Among the European varieties the differences
regarding the first intron were reduced.
However, the electrophoretic pattern of the
amplicons obtained from USA variety
presented some differences: few supplementary
amplicons were scored.
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Figure 1. Electrophoretic pattern of amplicons generated
with primers for the first intron of § -tubulin gene

Legend:

M = Molecular marker standard (GeneDirex 50 bp); 1=
P. ostreatus (Romania - Chitila forest); 2 = P. ostreatus
var.Florida 2125 (Belgium); 3 = P. ostreatus var. Florida
(Romania); 4 = P. ostreatus 1220 (USA); 5 P.
ostreatus 50 (Romania); 6 P. ostreatus HK 35
(Belgium); 7 = P. ostreatus 375 (Belgium); 8 = P.
ostreatus 2191 (Belgium).

The confirmation of the molecular variability
among P. ostreatus varieties at beta-tubulin
gene was performed by analysing the
electrophoretic patterns of the amplicons

generated with primers for the second intron of
this gene. Clear 12 polymorphic bands were
evaluated for this intron: 370 bp, 550 bp, 600
bp, 740 bp, 875 bp, 900 bp, 950 bp, 1000 bp,
1100 bp, 1200 bp and two bands > 1500bp
(Figure 2).
Mi4Y

Figure 2. Electrophoretic pattern of amplicons
generated with primers for the second intron
of B -tubulin gene (Please repeat the legend)

The results obtained with the primers for the
second intron were similar with those generated
with the primers for the first intron: all the
commercial European varieties were similar
and comparable with the Romanian natural
isolate. Variations were observed among P.
ostreatus var. Florida, P. ostreatus from USA
and European commercial/wild type lines.



These data suggest a possible influence of
environmental conditions on the molecular
variability in P. ostreatus. The reduced genetic
variability among the commercial lines could
be explained by the successive breeding cycles
applied for mushrooms in order to increase the
productivity or for other characteristics. In
contrast, the molecular polymorphism observed
at beta-tubulin gene level of the natural isolates
of P. ostreatus suggests new sources for
valuable genes, wuseful in commercial
approaches.

Cluster analysis. The genomic relationships
between the studied Pleurotus strains based on
the data obtained from c¢TBP - PCR
amplification with intron 1 and 2 primers are
presented in the dendrogram constructed with
an UPGMA cluster analysis (Nei and Li’s,
1979)(fig. 3). Two main clusters comprising
eight Pleurotus strains were obtained. In the
first cluster are included five strains of P.
ostreatus: three strains originated from
Belgium (P. ostreatus HK 35, P. ostreatus 375,
and P. ostreatus 2191) that were similar at
beta-tubulin amplicons profiles level, and two
other varieties, P. ostreatus wild strain and P.
ostreatus 50 commercial strain. The second
cluster included P. ostreatus 1220 strain (USA)
and two cultivated strains of P. ostreatus var.
Florida, one from Belgium and another from
Romania. The higher genetic similarity
between the commercial strains P. ostreatus
var. Florida 2125 from Belgium and P.
ostreatus var. Florida from Romania suggests
the possibility that these varieties are identical
and have the same origin (Figure 3).

04 03 02 0.1
I ; ; I

P. ostreatus HK 35
‘P.o:r:reuu:a?S

[P ostreatus 2181
P. ostreatus isolate
P. ostreatus 50

P. 1220

I P. astreatus“Florida”

Figure 3. UPGMA dendrogram of genetic
relationships among Pleurotus strains based
on intronl and intron2 polymorphisms

Analysis of genetic distance between the eight
P. ostreatus varieties showed a lower variation
between the European varieties: 0.44 (P.
ostreatus natural isolate vs. P. ostreatus var.

| P- ostreatus“Florida®2125
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Florida), 0.30 (P. ostreatus natural isolate vs.
P. ostreatus 50) and 0.27 (Romanian natural
isolated vs. Belgian P. ostreatus). However
differences at molecular level were found
between Romanian P. ostreatus wild strain and
USA originated P. ostreatus 1220 (0.58).

The combinatorial version of original TBP
method has increased the possibility of
detection the variability by addition of the
second intron present within the vast majority
of beta-tubulin genes (Breviario et al, 2007).
Preliminary  experiments performed on
different plant species such as bean (Phaseolus
vulgaris), tomato (Lycopersicon esculentum),
tobacco (Nicotiana tabaccum) and rice (Oryza
sativa) confirmed that the second intron of the
B-tubulin genes also could be a reliable source
for DNA polymorphism, and could be used for
studies in more plant or even mushroom
species. The multifunctional and essential role
of the B-tubulin proteins is the conservation of
the regions with the main sequence of amino
acids from a polypeptide chain. This data are
relevant in the studies on the evolution of the
genes for B -tubulin and for investigation of the
relationships between basidiomycete species
(Begerow et al., 2004).

ISSR-PCR amplification. Six ISSR primers
(HB15, 17898A, 17899B, UBC 810, UBC 866,
and UBC 876) were used for detection
molecular polymorphism among P. ostreatus
varieties. Molecular analysis performed with
HBI15 primer displayed a polymorphism at
intraspecific level: distinctive PCR product of
850 bp was observed at P. ostreatus wild strain
and P. ostreatus 50 commercial strain (fig.4).
PCR amplification with UBC866 primer
highlighted a genetic polymorphism for P.
ostreatus 1220 (USA), P. ostreatus 50
(Romania), and P. ostreatus 2191 (Belgium)
(fig.4). The amplicons obtained with 17898A,
17899B, UBC810 and UBC876 ISSR primers
also displayed an intraspecific polymorphism in
the group of P. ostreatus var. “Florida”2125
(Belgium), P. ostreatus var. “Florida”
(Romania), P. ostreatus 1220 (USA) and P.
ostreatus 50 (Romania and the wild strain of P.
ostreatus (Figure 4).



UBC 876

Figure 4. PCR amplification profiles of ISSR primers

Legend:

M = Molecular marker standard (GeneDirex 50 bp); 1=
P. ostreatus (Romania - Chitila forest); 2 = P. ostreatus
var. Florida 2125 (Belgium); 3 P. ostreatus var.
Florida (Romania); 4 = P. ostreatus 1220 (USA); 5 = P.
ostreatus 50 (Romania); 6 P. ostreatus HK 35
(Belgium); 7 P. ostreatus 375 (Belgium); 8= P.
ostreatus 2191 (Belgium).

Similar intraspecific  polymorphism  was
observed by other authors: according to Santos
Aratjo et al. (2016) the difference in the profile
of amplification of the primers is related to the
kind of DNA sampled. This is possible because
using DNA samples in bulk, alleles with low
frequency in the population cannot be
amplified (Yanaka ez al. 2005).

In our studies the data obtained with the ISSR
markers revealed a lower genetic differentiation
among mushroom varieties dispersed in Europe
and a higher genetic diversity between
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European varieties and American ones. Based
on such observations, specialists consider that
mushroom populations must be divided into
groups according to their geographical origins
which indicate that the genetic diversity is
closely related to the geographical distribution
(Zhao et al., 2013).

CONCLUSIONS

In order to investigate the genetic diversity in
P. ostreatus commercial and natural varieties
collected from different geographical locations,
c¢TBP and ISSR markers were used. The results
revealed a polymorphism at intraspecific level.
Molecular analysis of P. ostreatus strains both
with primers directed to beta-tubulin gene or
ISSR primers showed molecular differences
according to their geographical origins. Among
the European P. ostreatus varieties the genetic
variation is reduced. On the contrary, higher
genetic diversity was found between European
mushroom varieties versus P. ostreatus 1220
strain originated from USA. However, the wild
isolate of P. ostreatus shows similarity with the
European commercial strains.

The results obtained allowed the conclusion
that the markers generated by ¢cTBP and ISSR
primers are very useful to detect the genetic
polymorphism among varieties of P. ostreatus.
According to our knowledge it is the first study
concerning the use of cTBP and ISSR markers
to investigate the genetic diversity in Pleurotus
ostreatus.
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Abstract

Giant bamboo, acknowledged as a specific culture of China than Europe, was introduced in Romania by the Italian
Consortium of Bamboo, Only Moso International, in order to popularize this plant among farmers in the EU. Cultivated
at this time only for decorative purposes, bamboo is a real industry in Asia, where it is recovered almost entirely: trunk,
root, rhizome, the leaves and buds are really hunted for Asian restaurants.

Year 2014 represented the debut year in the cultivation of bamboo in Europe, with the first plantation in Italy, where
currently there are 1.400 hectares planted.

Phyllostachy pubescens specie is a giant perennial graminaceae, ages 80-100 years and height of stems from 14 to 25
meters, with a diameter of 8 to 15 cm. It can adapt easily in temperate climates, provided precisely to achieve specific
technological link, this plant can resist in areas where winter minimum temperatures do not fall below -25°C.

In Romania, giant bamboo get interest already for many farmers, especially those of researchers within the UASVM
Bucharest, where he founded an experimental plantation in order to test the adaptability of species to the specific soil-
climatic conditions.

As a result of the observations and determinations made on giant bamboo plants in various stages of vegetation, we can
say with certainty that that specie has adapted surprisingly well to conditions specific to Romania, successfully resisting
the extreme lows that have exceeded the values of -23°C, recorded during winter 2016.

In these conditions, the cultivation of giant bamboo may represent a new opportunity for Romanian agriculture and at
the same time a new paradigm for business.

Key words: giant bamboo, rhizomes, sprouts, eco-friendly, vegetarians, investment.

INTRODUCTION time, without such an effort and can produce
between 50 and 70 tons of wood per year.
Bamboo wood is an excellent raw material for Bamboo not only has many uses in terms of
a wide range of products, its multiple and capitalizing on the timbers, buds and Rhizome,
varied uses, from this plant being valorized all but this plant brings many benefits to the
vegetative organs: bamboo shoots, highly environment by reducing emissions of
appreciated due to its nutritional value and greenhouse gases, generating an annual
which have multiple uses in cosmetics, bamboo significant quantity of oxygen.
and wood can be used to heat homes or as Among more than 1.200 species and 80 genera
constructive material (Bello and Espilo, 1995; of bamboo grown in China, there has been
Dransfield and Widjaja (eds.), 1995). selected the species Phyllostachys pubescens
Bamboo can be drawn and can also be used for due to its qualitative characteristics, productive,
fiber and clothing as well as for the and his plasticity (Gonzales and Umali, 1995),
manufacture of beverages. the latter making possible the cultivation ways
While a commercial plantation of wood needs in various soil-climatic zones without the risk
20-30 years to produce high-quality timber, a of damaging the culture.
bamboo plantation timber provides clearly Development  and  implementation  of
superior quality in a much shorter period of cultivation technologies for giant bamboo
through a sustainable management and the use
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of raw materials resources derived from this
species, can stimulate economic development
in rural areas, with the foundations for the
growth of living standards in deprived
communities, through the creation of new jobs
in rural and suburban areas.

MATERIAL AND METHOD

In pursuing the degree of its adaptability to the
soil-climatic conditions specific to Romania, an
experiment ~was mounted within  the
Experimental Teaching and the University of

Agronomical  Sciences and  Veterinary
Medicine of Bucharest, during which
comments were made and biometric

measurements concerning the growth and
morphological development of bamboo plants
belonging to the species Phyllostachys
pubescens.

Culture was established in April 2016 by
planting seedlings in rows at An equidistant
area of 2.88 m, thus ensuring a culture density
of 1.200 plants/ha.

Before running the basic soil (plough), was
conducted on the base of soil fertilization,
using for this purpose the manure well
fermented, EC was administered at a dose of 20
tonnes/ha, by uniform soil surface scattering
and subsequent incorporation with making the
plough .

Technological itinerary began carrying out the
work of tilling to a depth of 25-30 cm,
followed by disking with a paper GD 3,2, at
10-12 cm deep, perpendicular to the direction
of the plough.

Upon completion of the disking work followed
by picketing the land operation, operation that
aimed to determine the place which they will
handle future giant bamboo plants.

For the purpose of planting seedlings were dug
holes for planting, the sizes of 20/20 cm, work
that was carried out in the growing day.

After planting was mounted drip irrigation
system, which is absolutely necessary, at least
during the first 2 years after planting knew that
this species is susceptible to hydric deficit in
the early years after planting, when the root
system is not sufficiently well developed, the
plant not being well anchored in the soil, so as
to be able to take over from reserve of soil total
amount of water it needs.
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An important work carried out immediately
after planting was the land humectation, mulch
layer being made of chopped wheat straw the
size of 10 cm, which are placed on the rows of
plants, in a thick layer of 15 cm. Through the
operation of soil humectation was achieved
both weed whose growth was inhibited but
keeping the ground water reserve due to avoid
rapid evaporation at the surface of the soil.

The humectation operation of the soil had a
direct impact on the growth of bamboo plants
resistance to hydric stress  conditions,
encountered frequently in Romania, especially
in the months of July-August.

Throughout the growing season of the crop
were carried out observations and biometrical
measurements plants morphological
development, during which the number of
stems on the plant, the number of parent shoots
trained during the whole period of vegetation,
their height, diameter of stems and the degree
of branching.

Experimental results obtained were centralized
in synthetic tables, analysed and interpreted in
terms of dynamic analysis method, during
which the degree of adaptability of the species
in condition soil-climatic conditions specific to
the Romanian Plain.

RESULTS AND DISCUSSION

Analyzing the number of stems formed on the
parent plant, we note that this biometric
parameter recorded average values between 7
and 19 stems/plant, number of stems per plant
growing parent formats with advancing plant
vegetation of giant bamboo.

Thus, if at the time of planting seedlings
number of stems on the plant was 7
stems/plant, calculations performed after 3
months from the moment of planting have
highlighted the fact that their number has
increased, reaching 11 stems/plant.

With the advancement in the growing season,
plants showed a strong capacity for
differentiation of main stems, the average
number of stems formed reaching 15
stems/plant, 6 months at the time of planting,
18 stems/plant, after 9 months of planting, in
the early spring, the average values of this
parameter have been 19 stems/plant.



This phenomenon can be put on genetic species
which once rooted manifests a fantastic
capacity of differentiation of new stems, but a
pace emphasized growth and development.

Note so that the process of differentiation and
growth of principal stems and continued as
long as during low temperatures were recorded

so that, in the interval between the entrance and
the exit of winter was more differentiated
average 1 stem/plant.

We can thus conclude that the plant continues
its morphological processes as long as
temperatures remain positive though low,
however.

Table 1. Number of stems per plant and height of stems

TIME OF STEMS/PLANT DIF. HIGH OF DIF.
DETERMINATIONS (No.) STEMS
(No.) (%) (cm) (%) (cm)
Time of planting (Control) 7 100.0 Control 27.3 100.0 | Control
3 months after planting 11 157.1 4.0 454 166.3 18.1
6 months after planting 15 2143 8.0 46.8 171.4 19.5
9 months after planting 18 257.1 11.0 59.6 218.3 323
12 months after planting 19 271.4 12.0 68.3 250.2 41.0

Average height of stems present on parent plant
has been an upward curve, this biometric
indicator recording averages of 27.3 cm at the
time of planting, 45.5 cm, at 3 months after
planting, 46.8 cm, at 6 months of vegetation,
59.6 cm at 9 months after planting, maximum

respectively at 12 months after the time of
planting. It can be seen that, as bamboo plants
is advancing, isolates had an accelerated
growth rate, increasing their height by more
than 10 cm per month, the differences recorded
versus time of planting, took control of the

heights of stems being recorded at the experience, being covered by 18.1 and 41.0 cm.
conclusion of a cycle it's vegetation,
18 18 2
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Time of 3 months 6 months 9months 12 months
planting after after after after
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Figure 1. Number of stems and shoots per plant

We can thus conclude that with the parent
plant, rootedness the root system develops
powerful herb lashed into the ground very well
and are thus able to explore an increasingly
large volume higher than the ground, so that
the plants are able to extract nutrients essential
for differentiation of stems and their growth
and development.
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The root system of bamboo plants represented
by the rhizomes (underground stems), which
penetrate into the soil up to a depth of 40 cm,
and monopodial growing characteristics of the
species due to increased branching, the species
ability to give rise to new shoots, respectively
new plants forming their own roots and
differencing its self being able to synthesize
single feed (Ramoran et al., 1993).




Table 2. Number of the shoots per plant and height of the shoots

TIME OF SHOOTS/PLANT DIF. HIGH OF DIF.
DETERMINATIONS SHOOTS
(No.) (%) (No.) (cm) (%) (cm)
Time of planting (Control) 3 100.0 Control 7.4 100.0 Control
3 months after planting 9 300.0 6.0 35.6 481.1 28.2
6 months after planting 12 400.0 9.0 50.9 687.8 36.0
9 months after planting 16 5333 13.0 523 706.8 449
12 months after planting 19 633.3 16.0 67.0 905.4 59.6

Trained in these shoots during the period of
vegetation in turn recorded accelerated
growths, their stems growing in height with a
few cm per day.

Analyzing the number and height of shoots
mother plants trained on during the period of
vegetation is observed that the two biometric
parameters recorded a upward curve, with the
advancement in bamboo plant vegetation.

Thus, if at the time of planting were present on
the parent plants, on average 3 shoots/plant,
after the 3 months from the moment of planting
their number has tripled, reaching 9
shoots/plant, arriving after a cycle of vegetation

at 19 shoots/plant, which once again confirms
the strong offspring capacity of this species.
The results are spectacular when considering
the average height of shoots in various pheno-
stages of vegetation.

Note so that if you are making a comparison
with the control group (planting) when trained
on the mother plant shoots have reached
heights of 7.4 cm environments, subsequently
increases are becoming more intense, 35.6 cm
respectively in 3 months from the moment of
planting, 50.9 cm at 6 months, 9 months 52.3
cm and 67.0 cm 12 months after planting These
offshoots reaching and even exceeding the
present values of main stems on the plants.

Time of 3 months 6 months 9 months 12 months
planting after after after after
(Control) planting planting planting planting

68.3 67

B HINGH OF STEMS {cm)
® HINGH OF SHOOTS (cm)

Figure 2. High of stems and shoots

In the first year of vegetation, the diameter of
the main stems present on the parental plants
has been recorded values between 0.1 and 0.3
mm, minimum values being recorded at the
time of planting (version control), and highs
after 9 and 12 month block area at the time of
the establishment of the plantation.

Analyzing the average number of branches
formed on the parental plant, it becomes
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apparent that if at the time of planting were
differentiated 2 branchers/plant, after 3 months
from the time of planting, their number has
risen to 5, after 6 months number of branches
differentiated per plant was 6, and when
temperatures decreasing, plants have slowed
the pace of growth, the number of branchers
present on the parental plants was 6.5
branchers/plant.



Table 3. Diameter of stems and branches on the stem

TIME OF STEMS DIF. BRANCHERS DIF.
DETERMINATIONS DIAMETER PER STEM
(mm) | (%) (mm) (No.) (%) (No.)
Time of planting (Control) 0.1 100.0 | Control 2.0 100.0 Control
3 months after planting 0.2 | 200.0 0.1 5.0 250.0 3.0
6 months after planting 0.2 | 200.0 0.1 6.0 300.0 4.0
9 months after planting 0.3 | 300.0 0.2 6.5 325.0 4.5
12 months after planting 0.3 | 300.0 0.2 6.5 325.0 4.5

The diameter of the shoots had registered lower
values compared to the diameter of the main
stems, this indicator having values between 0.1

and 0.2 mm, maximum values being recorded
after 9 and 12 months from the time of
planting.
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Figure 3. Diameter of stems and shoots
Table 4. Diameter of shoots and branches on the shoot
TIME OF SHOOTS DIF BRANCHERS DIF
DETERMINATIONS DIAMETER ’ PER SHOOT ’
(mm) | (%) | (mm) (No.) (%) (No.)
Time of planting (Control) 0.1 100.0 | Control 1.5 100.0 Control
3 months after planting 0.1 | 100.0 0.0 5.5 366.7 4.0
6 months after planting 0.1 | 100.0 0.0 6.0 400,0 4.5
9 months after planting 0.2 | 200.0 0.1 6.5 4333 5.0
12 months after planting 0.2 | 200.0 0.1 8.0 533.3 6.5

In terms of the number of branches formed
during the period of vegetation on the young
shoots bands during the same period, notes that
this biometric parameter recorded values
between 1.5 and 8.0 branchers/shoot, this issue
highlights once again the differentiation of
secondary branching out and the strongly
growth of that specie.
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Based on the observations and determinations
carried out we can say with certainty not to err,
that specie Phyllostachys pubescens has been
successfully adapted to the soil and climate
conditions specific to Romania, despite to the
extreme minimum temperatures over -23°C,
recorded in the winter of 2016 and may
represent a new opportunity for farmers in the
context of a sustainable rural development.
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Figure 4. Number of branchers per stem and shoot
CONCLUSIONS It can be a successful business for farmers in

Bamboo giant leverages very well degraded
land, considered unsuitable for other species of
crop cultivation.

Increase and developing very well, provided
the optimum planting times (early spring,
March-April).

Mulching of the soil provide resistance in the
hydric stress conditions, thus avoiding loss of
water as a result of evaporation from soil
surface thereof.

Does not require additional maintenance works
apart from irrigation and weed control, just in
the first years after planting.

Do not submit specific pests and diseases, as a
result unnecessary expenditure on plant-
protection products to combat them.

After installing culture in the field (rooting)
species has large capacity for diseases, starting
from the shoots nodes present on the
underground stems (rhizomes).
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the area of soil-climatic from Romania,
provided to ensure water demand, especially in
the first two years after plantation
establishment
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Abstract

Endophytic bacteria are plant-associated bacteria colonizing the internal plant tissue, living in symbiotic
association with their host. Such microorganism could contribute to plant growth promotion and defence
against biotic and abiotic stress. Our study aimed to describe new endophytic bacteria from potato tubers.
Therefore, a group of 20 endophytic bacteria was isolated from seven Romanian varieties of healthy potato
tubers. Four of the isolated strains revealed antifungal activity against three important pathogens of potato,
Fusarium solani involved in tubers dry rot, Rhizoctonia solani involved in stem canker and black scurf of
potato, and Alternaria solani causing early blight of potato plants. Among all twenty isolates obtained, 13
were Gram positive bacteria. Most of the newly isolated endophytes (65%) expressed phosphatase and
protease activity, and 55% presented amylases, however only 10% revealed cellulose degrading enzymes.
Based on preliminary laboratory analysis, the isolate 6T4 identified as B. atrophaeus/subtilis revealed
promising perspectives for biocontrol strategies.

Key words: bacterial endophytes, antifungal activity.

INTRODUCTION MATERIALS AND METHODS

The environmental friendly approaches of plant  Isolation of bacterial endophytes

growth promotion and plant protection, sustain ~ Seven varieties of potato tubers were used for
the use of microorganisms as an alternative to  bacterial endophytes isolation: Tampa 3,
chemicals. The most studied plant beneficial Zamolxis 5, Kronstad 5, Rustic 5, Christian 5,
microorganisms are the rhizobacteria, but in the =~ Cumidava 5 and Roclas 5, kindly provided by
meantime the microbial endophytes gained a INCDCSZ Brasov (Romania). In order to
special attention, due to their understudied remove the adhering soil particles and decrease
benefits for their hosts, including plant defence  the microbial load of epiphytic microorganisms,
against biotic and abiotic stress. The particular  the potato tubers were vigorously washed with
interest for endophytes, is due to their attributes ~ NaOCl 0.4% based detergent and rinsed with
regarding plant growth promotion (Abbamondi  tap water (Anjum and Chandra, 2015). For
et al., 2016; Liaqat and Eltem, 2016), and plant  surface disinfection they were immersed in 70%
defence against biotic and abiotic stress  ethanol and flamed (Zinniel et al., 2002).
(Choudhary and Johri, 2009; Rania et al., 2016;  Using aseptic procedures the tubers were sliced
Akbari et al., 2016). with a sterile scalpel in laminar air flow cabinet
This study was focused on the endophytic —and approximately 1 cm® of potato pulp was
bacteria from Romanian potato tubers, as potato  harvested and crushed in sterile phosphate
culture is an important crop for Romanian  saline buffer using a sterile mortar and pestle.
agriculture. The aim of the study was to  After 15 minutes of diffusion, 100 pl of
describe new endophytic strains with plant homogenate was plated on Luria Bertani (LB)
beneficial attributes. agar and incubated at 28+0.5°C in order to
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recover bacterial endophytes. Bacterial cultures
were observed after 18, 24 and 40h of
incubation, however morphologically different
bacterial colonies were selected only after 48h
of growth. To achieve pure bacterial isolates the
selected bacteria were subcultured on the same
solid medium. All selected isolates were stored
in glycerol at -80°C. Before use the bacterial
isolates were two times cultured in LB agar
and, if necessary, maintained at 4°C till further
used.

Characterization of bacterial isolates
Endophytic bacterial isolates were
characterized based on colony morphology,
Gram reaction, swimming and swarming
motility, King B fluorescent growth in UV
light, enzymes production (amylase, cellulase,
protease, and phosphatase) and Voges-
Proskauer reaction.

Antifungal activity evaluation
Isolated bacterial endophytes were analyzed for
their antifungal activity against three fungal

pathogens of stored potato tubers (Fusarium
solani) or potato plants (Rhizoctonia solani and
Alternaria sp.). The test was performed in vitro,
on PDA medium, by dual culture technique
(Soria et al., 2012).

Bacterial identification

Four of the studied endophytic bacterial isolates
were identified using the Biolog GEN III
technique according to the manufacturer
protocol.

The identification was made using the semi-
automatic Biolog Microbial Identification
System, by analyzing 71 carbon source
utilization capacity and 23 chemical sensitivity
assays.

RESULTS AND DISCUSSIONS

Endophytic bacteria

All seven varieties of potato tubers hosted
endophytic bacteria, from which twenty isolates
were obtained (table 1). Most of them (13
isolates) are Gram positive bacteria.

Table 1. Endophyte bacterial isolates

Bacterial | Hosting potato | Gram Motility Enzymes production VP
isolate variety reaction | swimming | Swarming | phosphatase | amylase | cellulase | protease reaction
1T1 — + — + — - _ +
1T2 Téampa 5 + + + + — + + +
1T3 + - - + + - + —
2T1 . - - — + + _ + _
T2 Zamolxis 5 7 - — n " — " —
3T1 + — _ + + _ I _
3T2 Kronstad 5 + - - + + — + —
3T3 — - — + + — + -
4Tl + — + + — + _
4T2 Rustic 5 + — - - — _ _ _
413 + + — — - _ _
ST1 . + — - - — + _
T Christian 5 7 - — — — — — —
6T1 - + + n - . ¥ "
6T2 . - + + — — _ _
6T3 Cumidava 5 n — - " " — - —
6T4 + + + + + + + —
7T1 - + — — - — _ _
7T2 Roclas 5 - — — - + _ + _
713 - — — - — _ _
One of the isolated strains 6T1 was remarked  positive VP reaction. Another strain, 6T4 was
for its orange pigmentation, abundantly also highly distinctive among the other isolates

synthesized and diffused on various nutritional
substrates. This strain revealed swimming and
swarming motility, protease activity, and
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especially due to its rapid colonization of
soaked agar media. This Gram positive strain
also presented swimming and swarming



motility on soft agar plates, and produced
various hydrolytic enzymes such as amylase,
cellulose, protease and phosphatase.

The bacterial strain 6T2 was the only one
producing fluorescent pigment on King B
medium, exposed in UV light.

This strain was not able to express any of the
studied enzymes, was negative to VP and Gram
reactions, but revealed very good swimming
and swarming motility.

Among phosphate solublilizing bacteria, 1T1
isolate was the first initializing the hydrolysis,
but 1T2 isolate expressed the largest and most
clear zone of phosphate solubilization of all
isolates (3mm).

Antifungal potential

The antifungal properties of the endophytic
strains was analyzed in vitro against three
important pathogens of potato: Fusarium
solani, involved in tubers dry rot, Rhizoctonia
solani involved in stem canker and black scurf
of potato, and Alternaria spp. causing early
blight of potato plants. Among all twenty
selected isolates only 1T2, 6T1, 6T2 and 6T4
expressed inhibitory activity against the
mentioned fungi.

The 6T1 and 6T4 strains were active against all
three pathogenic fungi. However, 1T2 inhibited
only Rh.solani and 6T2 reduced Alternaria sp.
and Rh.solani growth.

Analyzing the microbial interactions, it was
noticed that 6T1 maintained clear inhibiting
zones, restraining each fungal growth at
minimum Smm (F.solani and Rh.solani), or
2mm distance (Alternaria sp.) from the
bacterial colony edge, indicating diffusible
antifungal compounds (figure 1).

Figure 1. Bacterial interaction of 6T1 strain with
Fusarium solani hyphae reveal clear inhibition zone of
the fungal growth.
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Analyzing the interactions of 6T1 strain under
the optical light microscope alterations in the
morphology of the fungal hyphae was observed.
The main alterations of Alternaria sp. growth
consisted of curly growth of hyphae and
irregular cells formations (figure 2).

Figure 2. Bacterial interaction of 6Tl strain with
Alternaria sp. hyphae observed under the optical light
microscope. Details illustrate irregular cells formations
in the presence of 6T1 bacterial exudates.

Curly growth of the mycelia was also seen on
F.solani towards the 6T1 colony (figure 3).

Figure 3. Curly growth of RA.solani hyphae in the
presence of 1T2 bacterial strain

On Rh.solani, the main alterations consisted of
an increased number of vacuoles in the fungal
cell, increased vacuole size, disruption of the
tonoplast membrane or cytoplasmic coagulation
within the hyphae (figure 4). Similar changes of
cytoplasmic coagulation were also reported on
eugenol treated fungal cultures of Botrytis
cinerea (Wang et al., 2010). Moreover, fungal
growth alterations with increased number of
vacuoles in the fungal cell, and increased
vacuole size were also reported in Rosellinia
necatrix exposed to the biocontrol bacteria
Pseudomonas chlororaphis PCL1606 (Calderén
etal., 2014).

Rh.solani fungal growth was visible affected
also by the presence of 6T4 bacterial strain. The



main alterations of fungal growth consisted of also described by Giorgio et al. (2015) in
an increased number of vacuoles present within  Sclerotinia sclerotiorum exposed to Bacillus
the hyphae; and an increase thickness of part of  spp. USB2103 strain, and by Calderén et al.
the mycelia (figure 5). Similar symptoms were  (2014) in other microbial interactions.

Figure 4. Bacterial interaction of 6T1 strain with Rhizoctonia solani hyphae observed under the optical light
microscope. Details in a) illustrate an increased number of vacuoles in the fungal hyphae due to 6T1 bacterial exudate.
The black arrows in picture b) indicate some of the vacuoles with an increased size. In picture c¢) there are indicated
several internal disruptions in the fungal cells. Cytoplasmic coagulation within the hyphae is illustrated in d) and e)
images revealing severely affected fungal hyphae due to bacterial exposure.

Figure 5. Bacterial interaction of 6T4 strain with Fusarium solani hyphae observed under
the optical light microscope. Details in a) illustrate clear inhibition zone of the fungal growth. Details in b)
reveal an increase number of vacuoles in the fungal hyphae due to 6T1 bacterial exudate exposure.
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The fungal vacuoles are dynamic organelles
which undergo extensive expansion and
remodeling during morphogenetic transitions
and moreover, they are involved in several
cellular functions, contributing to the cellular
homeostasis and storage of irons and molecules
(Richards et al., 2012), and also act as a
recycling centre for worn-out organelles and
macromolecules especially under nutrient
starvation (Raven et al., 1999; Klionsky et al.,
1990). Therefore, the increased number of
vacuoles in the fungal cells or their increased
volume could be a correlated to a fungal stress
reaction, which might be generated by the
antifungal metabolites released by the
endophytic bacterial cells which repress
mycelia growth and fungal access to the
nutritional substrate. Several studies describing
similar perturbations of the fungal growth
correlated these disturbances with the presence
of different antifungal metabolites such as 2-
hexyl,5-propyl resorcinol produced by Ps.
chlororaphys (Calderéon et al., 2014) and
various volatile organic compounds produced
by Pseudomonas spp. and Bacillus spp. strains
(Giorgio et al., 2015). Based on these data it
could be assumed that the modifications
detected in the new bacterial isolates from
potato are related to similar compounds.
Identification

Five of the newly isolated endophytic bacteria
were selected for Biolog GEN III identification,
ITI due to its rapid activation of phosphatase;
IT2 for its high phosphatase activity and
inhibitory action against Rh.solani; 6T1 for its
antifungal potential against the three analysed
potato pathogens and orange pigmentation; 6T2
due to UV fluorescence on King B medium,
correlated to siderophore production, and
antagonistic activity against A/ternaria spp. and
Rh.solani; 6T4 due to its rapid colonisation
potential and wide spectrum of antifungal
activity. The Biolog GEN III identification
revealed bacterial species commonly found as
endophytes (table 2).

Table 2. Identification of selected endophytic isolates

Endophytic bacterial Biolog GEN III
isolates identification
IT1 Klebsiella oxytoca
1T2 Bacillus endophyticus
6T1 Pseudomonas marginalis
6T2 Ps. Viridilivida
6T4 B. atrophaeus/subtilis
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Based on the biochemical identification, some
of the isolates were identified as potential plant
or human pathogens, like: Pseudomonas
viridilivida reported as pathogenic to lettuce
(De Vos et al., 1985), Pseudomonas marginalis
described as post-harvest pathogen able to cause
soft rot in many legumes (Achbani et al., 2014),
and Klebsiella oxytoca sometime involved in
human bacteremia (Lin et al., 1997), however
highly appreciated for its potential of nitrogen
fixation in cereals (Bao et al., 2013).

Although 6T1 and 6T2 were identified as
potential plant pathogenic species, they did not
induce any disease symptoms in the potato
tubers used for endophytes isolation.

However, the data obtained with the isolate 6T4
identified as B. atrophaeus/subtilis are very
promising for biocontrol strategies. Further
molecular  analyses are necessary for
confirmation the identification of bacterial
isolates performed by Biolog system.

CONCLUSIONS

The endophytic Dbacteria isolated from
Romanian potato tubers were symptomless
colonizers, harvested from healthy plant
material.

Out of twenty newly isolated endophytic
bacteria, five strains (1T1, 1T2, 6T1, 6T2, and
6T4) presented beneficial properties for plant
protection and/or growth promotions.

The identification of these strains revealed
bacterial  species commonly found as
endophytes: Bacillus endophyticus,
B. atrophaeus/subtilis, Pseudomonas marginalis,
Ps. Viridilivida and Klebsiella oxytoca.

The B. atrophaeus/subtilis 6T4 strain was
selected due to its biocontrol potential, high
colonization competitivety and enzymatic
activity, which could bring several benefits for
the host plant.
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Abstract

The virulence of the downy mildew pathogen increased during the last period and new virulent races of this fungus
appear. Thus it is essential to know data about the presence and distribution of the pathotypes. In Europe, an
increasing number of the pathotypes, have been identified.
In Romania we identified eight races of the pathogen. They are not present in all areas cultivated with sunflower, in

some areas being present only five races, in other six or seven.

Using the sources of resistance to Plasmopoara halstedii pathogen, for the most virulent races present now in Europe
we have introduced genes of resistance in the best lines from our germplasm collection.

The testing of some sunflower hybrids with different degree of resistance to downy mildew has showed that there is
difference in the pathogen attack degree, depending on the climatic conditions in the years and locations.

Key words: sunflower, downy mildew, Plasmopa halstedii.

INTRODUCTION

The sunflower downy mildew, caused by
Plasmopara halstedii (Farl.) Berl. and de Toni
is one of the most devastating diseases for this
crop, over the world. However, this pathogen
could be controlled by the resistant hybrids or
treatments with different fungicides. There are
some factors that make difficult this disease
control: pathogen variability (Gulya et al., 1998)
and pathogen resistance or tolerance to
fungicides, as metalaxyl - mefenoxam (Albourie
et al., 1998; Molinero-Ruiz et al., 2000).

The virulence of the downy mildew pathogen
increased lately and new virulence races of this
fungus appear. Thus it is essential to know data
about the presence and distribution of the
pathotypes. In Europe, an increasing number of
the pathotypes, each with a distinct virulence
structure, have been identified. In Romania,
five pathotypes of the pathogen have been
identified, before 2006 year (Pacureanu et al.,
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2006), in the last years, being identified other
two. Since fungal diversity of this kind has
consequences in both disease epidemiology and
breeding for resistance, there is a need to
identify the virulence of the local fungal
populations and to monitor the changes over
the time. Currently, there are at least 36
pathotypes of Plasmopara halstedii worldwide
(Gulya, 2007) but number is increasing rapidly
(Viranyi and Spring, 2011; Turkmen and
Caliskan, 2016), considering the fact that in
most sunflower producing countries, just 12
well distinguished virulence pathotypes exist.
Planting downy mildew-resistant hybrids is
very important to manage downy mildew.
However, due to the development of new races,
resistance may not be a sufficient management
in all fields (Viranyi et. all, 2015).

Crop rotation has a minimal effect on downy
mildew management. Overwintering oospores
could survive in the soil up to 10 years,
rendering crop rotation practices inefficient for



downy mildew (Friskop, 2009). Downy mildew
races in our growing region are assessed by the
resistance screening program conducted by
NARDI Fundulea and some seed companies.
This paper presents the data about the
Plasmopara halstedii pathogen virulence in
Romania and the management of its control by
genetic resistance.

MATERIALS AND METHODS

In order to study the pathogen races infecting
Romania fields, the international sunflower
differential set has been wused. Several
sunflower lines with good agronomic traits,
which have been introduced into conversion
process for resistance to downy mildew, have
been used. The behaviour of some sunflower
hybrids have been studied in natural infection
conditions, during four years, in two locations.
Infected sunflower plants from different fields
placed in all important areas of sunflower
cultivation, in Romania, have been collected
and used for artificial infections. Pathogen
inocula were directly recovered either from

structures, either from infected leaves pre-
incubated in humid chambers at 18 to 20°C in
the dark for 24 to 48 h.

Thirty to forty pregerminated seeds of each
differential line (three replicates per line) were
inoculated by the whole-seedling immersion
technique. After 12 days, plants were
maintained at 20°C and 100% relative humidity
for 24 to 48 h, in order to enhance pathogen
sporulation and evaluate its susceptibility
(sporulation on cotyledons and/or first true
leaves) or resistance (absence of sporulation or
weak sporulation only on cotyledons) reactions.

RESULTS AND DISSCUTION

For the identification of thepathogenic races, eight
isolates coming from eight areas cultivated with
sunflower in Romania have been used. The results
presented in table 1 are showing that all isolates
have attacked the differentials carrying the P11 and
P15 genes. The differential carrying the gene P12
was not attacked by isolates coming from
Constanta, lasi and Tulcea areas. The differentials
PM 13 and PM 17 were attacked by isolates coming
from Fundulea, Craiova and Timis.

infected leaves, by brushing the fungal
Table 1. Results from the sunflower differentials set testing for resistance
to Plasmopara halstedii pathogenraces, Fundulea, 2016
Isolates
Differentials Braila. | Slobozia | Fundulea | Craiova | Constanta | Jasi | Tulcea | Timis
Infection degree (%)

HA 265 (P11) 56.0 47.4 457 57.9 36.6 49.7 383 59.4
AD 66 (P11) 51.3 44.1 52.7 244 33.9 41.4 32.2 42.7
DM2 (P15) 49.0 354 33.7 31.8 354 48.7 36.4 47.3
RHA-274 (P12) 33.6 24.8 11.3 2.9 0.0 0.0 0.0 31.5
PM 13 (P1?) 0.0 0.0 4.0 7.9 0.0 0.0 0.0 6.0
PM 17 (P1?) 0.0 0.0 1.9 2.0 0.0 1.3 0.0 2.0
803-1 (P1?) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RHA 419 (P1?) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RHA 340 (P18) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35
HA-335 (P16) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HA 304 74.7 58.4 51.7 64.3 38.9 43.8 42.4 65.7

The Plasmopara halstedii pathotypes, from
different areas of sunflower crop in Romania
are presented in table 2. In case of Fundulea,
Craiova and Timis isolates, 8 pathogen races
are present.

In case of Constanta and Tulcea isolates, there
were present only 5 races, missing the 310, 330
and 314 races.

In case of lasi isolates, there were present 6
races of the pathogen, however 310 and 330
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races were missing. In case of Braila and
Slobozia isolates there were present 7 races of
Plasmopara halstedii.

Using different sources of resistance to the
attack of Plasmopara halstedii, specially
carrying the gene Pl6, we have introduced
resistance to this pathogen, in some of our best
sunflower inbred lines.

The results are presented in table 3.



Table 2. The patotypes of the pathogen Plasmopara halstedii, identified in the sunflower crop, in Romania

Pathotypes
Races
\ 100 300 714 703 310 330 710 314
Location
Braila X X X X X X X
Slobozia X X X X X X X
Fundulea X X X X X X X X
Craiova X X X X X X X X
Constanta X X X X X
Tasi X X X X X X
Tulcea X X X X X
Timis X X X X X X X X
Table 3. Results of the improvement for resistance to downy mildew, for some sunflower genotypes

CMS lines resistant to Plasmopara halstedii

Source of resistance

Number of resistant lines

HA 335 21
AS-110 12
Populations 78

Restorer lines resistant to Plasmopara halstedii

Source of resistance

Number of resistant lines

CREF- 821 27
RHA 340 9
Populations 109

Testing some experimental sunflower hybrids,
regarding the resistance to Plasmopara halstedii, in
two locations and four years, showed that the attack
degree is depending on the climatic conditions of
the years and locations, as it is presented in figures
1 and 2.

Infection degree (%)

Hybrids

In the years 2015 and 2016, when the air
temperatures were low and it was enough rain in the
beginning of sunflower development, there have
been good conditions for the pathogen
development. This it could to be seen in the values
of the infection degree with this pathogen.
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Figure 1. The behaviour of some sunflower hybrids, regarding the resistance
to the attack of Plasmopara halstedii pathogen (Fundulea location)
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Figure 2. The behaviour of some sunflower hybrids, regarding the resistance to the attack
of Plasmopara halstedii pathogen (Braila location)

Regarding the hybrids, HS 2445 hybrid was the
most resistant, in all years and in both locations. In
Braila area the attack degree of the pathogen was
higher in all years, comparing with Fundulea
location. Braila area gave more suitable conditions
for the development of Plasmopara halstedii.

CONCLUSIONS

The downy mildew has become very dangerous for
sunflower crop in almost all areas cultivated with
sunflower over the world.

It is of a great importance to identify the races of
the pathogen in the important areas cultivated with
sunflower as well as to identify the sources of
resistance.In the sunflower crop in Romania there
have been identified eight races of this pathogen. In
some areas are present only five races.

Using the sources of resistance to the new races of
this pathogen it has been transferred genes for
resistance in the best sunflower inbred lines from
our institute germplasm collection.

The attack degree of the pathogen which produces
downy mildew in sunflower is high influenced by
the climatic conditions in the years and in different
locations.
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Abstract

Cruciferous vegetables are known as food with chemopreventive effect due to their high content in bioactive
compounds, such as mineral nutrients, including selenium, antioxidants, vitamins and glucosinolates, which were
shown to inhibit cancer cell growth, both in vitro and in vivo testing. The aim of this study was to evaluate the effect of
a new selenium-based composition, applied on experimental field conditions to cauliflower plants (Brassica oleracea
L.), on their chemopreventive compounds level and antitumoral activity. Treated plants, cultivated both in normal
watered and water stress conditions, were compared for total selenium and sulforaphane contents, determined by
electrothermal atomic absorption spectrometry (ETAAS) and high performance liquid chromatography (HPLC),
respectively. In vitro cytotoxicity of cauliflower extracts was evaluated in NCTC fibroblast cell line, while their
antitumoral activity was tested in Caco-2 human adenocarcinoma cell line using MTT colorimetric assay. The results
indicated that the applied biofortification treatments increased the selenium intake, allowed formation of bioactive
glucosinolates and enhanced the antitumoral activity of cauliflower plants cultivated in both normal watering and
water stressed conditions. In conclusion, this new biotechnological approach on cauliflower cultivation, using a
treatment with a novel selenium-based composition, could be considered promising step for obtaining functional food
from cauliflower crops.

Key words: antiproliferative activity, cauliflower, glucosinolate, selenium, sulforaphane.

INTRODUCTION soil. Worldwide such value is 383 + 255 ng/kg,
when not affected by deficits or excesses
Selenium (Se) is an important element for  (Kabata-Pendias and Pendias, 2001).
human and animal nutrition because it plays In Romania, Se level in soil stands at the deficit
critical roles in a variety of physiological  limit. Various pathologies caused by Se
processes (Rayman, 2012). Statistical studies  deficiency were reported for animals from
on human subjects have revealed constant  different regions of the country (Serdaru et al.,
correlations  between the  physiological ~ 2003; Lacatusu et al., 2012). Compared to the
response, determined by the expression of  international known mean value, the Se content
major selenoproteins and seleno- is reduced with 30% - 63% in different regions
chemopreventive compounds, and the risk of  of Romania (Lacatusu et al., 2010; Lacatusu et
mortality from chronic diseases, including  al., 2012). A low level of Se in soil reduces Se
cancers (Bleys et al., 2008; Rocourt and Cheng, dietary intake and indicates the need of
2013). The dietary intake of Se on a specific supplementation, to achieve the optimal level
area is determined by the mean value of Se in  of Se, beneficial for reducing the risk of
33



chronic diseases (Mehdi et al., 2013;
Steinbrenner et al., 2013). However, Se
supplementation treatment for a better human
health shall be related also to the very narrow
Se physiological window, wherein the
difference between the recommended daily
human dose for prevention of chronic diseases
and the dose producing pathophysiological
effects is very small (Oancea et al., 2014).
Selenium agronomic biofortification, i.e. Se-
treatment applied during plants cultivation
period, have been considered an effective
solution for producing functional foods,
beneficial for both animal and human health.
Such Dbiotechnology applied to largely
consumed vegetables show several advantages,
like supplementation by controlled levels of
highly bioavailable seleno-compounds and a
wider availability to different categories of
people at risk of chronic diseases, including
those with low income (White and Broadley,
2009; Fageria et al., 2012).

On the other hand, Se biofortification
treatments allow the valorization of Se
protective and stimulatory effects on plants
(Feng et al., 2013). Experimental studies have
shown that Se is a beneficial microelement for
plants, stimulating their growth (Hartikainen
and Xue, 1999; Sajedi et al., 2011) and playing
a role in plant protection against infestation
caused by insects or phytopathogenic agents
(Hanson et al., 2003), oxidative stress (Xue et
al., 2001) and hydric stress (Wang et al., 2011).
It was reported that Se-based treatments
applied to plants have also improved their
response to drought stress, involving both
water and oxidative stress (Kuznetsov et al.,
2003; Yao et al., 2009). Due to this protective
effects against biotic and abiotic stresses
selenium was included among inorganic
compounds acting as plant biostimulants (Du
Jardin, 2015).

Consumption of  cruciferous  vegetables
increased lately, due to their high content in
bioactive compounds, such as mineral
nutrients, including Se, antioxidant compounds,
vitamins and glucosinolates, which form a
unique class of sulfur compounds (Samec et al.,
2016). The known role of chemopreventive
food was attributed to cruciferous mainly due
to studies indicating that glucosinolates have
acted as potent inducers of phase II enzymes,
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which inactivated carcinogenic metabolites and
inhibited cancer growth in vitro and in vivo
(Park et al., 2014; Tortorella et al., 2015).
Vegetables from Brassica spp., such as
broccoli, Brussels sprouts and cabbage were the
main crops on which Se Dbiofortification
treatments were applied (White and Broadley,
2009). However, per our knowledge, few
studies were done on cauliflower Se
biofortification (Avila et al., 2014, Oancea et
al. 2015).

We developed previously a new composition
for selenium  Dbiofortification  treatment,
intendent not only to increase accumulation of
(organo)selenium compounds on Brassica
crops, but also to enhance protective effects of
selenium treatment on cultivated plants,
especially against water stress (Oancea et al.,
2014, Oancea et al., 2015).

The aim of the study was to investigate this
new selenium-based composition, applied on
experimental field conditions to cauliflower
plants, on accumulation of chemopreventive
compounds (Se, glucosinolates) into edible
parts, cytotoxicity and antitumoral activity of
plant extracts and cauliflower plant resistance
to water stress.

MATERIALS AND METHODS

Biological material. Seedlings of cauliflower
(Brassica oleracea L. var. botrytis cv. Adelanto
F1) were transplanted and cultivated on an
experimental field, located on Stefan cel Mare,
Cilarasi, Romania (40° 59° N latitude, 27°40°
E longitude, 54 m altitude), according to the
recommended cultivation technology. The
calcaric kastanic chernozem soil was fertilized
with 160 kg ha™' N, 120 kg ha™ P and 120 kg
ha' K, 5 days before cauliflower seedlings
transplantation. The total selenium content in
the upper soil was 67 pg/kg, representing 40%
lower value than the average content in soils
unaffected by Se deficiencies (Lacétusu et al.,
2010). The transplants were placed on 25 cm,
in rows done at 70 cm one from another.
During 9 weeks of cultivation, there were
recorded higher monthly temperatures (+1.3°C
in May; +0.4°C in June; +2.7°C in July) and
lower monthly precipitations (-31.5 mm in
May; -22.7 mm in June; -34.9 mm in July) than
the multi-annual average.



Plant  treatment.  Plants  received two
subsequent treatments with the new selenium
based mixture, consisting of 10 pM Na,SeO4
(Sigma), 5 mM betaine (Sigma) and 1%
spraying adjuvant (Teso Spec Srl). The
treatments were applied by foliar spraying, at 3
and 6 weeks after crop establishment by
seedling transplant. The spraying adjuvant was
obtained from rapeseed oil by
transesterification in the presence of potassium
hydroxide, neutralization of excess alkali with
oleic acid, and final addition of lecithin and

nonionic emulsifier (Vladulescu et al., 2012).
Plants were grown in normal watering
conditions (watered daily, at 80% field
capacity) and in water stress conditions
(watered once every two days, at 80% field
capacity. After 9 weeks of cultivation, normally
watered and water stressed cauliflower crops
were separately harvested and weighed, for the
establishment of the marketable yields.
Controls were obtained from untreated plants,
cultivated in similar conditions and without Se-
based treatment (Table 1).

Table 1. Experimental treatments done on field grown cauliflower

Sample label Water supply Se -based mixture used for cauliflower treatment
C1 normal watering, control
C2 normal watering 10 uM Na2SeO4 + 5 mM betaine + 1% spaying adjuvant
C3 water stressed control -
C4 water stressed 10 utM Na2SeO4 + 5 mM betaine + 1% spaying adjuvant

Determination of total Se content. Total Se
content was measured using an atomic
absorption spectrometer (Agilent AA-1475,
with Vapor Generation Accessory, VGA 76,
and Agilent Se- hollow cathode lamp). The
measurements ~ were  undertaken  after
electrothermal atomization of each sample in a
graphite oven SR EN ISO 15586:2004. The
results were reported in pg/g dry weight (d.w.).
Analysis of sulforaphane content. Sulforaphane
extraction was performed using the method
described by Campas-Baypoli et al. (2010).
Briefly, fresh cauliflower plants were weighed
(0.15 g) and incubated with 4 ml of acidic
water (pH 6) for 2.5 h at 45°C. The mixture
was extracted with 20 ml dichloromethane and
the resulting solution was filtered through
Whatman no. 5 paper. The sulforaphane was
purified with Chromabond SPE silica gel
(SiOH) columns. Prior to use, the silica gel
column was conditioned with dichoromethane
after which the organic extract was loaded. The
column was washed with ethylacetate and the
sulforaphane was eluted with methanol. The
methanol extract was dried at 45°C using a
rotary evaporator and re-dissolved with 1 ml
acetonitrile. The resulting solution was filtered
with a PTFE membrane of 0.45 pm and stored
at -4°C until HPLC analysis.

The chromatographic analysis was performed
using an Agilent 1200 HPLC system, equipped
with a photodiode array detector. HPLC
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identification and quantification of
sulforaphane was carried out using a Zorbax
XDB C18 (4.6 x 150 mm) column (Agilent)
and 70% acetonitrile as mobile phase, at a flow
rate of 0.6 ml/min. Twenty microliters of
sample were injected into the HPLC system
and the sulforaphane was detected at 202 nm.
Standard solutions of sulforaphane were
prepared in acetonitrile in the range of 5-100
pg/ml. The chromatograms were processed
with ChemStation Agilent software and the
sulforaphane was quantified from the peak
areas, in correlation with sulforaphane standard
concentration. Calibration curves were built for
concentrations ranging between 5-100 pg/ml.
Cell culture experiments. Total extracts of
control and treated plants were obtained by
incubation of fresh cauliflower plants (30 g) in
deionized water, at 45°C, for 24 h. The samples
were centrifuged at 2500 rpm, for 10 min and
the supernatant was sterile filtered through 0.2
um membranes. The resulting solutions were
stored at -20°C until cell culture analysis.

In vitro experiments were performed using a
normal cell line of mouse fibroblasts (NCTC
clone 1.929) and a tumor cell line derived from
human colorectal adenocarcinoma (Caco-2),
provided by ECACC. The cells were
maintained in MEM culture medium containing
10% fetal calf serum (FCS) and antibiotics, at
37°C, in humid atmosphere with 5% CO,. For
the experiment, cells were seeded in 96-wells



culture plates, at a cell density of 5x10°
cells/well, for 24 h, to allow cell adhesion.
Then, different concentrations (0-2 mg/ml) of
cauliflower extracts were added in each well
and the plates were incubated in standard
conditions, for 72 h.

Evaluation of cytotoxicity and antiproliferative
activity. Cytotoxicity and antiproliferative
activity of cauliflower extracts were evaluated
using MTT assay, as previously described
(Moldovan et al., 2008). Briefly, at the end of
incubation period, the culture medium from
each well was replaced with 500 pl MTT
solution (0.25 mg/ml) in fresh culture medium
and the plates were incubated in standard
conditions (5% CO2 air, 37°C), for 3 h. After
discarding the culture medium, 500 pl
isopropanol were added to dissolve formazan
crystals by gently shake, at room temperature,
for 15 min and the optical density (OD) was
read at 570 nm using a microplate reader
(Tecan, Austria). The results were reported as
cell viability percent from control sample (cells
incubated in culture medium), considered
100% viable. The samples were tested in
triplicate.

Statistical analysis. The results were expressed
as mean of 3 values =+ standard deviation (SD).
Statistical analysis of the results was performed
using paired Student’s t-tests. Significant
differences were considered at values of
p<0.05.

RESULTS AND DISCUSSIONS

Crop yield of Se-treated cauliflower field plants
Normally watered and water stressed
cauliflower crops were separately harvested
after 9 weeks of cultivation (Figure 1) and
weighed to calculate the obtained yields.

Figure 1. Se-treated cauliflower plants, cultivated in
normal watered (A) and water stressed (B) conditions

The cauliflower crop yield variation was
analyzed related to normal watering or water

stress conditions of cultivation. It was observed
that similar crop yields were obtained for Se -
treated cauliflower plants, in both normal
watering conditions (equivalent to 23.80 tones
ha™') and water stressed (equivalent to 23.40
tones ha') conditions. In turn, the
corresponding controls presented a lower yield
in water stressed conditions (18.62 tones ha™)
than in normal watering conditions (24.10
tones ha'). These values allowed us to
conclude that the Se-based treatment mixture
provided protection of cauliflower plants
against hydric stress.

The  protective effect of  Se-based
biofortification was also reported for other
vegetables and cereal crops (Hanson et al,
2003; Feng et al., 2013).

Total Se content in biofortified cauliflower
plants. In our study, a biostimulant mixture of
10 uM sodium selenate, 5 mM betaine and 1%
spraying adjuvant was selected for the
treatment of cauliflower plants, based on
previous experiments (Oancea et al., 2015;
Oancea et al., 2016). The mixture was planned
to contain sodium selenate, as the main form of
inorganic Se used for crops biofortification
(Hawkesford and Zao, 2007), betaine, as a
plant osmoprotectant and a modulator of S-
Adenosyl-Methionine cycle, overused by
selenium assimilation (Oancea et al., 2015) and
a spraying adjuvant, based on methyl esters of
rapeseed fatty acids, as an enhancer of foliar
fertilizers penetrability. A parallel experiment
involving normal watered and water stressed
plants was performed, as described in
“Experimental part” section, in order to
observe the effect of Se-based treatments on
plant response to water stress. After 9 weeks of
cultivation, the results of total Se content
analysis showed that, in normal watered plants,
the level of total Se content significantly
increased (p<0.05) (1.35-fold) compared to
control plants (Table 2). Similar variation of
total Se content was obtained for cauliflower
field plants cultivated in water stressed
conditions, the level of Se being significantly
increased (p<0.05) (1.34—fold) in treated plants
compared to untreated control plants (Table 2).
The registered values were slightly lower than
those of plants cultivated in normal watering
conditions, indicating the positive effect of Se-
based treatment on cauliflower plants



cultivated in water stress conditions. Other
studies reported that foliar application of
sodium selenate increase the fruit yield in olive
trees cultivated under water stress conditions
(Proietti et al., 2013) and the antioxidants level
in the leaves of lettuce (Rios et al., 2008).

Table 2. Variation of Se content in Se-treated cauliflower

field plants, determined by electrothermal atomic
absorption spectrometry*

Qeloni

content (ug/g d.w.)
Normal watering Water stressed

0.080 + 0.004 0.076 £ 0.003

Sample

Control, field grown
plants

Se-based treatment,
field grown plants

*Results represent mean of 3 determinations + SD.

0.108 = 0.010* 0.102 £ 0.005*

Sulphoraphane  content  in  Se-treated
cauliflower  plants.  4-methylsulfinybutyl
glucosinolate  (glucoraphanin)  and  its

hydrolysis product, sulforaphane, are the most
studied compounds with chemopreventive
activity in Brassica phytochemicals research
(Samec et al., 2016). In our study, sulforaphane
was extracted from cauliflower plants, grown
in field conditions, treated with Se-based
(biostimulant) mixture and cultivated in normal
and water deficit conditions. Identification of
sulforaphane in treated plant extracts was
performed by HPLC analysis and comparison
of the retention time with that of the standard
solution. As indicated in (Figure 2) and (Figure
3), sulforaphane peak was present in the
recorded profiles at 4.9 min, in both treated
plants cultivated in different conditions of
water stress.

s
B2

sulforaphane standard

5 Ll 125 15 5

Figure 2. HPLC identification of sulforaphane in Se-

treated cauliflower plants cultivated in normal watering
conditions

Sulforaphane content in each cauliflower
sample was determined using the method of
plotting the calibration curve of sulforaphane
standard by linear regression analysis of the
integrated peak area versus concentration.
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Figure 3. HPLC identification of sulforaphane in Se-

treated cauliflower plants cultivated in water stressed
conditions

The results of quantitative calculations
obtained for all cauliflower plant extracts are
presented in (Table 3). The values of
sulforaphane content obtained for cauliflower
plants treated with Se-based mixture, in normal
watering and water stressed conditions are
presented in (Table 3).

Table 3. Content of sulforaphane in cauliflower plant

extracts*
Sulforaphane (ug/g d.w.)
Sample Normal watering Water stressed
Control, field grown 34.83 +5.88 27.65+5.44
plants
Se-based treatment, 2539+ 4.12 18.20+4.11
field grown plants

*Results represent mean of 3 determinations +SD.

The results indicated that the treatment did not
significantly (p>0.05) affect the accumulation
of glucosinolates degradation product. The Se-
treated plants presented sulforaphane values
like those of corresponding control plants.
Previous studies reported the content of six
main glucosinolates in 7-day-old cauliflower
seedlings treated with 50 uM sodium selenate
and indicated a significant variation in two of
three cauliflower cultivars (Avila et al., 2014).
The differences in total glucosinolate levels in
relation to cultivars were explained by their
genotype or genotype-environment interaction
(Farnham et al., 2004).

The biochemical results of this study indicated
that the used of Se-based mixture induced high
levels of total Se and allowed accumulation of
glucosinolates in cauliflower field plants
cultivated in both normally watered and water
stressed conditions. This is probably due to
betaine from the treatment mixture, which
could influence and compensate the cross-talk
between selenium and sulphur metabolism. Hsu
et al. (2011) also showed that it was possible to
produce Se-biofortified  broccoli  that



concomitantly accumulated high levels of Se
and glucosinolates.

In vitro cytotoxicity of cauliflower extracts. The
cytotoxicity of cauliflower extracts was tested
in a normal cell line of fibroblasts to determine
the biocompatible range of concentrations for
in vitro experiments. The results reported to the
cell viability of untreated fibroblast cells
(considered 100% viable) are presented in
(Figure 4, Figure 5). It was observed that the
extracts of Se-treated plants and cultivated in
normal watering conditions induced a decrease
in cell viability of fibroblast cells proportional
with the tested concentrations. Still, they were
biocompatible in the range of 0-1500 pg/ml,
with values of cell viability higher than 75%.
Only at 2000 pg/ml extract concentration it was
recorded a decrease in cell viability up to
64.92%. The same trend was recorded for
control plants and for the Se-treated plants
cultivated in water stressed conditions. The Se-
treated plants induced significantly higher
(p<0.05) cell viability, in comparison with that
of control plants, at certain values of
concentration (Figure 3). This is the first study
reporting the cytotoxicity of cauliflower
extracts in a cell line of normal fibroblasts.

In vitro antiproliferative activity of cauliflower
extracts. The antitumoral activity of several
vegetables was previously demonstrated as
accumulation of bioactive food components,
like glucosinolates and methyl Se amino acids
(Shankar et al., 2013; Bera et al., 2013).
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Figure 4. Effect of plant extracts from cauliflower
cultivated in normal watering conditions on NCTC
fibroblast cells viability after 72 h of cultivation,
evaluated by MTT assay.

In our study, the effect of Se biofortification of
cauliflower field plants on their capacity to
inhibit adenocarcinoma cells growth was
investigated in cell culture experiments.
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Figure 5. Effect of plant extracts from cauliflower
cultivated in water stressed conditions on NCTC
fibroblast cells viability after 72 h of cultivation,

evaluated by MTT assay. Values are expressed as mean
of three determinations + SD and reported to the control,
considered 100% viable

After 72 h of cultivation of Se-treated
cauliflower extracts in tumor cell culture, the
normally watered variant has induced a
decrease in cell viability below 75% at
concentrations of 1500 pg/ml (68.64%) and
2000 pg/ml (60.62%) (Figure 6). The water
stressed plants presented lower values of cell
viability, reaching 61.35% and 52.91% at
concentrations of 1500 pg/ml and 2000 pg/ml,
respectively (Figure 7). These values were
significantly lower (p<0.05) than those of
control plants tested at the same concentrations.
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Figure 6. Effect of plant extracts from cauliflower

cultivated in normal watering conditions on Caco-2

human adenocarcinoma cells viability after 72 h of
cultivation, evaluated by MTT assay

These results showed that Se treated cauliflower
plants presented a higher antitumoral activity
than control plants. This activity is probably due
to the high content of total Se and
glucosinolates, which we determined in the
cauliflower plants during the biochemical
screening. Previously, it was reported that
broccoli sprouts treated with selenate presented
an enhanced antiproliferative effect in human
prostate cancer cell lines, in a dose-dependent
manner (Abdulah et al., 2009). Also, Se-



enriched broccoli extracts induced a greater
growth inhibition of human colon cancer cells
than untreated extracts (Tsai et al., 2013).

W control plants
= Se-treated plants

@
o

cell viability (%)
2

N
o

N
o

RN AN NN RN AN
OO

5
S
1
SEm
SR
Smm
S
1
S
1
1
SR
Smm
S
1
S
1
1
1

O
NN NN N
NN ENEENENENEN
OO,

O [NENENEEEENENEEENN
O [INEENENEEEENEEEED

(o] 1000 2000

15
concentration of plant extract (pg/ml)

Figure 7. Effect of plant extracts from cauliflower
cultivated in water stressed conditions on Caco-2 human
adenocarcinoma cells viability after 72 h of cultivation,

evaluated by MTT assay.

Our new Se-based composition enhance the
biostimulant effect of selenium, related to an
improved response to water stress and to a
higher quality of the treated plants. Plant
stimulants are characterized by the effects on
nutrients uptake and nutrient use efficiency,
response to abiotic stress and edible yield
quality (Du Jardin, 2015). This new Se-based
composition reduce the effects of water stress
on cauliflower yield, increase the level of the
main chemopreventive compounds and the
antitumoral effects.

CONCLUSIONS

We have used a mixture of 10 uM Na2SeO4, 5
mM betaine and 1% adjuvant as biostimulant
composition for treating cauliflower crops in
the field.

The obtained results demonstrated that the
proposed approach of Se-based biofortification

is protective against drought cultivation
conditions, resulting in increased plant
tolerance to water stress, probably by

modifying plant physiological processes. In the
same time, the treatment had stimulatory effect,
resulting in an increased Se intake by treated
cauliflower plants and allowing accumulation
of  bioactive  glucosinolates.  Equilibrate
formation of Se and glucosinolates in
cauliflower crops treated with this Se-based
biostimulant composition could provide
characteristics of functional food for this
vegetable. The selected cyto-compatible
concentrations of biofortified cauliflower
extract presented higher antitumoral activity in
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Caco-2 adenocarcinoma cell line. The new
biotechnology  consisting  of  Se-based
biostimulant treatment of cruciferous field
crops could be further tested using in vivo
experimental models.
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Abstract

Sweet potato (Ipomoea batatas L.) is an important food crop around the world, being cultivated in more than 100
countries as the crop can be a rich source of energy and have been recognized as healthy foods because of their
significant content of phytonutrients. In recent years, the use of bioregulators in sustainable agriculture has been
growing because it leads to higher content of nutrients in the plant tissues and positive metabolic changes. It appears
that using abscisic acid in controlling the mechanisms of plant evolution is a good alternative for an ecologic
agriculture given that recent studies on the mechanism of the abscisic acid action have shown its great importance as a
bioregulator for plants. The objective of this work was to to study the influence of the abscisic acid treatment on some
quality characteristics of sweet potato. For this purpose abscisic acid solutions in different concentrations were used as
foliar treatments on sweet potato leaves and comparative results concerning some morphological and biochemical
changes in the tuberous roots were studied. The experiment was conducted starting with the first leaves appearance
until the harvesting of the roots, while determination of the sugars and proteins content were made on the tuberous root
harvested in the maturity stage.

Key words: abscisic acid, phytohormones, proteins, sugars, sweet potato.

INTRODUCTION application of bioregulators leads to higher
Sweet potato (Ipomoea batatas 1.) is an content of nutrients in the plant tissues and
important food crop around the world, being  positive metabolic changes.

cultivated in more than 100 countries (Wu et The mode of action of bioregulators is often
al., 2008). The crop can be a rich source of  unknown and difficult to clarify because they
energy as well as of carbohydrates. The  contain multiple bioactive components, for
carbohydrates concentration in sweet potato instance plant hormones, that together may
roots varies widely between individual lines  contribute to specific effects in plants (Ertan et
(Hill et al., 1992). Despite the high carbohy- al., 2011).

drate content, sweet potato has a low glycemic It appears that using abscisic acid in controlling
index, indicating low digestibility of the starch ~ the mechanisms of plant evolution is a good
(ILSI, 2008) and it is the only starchy staple, alternative for an ecologic agriculture given
which contains appreciable amounts of amino  that recent studies on the mechanism of the
acid lysine that is deficient in cereal-based diets ~ abscisic acid action have shown its great
like rice (Bradbury et al., 1985). Also, orange-  importance as a bioregulator for plants.

fleshed cultivars have been recognized as  Besides environmental factors (water, nutritive
healthy foods because of their significant substances, temperature, light) phytohormones

content of phytonutrients, such as B-carotene,  play an essential role in controlling the plant
anthocyanin (Mohamad-Zahari, 2016), growth, cells differentiation and development.
phenolic acids, minerals, vitamins and dictary =~ Phytohormones are a group of naturally occur-
fibre (Turner, 2001; Tumuhimbise et al., 2009). ring, organic substances which influence

An important reason for the popularity of sweet ~ physiological processes at low concentrations
potato is its adaptability to a range of  (Davies, 1987).

agroecological conditions (Horton, 1988). The main hormonal groups acting in the plant
In recent years, the use of bioregulators in  tissues are auxins, gibberellins, citokinine,
sustainable agriculture has been growing. The  which are considered growth promoters,
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together with abscisic acid and ethylene, known
as growth inhibitors. However, it is interesting
to note that hormones do not act alone, such as
the final effect on the plant development is the
result of a hormonal balance, which controlls
many processes that impact on crop perfor-
mance and yield (Wilkinson et al., 2012).
Phytohormones with inhibitory properties can
operate on the whole plant as well as on some
tissues and organs causing the inhibition of
some metabolic processes like: biosynthesis of
nucleic acids, photosynthesis of chloroplasts
and of some physiological processes, especially
the division and elongation of cells and the
buds opening (Davies, 1987).

Abscisic acid (ABA) is often referred to as a
inhibitory rather than stimulatory hormone.
ABA accelerates the process of ageing and the
fruit and leaves abscission by causing break
down of proteins and nucleic acids. It is
involved in the closure of stomata, bud and
seed dormancy, response to drought stress
(Bassaganya-Riera, 2010) and is known to
inhibit other hormonal actions.

The objective of this work was to study the
influence of the abscisic acid treatment on
some quality characteristics of sweet potato.
For this purpose solutions of abscisic acid in
different concentrations were used as foliar
treatments on sweet potato leaves and compa-
rative results concerning some morphological
and biochemical changes in the tuberous roots
were studied. The experiment was conducted
starting with the first leaves appearance until
the harvesting of the roots, while determination
of the sugars and proteins content were made
on the tuberous root harvested in the maturity
stage.

MATERIALS AND METHODS

Biological materials

Sweet potato (I[pomoea batatas L.) Porto-Rico
variety, a common variety largely spread in
countries where sweet potatoes is traditionally
consumed, was investigated. Bush-type Porto
Rico is an ideal variety for smaller gardens,
which also produces good yields of medium-
sized potatoes with tapered roots that are great
for baking because the delicious sweet flavor of
the orange flesh.

The experiment was conducted starting with
the first leaves appearance until the harvesting
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of the tuberous roots (meaning for 6 months,
from May to October). During the experiment
development the sweet potatoes plants were
treated with solutions of 10° mol/L, 1.5x10”
mol/L, 2x10” mol/L and 3x10° mol/L ABA by
foliar applications once every two weeks,
according to horticultural practice (Ifrim, 1997).
Determination of the sugars and proteins
content were made on the tuberous root har-
vested in the maturity stage. The biochemical
analyzes were made in triplicate, using fresh
tuberous roots of sweet potatoes.

Determination of reducing sugars was
performed according to the Nelson-Somogyi
method (Iordachescu, 1988; Somogyi, 1952).
The reducing glucids when heated with alkaline
copper tartrate reduce the copper from the
cupric to cuprous state and thus cuprous oxide
is formed. When cuprous oxide is treated with
arsenomolybdic acid, the reduction of molybdic
acid to molybdenum blue takes place. The
measurements of absorbance were achieved at
620 nm with a UV/Visible ThermoSpectronic
Helios spectrophotometer.

Determination of crude protein was made
after the digestion of the vegetal material by
Kjeldahl method (Iordachescu, 1988; Kjeldahl,
1883). The content in total nitrogen was
measured by volumetrical method and
converted in crude protein content.

RESULTS AND DISCUSSIONS

The molecular action mechanism of ABA in
plants is not fully elucidated. It is known that
ABA has a biochemical and physiological
action against substances that stimulate growth,
resulting in a biochemical balance that causes
the growth and development of the plant in
different phenophases and seasons.

The objective of this work was to study the
influence of the abscisic acid treatment on some
quality characteristics of sweet potato. For this
purpose solutions of abscisic acid in
concentrations of 107 mol/L, 1.5x10° mol/L,
2x10” mol/L and 3x10” mol/L ABA were used
as foliar treatments on sweet potato leaves fol-
lowed by observations on some morphological
characteristics of the plants and also by deter-
mination of the sugars and proteins content of
the tuberous root harvested in the maturity stage.



Influence of ABA on some morphological
characteristics

Leaf area is a plant biometric index important
to crop production. It was found that foliar
treatment of sweet potato plants with ABA
induced changes in the leaf aspect. Thus, the
leaves were smaller and irregular shaped
(figure 1B) at the plants treated with
concentrations of 107 mol/L, 1.5x10% mol/L
and 2x10” mol/L ABA compare to the leaves
of the control plants, which were wide, large
and smooth (figure 1A).

On the contrary, the 3x10™ mol/L concentration
of ABA induced a total inhibition of the plants
growth and development, so that the plants died
after one month of ABA treatment.

Figure 1. Aspect of the leaves of control plants
(A) compare to plants treated with 10™ mol/L
ABA solution (B)

Previous studies reported also that treatment
with abscisic acid influenced the plant growth.

Thus, ABA in concentrations of 0.01, 0.1, 1.0
or 10.0 mg 17" inhibited axillary bud and root
development at the sweet potatoes plant and
subsequent plantlet growth. ABA at 10 mg 17!
completely inhibited axillary shoot
development but did not affect the viability of
the plants (Jarret, R.L. et al., 1991). Researches
made on bell pepper found that plant stem
diameter was lowest in ABA treatment;

marketable yield was highest in ABA (Diaz-
Pérez et al., 2014).

Instead, regarding the tuberous roots it was
noticed an increase in size and number as
results of the treatment with 10” mol/L ABA
(figure 2B) compare to the control plants
(figure 2A).

Figure 2. Aspect of the tuberous roots of
control plants (A) compare to plants treated
with 107 mol/L ABA solution (B)

Considering that hormones have been
suggested to play a prominent role in the
control of tuberization, it was assumed that



ABA is a promoting hormone in potato
tuberization. scientific literature reports that
exogenous ABA stimulated tuberization and
reduced stolon length in potatoes (Xu et al.,
1998).

Influence of ABA on some biochemical
parameters

The soluble sugar is the main substance for
plant growth and fruit quality formation. It has
been demonstrated that sugar accumulation in
sink organs (flowers, fruits, roots etc.) is
stimulated by application of some plant
hormones including ABA (Brenner et al., 1989;
Daie, 1985).

The treatment with ABA of the sweet potato
plants determined an increase of the sugars
content together with a decrease in the protein
content at the plants treated with concentrations
of 10° mol/L, 1.5x10”° mol/L and 2x10” mol/L
ABA (Figure 3), indicating a change in the
photosynthesis development in the plant leaves.
It is known that photosynthetically active
tissues, such as mature leaves, export fixed C
(primarily as sucrose) to non-photosynthetic
tissues such as fruits or reproductive organs,
tubers, meristems, roots (Koch, 2004).

B Reducing sugars W Crude protein

g/100g

A—n
\—"

10-5molfL
ABA

15x105  2x105mol/L 3x10-5mol/L
mol/L ABA ABA ABA

Control

Figure 3. Influence of the ABA treatment on
the content in reducing sugars and crude
protein of the tuberous roots

Previous studies have found an increase in
sugar content of the root of bean seedlings
which appears to be the consequence of an
ABA-induced stimulation of sugar transport
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from the shoot to the root (Karmoker and Van
Steveninck, 1979).

Similar results are noticed in recent papers
concluding that an exogenous ABA treatment
increased sugar content also in other plant
species as Citrus fruit (Kojima et al., 1996) and
peaches (Kobashi et al., 2001).

CONCLUSIONS

It was found that foliar treatments of sweet
potato plants with 10 mol/L ABA induced
changes in the leaf aspect: smaller and irregular
shaped at the plants treated with ABA compare
to the leaves of the control.

Regarding the tuberous roots it was noticed an
increase in size and number as results of the
treatment with 10° mol/L ABA compare to the
control plants. Considering that hormones have
been suggested to play a prominent role in the
control of tuberization, it was assumed that
ABA is a promoting hormone in potato
tuberization.

The 3x10° mol/L concentration of ABA
induced a total inhibition of the plants growth
and development.

The treatments with ABA of the sweet potato
plants determined an increase of the sugars
content together with a decrease in the protein
content indicating a change in the
photosynthesis development in the plant leaves.
It appears that using abscisic acid in controlling
the mechanisms of plant growth is a good
alternative for an ecologic agriculture given
that recent studies on the mechanism of the
abscisic acid action have shown its great
importance as a bioregulator for plants.
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Abstract

Bitter gourd (Momordica charantia L.) belongs to the family Cucurbiteceae. It is widely consumed as a vegetable and
especially as a folk medicine in Asia. This review outlines the work done on the tissue culture of Momordica charantia
L.. Commonly known as karela or bitter melon and contains bright red seeds due to high lycopene, a pigment that can
be used as an artificial food colorant. Bitter gourd protein has been reported to have HIV inhibitor properties. The
fruits of bitter gourd contain nutritionally useful essential minerals and amino acids. It has hypoglycemic activity which
reduces the blood glucose, antitumor activity and antispermatogenic and androgenic activities. It is a common food
item of the tropics and is used for the treatment of cancer, diabetes, AIDS and many ailments. It has also include
alkaloids, insulin like peptides, and a mixture of steroidal sapogenins known as charantin. Bitter gourd is tolerant to a
range of limiting factors of the environments and can be grown in tropical and subtropical climates. Improvement of
this crop and development of new varieties are obviously necessary which could be done through the applications of
modern techniques of biotechnology. Plant tissue culture is one of the biotechnological technique to culture plant cells
or tissues under controlled aseptic conditions on artificial medium and is used to some degree in the improvement of
almost every major agronomic, vegetable and fibre crop species. It has value in basic research like cell biology, genetic
transformation studies and biochemistry for the production of medicinally valuable secondary metabolites. Some
limited efforts have been made for the improvement of this crop using biotechnological techniques like: type of explants
(auxin, cytokinin), media composition, growth conditions, genotypes.

Key words: Bitter gourd, Momordica charantia L., propagation, tissue culture.

INTRODUCTION regarded as an insulin plant because of its
ability to regulate the control of blood sugar
(Simina et al., 2016).

Plant tissue cultures are used for plant

Bitter melon (Momordica charantia L.) is an
annual, climbing, medicinal vine with small
yellow ﬂow;rs. I.t has cucumb.er-shap ed fruits, breeding, commercial production and basic
10-20 cm in size. The fruit has a warty  yjolosical researches (Agarwal M., 2015).
structure and turns from green to orange-red  (Callus and suspension cultures are extremely
color as it becomes ripe. Its seeds are 7-10 mm  yseful methods to produce herbal products with
in length, flat and coarse. Its fruits and leaves economic importance in terms of raw materials,
are rich in iron, calcium, phosphorus and  especially to the pharmaceutical industry for
vitamin B. Its homeland is East India, and it is the production of secondary metabolites.
also grown in tropical regions of Caribbean,  Auxines are growth regulators that are
Africa and South America and in the  frequently used in callus formation from
Mediterranean countries including Turkey and ~ €Xplants.

Italy (Thiruvengadam et al., 2006). In Turkey, The auxin group hormones are divided into two
it is generally cultivated in Yalova, Bursa, in goups, “natural auxins” and “synthetic auxins”.
the Gazipasa county of Antalya and the Silifke Natural auxines are indole-3-acetic acid (IAA),

county of Mersin. 4-chloro-indole acetic acid (4-CPA) and phenyl
It is used in the treatment of stomach ulcer,  acetic acid (PAA). Synthetic auxins are
eczema and other skin diseases, in viral ~ naphthalene-acetic ~ acid  (NAA), B-

diseases such as HIV and bacterial diseases. It ~ naphthoxyasetic acid (BNOA), indole-3-butyric
has the ability to prevent tumor growth due to acid (IBA), .3-chlorophenoxyprf)plor}amlde (3-
its lutein and lycopene content. It is also ~ CPA), 2,4-dichlorophenoxyacetic acid (2,4-D),
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2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 2-
(2,4,5-trichlorophenoxy) propionic acid (2,4,5-
TP) etc. (George et. al., 2008). 2,4-D is the
most widely used auxin derivative for this
purpose. Although in vitro propagation studies
in plants (Al Munser et. al., 2007; Ananya et
al., 2009; Nikam et. al., 2009, Malek et. al.,
2010; Safdar et. al., 2013) have already been
studied in bitter melon. Other techniques such
as: in vitro callus regeneration, somatic
embryogenesis, organogenesis and regeneration
studies in bitter melon have not yet been
conducted in Turkey. This research is the first
study in this regard. In this study, in vitro and
in vivo germination capacities of two genotypes
of Momordica charantia L. and the effects and
in vitro propagation of 2,4-D at different doses
for callus formation on leaf and stem explants

isolated  from these conditions were
investigated.
MATERIALS AND METHODS

The bitter melon seeds used in the study were
obtained from local growers from Gazipasa and
Silitke in Turkey. Sodium hypochlorite
(NaOCl) (commercial name ACE) was used for
surface sterilization of seeds. The seeds were
soaked for 15 minutes in solution at 20%
NaOCl for in vitro cultivation and for 3
minutes at 10% NaOCI for in vivo cultivation.
The stem and leaf explants were rinsed 3 times
for 5 minutes each and the sterilization was
completed. The seeds were then inoculated in
MS (Murashige and Skoog, 1962) basal
medium, each magenta vessel containing 5
seeds and 5 explants. Each application was
carried out in 3 repetitions. Leaf and stem
explants were cut to 1 cm size for using. As
callus-forming medium, MS medium was
supplemented with 2 mg/l, 4 mg/l, 6 mg/l and 8
mg/l 2,4-D. Also, 30 g/l sucrose and 5 g/l agar
were added to the media. The pH of the
medium was adjusted to 5.7 and sterilized at
121°C for 20 minutes under 1.5 atmosphere
pressure autoclave conditions. The cultures
were kept in the climate chamber at 25°C for 16
hours of light and 8 hours of darkness. Lighting
was provided with white fluorescent lamps
under 2000 lux light.

47

RESULTS AND DISCUSSIONS

In in vitro and in vivo germination studies
conducted with the Gazipasa and Silifke bitter
melon genotypes, the seeds, following the
sterilization, were cultured in MS nutrient
media and pots (Figure 1) in climate chambers.
The first germination time was at 8 days after
the start of culturing in both media.
Germination development was recorded on the
8th, 15th, 25th and 35th days.

Figure 1. The Gazipasa and Silifke bitter melon
genotypes growing in the pot in the climate
(in vivo) room

The effect of different germination times on the
germination rates (%) of the seeds of Gazipasa
and Silifke genotypes were analyzed using
analysis of variance, germination rates (%) at
different times were given for in vitro (Table 1)
and in vivo (Table 2).

Table 1. Germination rates at different times under in
vitro conditions (%)

Germination Germination ratio (%)

Time (days) Gazipasa Silifke
8 17.0° 12.0°
15 17.0° 16.0°
25 22.0° 16.0°
35 28.0° 16.0°

Letters show different groups at 0.01 level.

As seen in Table 1, germination ratios ranged
from 12 to 28% under in vitro conditions.
Germination ratios were higher in the Gazipasa
genotype than those in the Silifke genotype in
all time periods observed under in vitro
conditions. The germination rates and duration
in the germination medium increased in both



genotypes. This increase was more evident in
the Gazipasa genotype.

Under in vivo conditions, germination rates
varied between 20 and 50% in the pots (Table
2). Germination rates under in vitro conditions
were higher in the Gazipasa genotype than
those in the Silifke genotype in all time periods
observed under in vitro conditions.

Table 2. Germination rates at different times under in
vivo conditions (%)

As shown in Table 3, the callus formation rate
of leaves in the Gazipasa and Silifke genotypes
developed under in vitro conditions ranged
from 0% to 100%. The highest callus formation
rate in the Gazipasa genotype was observed in
MS(1962) nutrient media containing 2% and 4
mg/l 2,4-D at 100%. The highest callus
formation rate in the Silifke genotype was also
obtained from MS medium containing 2, 6 and
8 mg/1 2,4-D with 100%.

— — — Table 4. Callus formation rate (%) after four weeks in
Germination Germination ratio (%) . . .
Time (days) Gazipasa Silifke stem explants isolated from in vitro conditions

8 40.0° 20.0° 2.4-D (mg/l) Callus Formation Rate (%)

15 47.OZ 23.0° Gazipasa Silifke

25 47.0 27.0° Control (MS0) 0.00° 73.00°

35 50.0° 27.0° 2.00 0.00° 47.00°

b c

Letters show different groups at 0.01 level. 2.00 33'00a 47'00.1
6.00 73.00 87.00

In callus culture studies conducted with the 8.00 0.00° 67.00°

Gazipasa and Silifke bitter melon genotypes,
leaf and stem explants were isolated from 9-10
day old plantlets growing in vitro and in vivo
media, and cultured in nutrient media
containing 2,4-D at different concentrations (2
mg/l, 4 mg/l, 6 mg/l and 8 mg/l) (Figure 2).
Analysis of variance was performed with the
data obtained at the end of four weeks and the
results of callus formation rates are given in
Table 3 (in vitro) and Table 4 (in vivo).

Figure 2. Cultivation of leaf explants of Gazipasa bitter
melon genotypes in MS + 2,4-D media

Table 3. Callus formation rate (%) after four weeks in
leaf explants isolated from in vitro conditions

Callus Formation Rate (%)
2.4-D (mg/1) Gazipasa Silifke
Control (MS0) 0.00° 0.00°
2.00 100.00° 100.00°
4.00 0.00° 93.00°
6.00 100.00° 100.00°
8.00 66.00° 100.00°

Letters show different groups at 0.01 level.
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Letters show different groups at 0.01 level.

As shown in Table 4, the callus formation rate
of stems in the Gazipasa and Silifke genotypes
developed under in vitro conditions ranged
from 0% to 100%. In both of the Gazipasa and
Silifke genotypes, the highest callus formation
rate was obtained on MS medium containing 6
mg/1 2,4-D with 73% and 87%, respectively.
One of the somatic embryos developed from
the callus of the Silifke genotype in the control
group [MSO] nutrient medium from the stem
explant formed plantlets and this plantlet were
adapted to the external conditions in the climate
chamber (Sekil 3.). In both genotypes, callus
formation occurred at the maximum level from
medium containing 6 mg/l 2,4-D and a
decrease in callus formation was observed in
the Silifke genotype at 8 mg/1 2,4-D dose.
Callus formation was not observed in the
Gazipasa genotype on MSO and MS medium
containing 8 mg/1 2,4-D.

As shown in Table 5, the callus formation rate
of leaves in the Gazipasa and Silifke genotypes
developed under in vivo conditions ranged from
0% to 87%.




Figure 3. Adapting the plantlet obtained from
the stem explants of the Silitke genotypes
through indirect somatic embryogenesis
from the callus formed in the MSO nutrient medium to

the external conditions in the pot

The maximum callus formation rate was
observed in the Silitke genotype with 8§7%. In
the same genotype, there was a continuous
decrease in callus formation after a dose of 2
mg/l 2,4-D, and no callus formation was
observed in the medium containing 8 mg/l 2,4-
D. In the Gazipasa genotype, callus formation

was

observed only

in the

containing 2 mg/1 2,4-D.

MS medium

Table 5. Callus formation rate (%) after four weeks in
leaf explants isolated from in vivo conditions.

Callus Formation Rate (%)

24-D (mg/l) Gazipasa Silifke
Control (MS0) 0.00° 0.00°
2.00 53.00° 87.00°
4.00 0.00° 40.00°
6.00 0.00° 7.00°
8.00 0.00° 0.00°

Letters show different groups at 0.01 level.

As shown in Table 6, the callus formation rate
of stems in the Gazipasa and Silifke genotypes
developed under in vivo conditions ranged from

0% to 73%.

Table 6. Callus formation rate (%) after four weeks in
stem explants isolated from in vivo conditions

Callus Formation Rate (%)

24-D (mg/l Gazipasa Silifke
Control (MS0) 20.00° 67.00°
2.00 47.00° 60.00°
4.00 40.00° 73.00°
6.00 40.00° 60.00°
8.00 0.00° 73.00°

Letters show different groups at 0.01 level.
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The highest callus formation rate in the
Gazipasa genotype was observed in MS food
media containing 2% and 4 mg/l 2,4-D with
73%. In the Gazipasa genotype, the highest
callus formation occurred with 47% in the
medium containing 2 mg/l 2,4-D, and callus
formation started to decrease after this
concentration. Callus formation was not obser-
ved on the medium containing 8 mg/l 2,4-D.

CONCLUSIONS

The difference in the germination rates of the
Gazipasa and Silifke bitter melon genotypes
under in vitro and in vivo conditions may be
due to seed shell hardness. The seeds of the
Gazipasa genotype are small, wrinkled and
soft, while the seeds of the Silifke genotype are
large, flat, and the shells are harder than those
of the Gazipasa bitter melon seed. The height
of the plantlets growing under in vivo
conditions in the pot were observed to be
higher than that of the Silifke genotype. The
germination rates of Gazipasa and Silifke bitter
melon seeds were high in both species under in
vivo conditions. Also, under both conditions,
the seeds of the Gazipasa genotype showed
higher germination.

In terms of callus formation rates, the media in
which the explant was cultivated, 2,4-D
concentrations, genotypes and explants were
compared and a number of differences were
observed in the obtained data. The highest
callus formation was 100% in the explants
obtained from in vitro media, whereas this rate
was detected as 87% in the explants from in
vivo media. The most effective 2,4-D
concentration in explants taken from in vitro
media was determined to be 6 mg/l in both
genotypes and both used explants (leaf and
stem). At the same time 2 mg/l 2,4-D in leaf
explants caused maximum callus formation.
The most effective concentration of auxin was
found to be 2 mg/l in both types of leaf
explants under in vivo conditions. The most
effective concentration of auxin in the stem
explant was 2 mg/l in the Gazipasa genotype,4
and 8 mg/l 2,4-D in the Silifke genotype,
resulting in maximum callus formation. Also, it
was observed that the calli of the Gazipasa



genotype were more easily dispersed than those
of the Silifke genotype. In both in vitro and in
vivo media, callus formation was found to be
73% and 67% in Silifke genotype, respectively,
whereas it was 20% in Gazipasa genotype
under in vivo conditions.

The callus formation in control group was not
detected at leaf explants for both culture
conditions. Callus formation was observed
higher in the leaf explant than that in the stem
explant in both media from which the explant
was taken.

However, some plantlets were obtained by
indirect somatic embryogenesis from callus
develoed from the stem explants of genotype
Silitke and not from the leaf explants.

Although this is the case, one plantlet was
obtained from callus formed from the stem
explants of the Silifke genotype through
indirect somatic embryogenesis and not from
the leaf explants. The obtained plantlet was
taken from in vitro conditions to the pots and
transferred to external conditions and
adaptation was maintained.
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Abstract

In vitro regenerated bulblets of Hyacinthus orientalis L., improved their size using MS medium containing different
sucrose concentrations. The sucrose concentrations showed higher growth and better development of the bulblets on
MS medium stored at 24 °C. Sucrose showed the highest performance rate at 9 % concentration for both small and
large bulblets. Sucrose treatments showed positive effects of induction of bulb diameter, number of shoots per bulb,

shoot length and bulb weight in the culture medium.

Key words: Hyacinthus orientalis, bulb size, carbohydrate, growth, micropropagation.

INTRODUCTION

Hyacinthus species, mostly natives of the mild
climate of the Mediterranean region, are
cultivated for their strong fragrant flowers
(Nowak and Rudnicki, 1993).

Among the three species of Hyacinthus, H.
orientalis is the only commercially important
one (Rees 1992, Nowak and Rudnicki (1993)
but the natural production rates of their bulblets
are very low and the number of the bulblets
developed in the scale segments of mother
bulbs are also very small (Bach et al., 1992).
Under natural conditions, axillary bulbs
develop at the base of the mother bulb; small
numbers and could start to bloom only after
2-3 years of cultivation under ideal conditions
of no biotic and abiotic stress. (Smigielska and
Jerzy, 2013).

The techniques and methodologies used in
plant tissue-culture are playing a very
important role in basic and applied scientific
studies (Brown and Thorpe, 1995).

Therefore, there is need to use these techniques
in effective way for increased and rapid
multiplication of plants in parallel to the
traditional multiplication techniques.

This could offer alluring options for
commercial multiplication of numerous
geophytes especially bulbous plants (Bach and
Sochacki, 2013).
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Plant tissue additionally offers an exceptionally
useful pathway for rapid clonal multiplication
of slow multiplying elite plant species like
hyacinth.

Explants under in vitro culture conditions
require exogenous carbon as energy source for
their growth and differentiation because they
lack complete autotrophism. Although sucrose
is the most generally used carbon source with
the concentration of 2-3% under in vitro
studies, other types of carbon sources are also
used (Huang and Okubo, 2005).

Sucrose is often assumed to be the best choice
of carbon source in cell and tissue culture
media because it is the main sugar translocated
in the phloem of many plants (Peterson et al.,
1999). However, there are a number of plants
that can grow on other sources of carbons for
plant  regeneration. Regeneration  via
organogenesis or somatic embryogenesis was
stimulated in a number of plants on the media
containing glucose, fructose, maltose, mannose
or sorbitol (Bach, 1992, Hossain et al., 2013).
There are some reports that compared the
response to carbon sources for growth and
development of some bulbous plant species like
Bach et al. (1992), who reported that glucose
and sucrose containing medium was superior to
fructose containing medium in induction of
shoots and bulblets.



The aim of this study was to understand, the
role of different sucrose concentrations in
increasing bulblet development in hyacinth.

MATERIALS AND METHODS

Plant materials and experiments

The study made use of in vitro regenerated H.
orientalis bulblets obtained in the previous
study (Kizil et al, 2016). (Figure la)
regenerated on MS medium containing 0.05
mg/l TDZ and 0.10 mg/l NAA or 0.10 mg/l
TDZ and 0.10 mg/l NAA under in vitro
conditions (primary medium).

To obtain desired increase in bulblet size, they
were cultured on MS basal medium (Murashige
and Skoog, 1962) containing with 0.00, 30, 60
or 90 g/l sucrose (w/v) and solidified with 6.2
g/l agar (w/v) in Magenta GA” vessels. The pH
of all cultures medium was adjusted to 5.6 - 5.8
with 0.1 M KOH or 0.1 M HCI before
autoclaving at 121°C, 104.5 kPa for 20 min.

Hardening and acclimatization

Well-developed bulbs were washed thoroughly
in running tap water transferred to 250 ml
plastic pots containing sterilised peat moss
under controlled greenhouse conditions at
temperature (24° + 1°C) and light 3000 lux
(16/8 h photoperiod) conditions for sprouting
and growth.

Potted plantlets were covered with transparent
plastic bags to ensure high humidity and each

bulb was given 100 ml water every day for 15
days during acclimatization.

All cultures were placed in Fitotron growth
chamber (Fitotron SGC 120; Epinal Way,
Loughborough, UK) with 16 h of cool white
fluorescent light (Philips lamps TLD 36 W/54,
Hungary) at a photon flux density of
35 umol/ m?/ s per day.

Statistical analysis

All experiments made use of 60 explants
equally divided into 10 replications. Statistical
analysis was performed using IBM SPSS 22
program for windows by comparing means
using One Way ANOVA. All values expressed
in percentage were arcsine transformed before
statistical analysis (Snedecor and Cochran,
1967).

RESULTS AND DISCUSSION

Results

It was made sure to measure initial bulblet
diameter before culturing using different
concentrations of sucrose as mentioned in
Materials and Methods (Table 1 — Figure 1a).
Thereafter, 9 weeks on the culture medium the
final increase in bulb diameter and weight was
made (Figure 1b, c¢). The results showed that
cultured small and large bulblets of hyacinth on
MS medium supplemented with different
concentration of sucrose (control, 30, 60 and 90
g I'") showed increase in all growth parameters
that were significantly (p < 0.05) different

except for shoot length (Table 1).
Table 1. Bulbils diameter and weight at the beginning and end of the study
Initial Final
Sucrose
amount Bulb Bulb Bulb Number of Shoot Bulb
gl diameter weight diameter shoots length weight
(cm) [€4) (cm) per bulb (cm) (€3]
Small Large Small Large Small Large Small Large Small Large Small Large
Control (0) 0.46 0.60 0.32 0.95 046¢c  0.59d 248c 433D 0.67 1.14 043¢ 1.16d
30 0.43 0.58 0.25 0.93 0.47 ¢ 0.76 b 325¢ 4.83b 0.68 1.17 044 c 1.52¢
60 0.43 0.64 0.26 1.01 0.75b 0.69 ¢ 5.00b 4.86b 0.75 1.18 0.50b 1.73b
90 0.50 0.68 0.32 1.08 0.87a 121a 18.16a 6.83a 1.06 1.26 0.54a 2.02a
Mean 0.46 0.63 0.29 0.99 0.63 0.81 7.22 5.21 0.79 1.19 0.48 1.61

Means within a column followed by the same letter are not significantly different according LSD test at p < 0.05.

Bulblets were categorized depending on their
size, those >0.5 cm (0.58 -0.68 cm) were called
as large bulblets and those < 0.5 cm (0.43-0.50
cm) were called small bulblets. The weight of
small bulblets changed between 0.25 and 0.32
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g and those of large ones changed between 0.93
-1.08 g.

Irrespective of sucrose concentrations used in
the study, Sucrose at 90 g I" concentration
exhibited maximum gain in bulb diameter



compared to the other concentrations tested for
enhancing diameter of bulblets of H. orientalis.
Increase in bulb diameter for small bulblets
was determined between 0.46 -0.87 cm, while
for large bulblets, the bulb diameter was
determined between 0.59 - 1.21 cm. Bulb
diameter for both sizes increased depending on
sucrose concentration in the culture medium.
Moreover, shoot length for small size bulbils
varied between 0.67 - 1.06 cm, and for large
size bulbils between 1.14 - 1.26 cm.

Bulb weight gain is very important for healthy
bulbs production. During two months duration,
bulblets, the small bulbs had difficulty in
weight gain compared to the large bulbs. The
results showed an average gain of 0.19 g
weight for small size over initial bulb weight
compared to the large sized bulblets that had
mean weight gain of 0.62 g bulblets if
compared to initial weight at the start of the
experiment. This could also be said that the
large bulbs were more prone to weight gain
compared to small bulbs.

Hardening and acclimatization

These bulbs rooted during hardening on peat
moss without treatments with any auxin (Figure
1d). Thakur et al. (2002) reported that for
hardening in vitro rooted bulblets of Lilium,
peat moss gave 100% survival. Gong et al.
(1996) obtained 80-90% survival rate of tissue
culture plants of Lilium x Connecticut King
when transplanted in potting peat moss. The
present work was the first attempt to increase
bulb diameter and acclimatise them under semi
arid conditions with 100% survival rate.

Discussion

In the present study bulblets induced on 0.05
and 0.1 mgl" TDZ and 40 and 80 g sucrose
amount in previous studies were used (Kizil et
al., 2016).

Sucrose is the most common carbon source as
well as an osmotic agent for plant tissue and
organ culture. It also supports the maintenance
of osmotic potential and the conservation of
water in cells. However, high sucrose
concentration in the media restricts the
photosynthetic efficiency of cultured plants by
reducing the levels of chlorophyll, key
enzymes for photosynthesis and epicuticular
waxes promoting the formation of structurally
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and  physiologically  abnormal  stomata
(Hazarika, 2006).

Variable concentrations of sucrose are used for
increase of bulb diameter and weight gains.
The reason of this argument should be that
sucrose is stored in bulb scales in the form of
starch and therefore the availability of this
carbohydrate source in the medium may
account for the weight increase of bulbs
(Santos et al., 20006).

There are many positive results on different
bulb increment wusing different sucrose
concentrations. Sun et al. (2012) reported that
Lilium davidii var. unicolo had 100% percent
gain in bulblet formation at the sucrose
concentration of 100 g 1", while the diameter
and weight increment of bulblets came to the

maximum.

Figure 1. Increasing bulblet diameter of H. orientalis
under in vitro conditions (a) The in vitro regenerated H.
orientalis  bulblets regenerated on MS medium
containing 0.05 mg/l TDZ (b, c¢) enhanced bulblet
diameter after 9 weeks on the culture medium containing
90 g I'' (d) rooted bulbs after hardening on peat moss
without treatments with any auxin. Bar; Figl a, c= 0.5
cm, Fig 1b,d=0.7 cm

Bach et al. (1992) have reported that
concentration and variety of sugar affected
shoot and bulblet regeneration and glucose- and
sucrose-containing medium was superior to
fructose-containing medium in induction of
shoots and bulblets.

The bulbs belonging to many species develop
dormancy to survive under unfavourable
surrounding conditions during a period that
starts from late autumn to winter and both
under in vitro and ex vitro conditions. This
dormancy could be broken by low temperature
or vernalisation treatment (Langens-Gerrits et



al.,, 2003). During this period levels of
endogenous abscisic acid (Djilianov et al.,
1994; Yamazaki et al., 2002) and sucrose
(Hobson and Davies, 1978; Aguettaz et al.,
1990) in bulbs are linked with the development
of dormancy and its release.

Santos et al. (2006) noted that if bulbs
produced on IBA and IBA+BA containing
media (irrespective of their size) were
transferred onto the same basic medium
without growth regulators by increasing
sucrose level from 3% to 6%, they promote
both rooting and further growth of the bulbs.
Furthermore, they found that bulbs attained a
mean diameter of 8 mm and medium with 6%
sucrose was the most adequate medium to
promote bulb enlargement with well-developed
root system.

CONCLUSION

Medium without growth regulators and with
sucrose increased to 9% (90 g 1) led to the
growth of the bulbs and roots as well in 9
weeks. Thereafter, the bulbs obtained on the
MS medium containing different sucrose were
planted in a soil mixture in pots. Where the
transplanted bulbs showed leaves above the
soil, indicating that the bulb dormancy had
been broken. Transplantation success was high;
with an average survival rate 80-90%.

In conclusion, the data obtained in this study
showed that sucrose doses increased from 6-9%
could be usefully used to increase the bulb size
of this important plant and could be used to
overcome the problem of low natural bulb size
obtained during multiplication.
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Abstract

We describe the optimization of cultivation medium composition for biosynthesis of Trichoderma asperellum T36
biomass. This Trichoderma strain is a multifaceted one, being antagonist against major plant pathogens, stimulating
vegetables growth, enhancing bioactive accumulation into nutraceutical crops and promoting development on early
stages of the plants cultivated into high residues system. To improve the eco-efficiency of T36 based bioproducts
production, a maximum conversion of cultivation medium components into fungal biostimulant biomass is required. We
optimize the cultivation medium through a designed experiment, based on surface response methodology, wherein
several components of cultivation medium were modified in the same time. The studied components were: glucose
(carbon source), ammonium sulphate (inorganic nitrogen and sulphur source), soymeal and yeast extract (complex,
organic nitrogen source and growth factors source), potassium mono- and di-hydrogen-phosphates (as phosphorus
source and buffering ingredients). The optimal composition of cultivation medium, resulted after experimental results
analysis, is: 34.2 g. I glucose, 0.37 g. I'" ammonium sulphate, 0.8 g. I yeast extract, 2.7 g. I soymeal, 1.2 g. I
K.HPO,, 1.7 g. I' KH,PO,. We compared the tolerance to dry-flowable formulation of T. asperellum T36 biomass
produced on optimized liquid media and on liquid Weidling media. The biomass produced on optimized media has a
better tolerance to dry-flowable formulation than biomass produced on Weidling media. Also, the preservation of
biological activities, specific to T36 strain, is better on dry-flowable formulation produced with biomass resulted from
optimized medium than that with biomass resulted from liquid Weidling medium. Higher tolerance to dry-flowable
formulation and better survival rate, of formulated T36 propagules, suggest that optimized medium promote formation of
more resilient fungal resting structures. A techno-economic analysis was performed for the optimized cultivation medium.

Key words: Trichoderma, biostimulant strain, cultivation medium, optimization, surface response methodology.

INTRODUCTION products, being marketed as biopesticides,
biofertilizers, plant strengtheners and plant
Despite positive effects associated with the use  biostimulants (Woo et al., 2014).
of agrochemicals on costs and yield efficiency  Initially Trichoderma strains, selected on their
in various agriculture systems, it is now in vitro antagonism against fungal plant
recognized that this practice presents major  pathogens, were proposed to be used as
environmental sustainability issues (Carvalho,  biopesticides/biofungicides, due to their proven
2006; Gomiero et al., 2011). high biocontrol efficacy on field trials (Sesan et
Among alternatives to agrochemicals, with al., 1999; Elad, 2000; Benitez et al., 2004).
significant lower potential impact on  However, the plant protection effects of fungal
environment, are included microbial based strains from Trichoderma genera are not related

bioproducts (Pérez-Garcia ef al., 2011). only to biocontrol through microbial
Strains from Hypocrea genera, usually known antagonism. Trichoderma was considered also
by the name of their anamorph forms, an opportunistic avirulent plant symbiont,

Trichoderma, are the most used fungal active = which activate plant defence mechanisms
ingredients into such agricultural microbial  (Harman et al., 2004). Stimulation of natural
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mechanisms involves both jasmonic acid-
ethylene (JA/ET) and salicylic acid (SA)
signalling  pathways (Nawrocka and
Malolepsza, 2013) and is done through the
action of various elicitors, including MAMPs,
microbial-associated molecular patterns, and

DAMPs, damage-associated molecular
patterns, (Hermosa et al., 2013).
Several Trichoderma strains have been

marketed as biofertilisers (Kaewchai er al,
2009), mainly due to their effects on phosphate
and micronutrients bioavailability (Altomare et
al., 1999) or on nutrients (mainly nitrogen) use
efficiency (Harman, 2011). However, plant
growth promotion by Trichoderma strains
results also from other mechanisms, beside
enhanced nutrient availability / use efficiency.
Such mechanisms include production of plant
hormones, as indole acetic acid, indole-3-
carboaldehyde, indole-3-acetaldehyde, indole-
3-ethanol (Contreras-Cornejo et al., 2009),
plant hormones modulators like ACC-
deaminase (Zhang et al., 2017) or bioactive
secondary metabolites — e.g. harzianolide and
6n-pentyl-6H-pyran-2-one (6PP) (Vinale ef al.,
2008), chrysophanol (Liu er al, 2016),
cremonolide (Vinale et al., 2016).

The above mentioned multilevel actions on
plants of plant beneficial fungal Hypocrea /
Trichoderma strains was proposed to be better
described as plant biostimulants activities
(Lopez-Bucio et al., 2015). Plant bio-stimulants
represent a new category of agricultural inputs,
which enhance plant tolerance to biotic and
abiotic stress, promote plants growth, improve
nutrient uptake and nutrient use efficiency,
influence yield quality (Brown and Saa, 2015;
du Jardin, 2015). Despite their regulatory
status, which is not fully defined on important
markets, e.g. European Union, plant
biostimulant market will reach $2,241million
by 2018, with a compound annual growth rate
of 12.5% (Calvo et al., 2014).

Our group focused on the last years on
selection and applications of Hypocrea /
Trichoderma  plant  biostimulants  strains
(Oancea et al., 2014; Raut et al., 2015; Sesan et
al., 2015). We developed new formulations for
our selected plant biostimulants Trichoderma
strains, a dry-flowable formulation (Oancea et
al.,, 2016a) and a hydro-gelified and film
forming formulation (Oancea et al., 2016b),

57

intended to be used mainly on conservation
agriculture/high residues farming and for
nutraceutical crops.

The holistic approach of sustainability for agro-
systems (Arodudu et al., 2017) involves the
eco-design of used inputs, aiming an increased
eco-efficiency, with a lower carbon footprint.
For manufacturing process of bioproducts,
especially for those based on Trichoderma
biostimulant strains and intended to be used
into low inputs agricultural systems, eco-
efficiency requires also a maximum conversion
of low costs cultivation media ingredients into
fungal biomass / fungal propagules.

The main objective of this study was to
optimize, in term of submerged fungal biomass
/ fungal propagules productivity, the
composition of a liquid cultivation media, for a
Trichoderma biostimulant strain from our

collection, 7. asperellum T36, through a
designed experiment, based on surface
response methodology. A  first derived

objective was to establish the influence of
submerged cultivation, into resulted medium
with optimal composition, on T36 propagules
tolerance to formulation, T36 propagules
survival during storage of formulated
bioproduct and preservation of T36 specific
activities during Dbioproduct storage. Final
derived objective was to make a techno-
economic analysis of the biostimulant
Trichoderma biomass production, on the
optimized medium.

MATERIALS AND METHODS

Plant biostimulant Trichoderma strain. We
used on our study a strain from ICECHIM
collection, T. asperellum T36 NCAIM F
001434, a multifaceted, plant biostimulant
strain. This strain is antagonist for major plant
pathogens (Raut er al., 2014b), produces
bioactives volatile compounds, including 6PP
(Raut er al., 2014a), protects and stimulates
vegetables growth (Raut et al, 2016),
accelerate the degradation of lignocellulose
material, enhances bioactive accumulation into
nutraceutical crops and promotes development
on early stages of the plants cultivated into high
residues system (Raut ez al., 2015).

Optimization of  cultivation medium
composition. We optimize the cultivation



medium through a designed experiment, based
on surface response methodology, wherein
several components of cultivation medium
were modified in the same time. These studied
components were: glucose (carbon source),
ammonium sulphate (inorganic nitrogen and
sulphur source), soymeal and yeast extract
(complex organic nitrogen and growth factors
source), potassium mono and di-hydrogen-
phosphates (as phosphorus source and
buffering ingredients). Design of Experiments
(DoE) approach was utilized for optimization
of biomass production. Cultivation medium
components, considered as independent factors
into DoE, were coded as following: glucose-
X1; ammonium sulphate-X2; dipotassium
phosphate-X3; mono-potassium phosphate-X4;
yeast extract-X5; soymeal-X6, were assigned
as independent variables, as shown in Table 1.
Each independent factor was tested at three
levels, with -1 designated as the lower level, 0
as the centre and +1 as the upper level. Twenty
individual experiments were performed with
different factor configurations. We used a
specialised software, Design Expert® v.10.0
(Stat-Ease, Minneapolis, MN, USA), as support
for experiments design.

Table 1. Independent factors considered for the biomass
optimization of 7. asperellum

Factorial levels
Factor (g/1) Name
-1 0 1
X1 glucose 15 25 35
X2 (NH,4),S0,4 0.20 | 0.30 | 0.40
X3 K,HPO, 1 12 | 14
X4 KH,PO, 1 1.4 1.8
X5 yeast extract 0.5 0.7 0.9
X6 soymeal 1 2 3
To ensure reliable data collection and

evaluation, several non-variable factors were
taken in consideration. The 7. asperellum T36
strain was cultivated in a submerged medium
under continuous aeration and stirring. On each
experiment 100 ml of liquid medium was
distributed in 500 ml Erlenmeyer flasks, sealed
with cotton plugs. The flasks were incubated at
25°C and agitated at 100 rpm. After 7 days, the
resulted biomass was separated from the
culture medium wusing an ultra-filtration
membrane. The resulted biomass was weighted
after drying at 105°C for 4 hours.
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Dry-flowable formulation. We used a process
for dry-flowable formulation, described in
details elsewhere (Oancea et al, 2016a).
Briefly, this process includes the following
main steps: (i) encapsulation of biostimulants
Trichoderma biomass into soft alginate
microbeads; (ii) drying encapsulated fungi with
antioxidant protection and (ii7) mixing the
resulted spray-dried flowable powder, with
polyvinyl alcohol, as adhesive agent, lecithin as
wetting agent and a CO, generating dispersant
system, based on polyacrylic acid, citric acid
and sodium bicarbonate. We applied this dry-
flowable formulation process to T36 wet
biomass, obtained after cultivation for 7 days,
at 25°C and 100 rpm, from resulted DoE
optimal media or from liquid Weidling
medium, as was already presented (Sesan and
Oancea, 2010).

Assay of water activity on stored dry-flowable

formulation. We determined the water activity

on the dry-flowable formulations, made with
T36 biomass produced on resulted DoE optimal
medium and on liquid Weidling medium, by
using a water activity meter (4TE, AquaLab,
Pullman, WA, USA). These determinations
were done each two month, for bioproducts
maintained on room temperature, on closed
dark plastic bottles.

Determination of viable propagules. We
performed monthly determination of viable
propagules, on the stored dry-flowable
formulations, made with T36 biomass produced
on DoE optimal medium and on liquid
Weidling medium. The determination was done
by cultivation on a selective media (Williams e?
al., 2003), which contains, beside the minimal
nutrients sources, biocides with selective action
toward Trichoderma strains: 1.5 mlI"
formulated propamocarb (Previcur 607 SL,
Bayer Crop Science, 607 g active ingredient
per litre); 0.15 g.L"' Roz Bengal (sodium salt,
R3877 Sigma, Sigma-Aldrich), 02 gL
pentachloronitrobenzen (quintozene, P2205
Sigma, Sigma-Aldrich), 9 mlLL"' of stock
solution of streptomycin (1% weight/volume,
S6501 Sigma-Aldrich), 0.25 g chloramphenicol
(C0378 Sigma-Aldrich). For these
determinations, we used, beside the reagents
supplied by mentioned producers, reagents
from EMD Millipore.



Determination  of in vitro  antagonistic
characteristics. We determine the antagonistic
activity, resulted from volatiles produced by
dry-flowable formulations based on T36,
grown on potato-dextrose agar, by using the
double plate sandwich confrontation assay
(Raut et al.,, 2014a). Into this confrontation
assay the used plant pathogen fungal strain was
Fusarium graminearum DSM 4527. We made
these determinations monthly, on the room
temperature stored T36 formulations, obtained
with biomass produced on DoE optimal
medium or on liquid Weidling medium.

Assay of 6PP production. We sampled 0.1 g of
each dry-flowable formulations, immediately
after formulation process and after 12 month of
storage. The formulation samples were
cultivated on potato-dextrose broth for 10 days.
We homogenized with a blender (Waring®,
Laboratory  Blender, Fischer Scientific,
Waltham, MA, USA) the resulting mycelium
within culture medium. We determined the
biomass from homogenate gravimetrically,
after filtration on filter paper Whatman No. 1
and drying at 105°C. The homogenate was
extracted twice with dichloromethane, CHCl,,
1 part of homogenate to 1 part of CHCl,. We
reunited the extracts, we vacuum dried
(Rotavapor, Buchi, Flawil, Switzerland) and we
re-suspended in 0.1 ml CHCl,. We determined
the 6PP content by gas-chromatography (El-
Hasan et al., 2007), using an Agilent 700 gas
chromatograph, equipped with quadrupole
mass spectrometer (Agilent, Santa Clara, CA,
USA) and a standard curve, made with pure
6PP (Sigma-Aldrich).

Preservation of plant material degradation
activity. We organized an experiment wherein
we recorded the oxygen consumption and
release  of  various compounds  from
lignocellulose material, treated with the tested
dry-flowable formulations, made with biomass
produced on DoE optimal medium or on liquid
Weidling medium. We introduced aseptically
into sterile Erlenmeyer flasks the following:
0.1 g of lignocellulose material (wheat stem,
dried, grounded to 0.25 mm and sterilized by
gamma-irradiation), 19 ml of sterile water, pH
5.5, and 0.1 g of flowable formulation, with
5x10° cfu per g. We determined the oxygen
consumption after incubation for 48 hours on
room temperature, by using an oxygen
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fluorescence probe (Ocean Optics, Halma,
Amersham, UK). We recovered the
supernatants and we determined: reducing
carbohydrates, with DNS reagent (King et al.,
2009); Total Organic Carbon (TOC), with a HT
Formacs apparatus (Scalar Analytical, Breda,
Netherlands), using the batch method
(Trulleyova and Rulik, 2004) and total soluble
phosphorus (Self-Davis and Moore Jr, 2000).
We performed the experiments with a control,
which include same determinations, done on
the lignocellulose material not-inoculated with
dry-flowable formulations based on
Trichoderma plant biostimulant strains. We
made these determinations on the beginning
and on the end of 12 months’ storage period.
Techno-economic analysis. We used a model
for  Trichoderma  industrial  cultivation
previously developed for cellulases pro-duction
(Klein-Marcuschamer et al., 2012), based on a
cascade of batch biosynthesis, each bioreactor
providing 5% inoculum to the next bioreactor
in the cascade. Stoichiometry of the conversion
of culture medium components into plant
biostimulant 7. asperellum T36 biomass is that
calculated per bellow Equation 1. The
residence time for each bioreactor was 96 h.
We considered the costs of the main agro-
industrial raw materials, glucose, soymeal and
yeast extract, used for the Trichoderma
growing media, as being the average price for
such agricultural commodities on European
Union during the last year (EC, 2017). For
inorganic ingredients of cultivation medium,
ammonium sulphate and potassium mono- and
di-hydrogen-phosphates, we considered the
price for fertilizers (EC, 2017). Costs were
expressed in USD.

Statistical analysis. We made all experiments
in triplicate, in complete randomized blocks.
Colony forming units, cfu, per g or per ml,
were log-transformed, with the calculation of
standard errors. We used comparison on
average survival percentage and not in log cfu.
g, because propagules producing biomass was
produced from different Dbatches. We
established statistical relevance by ANOVA
and linear mixed model (Bolker et al., 2009).
We wused a specialised software, Design
Expert® v.10.0 (Stat-Ease, Minneapolis, MN,
USA), for analysis of the results from designed
experiments based on surface response



methodology. We used Excel software (Office
365 - Excel 2016, Microsoft, Redmont, WA,
USA) to make calculations and to draw figure.

RESULTS AND DISCUSSIONS

We performed twenty individual experiments
with different factor configurations, based on
independent factors, codes as in Table 1, which
produced different quantities of biomass,
expressed as dry biomass, g.1" (Table 2). Even
on the most effective independent factor
combination Trichoderma dry biomass yield is
still under threshold of 10 g.I"'. We analysed
the experimental data containing the
independent factors, by using a specialised
software, Design Expert” v.10.0 (Stat-Ease).

Table 2. Independent factors and corresponding three
level design space

DesignExpert@ Software
Biomass

Half-Normal Plot

o
B-(NH4)2504]

BC-K2HPO4

AR
B F_soymeal
o
O Aglucose

.E -KH2PO4

Half-Normal % Probability

II
§

O“DO O“ZO O‘Lﬂ 0‘61 0132 1‘02 1‘23 1‘43 1,‘64
|Standardized Effect|
Figure 1. Half-normal plot generated by Design Expert
10 for determining individual term effects
We made an ANOVA analysis, to assess how
well the proposed statistical model fits. In
Table 3 we can see the calculated p-value for
the model and for each individual term.

Table 3. P-values for model and individual terms

Test Independent variables Bionﬁass
X1 X2 X3 X4 X5 X6 (g1
1 -1 -1 -1 -1 -1 -1 6
2 1 -1 -1 -1 1 -1 6,1
3 -1 1 -1 -1 1 1 7.8
4 1 1 -1 -1 -1 1 8.4
5 1 -1 1 -1 1 1 7,2
6 1 -1 1 -1 -1 1 7,4
7 -1 1 1 -1 -1 -1 9
8 1 1 1 -1 1 -1 7,9
9 1 -1 -1 1 -1 1 6,5
10 1 -1 -1 1 1 1 6,9
11 -1 1 -1 1 1 -1 8,6
12 1 1 -1 1 -1 -1 7,5
13 -1 -1 1 1 1 -1 7.8
14 1 -1 1 1 -1 -1 6,3
15 -1 1 1 1 -1 1 9
16 1 1 1 1 1 1 9,1
17 0 0 0 0 0 0 7.3
18 0 0 0 0 0 0 7,1
19 0 0 0 0 0 0 7,2
20 0 0 0 0 0 0 7.2

We established a full factorial DoE, with two
levels. We arrive to a reduced 3FI design
model, by imposing a constraint of 20 levels,
which include 4 centre points. Model effects
were determined from the half-normal plot.
These include: X1, X2, X3, X4, X6, X1:X3,
X1:X4, X1:X6. The last three terms show that
the glucose content in the beginning interacts
statistically with the K,HPO,, KH,PO4 and
soymeal levels. We can also observe that the
yeast extract content (X5) does not interact
significantly with the glucose content.

Biomoss =458 - 00131+ 008282+ 00813 + 025874 - 024206~ 14382 - 003 173 - 5038 — 003 -TL-E4 4 001 1176

60

Source Sum of df | Square | Value | p-value
Squares
<
Model 16.12 8 2.01 28.03 0.0001
X1 0.33 1 0.33 4.6 0.0551
<
X2 10.73 1 10.73 | 149.2 0.0001
X3 2.18 1 2.18 30.27 | 0.0002
X4 0.23 1 0.23 3.14 | 0.1041
X5 0.6 1 0.6 8.36 | 0.0147
X1*¥X3 0.33 1 0.33 4.6 0.0551
X1*X4 0.23 1 0.23 3.14 | 0.1041
X1*X6 1.5 1 1.5 20.88 | 0.0008
Residual 0.79 11 0.072
Lack of Fit 0.77 8 0.096 14.45 0.0252
Pure Error 0.02 3 6.67E-03
Cor Total 16.91 19

The wvalues are considered acceptable and
validate the data resulted for the optimal
composition of cultivation medium used for
biosynthesis of T. asperellum T36 biomass.
The coefficient of determination (R?) is high
enough (0.9532) for using the model for
optimization purposes. The standard deviation
is 0.27, while the coefficient of variation is
3.57, which further validates the model.

The final equation regarding actual factors was
calculated and is presented here as Eq. 1.

Eq. 1
The optimal composition of cultivation
medium, resulted after experimental data

analysis with Design-Expert” v10.0, is: 34.2 g.
I"' glucose, 0.37 g. I'' ammonium sulphate, 0.8



g. 1" yeast extract, 2.7 g. I'' soymeal, 1.2 g. I
K,HPO4, 1.7 g. 1! KH,PO4. This composition
is closed to the upper level of the considered
independent factors and is on agreement with
others recently reported optimization of
biosynthesis processes based on Trichoderma
strains, wherein low costs meals, from
oleaginous seeds, were used as complex
nitrogen sources of cultivation media (Gao et
al.,2013; Almeida et al., 2015).

We further used the optimal medium
composition,  resulted  from  designed
experiments based on surface response

methodology (DoE optimal medium), for dry-
flowable formulation.

The formulation process was done by using an
already published process (Oancea et al.,
2016a), which includes the following main
steps: (i) encapsulation of biostimulants
Trichoderma biomass; (ii) drying encapsulated
biomass; and (iii) mixing the resulted spray-
dried flowable powder with formulation
ingredients. We applied this dry-flowable
formulation process on T36 wet biomass,
obtained on DoE optimal medium, after
cultivation for 7 days, at 25°C and 100 rpm, or
on liquid Weidling medium, as was already
described (Sesan and Oancea, 2010).

We determined on stored dry-flowable
bioproducts, obtained with T36 biomass
produced on DoE optimal medium or liquid
Weidling medium, the water activity, the
number of propagules and the antagonistic
activity resulted from the production of
volatiles compounds. A slightly increasing on
water activity, which remains well below the
threshold requested for xerophyte micro-
organisms (i.e. osmophilia yeasts) development
into solid substrates, was demonstrated for both
bioproducts stored for 12 months - Figure 2.
Both bioproducts are stable and without risk to
develop spoilage microorganisms.

Low water activity in our dry-flowable
formulations is in concordance with others
reports regarding formulation of spray-dried
Trichoderma biomass (Jin and Custis, 2011;
dos Santos et al., 2015).

The survival of propagules from 7. asperellum
T36 biostimulant strain was good, for the tested
period of storage of 12 months, on both
bioproducts. During this storage period the T36
strain formulated into bioproducts maintained

61

its antagonistic activity toward F. graminearum,
resulted from the production of volatiles com-
pounds active against fungal pathogens (Figure 3).

A YA

8months  10months  12months

6 months

4 months
B7T36 optimal DoE  ©2T36 Weidling

2 months

Figure 2. Evolution of the water activity of bioproducts,
dry-flowable formulations of 7. asperellum T36 biomass
produced on optimal DoE medium or on Weidling
medium

99 100

Propagules survival (%)
Activity (% inhibition)

Storage period (months)

+T36 optimal DoE survival -+~ T36 Weidling survival
36 optimal DOE activity —e—T36 Weidling activity

Figure 3. Survival and biological activity (% inhibition
of growth of F. graminearum DSM 4527 by volatile)
during storage of T36 propagules, produced on DoE
optimal medium or on liquid Weidling medium and

formulated as dry-flowable products

The survival rate and the biological activity
against F. graminearum was significantly
better for bioproduct which was made with
biomass from DoE optimal medium. We
determined also the preservation of the capacity
to produce one of the major bioactive volatile
compound, 6PP, 6n-pentyl-6H-pyran-2-one,
which is toxic for fungal pathogens (El-Hasan
et al,, 2007) and have a stimulant effect on
plants (Vinale et al, 2008). Both tested
bioproducts retained their ability to produce
6PP after storage for 12 months — Table 4.
Trichoderma propagules resulted from DoE



optimal medium preserved better the capacity to
produce OPP after storage as formulated
bioproduct. The data suggest that plant-based,
complex nitrogen sources, with high content of
other bioactives ingredients, are more effective in
promoting accumulation of fungal resting forms.
Table 4. Production of 6n-pentyl-6H-pyran-2-one (mg.
g dry mycelia) by T36 strain recovered from

bioproducts made with propagules produced on DoE
optimal medium or on liquid Weidling medium

T. asperellum T36 DoE optimal| T. asperellum T36 Weidling

Initial After 12 months Initial After 12 months

84.38+14.65 74.12+9.27 82.41+12.38 | 54.64+10.78

Production of 6PP by our 7. asperellum T36
biostimulant strain, recovered from dry-
flowable bioproducts, is on the same level with
those already reported for other Trichoderma
strains (Kalyani et al., 2000; Serrano-Carreén
et al., 2004; El-Hasan et al., 2007). Cultivation
on DoE optimal medium promote formation of
propagules which maintain better the ability to
produce 6PP after long term storage on dry-
flowable formulation — Table 4.

Our plant biostimulants T36 strain was
intended to be used for treatment of plant
residues which are covering the soil on
conservation agriculture systems (Raut et al.,
2015), thus we tested also the preservation of
the capacity of propagules, produced on DoE
optimal medium or on liquid Weidling
medium, to degrade lignocellulose material.
The obtained results demonstrate that DoE
optimal medium produce propagules which are
preserving better the ability to degrade
lignocellulose material specific to CA system,
i.e. wheat straw — Table 5.

Table 5. Capacity of Trichoderma biostimulants strains,

formulated as dry-flowable products, to degrade
lignocellulose material

T. asperellum T36 DoE T. asperellum T36
. optimal Weidling
Det t
ctermmation iy After 12 i, After 12
Initial Initial
months months

Oxygen consumption | )5y | 5182027 | 224028 | 1.52:024
(mg.dm™)
Soluble phosphorus |4 76,5 15 | 17.8461.54 | 18.5821.74 | 14925181
(mcg.dm™)
Total organic content
on supernatant 4.37+0.48 4.18+0.34 4.54+0.63 3.83+0.23
(mcg.dm’s)
Soluble reducing
carbohydrates 18.24+1.73 | 18.42+2.28 | 18.42+2.35 15.40+1.84
(meg.dm™)

The results demonstrated that the biomass
produced on optimized media have a better
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tolerance to dry-flowable formulation than
biomass produced on Weidling medium,
preserving better the specific activities.
Trichoderma strains produce different types of
propagules, mycelial fragments, conidia, (aerial
or liquid), chlamydospores, micro-sclerotia,
with different bio-efficacy and/or storage
stability (Mishra et al., 2012). Usually, the
Trichoderma bioproducts are made with aerial
conidia, produced on moisten grains, by solid
substrate fermentation (Woo et al., 2014).
Better survival rate and formulation stability
was recently reported for chlamydospores,
produced on liquid medium, containing a plant-
based complex nitrogen source, i.e. cornmeal
(Li et al., 2016), and for microsclerotia and
submerged conidia, produced on liquid media,
with high carbon concentration (36 g.Lfl) and
with plant-based complex nitrogen source, i.e.
cotton seed flour (Kobori et al., 2015).

DoE optimal medium presents important
characteristics related to accumulation of more
resistant propagules: the level of carbon is high
and contains a plant-based complex nitrogen
source. This low costs, plant-based nitrogen
source, is supplemented by an additional source
of growth factors and complex / organic
nitrogen, yeast extract, with a proven
stimulatory effect on growth and development
of Trichoderma strains (Rossi-Rodrigues et al.,
2009).

The breakdown of the optimised cultivation
medium ingredients costs, resulted from the
techno-economic analysis is presented in figure
4. To produce 1 kg of T. asperellum T36
biostimulant strain the total costs for medium
ingredients is 2.45 USD. More than 75% of
this cost with medium ingredients is for
glucose, which represent almost 81.5% from
the weight of the cultivation medium
ingredients.

Medium ingredients represent 28% of the total
operation costs for manufacturing bioproducts
based on Trichoderma (Klein-Marcuschamer et
al., 2012). Thus, the cost for industrial
production of biostimulant  Trichoderma
biomass is under 10 USD per kg. The value of
formulation ingredients in on average on the
same  order. The  price  for  the
commercialisation for the field crop of such a
bioproduct was considered 20 USD. kg™, with
a 50% production margin (sale price double



than production costs). The treatment with a
dose of 2 kg/ha of bioproduct based on
biostimulant  Trichoderma is around 40
USD/ha. The value of the additional yield
resulted from such treatment on conservation
agriculture systems is at least 100 USD.ha’
(Oancea, 2011), which make it profitable even

Figure 4. Breakdown of the optimised cultivation
medium ingredients costs

Liquid Weidling medium contain a reach
nitrogen source, bactopeptone, produced by
enzymatic treatment of animal protein. Our
results demonstrate that a plant-based, complex
nitrogen sources, with high content on other
bioactives, are more effective in promoting
accumulation of fungal resting forms more
resistant to formulation, than nitrogen reach
animal-based product. is on agreement with
others recently reported optimization of
biosynthesis processes based on Trichoderma
strains, wherein low costs meals, from
oleaginous seeds, were used as complex
nitrogen sources of cultivation media (Gao et
al., 2013; Almeida et al., 2015).

CONCLUSIONS

We used a designed experiment, based on
surface response methodology, for the
optimization of medium composition for
submerged biosynthesis of biomass from a
biostimulant strain, 7. asperellum T36. The
studied medium components were: glucose
(carbon  source), ammonium  sulphate
(inorganic nitrogen and sulphur source),
soymeal and yeast extract (organic nitrogen and
growth factors source), potassium mono- and
di-hydrogen-phosphates (as phosphorus source
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and buffering ingredients). The optimal
composition of cultivation medium, resulted
after experimental data analysis, is: 34.2 g. 1"
glucose, 0.37 g. I'" ammonium sulphate, 0.8 g.
I'' yeast extract, 2.7 g. 1" soymeal, 1.2 g. I"
K,HPO,, 1.7 g. I KH,PO,. We compared the
tolerance to dry-flowable formulation of T.
asperellum T36 biomass produced on
optimized liquid media and on liquid Weidling
media. The biomass produced on optimized
media has a better tolerance to dry-flowable
formulation than biomass produced on
Weidling media. It seems that plant-based,
complex nitrogen sources, with high fibres
content, are more -effective in promoting
accumulation of fungal resting forms more
resistant to formulation, than nitrogen reach
animal-based products. The costs of the
optimized medium ingredients determine a cost
of  biostimulant  Trichoderma  biomass
production lower than 10 USD.kg™.
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Abstract

National Institute of Research and Development for Potato and Sugar Beet Brasov in 2016 INCDCSZ investigated two
hydroponic systems to see the behavior of different potato Romanian varieties (Brasovia, Castrum, Marvis and Sarmis)
regarding the following parameters: the number of minitubers/plant and weight of minitubers/plant. As hydroponic
systems it was used one with circulating nutrient solution and another one with static layer of nutrient solution and for
both cases the substrate used was perlite. Regarding the average weight of minitubers/plant, the plants culture on
circulating nutrient solution had a beneficial influence comparative with culture on static stratum of nutrient solution,
which recorded a highly significant difference in minituber weight compared to the first mentioned, statistically
assured. Analyzing the number of minitubers using the hydroponic culture, relative to control variety (Brasovia with
5.10 minitub./pl.) shows that the Castrum variety gets the best results with a positive significant distinct difference
(+5.90 minitub./pl.) followed by variety Marvis with a positive significant difference (+5.10 minitub./pl.). Varieties
influence on weight mintub./pl. shows that the difference is very significant positive for Marvis variety (+42.49 g),
compared to control variety and insignificant for the other varieties. From the obtained data we recommend using
hydroponic system with nutrient solution circulating.

Key words: hydroponics, minitubers, nutrient solution, perlite, plantlets.

INTRODUCTION provides nutrients, air, water, etc. Changing the

soil with another alternative growth medium
The world's population increased greatly in last tends to be expensive.
few decades. The improvement of living Sometimes, the soil may create limitations on
standard in many countries increased with the the growth of plants. Some of these are: the
great demand for high value crops, off season presence of disease-causing organisms and
supply and high quality products. Therefore, pests, inadequate soil reaction, unfavorable soil
quality of life of people increased considerably. compaction, poor drainage, degradation due to
In this regard, protected agriculture which is a erosion, etc. (Hussain et al., 2014).
labor intensive industry can produce higher Hydroponic method application has increased
amount of food for the increased population of  significantly in recent years, worldwide,
the world. The efficiency and quality of the because it allows a more efficient use of water
agricultural produce can be increased through and fertilizer, and better control of climate and
the modifications of the environmental nuisance factors (Trejo-Téllez and Goémez-
controls, management of culture systems and Merino, 2012).
use of technological innovations. The greatest By using the hydroponic method increases crop
advantage of soilless culture is that it allows quality and productivity, leading to increased
direct control of the nutrient solution, possible competitiveness and economic income (Trejo-
to modify composition and concentration to Téllez and Merino Gomez-2012). Using
achieve predictable results in relation to dry hydroponic  systems offers an excellent
matter content, nitrate content or other alternative by reducing the potential risk of
organoleptic and structural features of the crop roots contamination with pathogens and tubers
produce (Elia A. and colab. 1999 cited by, from the soil and eliminating chemical
Asaduzzaman and colab. 2015). The soil is disinfectants, which are generally very harmful
usually most available growth medium for to human health and the environment
plants. For a successful plant growth, soil (Scherwinski-Pereira et al., 2009).
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Horticultural crops "without soil" is now a true
peak of high-performance technologies that
have already gained a leading position in world
agriculture crop production (Atanasiu, 2007).
In conditions of our country, in recent years
there has been increased interest in these
unconventional technologies culture that open
attractive prospects for professional growers
(Atanasiu, 2007).

Advantages of hydroponic culture: cultures can
be grown where there is no suitable soil or
where the soil is contaminated with pathogens;
watering and other traditional practices are
largely eliminated; possible maximum yields,
which makes the system without soil to be
economically feasible in high density;
conservation of water and nutrients is a feature
for all systems; this will reduce pollution; a
more complete environmental control is a
general feature of the system.

MATERIALS AND METHOD

The study was done in 2016 in Laboratory of
Vegetal Tissue Culture, National Institute of
Research and Development for Potato and
Sugar Beet Brasov.

The biological material used in the study
consisted in: meristems for obtain a material
free of virus. After 6-8 months biological mate-
rial, by in vitro subculture, was represented by
plantlets, from Brasovia, Castrum, Marvis and
Sarmis varieties.

Potato seed starts from a virus-free meristem
located in the apex growth (meristem dimen-
sions are 0.1-0.2 mm). Meristematic explants
are inoculated in test tubes containing
Murashige-Skoog (1962) medium.

After a period of 6-8 months, depending of
genotypes, from meristems are developed
vitroplants (plantlets) (fig. 1).

To ensure the phytosanitary accuracy DAS
ELISA test is performed.

The infected plantlets are eliminated and we
multiplied in vitro only the healthy ones. /n
vitro multiplication is performed in sterile
conditions, by segmenting at every internode
and minicuttings obtained are inoculated on
fresh Murashige-Skoog medium for the
formation of new plantlets.

After obtaining a sufficient number of plantlets,
these plants are planted in hydroponic system
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(fig. 2) with circulating nutrient solution (a)
and static stratum of nutrient solution (b) in
protected space "insect-proof™.

The experience was bifactorial, 4x2 and
number of repetitions was 5: experimental
factor A, type of culture in hydroponic system
with 2 graduations: a;- culture on circulating
nutrient solution; a, - culture on static layer of
nutrient solution; experimental factor B,
cultivar with 4 graduate: b;- Brasovia;
b,- Castrum; bs- Marvis; by — Sarmis.

Figure 2. Planting in vitro material in hydroponic
culture: with circulating nutrient solution (a)
and static stratum of nutrient solution (b)

Other materials used in experience: a
recirculating hydroponic system which can
reuse unabsorbed nutrient solution during the
process of irrigation, containing: basin, tray,
pots, pump, supply system; culture tanks



(trays) for pots with industrial substrate made
of galvanized sheet with sides 0.9 m and height
of 10cm ferry with a stopper drain and refresh
with new solution; perlite used as substrate for
plant rooting; fertilizers: nutrient solutions for
culture without soil ,,Universol".

In the first stage our aim was to have a higher
concentration of nitrogen, then in the second
stage to have a higher concentration of
phosphorus and potassium, respecting levels
specified in the technical prospectus in
accordance with the needs of plants in N, P,0Os,
K,O0, MgO, and micro elements, namely:
Yellow Universol 12 + 30 + 12 + 2 MgO +
micro elements (at a concentration of 0.5 to 1.0
g/l); Violet Universol 9 + 9 + 27 + 9 MgO +
micro elements (at a concentration of 0.5 to 1.5
g/l).

Phases of potato seed production program by
using hydroponic culture method are:

In the first year: tubers of the best clones of
varieties are selected; the tubers are washed
and kept in laboratory conditions, to light for
sprouting; in February-March meristems are
taken from tubers shoots and placed on the
growth medium in tubes; subcultivation of
meristems; in August and September from
meristems are formed plantlets by multiplying
stem cuttings; meristematic plantlets are tested;
healthy cuttings are multipling further (and
kept in tubes).

In the second year: multiplication of plants
from January to April; transferring of plantlets
in "insect-proof™ space is performed in May, on
industrial substrates; the growth medium is
treated with preventive insecticide, as a precau-
tion against aphids; is perform regular control
of system to ensure accurate phytosanitary of
plants is achieved ELISA; in the beginning of
August the drip system is interrupted to stop
the growth of plants; in late August - beginning
of September is harvested minitubers;
minitubers are located in the storage space (at a
low temperature: 4°C), the net bag;

The third year: minitubers are planted in
isolated field (clonal field).

Haulms were cut two weeks before harvesting,
then was performed harvesting, counting, and
determining  the  average  weight of
minitubers/plant.

RESULTS AND DISCUSSIONS

Using method of analysis of variance, results
obtained for variants planted in two variants of
hydroponic system (Table 1) were interpreted
statistically. For the first parameter, the average
number of minitubers, the analyzed values
were similar, the difference was not significant,
statistically assured (-2.90 for minitubers
obtained in system with static stratum of
nutrient solution).

Table 1. Influence of hydroponic system used on the minitubers number obtained
The average number of minitubers

Hydroponic system produced/plant Differences Significance
Number %
System with circulating nutrient solution (Ct) 9.80 100.00 -
System with static stratum of nutrient 6.90 70.40 -2.90 ns
solution
DL 5%=2.96; DL 1%=4.96; DL 0.1%=9.17

Table 2. Influence of hydroponic system used on the weight of minitubers obtained/plant

System with circulating nutrient solution (Ct)

57.91

100.00 = =

System with static stratum of nutrient solution

26.39

45.58 -31.52 000

DL 5%=7.05 g; DL1%= 11.67g; DL 0.1%=21.84 g

For the two types of systems in which mini-
tubers were produced (Table 2), the difference
in system with static stratum of nutrient
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solution reached -31.52 minitubers/plant,
compared to the circulating solution, which is
very significant negative, statistically assured.



For obtain minituber with high weight/plant it
is recommended the system with circulating
nutrient solution.

Regarding of the influence of variety (Table 3),
by comparison with the control variety
Brasovia is noted that Castrum variety had a
distinct significant difference, positive by
+5.90 minitub./plant and Marvis variety had a
significant  differences  positive  +5.10
minitubers/plant.

About the weight of minitub./plant (Table 4),
statistical interpretation presents a very
significant positive difference, statistically
assured for Marvis variety (42.49 g).

In case of combined influence of hydroponic
system and varieties studied (Table 5), a

significant difference positive for number of
minitubers, statistically assured was obtained
for Marvis variety (+7.4 minitub/pl.) in case of
culture with circulating nutrient solution. In
hydroponic system with static stratum of
nutrient solution Castrum variety recorded a
significant difference positive (+7.2
minitub./pl.). Between the two hydroponic
system models Marvis variety recorded a very
significant negative difference in case of
nutrient solution with static stratum (-7.20
minitub./pl). It can be seen that the values are
higher for system with circulating nutrient
solution, only Castrum variety presented the
same number of minitubers in both cultures.

Table 3. The influence of variety on the average number of minituber obtained in hydroponic system

Number of minitubers/plant

N Differences Significance
Brasovia (Ct) 5.10 100.00 - -
Castrum 11.00 215.69 +5.90 *K
Marvis 10.20 200.00 +5.10 i
Sarmis 7.10 139.22 +2.00 ns

DL 5% =3.87; DL1% =5.26; DL 0.1% = 7.04

Table 4. The influence of variety average weight of minitubers/plant in hydroponic system

The average wei

Variety

ght

of minitubers produced/plant)

/
%

Differences Significance

Brasovia (Ct) 100.00 -

Castrum 28.57 90.58 -2.97 ns
Marvis 74.03 234.71 +42.49 RS
Sarmis 34.46 109.27 +2.92 ns

DL 5% =16.75; DL1% = 22.77 ; DL 0.1% = 30.51

Table 5. Influence of variety and hydroponic system on the average number of minituber obtained/plant

: . System with circulating nutrient System with static stratum of Dif.
Hydroponic " " .
-y solution, al nutrient solution, a2
. Number of o . Number of . .

Variety minitub/plant Dif ‘ Sig minitub/plant Dif Sig ‘ azal
Brasovia b; 6.40 - - 3.80 - - -2.60 *
Castrum b, 11.00 +4.6 | ns | 11.00 +7.2 & 0.00 ns
Marvis bs 13.80 +74 | * 6.60 +2.8 ns -7.20 000
Sarmis by 8.00 +1.6 | ns | 6.20 +2.4 ns -1.80 ns

DL 5% =5.47 (minitub.)
DL 1%= 7.44 (minitub.)
DL 0,1%=9.96 (minitub

Statistical analysis on the influence on weight
minitubers obtained (Table 6) shows that
Marvis variety has a very significant positive
difference of + 80.9 g. Comparing the two
systems, only Sarmis variety obtain minitubers
with a higher weight/pl., recording a significant

b
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DL 5% =2.18 (minitub.)
DL 1%=3,12 (minitub.)
DL 0,1%=4,61 (minitub.)

positive difference (+7.92) in case of culture on
static stratum; for the other varieties, the
differences are very significant negative, this
aspect showing us the beneficial influence of
system with circulating nutrient solution
regarding the weight of minitubers.



Table 6. Influence of variety and hydroponic system on the average weight of minituber/plant (g)

System with static stratum of
nutrient solution, a2
Average
weight of
minituber

(2)

System with circulating nutrient solution, al

Hydroponic
system /

Variety Average weight of

minitur (g) Dif

Dif. Sig

Brasovia b; 40.70 - 22.38 - -18.32 o000
Castrum b, 38.81 -1.89 ns 18.31 -4.07 ns -20.5 000
Marvis bs 121.60 180.9 o 26.44 +4.06 ns 95.16 000
Sarmis by 30.50 -10.2 ns 38.42 +16.04 ns 17.92 *
DL 5% =23.70 (g) DL 5% =6.55 (g)
DL 1%=32.21 (g) DL 1%=9.26 (2)
DL 0,1%=43.14 (g) DL 0,1%=12.87 (g)
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= 40«4 b O p 0 e M
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The letters indicate differences between variants according of the ANOVA and Duncan test (P <0.05)

Figure 3. Hydroponically number of minitubers/variety was higher in system
with circulating nutrient solution than in static stratum
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Figure 4. Hydroponically weight of minitubers/variety was higher in system with circulating nutrient solution
than in static stratum

CONCLUSIONS

In conclusion, results of the presented study
show that system with circulating nutrient
solution can be a suitable system of producing
potato pre-basic seed and it optimization may
be considered as a strategic investment with the
aim of promoting a more efficient and
sustainable production of high quality potato
minitubers.
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Abstract

The development of the winter pea crop represents a major challenge to expand plant protein production in temperate
areas. Breeding winter cultivars requires the combination of freezing tolerance as well as high seed productivity and
quality. In this paper we present data obtained from the F3 and F4 lines of winter peas from the four hybrid
combinations (Specter/F95-927; F98-492/Windham; F95-927/CHECO, Specter/CHECO) obtained in theNARDI-
Fundulea. A number of 121 lines (81 F3 lines and 40 F4 lines descendants from F3) selected from winter/winter and
winter/spring crosses pea genotypes, have been tested in two years 2015 and 2016 in the field of NARDI Fundulea. At
these lines were determined winter hardiness, earliness, yield and plant height comparing with the winter peas control
(Specter, Checo and Windham). The results of this preliminary study suggested that it is possible in the breeding of
winter peas to realize, in the same time, a genetic progress for high yield, good level of winter hardiness, plant height

and earliness.

Key words: winter pea, breeding, winter hardiness, yield.
INTODUCTION

Field pea (Pisumsativum L.) is one of the most
important grain legumes in the world. Its grain
is a major source of plant-based dietary protein
for animals.

Kosev (2010) said that field pea can provide
protein-rich feed and improve the sustainability
of organic systems. The share of agricultural
land that is under organic agriculture
approaches 4% in EU and 7% or more in
Scandinavian countries, Italy, Austria and
Greece, and it may reach 25% in EU by 2030.
Field pea continues to be an important crop
worldwide both for food and feed and as a
rotational crop with other cultures. The pea
breeding programs are based on yield and yield
components. Pea grain yield is a quantitative
trait which is affected by many genetic and
environmental factors.

Cultivars adapted to winter sowing have been
developed and deployed in Europe and north-
west USA giving the potential for better yields
because of a longer growing season, higher
biomass production, and earlier maturity to
avoid late season drought and heat stress
(Hanocq et al., 2009). The introgression of the
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Hr allele, which delays flower initiation until
after the main winter freezing period shave
passed, permitted to obtain some cultivars with
notably improved winter hardiness (Lejeune-
Hénaut et al., 2008).

Delayed floral initiation helps some forage pea
genotypes to escape the main winter freezing
periods, as susceptibility to frost increases
during the transition to the reproductive state
(Lejeune-Hénaut et al. 1999). Numerous
studies describe the physiological and
phenological effects of the main loci governing
the transition to flowering in pea, such as Lf
and Hr, known to delay floral initiation of
autumn-sown peas until a longer day length is
reached in the following spring (Lejeune-
Hénaut and Delbreil 2009). The oldest winter
pea cultivars carry the dominant allele, Hr, but
some of them have /r allele (Bourion et al.
2002). A study of one population of
recombinant inbred lines (RILs) allowed
detection of six quantitative trait loci (QTL) for
frost tolerance, which is in agreement with
oligogenic determinism of frost tolerance in
pea. In this population, the most explanatory
QTL was found to colocalize with the Hr locus
(Lejeune-Hénaut et al. 2008). Further studies in



the same genetic background gave an insight in
the genetic determinism of physiological traits
potentially involved in cold acclimation,
showing for example the colocalization of
QTLs for raffinose concentration or RuBisCO
activity with QTLs for frost tolerance on
linkage groups 5 and 6 (Dumont et al. 2009).
Winter peas have a good level of frost
resistance, and are also characterized by a large
foliage development in spring which favours
lodging and fungal diseases in humid
conditions (Lejeune-Heaut et al., 1999).

In temperate climate, winter crops are the
majority andfrost damage is an important factor
reducing crop yields, especially in regions
where winter is regularly severe (Biarnés et al.,
2016). The winter forage pea varieties are
suitable for arid regions. The utilization of
winter forage pea in the conditions with a high
water deficit, results in higher and more stable
aboveground biomass and protein yields,
enhancement of the ratio between symbiotic
and fertilizer nitrogen in organic farming and
the possibilities for more economic use of the
agricultural land (Castel et al., 2017).

Winter peas may soon become an alternative
increasingly more reliable and profitable crop
canola.Genetic variation hasbeen reported for
vegetative-stage frost tolerance (Swensen and
Murray, 1983; Bourionet al. 2003), and there
has been some genetic analysis of differences
for frost tolerance, and six chromosomal
regions affecting winter frost tolerance were
identified. Genetic analysis of frost tolerance is
a prerequisite for the development of lines that
are tolerant to frost at reproductive stages
(Shafiq, 2012).

The aim of this work was to appreciate the
yield performance and other traits, mainly the
winter hardiness of several winter pea lines in
the climatic conditions from NARDI-Fundulea.

MATERIALS AND METHODS

In this study the plant material used initially
consisted in 19 lines from each the four hybrid
combinations (Specter/F95-927, F98-
492/Windham; F95-927/CHECO;
Specter/CHECO) and 5 parents, tested in two
years (2015 an 2016) at NARDI Fundulea.

In 2015, the first 81 F3 peas lines were tested
in four preliminary micro-cultures, each of
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them with 25 variants, one rep besides checks
(parents of these lines: Specter, Windham,
Checo, F95-927 and F98-492), on a plot of 6m”
harvested area.

In 2016, 40 lines of peas F4 generation
(descendants from F3 generation presented
above) were tested in preliminary micro-
cultures, each of them with 25 variants, one rep
besides (parents of these lines), on a plot of
6m’ harvested area. The lines from F4
generationare more advanced and more stable
than lines from F3 generation.

The two years of testing were climatically
different, so that, 2015 winter was slight
enough, with a short period with negative
temperatures of - 20°C (the end of January),
with a snow layer of 20 cm which has protected
the crop. There are no damages registered due
to frost. The early spring was normal, fact that
led to restart the vegetation under optimum
conditions.

In contrast to the 2015, the 2016 winter was
more sever, with a short period with negative
temperatures of - 14,5°C (the begining of
January), without snow, which realised a good
differentiation of genotypes regarding the
winter hardiness. The early spring, allowed the
restart the vegetation in the begining of
February, with an average air temperature
higher with 9,5 °C than normal during 50 years.
Under these conditions, the peas genotypes
were highly differentiated versus other years,
regarding flowering precocity depending their
reaction to daylight. The wvarieties peas
originating from USA, Specter and Windham
cultivars, with a requirement of a longer
photoperiod — 12 hours/day - did not passed to
the generative stage, in spite of the high
temperature registered in the bigining of
February.

The level of resistance to winter hardiness was
estimated in the field, early in the spring, in a
scale 1 to 9, where score 1 is very resistance
and 9 very susceptible. Plant height was
measure in cm, total length of plant from the
ground till the top to the end of flowering time.
The earliness was appreciated like number of
days from Ist January till the end of flowering
time and yield as kg/ha.

The statistical analyses of data have been
evaluated by ANOVA, correlations and linear
regressions between study traits.



RESULTS AND DISCUSSIONS

Yield performances of 40 peas lines of F4
generation and 81 lines F3, tested in advance
trials and respectively in preliminary trials in
2015 and 2016, (Figure 1 A and B) showed a
large variation.

Among of F3 lines (bulk) 27% of them and
31% from the F4 lines, have achieved superior
yields than the winter checks, Windham,
Specter and Checo. There are several lines
which realized 4.5 till 5 t /ha. That mains it is
possible to be realize an important genetically
progress for yield from such germplasm.

25 Windham
Checo N=81
Specter
20
X
‘;_15
o
c
)
o
@10 F95-927
e F98-492
5 -
0 -
05 1 15 2 25 3 35 4 45
Yield (t/ha) A

Figure 1.A. Distribution of 81 F3(A) winter pea lines
after their yield performnces (t/ha) in 2015

Frecgency (%)

3
Yield (t/ha) B

35 4 45 5 55

Figure 1.B. Distribution of 40 F4 winter pea lines after
their yieldperformances (t/ha) in 2016
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Also, it is very important to select the
perspective lines with good yield potential but
in the same time to recombine an acceptable
earliness for Romanian climate conditions. The
distribution of the 40 of F4 lines for precocity
(Figure 2), divides the breeding material in two
groups: late forms which take this trait from
American peas cultivars Windham and Specter,
and early forms similar with spring peas
parents F98-492 and F95-927 and respectively
winter peas cultivar Checo.

45

N=40

Specter

Checo
Windham
N2

F95-92
N
T T T T T T T T T T t

100103 106 109 112 115118 121 124 127 130 133

Earliness (no.days from 1 st. Jan.)

Figure 2. Distribution of 40 F4 winter pea lines
after their earliness

Based on molecular assay, using molecular
marker AA175, the parents used in this study
have split into two groups: Specter and
Windham carry Hr allele and Checo, F95-927,
F98-492 carry hr allele (data not shown).
According to this distribution, the most of the
lines, 82.5% approximately, were in the early
group.

The distribution of the 40 lines from F4
generation for plant height (Figure 3) indicated
the presence of pea lines with differentplant
height, from 80 cm till 210 cm. Most of them
are shorter than tallest parent Specter, only a
few have been the same plant high like Specter.
What it is interesting that many of the lines had
intermediate plant height, between short plant
parents, Windham and Checo and height plant
parent Specter. That mains the possibility to
realize the new varieties with different plant
height, that being important for end use of this
varieties, for seed or for silage.
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Figure 3. Distribution of 40 F4 winter pea lines after
their plant height (cm)

The data for winter hardiness presented in
figure 4, suggest that it is easier enough to
recover the winter hardiness level like winter
parents, in the many lines, even from the
winter/spring crosses. From the distribution of
the 40 F4 lines, it is possible to see that 60% of
them are the same level of winter hardiness like
winter parents, Checo, Windham and Specter.
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Figure 4.Distribution of 40 F4 winter pea lines after their
winter hardiness

Having in view that winter hardiness in winter
peas is a very important trait, there was
necessary to highlight in what way this trait
could be recombined with other important
agronomical characteristics, likeearliness to
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flowering, plant height, grain yield as well as
the relationship among other traits as plant
height/earliness or yield/earliness. Correlations
between different characteristics in 81 F3 lines
from 2015 and 40 F4 lines from 2016 were
presented in Table 1.

The correlation between winter hardiness and
yield in F3 and F4 lines was very distinct
significantly negative (r=-0.54 and r=-0.60)
(Tablel and figures 5 A and 5 B), what means
that in winter peas is absolutely necessary to
cultivate genotypes with good level of winter
hardiness, to realize high and stable yields.
Also relationship between plant height and
earliness should be positively strong enough in
some case, what mains that it quite easily to be
recombine such characteristics. The correlation,
between plant height and winter hardiness, was
only in F4 lines negative significantly (r=-
0.32), but in the F3 lines, was not significant,
that suggests possibilityto select the genotypes
which recombine both traits.

Table 1. Correlation coefficients among different traits in
F3 and F4 lines of the four hybrid combinations

The Correlation between The
generation different characters correlation
genotypes coefficient

81 F3 Winter hardiness/yield -0,54%**
lines Winter hardiness/earliness -0,05ns
tested in | Winter hardiness/plant -0,02ns
micro- height
cultures | Plant height/earliness 0.45%%*
in 2015 Yield/earliness 0.19ns
40 F4 Winter hardiness/yield -0.60%**
lines Winter hardiness/earliness -0.21ns
tested in | Winter hardiness/plant -0.32%
micro- height
cultures | Plant height/earliness 0.28ns
in2016 | Yield/earliness -0.32*

The relationship between yield and earliness, in
F3 and F4 peas lines was insignificant and
negative significant, (0.19 and -0.32), what
mains that later types can realize high yield
than earlier types.

Also, the relationship between winter hardiness
and earliness, in the all cases, was not
significant, that mains it is too easy to select the
winter pea form with both traits.
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Figure 5.A. Relationship between winter hardiness
and yield data of 81 F3 lines
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Figure 5.B. Relationship between winter hardiness and
yield data of 40 F4 lines

The correlation distributions between yield and
winter hardiness of 81 F3 lines and of the 40 F4
lines tested in 2015 and 2016 respectively,
presented in Figure SA and5B, indicated, in the
both cases, that there are lines with the same
level of winter hardiness like winter parents but
with higher yield than this. Such lines are from
combination hybrids F95-927/Checo, from F3
were 13008MT2, 13008MT1 and 13008MT5
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and from F4, 13008MT21-1, 13008MT20-2,
and 13008MT19-1.

CONCLUSION

The data obtained in this study on the F3 and
F4 random lines from four hybrid combinations
(Specter/F95-927; F98- 492/Windham; F95-
927/CHECO; Specter/CHECO) suggested the
possibility to achieve simultaneously a genetic
progress for high yield, good level of winter
hardiness, plant height and earliness, useful in
the breeding of winter peas.
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Abstract

Postharvest diseases of fruits and grapes are caused by fungi and bacteria and the losses in this step increase several
folds than in the field. In the case of the grapes, most damages are due to the presence of filamentous fungi belonging to
species like Botrytis sp., Penicillium sp. or Aspergillus sp. Several non-chemical treatments have been proposed for
fungal decay control, including acetic acid. Our experiments have targeted the potential inhibitory effect of different tea
sourced Kombucha crude extracts on the most common moulds of the grapes in pre and postharvest steps. Kombucha is
known mainly as a consortium (SCOBY - symbiotic acetic/lactic bacteria and yeast). Because of the presence of acetic
bacteria the final content in acetic acid of Kombucha suspensions vary between 8.5 and 17 g/l. Kombucha tea
suspension has been prepared starting from three different source of tea plants, respectively green tea, green tea with
Melissa officinalis L. and oolong tea. The most significant inhibition has been registered in the case of Botrytis cinerea
(38 -55%), less significant on Penicillium expansum (4-8%) and not significant on Aspergillus flavus and Aspergillus
carbonarius. It is proposed further to investigate the inhibition of Kombucha extracts, in vivo, on artificially infected
grape berries with Botrytis cinerea and to validate the in vitro results.

Key words: grape, postharvest, mould, Kombucha crude extract.

INTRODUCTION

Postharvest diseases of fruits and grapes are  products such as flavour compounds, acetic
caused by fungi and bacteria and the losses in acid, propolis, chitosan or plant extracts, have
this step increase several folds than in the field  the potential to replace synthetic fungicides in
(Coates et al., 1997; Scholberg, 2009; Meneses postharvest (Tripathi et al., 2004; Xu et al.,
et al., 2014). In the case of the grapes, most 2007; Scholberg, 2009; Meneses et al., 2014).
damages are done by the presence of  Acetic acid can be employed with no restriction
filamentous fungi belonging to species like  as preservative and represents a possible
Botrytis sp., Penicillium sp., Aspergillus sp. or  substitute to sulphur dioxide. The use of acetic
Rhizopus sp. (Scholberg, 2009). Postharvest acid in postharvest treatments have been
diseases of the grapes are controlled by the  reported for citrus fruits (Venditti et al., 2009),
application of sulphur dioxide, either by weekly stone or berry fruits (Scholberg, 2009; Radi et
fumigation in storage rooms or by packing al, 2010), as well as for table grapes (HAfez,
grapes in polyethylene-lined boxes with 2008; Vendetti et al., 2012).

sulphur dioxide generator pads (Hafez, 2008). Kombucha is known mainly as a consortium
Several non-chemical treatments have been  (SCOBY - symbiotic acetic/lactic bacteria and
proposed for fungal decay control. Although  yeast) used to prepare from green tea a slightly
these approaches have been shown to reduce  acidulous beverage with several reported
postharvest rots of fruit or grapes each has  positive health effects, but these effects still
limitations that can affect their commercial  have to be scientifically demonstrated. In the
applicability (Tripathi et al., 2004). The  recent years, the interest in cultivating
exploitation of natural products to control fruits Kombucha consortium is linked to the
postharvest diseases and to prolong their  production of bacterial cellulose of very diverse
storage life has received special attention in the  use (medical, textile, industrial, etc) because of
last decade. Biologically active natural its versatile structure; in this process are
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involved acetic bacteria from the SCOBY, like
by Gluconacetobacter sp. or Acetobacter sp.
(Dutta et al, 2007; Nguyen et al. 2008). Acetic
acid concentration in Kombucha range from 8.5
to 17-18 g/L if the tea is allowed to ferment
more than 21 days to 30 days (Jayabalan et al.,
2014; Chakravorty et al., 2016). In the case of
cellulose production, the suspension, otherwise
used as beverage, is a residue and its possible
uses are under screening. Because of the acetic
acid levels, may be used also as treatment in
postharvest fruits or grapes.

In this context, the main aim of our research it
was to test the effects of different tea sourced
Kombucha extracts on the growth of the most
common moulds which lead to the decay of the
grapes in the pre and postharvest steps.

MATERIALS AND METHODS
Kombucha filtrate preparation. The
Kombucha SCOBY consortium has been

procured from Medica Farmimpex S.R.L.,
Otopeni, Romania through the kindly help of
Dr. Ionut Moraru.

Kombucha tea suspension has been prepared
starting from three different source of tea
plants, respectively green tea Camellia sinensis,
green tea with Melissa officinalis L. and
oolong (dark green Camellia sinensis) tea. The
sweetened tea (90 g sucrose/L and 10 g/L
plant) has been fermented with Kombucha
SCOBY  during 18 days at 28°C. After the
fermentation, the suspension has been
centrifuged at 1000 rpm during 10 minutes to
separate the debris, followed by sterile filtration
through Millipore membrane of 0.2 pm pores
size.

Measurement of pH and acetic acid content.
After sterilisation, the pH has been determined
with an electronically pH meter and the crude
extract (100%) has been wused in the
antagonistic tests. The acetic acid was
determined in Kombucha crude extract by high
performance liquid chromatography (HPLC).
The mobile phase was 20 mM potassium
dihydrogen phosphate, pH 2.4 with a flow rate
of 1.0 mL/min and running time of 40 min. The
column temperature was maintained at 28°C
and the detection was carried out at 220 nm by
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comparing the retention time of the standard
compounds. The concentration of acetic acid
was quantified from standard curves.

Fungal pathogens. Four different moulds
have been taken into account in the
experiments, being known as most common
contaminants of the grapes, respectively B.
cinerea MI-Aligote H, P. expansum MI-BB H,
A. flavus M1-35 and A. carbonarius MI-32. All
moulds strains have been isolated from grapes
and identified in the laboratory of Applied
Microbiology from UASMYV Bucharest Faculty
of Biotechnologies, Romania. Cultures are
maintained on PDA (potato-dextrose-agar)
medium at 4°C.

Inoculum preparation. Targeted moulds have
been cultivated on PDA plates during 14 days
at 20°C in the case of B. cinerea and at 28°C
for the other moulds. Spore suspension has
been prepared by flooding the 2-weeks plates
with a small volume of sterile distilled water
containing 0.05% (v/v) Tween-80, and spores
were removed by gently scraping with a glass
spatulum. By the aid of a hemacytometer has
been determined the spore content in the
suspension. Further dilutions with sterile water
were performed to obtain a spore concentration
of 10° CFU/mL (Karabulut ez al., 2005).
Antifungal assay has been performed on
synthetic medium on plate. For the in-vitro
tests MEA (Malt-Extract-Agar) has been
employed in Petri dishes. The medium has been
flooded with 1 mL of different Kombucha
crude extracts (prepared as described above)
than, in the centre have been placed 10ul of
fungal spore suspension. The cultures were
incubated during 7 days at 20°C for B. cinerea
and 28°C for the other three fungi (P.
expansum, A. flavus and A. carbonarius). As
control has been used MEA plates inoculated
with same fungal spores suspension without
Kombucha crude extract. The radial mycelial
growth was measured daily, and the percentage
of inhibition was calculated on the basis of
growth in control plates as follows:

mycelial growth in control — mycelial growth in Kombucha

mycelial growth in control

The experiment design has taken into account
three replicates for each sample.



Statistical analysis

Analysis of variance was performed. To
determine differences in radial growth between
samples and controls, Duncan’s and Tukey’s
multiple pairwise comparisons tests were
applied to the results (p-levels at 0.01 and
below were considered significant).

RESULTS

The Kombucha crude extract has been prepared
as described above; for all Kombucha samples
the final pH after 18 days of cultivation has
reached values of 2 + 0.15 which is in
agreement with other reports (Jayabalan et al.,

2014; Chakravorty et al., 2016). Regarding the
acetic acid content, the results were close to the
one obtained by Jayabalan et al. (2014),
respectively 10 + 0.5 g/L acetic acid in the
crude extract.

In the in vitro tests have been taken into
account four of the most common moulds
which affect the grapes in pre- and postharvest
steps, respectively B. cinerea, P. expansum, A.
flavus and A. carbonarius.

The radial growth of the moulds have been
measured after 7 incubation days at optimal
temperature for each mould (table 1).

Table 1 - Growth and inhibition of moulds on synthetic medium in the presence of different Kombucha crude extracts

Radial growth (mm) Inhibition %
Control K1 K3 K4 K1 K3 K4
B. cinerea MI-Aligote H 47.2 20.9* 21.6* 29.0* 55.6 54.3 38.6
P. expansum MI-BB H 50.0 46.0* 46.0* 48.0 8.0 8.0 4.0
A. flavus MI-35 483 47.0 47.2 48.0 2.7 2.3 0.6
A. carbonarius MI1-32 49.1 48.5 48.7 49.0 1.2 0.8 0.2

Values represent means of measurements made on three independent plates per treatment; * p<0.01 vs. respective control.
K1 - Kombucha on green tea; K3- Kombucha on green tea with Melissa officinalis; K4 Kombucha on oolong tea

b

Figure 1. On-plate aspects of Botrytis cinerea growth's inhibition by different Kombucha crude extracts:
a - control on MEA; b - K1 (Kombucha made of green tea); ¢ - K3 (Kombucha made of green tea with Melissa
officinalis); d - K4 (Kombucha made of oolong tea)

The most significant inhibition, statistically
assured, has been registered in the case of B.
cinerea, respectively 54-55% inhibition in the
case of green tea Kombucha and 38.6% in the
case of oolong Kombucha. Aspects of the
mycelium growth inhibition of B. cinerea are
presented in figure 1.

Positive reports on B. cinerea inhibition by the
use of acetic acid, mainly as vapours, have
been described for different fruits, like
strawberries (Hassenberg et al., 2010), kiwifruit
(Lagopodi et al., 2008) or grape (Venditti et al.,
2008) and our results are in accordance. The
reports on using Kombucha extracts for the
inhibition of B. cinerea are rather limited
(Hafez, 2008) and reveal the high inhibitory
effect on the spore germination on table grapes
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(80% to 100%). In this context it has been
suggested that Kombucha treatments may be
used as an alternative natural solution to
replace the pre and postharvest chemical
treatments.

Meanwhile, in our tests, less significant has
been the inhibition of all the extracts on P.
expansum growth (4-8%), while in the case of
Aspergillus  sp. the inhibition was not
significant. Radi et al. (2010) have reported the
inhibition of P. expansum by acetic acid on red
apples, but only as heated solutions as 50°C.
The reports on the effect of Aspergillus sp. are
rather limited and are linked mainly to food
safety and micotoxin production in food
commodities; Hassan et al. (2015) reported the
inhibition of 4. flavus of 45.21% for a



concentration of 10 g/L in acetic acid; this data
are not in range with our results and further
analysis should be performed in this respect.

CONCLUSIONS

The exploitation of natural products to control
fruits postharvest diseases and to prolong their
storage life has received special attention in the
last decade. The wuse of acetic acid in
postharvest treatments have been reported for
citrus fruits, stone or berry fruits, as well as for
table grapes.

Kombucha suspensions, in crude extracts, as
residue when preparing bacterial cellulose,
contain 8.5 to 17 g/L acetic acid, depending on
the cultivation time.

Our experiments have targeted the potential
inhibitory effect of different tea sourced
Kombucha crude extracts on the most common
moulds of the grapes in pre and postharvest
steps. The most significant inhibition has been
registered in the case of B. cinerea (38 -55%),
less significant on P. expansum (4-8%) and not
significant on 4. flavus and A. carbonarius.
While the results regarding the inhibition on B.
cinerea are in total agreement with other
reports, the data on the other moulds are far to
be similar. It is proposed further to investigate
the inhibition of Kombucha extracts in vivo on
artificially infected grape berries with B.
cinerea and to validate the in vitro results.
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Abstract

Most of the plant diseases are caused by microorganisms. Among these, most often mentioned in the literature are
bacteria and fungi. Diseases caused by phytopathogens like Erwinia carotovora and Xanthomonas campestris lead to
lower production and quality, causing significant economic losses. In order to prevent the diseases can be used
microbial antagonists which, besides protection capability, can stimulate plant growth by degrading the substrate and
releasing of certain compounds needed for growth.

After a preliminary screening, from a total of 25 microorganisms isolated from plant materials, best antimicrobial
activities were registered with bacteria Bl and Bm belonging to the genera Pseudomonas sp. respectively Bacillus sp..
Following biochemical tests in conjunction with microscopy studies and MALDI-TOF MS, selected bacteria were
identified as Pseudomonas putida, respectively Bacillus mycoides. Their antimicrobial activity was comparable to that
of microorganisms belonging to the same genera, from the collection of the National Institute for Chemical
Pharmaceutical Research and Development-ICCF. When they were grown on agar media with different compositions,
significant differences regarding antimicrobial activity have not been observed. However, substantial differences were
recorded in terms of antagonistic ability between Pseudomonas putida and Bacillus mycoides, the last one making the
biggest area of inhibition against both phytopathoges X. campestris ICCF 274 (40 mm) and E. carotovora ICCF 138
(20 mm).

These results suggest the possibility of using newly isolated antagonists to prevent diseases caused by Erwinia
carotovora and Xanthomonas campestris.

Key words: antagonists, antimicrobial activity, biocontrol, phytopathogens.

INTRODUCTION Species of Erwinia caratovora attack and

infects a variety of vegetables and plants
Diseases caused by phytopathogens from the  including carrots, potatoes, cucumbers, onions,
genera Erwinia and Xanthomonas affects many  tomatoes, lettuce and ornamental plants like iris
species of plants, causing significant economic (Wood, 1998). Some strains of the genus, like
losses. Bacteria from Xanthomonas genus, for  Erwnia carotovora are bacteriocine producers.
example, can affect over 300 species of plants. These substances, released in the medium, have
Moreover, even if some organisms may look  antibacterial action and enable the bacteria to
less affected, the bacteria can locate at the compete with other microbial species that
seeds level and can be passed on to other  occupy the niche. These, together, are attributes

susceptible plants. that make those bacteria so adaptable and
Bacteria of the genus Erwinia have a rich  persistent in the environment.

enzymatic equipment of amylases, cellulase, Although researches in the field of chemical
xylanases, polygalacturanases and pectin- synthesis had resulted in discovering of new

methyl esterases that cause maceration of the  pesticides it is proved that the phytopathogens
tissues affected (Opara and Asuquo, 2016).  become resistant (McManus et al., 2002) to
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them and harder to control. In addition, arises
increasingly stronger, the problem of the
environmental and crops pollution affecting
people's health (Horrigan et al., 2002).

In this context, we need to find new solutions
for combating the phytopathogens using
beneficial microorganisms that can prevent
plant illnesses through their own mechanisms
such as: competition for occupying the niche,
production  of  secondary = metabolites
(substances with bactericidal and fungicidal
effect, enzymes), direct parasitism of the
phytopathogens (hyperparasitism) etc.

Among the microorganisms with recognized
activity in biocontrol are bacteria from the
genera Bacillus and Pseudomonas. The most
important mechanism of their action is to
produce substances with bactericidal and
fungicidal effect. Bacillus sp. produces and
releases during sporulation or in stationary
phase of growth, a number of lipopeptides with
antibiotic role (Kalai-Grami et al., 2016;
Ongena and Jacques, 2008) like iturins,
fengycin, surfactin. These bacteria also produce
lytic enzymes like cellulases, glucanases,
proteases, chitinases, or volatile compounds
like hydrogen cyanide. Many species of the
genus have been utilized in agriculture and are
considered as safe microbes (Fravel, 2005).
Besides the bioprotection role it seems that
these microorganisms can stimulate plant
growth by producing phytohormones and by
increase the availability of mineral compounds
with low solubility.

Moreover the secondary metabolites, like
biosurfactants can have various industrial
applications (Banat et al., 2010; Pathak and
Keharia, 2014).

Many studies have demonstrate that
Pseudomonas strains are in a close relationship
with the suppressive soils (Raaijmakers et al.,
1997). Some strains that produce the
antimicrobial metabolite 2,4-
diacetylphloroglucinol (Shanahan et al., 1992)
were isolated from the soil, roots of various
plants and even from different tissues of plant
(Turner et al., 2013). Other antimicrobial
substances  produced by  strains  of
Pseudomonas  are  phenazines, hydrogen
cyanide, pyrrolnitrin (Nandi et al., 2015).

In addition, many strains of Bacillus sp. and
Pseudomonas sp. seem to have the capacity to
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induce systemic resistance in plants (Pieterse et
al., 2001; Bargabus et al., 2002) by chemical
elicitors like salicylic acid, siderophore, 2,3-
butanediol, lipopolysaccharides.

The main objective of our research was to
isolate and identify microorganisms capable of
controlling the phytopathogens  Erwnia
carotovora and Xanthomonas campestris. Also
antagonistic activity was examined in relation
to the optimal growth medium for
phytopathogens and respectively antagonists,
and with inoculation moment.

MATERIALS AND METHODS

The microorganisms studied for antagonistic
activity have been isolated from various plant
materials (hay, beans).

The plant material from which microbial strains
were isolated was collected from different areas
of Romania (Vélcea, Ilfov) and kept in a
refrigerator in  sterile containers  until
processing. Approximately 1g of plant material
was inoculated onto liquid growth medium,
specific to each type of microorganism as
follows: IPS medium broth for bacteria, YMPG
for yeasts and fungi strains. The IPS broth
containing (% g/v) glucose 1.00%, corn extract
1.50%, KH,PO, 1.00%, NaCl 1.00%, MgSO4
0.05%, and YMPG containing (% g/v) yeast
extract 3.00%, malt extract 3.00%, peptone
5.00%, glucose 10.00%, were sterilized at
115°C, for 20 minutes. The plant material was
inoculated into these media in 500 ml shake
flasks containing 100 ml medium and left to
develop, in an incubator at 30+£1°C and 220
rpm for 24 h. Serial dilution did follow and
pour plated onto NA (nutrient agar), YMPG
(Yeast Malt Peptone Glucose) and PDA (Potato
Dextrose Agar). In order to obtain single
colonies, streak plating technique was used.

A number of 25 microorganisms isolated in
pure culture were grown and maintained on
their specific media as follows: the bacteria (20
strains) on nutritive agar, the yeasts (3 strains)
on YMPG and the fungus (2 strains) on PDA
media.

For strains identification, microscopy studies in
conjunction with biochemical tests and
MALDI-TOF MS were done.

Morphological characterization was performed
by microscopic examination using a Novex



microscope. Biochemical assays were done
according to literature on diverse media for
testing the capacity of the microbes to utilize or
produce various compounds.

Microflex LT (MALDI-TOF mass-spectrometer
manufactured by Bruker Daltonics Inc. -
Billerica, MA, USA), equipped with nitrogen
laser, was used to acquire the mass-spectra
from fresh colonies. The equipment identify a
microorganism by analyzing the expression of
the most abundant ribosomal proteins from the
acquired mass spectra and by comparing the
specificity of his mass spectrum with a large
number of reference patterns from its database
(Tomulescu et al., 2015).

In order to establish their antagonistic capacity,
newly isolated microorganisms were grown on
agar medium along with the phytopathogenic
strains Erwinia carotovora ICCF 138 and
Xanthomonas campestris ICCF 274 by dual
cultures method. During experiments were
tested, in the same conditions, two other strains
Bacillus subtilis ICCF 84 and Pseudomonas
putida 1CCF 391. Erwinia carotovora 1CCF
138, Xanthomonas campestris 1CCF 274,
Bacillus subtilis ICCF 84 and Pseudomonas
putida ICCF 391 belong from Culture
Collection of Industrial Importance
Microorganisms (CMII) of the National
Institute for Chemical-Pharmaceutical Research
and Development, Bucharest.

To ensure optimal conditions for development,
the antagonists and the phyopathogens were
grown on various types of agarized medium:
NA, YMPG, PDA, M44. Medium M44
(containing (%g/v): yeast extract 1.00%,
bacteriological peptone 1.00%, glycerol 5.00%,
agar 2.00%) was the most appropriate for the
majority of the strains and YMPG was the best
for X. campestris. On these media were
performed all subsequent experiments. For our
research were used bacterial strains after 48
hours of development on their specific agaric
medium. The broth medium for bacterial
development has the same composition as
mentioned above. After 24 hours at 30°C and
220 rpm the culture was appropriate for pour
plate inoculation. For carrying out the method
of dual cultures, one ml of inoculum from the
broth culture of phytopathogens was added by
pipette to the center of the Petri dish, over the
agar medium (cooled, but still molten) and
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rotated gently, to ensure that the culture and
medium are thoroughly —mixed. After
solidification, 100uL of inoculum from the
broth culture of antagonists was put in the
middle of the same plate and allowed to be
adsorbed in medium. After 48-72 hours of
incubation at 30+1°C the inhibition zones were
checked.

RESULTS AND DISCUSSIONS

From a number of 25 microorganisms, were
isolated in pure culture 20 strains of bacteria, 3
of yeasts and 2 of fungus. Two bacterial strains,
who have registered the best antimicrobial
action against Erwinia carotovora ICCF 138
and Xanthomonas campestris ICCF 274 when
they were cultured together by dual cultures
method, were further investigated for
identification.

These strains noted B1 and Bm, were identified
as Pseudomonas putida and respectively
Bacillus mycoides through microscopy studies
in conjunction with biochemical tests and
MALDI-TOF MS (see figures and tables
below).

Figure 1. Macroscopic and microscopic aspect
of B1 strain

Figure 2. Macroscopic and microscopic aspect
of Bm strain

Regarding microbiological and biochemical
characteristics (shown in Table 1), the results
were similar to those reported for Pseudomonas
putida and Bacillus mycoides in ABIS online
Encyclopedia and in the works of other
researchers (Borah et al., 2002;
Egamberdiyeva, 2005).



Table 1. Microbiological and biochemical characteristics
for B1 and Bm strains

MICROBIOLOGICAL RESULTS
CHARACTERISTICS B1 Bm
Gram staining -ve +ve
Rod shaped +ve +ve
Spore forming -ve +ve
Motility +ve -ve

BIOCHEMICAL TESTS

Citrate utilization +ve -ve
H,S production -ve -ve
Gas production -ve -ve
Gelatin utilization -ve +ve
Catalase production +ve +ve
Urea hydrolysis +ve -ve
Starch hydrolysis +ve +ve
Glucose fermentation +ve +ve
Glycerol utilization +ve +ve

Note: +ve indicates positive and -ve indicates negative
results

By MALDI-TOF MS analysis the strain noted
as Bl was identified as Pseudomonas putida
(data not shown).

For growth and development of the
microorganisms tested, were investigated some
culture media: NA, YMPG, PDA, M44. From
these, medium M44 was the most appropriate
for the majority of the strains involved in this
study and YMPG was the best for X
campestris.

As it shows in figures below, Bm presented the
best action against X. campestris ICCF 274 (a
40 mm inhibition area) and E. carotovora ICCF
138 (a 20 mm inhibition area). It was followed,
in descending order, Bl (20 mm against X.
campestris ICCF 274 and 8 mm against E.
carotovora ICCF 138), B. subtilis ICCF 84 (20
mm against X. campestris ICCF 274 and 8§ mm
against E. carotovora ICCF 138 ) and P. putida
ICCF 391 (16 mm against X. campestris ICCF
274 and 8 mm against E. carotovora 1CCF
138).

Figure 3. Dual cultures method - front view:
1) Bm, 2) Control, 3) B. subtilis, 4) B,
5) P. putida -against Erwinia carotovora ICCF 138

Figure 4. Dual cultures method - reverse view:
1) Bm, 2) Control, 3) B. subtilis, 4) B1,
5) P. putida - against Erwinia carotovora ICCF 138

1) B1, 2) Control, 3) P. putida, 4) B. subtilis,
5) Bm - against Xanthomonas campestris ICCF 274



Figure 6. Dual cultures method - reverse view:
1) B1, 2) Control, 3) P. putida, 4) B. subtilis,
5) Bm - against Xanthomonas campestris ICCF 274

CONCLUSIONS

Microscopy studies in conjunction with
biochemical tests and MALDI-TOF MS led to
the conclusion that the strains noted B1 and Bm
are Pseudomonas putida and respectively
Bacillus mycoides.

Optimal conditions for development of the
phyopathogens were obtained with X
campestris on medium YMPG and E.
carotovora on M44. Medium M44 was best for
most bacteria used in this research.

Among the microorganisms isolated, Bm and
B1 recorded the best antimicrobial activity
against phytopathogens Erwinia carotovora
ICCF 138 and Xanthomonas campestris ICCF
274. It was followed Bacillus subtilis ICCF 84
and Pseudomonas putida 1ICCF 391. These
strains will be used in further studies for
obtaining microbial origin products for plant
protection.
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Abstract

Accelerating the development of homozygous lines and consequently hybrids is an important aspect of the maize
breeding programs. Doubled haploid technology has successfully replaced the traditional method of obtaining
homozygous lines in maize breeding programs in Europe, North America, China and Central America, due to the clear
advantages in terms of timing and important reduction of the workload and costs by eliminating controlled pollination
and relatively simple methodology.

Haploid inducing efficiency is influenced by the genotype of the population submitted to the induction, haploid inducing
capacity of the inducer and the inducing protocol (time and type of pollination). The study was carried out in special
climatic conditions of the year 2016 (the absolute maximum temperature was 35.8"C for June and 35.7°C for July. The
results showed that the source genotype used in the induction nursery influenced the anthocyanin coloration in both
aleurone and embryo. Clear variability regarding the anthocyanin coloration was observed among the ears from the
same genotype and even between aleurone and embryo from the same ear. Comparing the PHK (putative haploid
kernels) number from the top and bottom of the ear, the top average is distinct significantly positively over the bottom
average PHK number. Similarly to controlled pollination, the highest percentage of PHK remains on top of the ear in
the case of this experiment with open pollination induction nursery.

Key words: DH technology, inducers, open pollination, haploid kernels.

INTRODUCTION technology of creating homogeneous lines of

maize (Zea mays L.)" showed that the rate of
The in vivo maternal haploid induction scheme haploid kernels is much higher at the top of the
is based on a dominant anthocyanin color ear after 2, 3 and 4 days from the controlled
marker, known as RI-Navajo (RI-nj), that pollination, but in evolution of female
expresses in the aleurone as well as in the inflorescence development and maturation, the
embryo of the haploid inducer, unlike the index decreases in both versions - "top" and
source populations, where the coloration is "bottom". Poor pollination occurs because of
usually missing in both aleurone and embryo delayed silk emergence, after pollen shedding
(Prassana et al., 2012). However, it must be was complete; drying pollen or silk - all these
noted that the size and intensity of the situations occurring in periods of drought and
anthocyanin coloration of the RI-wj color heat. At temperatures of 35°C, maize pollen
marker might vary significantly depending on loses its viability in 1-2 hours and silks begin
the genetic background of the source genotype to dry at temperatures exceeding 32-33°C. In
(from which we want to obtain haploid forms) an isolation of induction with open pollination,
and haploid inducer, as well as environmental donor sources should be grouped depending on
factors (Chase, 1952; Rober et al., 2005; the silking period and the inductor must be
Kebede et al., 2011; Prigge et al., 2011). planted at different planting times for optimal
It is known in the literature that in case of  pollination (Prassana et al., 2012). The year
controlled pollination, the highest frequency of 2016, was extreme dry with high temperatures
haploid forms is at the top of the ear. Studies during pollination that affected both pollen and
realized by Sarmaniuc and published in 2015 in silk viability. The average for daily maximum
her doctoral thesis titled "Improving the temperatures was 29,4°C in June and 31.4°C in
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July. The absolute maximum temperature was
35.8°C for June and 35.7°C for July. The aim
of this study was to check if in case of open
pollination (when we don’t know exact the
time of pollination) the highest percentage of
haploids remains on top of the ear.

MATERIALS AND METHODS

The study was carried out at the National
Institute of Research and Development
Fundulea in 2016. A number of 15 F1 maize
breeding populations from different heterotic
groups were used as female sources. Each
female source was crossed with the inducer
MHI (Moldavian Haploid Inductor), in the
field in an induction isolation nursery. Ten ears
from each population were divided in two, top
and bottom and for each of these two parts
putative haploid kernels (PHK) were counted.
Grains resulted from crosses were divided in 3
categories in both parts (top and bottom) based
on the expression of the anthocyanin coloration
coded by RI-nj gene on the kernel as follows:
category 1, kernels with no coloration on both
aleurone and embryo; category 2, kernels with
coloration of both aleurone and embryo and
category 3 considered as PHK with purple
coloration only on the aleurone and uncolored
embryo. A scale 0-4 was used for visual
assessment of the intensity of anthocyanin
coloration on aleurone and embryo from
category 2 (kernels with coloration in both
aleurone and embryo): 4=intense pigmentation
and O=lack of pigmentation (Sarmaniuc et al.,
2013).

RESULTS AND DISCUSSION

Many researchers have highlighted that the
source genotype influence both the antochyanin
coloration as well as the rate induction (Coe,
1994; Eder and Chalyk, 2002; Kebede et al.,
2011; Bitica et al., 2016). Variation in the size
and intensity of the anthocyanin coloration is
presented in table 1; all 15 populations showed
high variability of the expression of
anthocyanin coloration for both embryo and
aleurone, appreciated on average with scores
between 1 (identification of haploid is possible
but errors could occur due to very weak
staining in the embryo) and 4 (level that allows
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easy identification of PHK). Clear variability
was observed also among the ears from the
same genotype and even between aleurone and
embryo from the same ear. A good example is
the genotype L537 appreciated on average with
scores between 3,3 - 4 for aleurone and 1- 2,3
for embryo.

Table 1. The antochyanin coloration for aleurone
and embryo, 15 genotype (10 ears for each genotype),

NARDI Fundulea 2016
Gavtype | Exr | 1 2 3 4 5 6 7 8 9 10
Al 3 3 (273 [25] 3 3 3 3 3
L502
E | 3 3 3 3 3 3 3 3 3|27
Al 2 |25] 2 2 2 |25 (25| 2 2 3
L507
E | 3 3 3 3 3 3 [ 35252527
Af27]25] 3 2 3 25|27 3 [27]25
L508
E 3 2 |25 3 [27]25] 3 3 3|27
A | 2 3 [23) 2 [1w7] 2 [13] 3 3 1
L519
E 3 33 | 27 | 23 2 23 2 37 | 33 | 2.0
A 3 3 3 3 3 3 (273 [33] 3
1529
E 3 3 3 3 3 3 |33 3 3 3
A 4 [ 37|37 37|37 37|37 |37]|37]|37
L535
E 2 (27|27 | 3 |27 |27 3 3 3|27
A 4 4 4 4 [ 37| 4 4 [ 33| 4 |37
L537
E 2 [ 17| 2 2 | 23|17 | 1 1 1 13
A | 2 3 (33 3 3 3 3 (273333
L552
E | 3 3 3 3 (33|33 |37 |27 (37| 4
A 3 23] 3 [37] 3 |33]33]| 3 3 3
L560
E 3 (27|27 37|37 |37 3 3| 37|37
Al 3 3 |37 |27 |27 3 |33]|33]37]33
L567
E 4 (33|27 3 |27 |37 3 3 3 3
A 3 [33]3 |27]3 3 3 (33|37 3
L573
E 3 3 3 3 3 (2733 3 3 3
Al 3 4 4 [ 37| 4 4 [ 33| 4 |37 4
L576
E |3 |27]3 3 4 (37| 4 [33 ]33] 3
A 4 4 4 4 4 33 4 3.7 4 3.7
L584
E 4 3 3 3 4 [ 27| 4 3 4 3
A 3 27|23 3 |27]| 3 |27] 3 3 3
L586
E | 3 [ 23|23 |23 | 2 [27|27| 3 |23]|27
A | 3 |23 ]33 |33[37]| 4 4 3 13333
L587
E | 3 3 [33 27| 4 4 4 4 | 33] 2

*A= aleurone, E= embryo

Furthermore, the analyses of variance for
anthocyanin coloration intensity of the aleurone
and embryo (table 2) confirmed that all the
variance  sources -  genotype, kernel
components (aleurone and embryo) as well as
the interaction between genotype and kernel



components have significant effect on the L560 3.03 3.29 -0.26° 3.16
anthocyanin coloration intensity. Ls67 317 311 0.06 314
. . L573 3.10 2.97 0.13 3.04
Table 2. ANOVA for the anthocyanin coloration
intensity of the aleurone (A) and embryo (E), L576 3.8%% 3.30 0.5%% 355844
15 maize populations submitted to induction. 555 &&&
? L584 3.87*** 3.37* 0.5 3.62
NARDI Fundulea, 2016
= L586 2.81 2.53% 0.28° 2.67%
Source of eii;rees Sum of Mean F Probabilit
variation | ¢ O squares | square |y Y L587 332 3.30 0.02 331¢
Replcators 9 1510 | 0.168 | 0844 Average | 3.1 2.92 3.02
GaotyeG) 14 34220 | 2444 | 12295 0(992)0 LSD for factor A (genotypes) average=5%=0.28;
1%=0.37; 0.01=0.48 (&,&&,& & &-significant for 5, 1,
(G 126 25049 | 0.199 and 0.1 level, respectively)
Aleurong/ 1 2,576 2576 | 29.601 0-9320 LSD for factor B (kernel components, aleurone and
Enbryo(VE) 0< e O>O embryo) average: 5%=0.02 1%=0.03; 0.01=0.04 (+++-
GRAE 14 34,845 | 2480 | 28,599 (+5%) significant for 0.1 level)
e 135 11,749 0.087 LSD for factor B (kernel components, aleurone and
embryo) at the same level of factor A (genotypes)-
Toel 299 109,949 horizontal comparison: 5%=0.26; 1%=0.35; 0.01%=0.44

As it can be seen in table 3, showing the
anthocyanin coloration for aleurone and
embryo for the genotypes submitted to
induction, the aleurone expressed much better
anthocyanin coloration than the embryo.
However, there were genotypes distinct
significantly positively compared to the
average experience as populations L537, L576,
L584 regarding the aleurone anthocyanin
coloration and significant, populations L584
and L586 for the embryo.

There were also genotypes witch coloration for
the aleurone was very poor compared to the
average experience as L507 and L519. The
most  stabile  genotypes regarding the
anthocyanin coloration are L576 and L 584. In
case of population L 537 the anthocyanin it is
much better expressed in the aleurone then in
the embryo.

Table 3. Anthocyanin coloration for aleurone
and embryo, 15 genotypes, NARDI Fundulea, 2016

Score for anthocyanin coloration
Genotype

AITX;) ne Err(lgyo A-E Average
L502 2.92 2.97 -0.05 2.95
L507 2.25%x 292 | -0.67% | 2.59%
L508 2.66* 2.74 -0.08 2.7%
L519 2.13%F% | 2,66 | -0.53%5 | 2395%&&
L529 3.00 3.03 -0.03 3.02
L535 3.7%% 2.78 0.92%% 3.24
L537 3.87k%k | ] ek | 2275 2.735%
L552 2.99 327 -0.28° 3.13

&9

($,$9$,$$$-significant for 5, 1, and 0.1 level, respectively)
LSD for factor A (genotypes) at the same level of (kernel
components, aleurone and embryo)-vertical comparison:
5%=0.39 1%=0.51; 0.01=0.66 (*,** ***-significant for
5, 1, and 0.1 level, respectively)

Recent researches related to the rate of
induction have highlighted that the highest
percentage of haploid forms is found at the top
of the ear induced and is influenced by time of
pollination. In case of open pollination,
analysis of variance (table 4) for the PHK
number showed that all the sources of variation
(genotype, position on the ear-top/bottom) as
well as the interaction between genotype and
position on the ear have significant effect on
the number of haploid forms.

Table 4. ANOVA for PHK (Putative haploid kernel)
number at the top and bottom of the ear, 15 genotypes
submitted to induction,NARDI Fundulea, 2016

Source of De%;ees Sum of | Mean F Probability
variation freedom | Squares | square | yzap0
Rplications 9 54,883 6,098 1,540 0. ]1_:;09
Genotype(G) 14 138,567 9,898 2,499 0'2(,136
Error (E) 126 498,967 3,960
Part of the 0.0000
car (T/B) 1 180,963 | 180,963 | 98.887 s
GxT/B 14 56487 | 4035 | 2,205 0.0104
Error 135 247,050 1,830
Total 299 1176.92

*T= top, B= battom

The evaluation of the PHK number for the top
and bottom of the ear have shown that some
genotypes like L502, L573, L576 were
significantly positively for the top PHK



number as compared to the experiment average.

Comparing the PHK number from the top and
bottom of the ear, the top average is distinct
significantly positively over the bottom
average PHK number. At some genotypes the
PHK number from the top was much higher
than the PHK number from the bottom of the
ear as genotypes L502, L507, L573 and L576.

Table 5. PHK number at two positions on the ear (top
and bottom), 15 genotypes, NARDI Fundulea, 2016

PHK number
Genotype To B
P ottom
T-B Average
(T) (B) 8
L502 4.8* 2.0 2.8%% 3.4
L507 3.4 1.2 2.5 2.3
L508 4.4 2.5 1.9% 3.5
L519 2.4 1.1 1.3° 1.8
L529 3.0 2.4 0.6 2.7
L535 2.4 1.2 128 1.8
L537 2.7 1.2 1.5% 2.0
L552 2.8 1.9 0.9 2.4
L560 2.4 12 1.2% 1.8
L567 22 1.3 0.9 1.8
L573 5% 12 3.8%9 3.1
L576 4.6 23 2.3%% 3.5
L584 2.3 1.6 0.7 2.0
L586 1.7 1.0 0.7 1.4
L587 33 2.0 1.3° 2.7
Average | 3.2 1.6 2.4
LSD for factor A (genotypes) average: 5%=1.25;
1%=1.65; 0.01=2.12
LSD for factor B (position on the ear(top, bottom)
average: 5%=0.31 1%=0.41; 0.01=0.53 (+++-significant
for 0.1 level)

LSD for factor B (position on the ear (top, bottom) at the
same level of factor A (genotypes)-horizontal
comparison: 5%=1.20; 1%=1.58; 0.01%=2.03 ($,$$,$$$-
significant for 5, 1, and 0.1 level, respectively)
LSD for factor A (genotypes) at the same level of
(position on the ear (top, bottom)-vertical comparison:
5%=1.22; 1%=1.99; 0.01=2.56 (*-significant for 5 level)

CONCLUSIONS

Anthocyanin coloration is influenced by the
genotype of the population submitted to the
induction; a good coloration on the aleurone
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and embryo allows easy identification of the
PHK forms.

Moreover, similarly to controlled pollination,
the highest percentage of PHK remains on top
of the ear in the case of this experiment with
open pollination induction nursery. For this
reason it is recommended to know the silking
period of the sources, and flowering of the
inducer to ensure optimal induction by
handling planting time of the parents.
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Abstract

Most of the modern wheat cultivars carry GA (gibberellic acid) insensitive height reducing gene, Rht-B1b, that reduces
stem elongation but improves yield potential, lodging resistance and increased harvest index. Recent cultivars released
in Romania are semi-dwarf, carrying the Rht-Blb allele which confers an advantage in excessive temperate
environmental conditions. However, such cultivars are characterized as having short coleoptile that influences stand
establishment and seedling vigor, especially in dry autumns. Genotypes carrying Rht gene-alleles can contribute to
increasing coleoptile length, and having semi-dwarf characteristics can be used as sources in advanced breeding
programs. A set of 86 mutant/recombinant wheat doubled haploid (DH) lines, was obtained through a complex protocol
including two genotypes, two irradiation cycles with gamma rays (200Gy, 100Gy), direct and reciprocal hybridization,
rapidly homozygosity attained by using Zea system. This study was aiming to explore the genetic variability for the
coleoptile length and plant height, produced by mutagenesis and recombination, in the selected 86 mutant/recombinant
DH lines, and compared to the parents. The analyses performed in this study, reveal that are lines which registered a
longer coleoptile than parents, and also one line was highlighted for a semi-dwarf stature and a long coleoptile, that
can be used in wheat breeding programs.

Key words: coleoptile, mutant/recombinant, Rht-B1b, semi-dwarf;

INTRODUCTION coleoptile is very important for crop
establishment, allowing also a deeper sowing to
The climate changes from the last period and  utilize efficiently the soil moisture and uniform
the unpredictable weather conditions makes seed germination (Budak et al., 1995).
very difficult to maintain yield stability through ~ In wheat, more than 20 genes were described
good and acceptable levels of resistance against ~ for reducing plant height (Mc. Intosh et al.,
biotic and abiotic stress factors. 2013), from which, the Rht-Blb was used
Drought stress has become a major factor that  prevalently in breeding program at NARDI
influences negatively the plant growth and the ~ Fundulea. The most widely used genes in
productivity in the last years. For this reason = wheat breeding programs all over the world are
the breeders have manifested a real interest for Rht-B1b, Rht-D1b, Rht-Dic and Rht8 (Korzun
obtaining a resistant material against abiotic et al., 1988; Worland et al., 1998; Li et el.,
stress factors. 2012). The Rht- Blb and Rht-D1b insensitive
Semi-dwarf cultivars, with longer coleoptile alleles at gibberellic acid (GA) induce lower
could ensure an early and good seedling sensitivity of vegetative tissue to endogenous
emergence, a better ground coverage that  gibberellin, and reduce cell elongation
confers an advantage in competition with seeds, (Rebetzke et al., 2001).
and finally an efficient soil weather use by The Rht-B1b and Rht-D1b alleles can increase
reducing evaporative water loss. If the  yield by 6.1 and 14.1%, respectively; Rht-Bl
coleoptile is short and sowing is deeper, the  can also produce more productive tillers and
first leaf may suffer by pushing through the soil ~ higher yield per plant (Sial et al., 2002).
and emerge in a dark environment, being also ~ RAz8 is quoted as having contradictory effects
exposed to soil crusting and diseases (Gulnaz et  on yielding in different environments (Sial et
al., 2011). Consequently, the length of  al, 2002; Kovalski et al., 2016).
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Serban (2012) identified in a set of
mutant/recombinant DH lines, with large
variability for plant height and for coleoptile
length, some semi-dwarf genotypes with longer
coleoptile, that constitute an important breeding
material. In Romania, the modern cultivars
carry Rht-B1b gene, several yield tests
revealing real advantages of Rht-B1b carriers in
most environment (Saulescu, 2001, Serban,
2012). In some comparative tests performed in
different wheat growing areas with isogenic
lines carrying either Rht-B1b or Rht8 showed
that Rht-B1b carriers were superior for yielding
capacity (Mustatea et al., 2000).

It is desirable to use as genitors Rht-Blb
carriers and, if it is possible, with a long
coleoptile. Improving stand establishment in
dry autumns and at deep sowing by obtaining
new genotypes with superior value of
coleoptile length, without increasing plant
height, is the main concern in the wheat
breeding program at NARDI Fundulea.

The aim of this paper is to present the results
obtained for plant height and coleoptile length
for a selected set of 86 mutant/recombinant
wheat DH lines, released at NARDI Fundulea
(Giura, 2011), comparative with the two
parents and identification of valuable semi-
dwarf genotypes with short coleoptile.

MATERIAL AND METHODS

A number of 86 mutant/recombinant DH lines,
derived from a complex protocol that included
two modern genotypes, two irradiation cycles
(100 Gy and 200Gy) and Zea system
application for material homozygosis (Giura,
2011), were analyzed in laboratory and field
conditions and compared with the two parents.
The 86 genotypes are part of a set with over
550 mutant and mutant/recombinant DH lines.
A first set with 172 lines were analyzed in 2012
and the results proved that mutagenesis could
generate extensive variability affecting not only
the plant height, but also coleoptile length
(Serban, 2012). It was noted the line Bill 294
with approximately 2.5 mm longer coleoptile
than both parental forms. This line has already
been extensively used in NARDI Fundulea
wheat breeding program.

The parents of this set of lines combines short
stature with good winter hardiness and very

good filling grain, due to a higher resistance to
drought and heat.

F0628G1-34 parent - has in genealogy a line of
triticale which conferred tolerance to rust, a
greater length of coleoptile and good resistance
to frost.

Izvor parent- variety with superior behavior
under water stress conditions due to high
osmotic adjustment capacity.

The 86 mutant/recombinant DH lines were
planted in the autumn of 2014, in the field in
plots of 1 m length, 20 cm between rows and
50 cm among genotypes for plant height
determination. Plant height measurements were
made, in June 2015, at complete heading, when
plant growth ceased.

To determine the coleoptile length, seeds with
uniform appearance, without any diseases and
pest traces, were planted at uniform depth (10
mm) in pots with commercial soil (Flora Sol) to
germinate, watered to field capacity, in
December 2015. After a 3-days period, at 1°C,
for obtaining uniform seed imbibition, trays
were introduced in a growth chamber at 20°C
in dark conditions (Serban, 2012). When
coleoptile growth ceased and the first leaf
appeared (figure 1), coleoptile length was
measured with a ruler (figure 2). A number of
21 mutant/recombinant DH lines, best for
coleoptile length measured at 20°C germination
were retested after the same protocol, but
germinated at 17°C.

Figure 1. Plantlets developed in dark conditions at 20°



Figure 2. Coleoptile length measuring

RESULTS AND DISCUSSIONS:

Coleoptile length and plant height analysis for
86 lines included in study, revealed a large
variability for both characters; thus, plant
height varied between 85-113 cm (28 cm
amplitude) and coleoptile length was in the
range 4.23-6.6 cm (Table 1).

Table 1. The results registered for plant height and
coleoptile length

No. Genotype Plant Coleoptile
height (cm) | length (cm) at
20°
1 Aill - 214 100 5.44
2 Aill - 215 95 545
3 Aill - 216 95 5.62
4 Aill - 217 100 5.40
5 Aill - 218 95 5.75
6 Aill - 219 105 4.85
7 Aill - 220 100 5.35
8 Aill - 221 102 5.51
9 Aill - 222 105 5.09
10 Aill - 223 105 5.83
11 Aill - 224 97 5.70
12 Aill - 225 100 5.50
13 Aill - 226 93 5.18
14 Aill - 227 94 5.60
15 AIll - 228 102 5.05
16 Aill - 229 109 5.73
17 Aill - 230 110 5.50
18 Aill - 231 105 5.68
19 Aill - 232 101 4.76
20 Aill - 233 95 545
21 Aill - 234 100 5.11
22 Aill - 235 100 5.49
23 Aill - 236 97 6.09
24 Aill - 237 95 5.68

25 Aill - 238 97 4.95
26 Aill - 239 91 5.58
27 Al - 240 95 6.51
28 Aill - 241 100 5.24
29 Aill - 242 87 4.90
30 Aill - 243 92 5.94
31 Aill - 244 105 5.61
32 Aill - 245 110 5.64
33 Aill - 246 110 5.27
34 Aill - 247 101 5.78
35 Aill - 248 86 5.48
36 Aill - 249 103 6.59
37 Aill - 250 101 6.36
38 Aill - 251 104 6.11
39 Aill - 252 100 5.73
40 Aill - 253 95 5.63
41 Aill - 254 90 5.89
42 Aill - 255 106 6.57
43 Aill - 256 91 6.28
44 Aill - 257 95 6.47
45 Aill - 258 102 6.27
46 Aill - 259 94 5.65
47 Aill - 260 115 5.79
48 Aill - 261 100 5.79
49 Aill - 262 105 5.26
50 Aill - 263 90 6.28
51 Aill - 264 102 5.30
52 Aill - 265 108 5.63
53 Aill - 266 97 433
54 Aill - 267 105 5.51
55 Aill - 268 103 6.22
56 Aill - 269 104 5.34
57 Aill - 270 85 4.23
58 Aill - 271 92 4.96
59 Aill - 272 93 4.93
60 Aill - 273 97 5.16
61 Aill - 274 100 5.80
62 Aill - 275 91 4.96
63 Aill - 276 95 4.23
64 Aill - 277 112 5.18
65 Aill - 278 100 5.89
66 Bill - 127 113 5.76
67 Bill - 128 95 5.93
68 Bill - 129 100 6.29
69 Bill - 130 107 5.44
70 Bill - 131 105 5.71
71 Bill - 132 110 6.12
72 Bill - 133 103 5.87
73 Bill - 134 91 4.99
74 Bill - 135 90 4.88
75 Bill - 136 101 6.41
76 Bl - 137 100 5.97
77 Bill - 138 102 5.00
78 Bill - 139 102 6.02
79 Bill - 140 93 5.16
80 Bill - 141 93 5.91
81 Bill - 142 94 5.98
82 Bill - 143 88 6.51
83 Bill - 144 88 5.34
84 Bill - 145 97 6.22
85 Bill - 146 113 6.23
86 Bill - 147 85 6.60
87 1ZVOR (Check) 99 5.92
88 F0628G1-34 (Check) 97 6.30
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Plant height is one of the main morphological
characteristics that can be modified by
irradiation and can be easily detected in field
experiments. In previously field experiment,
with 338 mutant/recombinant wheat DH lines,
the amplitude for plant height was 50 cm
(between 60 cm, the shortest lines, to the 110
cm for the tallest ones) (Giura, 2011).

Results of the 21 mutant/recombinant wheat
DH lines with registered higher values for
coleoptile length than parents and selected for a
new test, following the same protocol, but
germinated at 17°C, are presented in Table 2.
The correlation coefficient between coleoptile
length measured at 20°C and at 17°C, was
significant for P=0.01 for variability (1= 0.49%).
Higher values for coleoptile length compared
with the superior parent (F0628G1-34) for both
temperatures were registered for the lines Bill
143, Aill 268, Aill 240, Aill 255 and Bill 147
(Figure 3).

Table 2 Coleoptile length measured at 20°C and 17°C
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Figure 3 The correlation between the values registered
for coleoptile length at 20°C and 17°C

These results are in contrast with those reported
by Trethowan et al (2001) who observed higher
values for coleoptile length at 20°C than at
10°C or 30°C.

Coleoptile | Coleoptile . . .
No. Genotype length length The re}atlonshlp between plant helght and
at 20°C at 17°C coleoptile length for the analyzed set is non-
(cm) (cm) significant (Figure 4). For favorable stand
1 Bill - 147 6.6 7.6 establishment in unfavorable conditions during
2 Aill - 249 6.6 7.1 seedling, precise selection for coleoptile length
3 Aill - 255 6.6 75 could be made, without a significant decrease
4 Bill - 143 65 82 of plant height.
5 Al - 240 6.5 7.6 "
6 Aill - 257 6.5 6.7
Y= (0.0219) X+ @ATIE
7 Bill - 136 6.4 72 N
8 Aill - 250 6.4 7.0
SBiNnG |
9 F00628G-34 (Check) 6.3 73 g 0 | e
10 Bill - 129 6.3 7.0 H :
e
1 Al - 256 63 6.9 3 :
12 Aill - 263 6.3 6.9 g
a
13 Aill - 258 6.3 6.6 2
14 Bill - 145 6.2 6.3
15 Aill - 268 6.2 7.9
16 Aill - 251 6.1 7.0 ] : : ; : i |
17 Al - 236 6.1 6.4 80 85 90 95 100 105 110
- Plant height {cm)
18 Bill - 139 6.0 7.2
19 Bill - 142 6.0 6.6 Figure 4. The relationship between plant height and
20 Bill - 137 6.0 6.6 coleoptile length
21 Aill - 243 59 59 A n fvzed i he li —
> Bl 128 59 7 .m01.1gt ¢ analyzed lines, the line Bill 43 was
highlighted to be semi-dwarf and having the
23 IZVOR (Check) 58 6.9 | . .
onger coleoptile, surpassing the both parents.
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CONCLUSIONS

The line BII143 represents a valuable genotype
for breeding programs, recording the best
results in our study, a semi-dwarf stature and a
long coleoptile.

Even if the differences between the superior
parent for coleoptile length and the best
mutant/recombinant DH lines are non-signi-
ficant (maximum 0.55cm), the material
represent a valuable quantitative accumulation
for wheat breeding programs.

Lines that revealed long coleoptile and semi-
dwarf plants will be studied further for a more
accurate determination of their potential, either
for direct use as varieties or as genitors in the
breading programs for the creation of new
varieties adapted to the conditions of Romania.
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Abstract

The microbial antagonists represent natural means to combat the phytopathogens in order to obtain healthy crops. The
abiotic factors such as temperature, pH, NaCl concentration in the growth medium and medium composition have
decisive influence on the existence and development of microorganisms. Here are presented the results of the influence
of these factors on development of Pseudomonas sp. and Bacillus sp. strains. Two of these strains, Bl and Bm, identified
as Pseudomonas putida respectively Bacillus mycoides were recently isolated and showed remarkable activity in in vitro
biocontrol of the phytopathogens Erwnia carotovora and Xanthomonas campestris. During experiments were tested, in
the same conditions, two other strains Bacillus subtilis ICCF 84 and Pseudomonas putida ICCF 391 from Culture
Collection of Industrial Importance Microorganisms (CMII). To study the influence of abiotic factors were chosen five
values of temperature, five for the pH and five values for concentration of NaCl from medium. The best results
regarding microbial growth were obtained for temperature values of 28 and 32°C, NaCl concentration in the culture
medium between 0.5-4% and the pH between 5 and 8. Regarding the composition of the culture medium, of the four
types of media, the best for the antagonists growth and development proved to be the medium M44 containing yeast
extract, peptone and glycerol.

Key words: abiotic factors, antagonists, biocontrol, phytopathogens.

INTRODUCTION Here we investigated several factors that have
decisive influence in development of some
Biological  control of  phytopathogenic  strains from the genera Pseudomonas and
microorganisms that can induce plants diseases  Bacillus that showed remarkable antagonistic
and cause important economic losses can be activity in in vitro experiments.
accomplished by using microbial antagonists
(Pamfil et al., 2008). MATERIALS AND METHODS
In order to be able to exercise their action in
combating the phytopathogens, the microbial Growth media and cultivation conditions
antagonists or beneficial microorganisms  Studies on the influence of abiotic factors such
require certain conditions for growth and de-  as temperature, pH, NaCl concentration in the
velopment (Davies and Whitbread, 1989). The  growth medium and medium composition,
abiotic factors such as temperature, pH, NaCl  were performed in laboratory conditions.
concentration in the growth medium and  For temperature were chosen the values: 5°C,
medium composition have decisive influence 16°C, 28°C, 32°C and 37°C.
on the existence and development of  The influence of pH on strains development
microorganisms (Strickland and Rousk, 2010;  was studied for values between 5 and 9. The
Gao et al.,, 2012). In this situation is needed a ~ NaCl concentration in the growth medium had
good knowledge of abiotic factors which favors next values: 0.5%, 1.0%, 2.0%, 4.0%, and 8.0%.
or unfavor the biocontrol agents (Ownley, 2003)  Regarding the composition of the medium were
in supporting the health and growth of the investigated four recipes, detailed in CMII
plants (Nihorimbere et al., 2011). catalog:
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- NA (0.5 g % peptone, 0.3 g % yeast extract,
1.5 g % agar, 0.5 g % NaCl),

- YMPG (yeast extract 0.3 g%, malt extract 0.3
g %, peptone 0.5 g %, glucose 1.0 g %, agar 2.0
g %),

- PDA (potato infusion 20.0 g %, dextrose 2.0
g %, agar 2.0 g %),

- M44 (yeast extract 1.00%, bacteriological
peptone 1.00%, glycerol 5.00%, agar 2.00%).
A broth medium with the same composition
was used for submerged fermentation. Specific
parameters like optical density, pH and the
biomass amounts were regularly controlled.

All culture media were prepared with distilled
water, pH adjusted and sterilized for 15
minutes at 121°C.

Biologic material

For experiments were used four microbial
strains (that showed remarkable antagonistic
activity in in vitro experiments) as it follows:

- B1 and Bm, newly isolated and identified as
Pseudomonas  putida respectively Bacillus
mycoides.

- Bacillus subtilis ICCF 84 and Pseudomonas
putida ICCF 391 from Culture Collection of
Industrial Importance Microorganisms (CMII)
of the National Institute for Chemical-
Pharmaceutical Research and Development,
Bucharest.

For studying the influence of the temperature,
pH and NaCl concentration, the bacterial
strains were developed for 48-72 hours on NA
medium. When the strains development on
different recipes of medium was studied, the
microogranisms were allowed to grow for
48-72 hours at 30°C.

RESULTS AND DISCUSSIONS

All the abiotic factors included in this study are
very important for microbial growth and
development. For best action in controlling the
phytopathogenous microorganisms, the
biocontrol agents should have certain
characteristics like: resistance under extreme
temperature (frost or heat), development at
different values of pH and of NaCl
concentrations, versatility to metabolize the
nutrients from the environment.

As it shows in table 1, the optimal temperatures
for the growth of the antagonists are situated
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between 28-32°C, but there have grown as well
at temperatures below 28°C, and also at 37°C.

Table 1. The influence of temperature on growth and
development of the microbial antagonists

Microbial Temperature

strain 5°C | 16°C | 28°C | 32°C 37°

C
B1 + ++ | -+
Bm + ++ | +++

P. putida | + ++ | ++
B. subtilis | + ++ | +++

Legend: “+”=minimal growth; “++”=good growth;

“+++7=very good growth.

For all five values of pH, the strains Bm and B.
subtilis ICCF 84 were very good developed
(see table 2).

Table 2. The influence of pH on growth and
development of the microbial antagonists

Microbial pH
strain 5 6 7 3 5
Bl + ++ ++ + _
Bm | | | |
P. putida + ++ et ++ ++
B. subtilis | +++ | +++ | 4+ | A | A
Legend: “+’=minimal growth; “++’=good growth;

“+++7=very good growth; “-” =no growth.

At concentrations of NaCl in the growth
medium between 0.5-4.0%, all the strains were
developed well (see table 3), but none was
developed at the 8.0% concentration.

Table 3. The influence of NaCl concentration on growth
and development of the microbial antagonists

Microbial NaCl concentration
strain [ 05% [ 1% | 2% | 4% | 8%
Bl ++ ++ ++ + -
Bm +++ +++ +++ | -

P. putida | +++ ++ +++ ++ -
B. subtilis | +++ -+ | A |
Legend: “+”=minimal growth; “++”=good growth;

“+++"=very good growth; “-” =no growth.

Regarding the composition of the culture
medium (see table 4), of the four types of



media (NA, YMPG, PDA, M44), the best for
the antagonists growth and development proved
to be the medium M44 containing yeast extract,
peptone and glycerol. On this medium all the
strains grew in less than 48 h.

A broth medium with the same composition (as
M44) was used for submerged fermentation
(data not shown). Interestingly those after 62 h
the values of optical density were still growing,
and at the end of the bioprocess were obtained
significant biomass amounts.

Table 3. The influence of the culture medium on growth
and development of the microbial antagonists

Microbial Culture medium
strain NA | YMPG | PDA | M44
Bl + ++ + R
Bm A+t e e -
P. putida ++ ++ ++ -
B. subtilis A+t - - R
Legend: “+”=minimal growth; “++”=good growth;

“+++7=very good growth.
CONCLUSIONS

The results of the influence of abiotic factors
on the development of strains Bl and Bm,
identified as Pseudomonas putida respectively
Bacillus mycoides, were very good in terms of
adaptability at different values of temperature,
pH, concentration of NaCl. During experiments
were tested, in the same conditions, two other
strains  Bacillus  subtilis ICCF 84 and
Pseudomonas putida ICCF 391 for which were
obtained similar results.

The best results regarding microbial growth
were obtained for temperature values of 28 and
32°C, NaCl concentration in the culture
medium between 0.5-4% and the pH between 5
and 8. Regarding the composition of the culture
medium, of the four types of media, the best for

98

the antagonists growth and development proved
to be the medium M44 containing yeast extract,
peptone and glycerol. These results encourages
us to affirm that all strains used in this study
could be suitable as antagonists as they can
resist in such conditions of the environment
similar to those studied here.
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Abstract

Grape must originated from American hybrids

Vitis labrusca (first generation) were analyzed by Gas

Chromatography/Mass Spectrometry (GC/MS) and Gas Chromatography/Olfactometry (GC/O) to identify the main
compounds that characterize aroma of these vine varieties.
Were detected a number of 29 compounds, from which 23 were identify as: volatile aldehydes and acids, ketones,
esters, alcohols, terpenes. The responsible compounds with the specific character of grape labrusca are o-
Aminoacetophenone, compound which give that foxy aroma of these hybrids and 2,5-dimethyl tetra hydro (2H)-3-
furanone, known for having that sweet candy and candy-floss aroma. Other compounds identified in higher
concentrations were the hydroxyl esters, they contributed at that “'fruity” character of labrusca grapes.

Key words: Chromatography/Mass Spectrometry, Olfactometry, grape hybrids, Vitis labrusca.

INTRODUCTION

Romania is well known and appreciated for her
wines, occupying 13th in world rankings of
winemakers, with approximate 5 million hl of
annual wine product. Cultivated area of noble
vine has 243.000 ha, of which about 200.000 ha
is an area of vines dedicated for wine production.
However a huge area of vines, cultivated exclu-
sively on amateur winegrowers lands (in
particular from village areas) is represented by
older vines belonging to the American species
(interspecific hybrids).

The interspecific hybrids divided by genera-
tion, in American old hybrids (first generation),
represented by varieties brought from the
American continent, created before the inva-
sion of phylloxera in Europe: Noah, Isabelle,
Lidia, Delaware, Othello etc; Euro x American
hybrids (second generation, result of crossing
between hybrids from first generation with
noble vines): Seibel 1, Seibel 1000, Terras 20,
Rayon d’or etc, to which adds varieties with
biological resistance, resulted from multiple
crossings between noble vines with American
hybrids (Grecu V., 2010).

The biggest areas belong to amateur wine-
growers from villages, are cultivated with
hybrids from first and second generation. There
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are many studies about grape flavor of Vitis
vinifera, as those which aim the interspecific
hybrids cultivated on the American continent, but
there is no research on flavor of older inter-
specific hybrids cultivated in Romania (Allen M.
etall., 1991; Visan L. et al., 2007; 2015).

Gas Chromatography/Olfactometry methods
(GC/O) have been used in aroma research and
enable the determination of odor-active
compounds in food (Williams P. J. and Allen
M. S., 1996; Tominaga T. et all. 1998; 2000).
Olfactometric  techniques, aroma extract
dilution analysis (AEDA) and Charm analysis
are commonly applied in characterization of
aromatic compounds in foods, inclusively in
juices, grape must and wine (Serot Th., 2001).
In AEDA dilutions in series of aromatic extract
are analyzed through Gas Chromatography/
Olfactometry m