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FOREWORD 

 

The remarkable progress in biotechnology research would not be possible 

without the communication and dissemination of the results first of all in the 
academic environment. 

In this respect, the International Symposium organised in Bucharest by the 

Faculty of Biotechnology, at the University of Agronomical Sciences and 
Veterinary Medicine Bucharest, offered a great opportunity for discussing latest 

findings on the topic to researchers, professors, lecturers, and biotechnology 

specialists from various institutions.  
Moreover, the symposium offered the opportunity to communicate and 

discuss current subjects in biotechnology, from different points of view and to form 

or consolidate partnerships for future technological R&D projects. 

The scientific manifestation has drawn the participation of academics from 
the Faculty of Biotechnology and from other Romanian universities and research 

institutes, together with well-known specialists from different countries, like 

Austria, Bulgaria, France, Germany, Moldavia and Serbia. 
The symposium has been organised in five sections consisting of oral 

presentations and posters, as follows: Section Agricultural Biotechnologies, 

Section Biotechnologies in Veterinary Medicine, Section Food Biotechnologies, 
Section Industrial and Environmental Biotechnologies, and Section Food Safety. 

The symposium proceedings are published in English, in the present volume. 

As I mentioned also in the foreword for the symposium, I would like to wish 

good luck in their research activities in this wonderful and interesting field of 
biotechnology, optimism, health and personal achievements to all the participants. 

Furthermore, I wish for many more funding opportunities for the research 

projects in this field, for more and better project partnerships, and for more 
attention to this field and to its researchers from the policy makers at national, 

European and international levels.  

 

 
 

                                                     Professor Petru Niculita 

Bucharest,                                    Dean of the Faculty of Biotechnology 
          November 2009 
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ABSTRACT 

 
              The results show a better identification of PLRV in leaves and sprouting tubers using the co-

incubation sample and IgG-AP conjugate. In comparison with the classical method, the test safety 
and sensitivity increased. Testing leaves, the average values of OD at 405 nm was 5-6,6 times higher 
than those obtained by standard DAS ELISA method and using sap from sprouting tubers (dilution 
1/10) this average was 1,5 times higher.  The co-incubation sample and conjugate could save time 
and costs of seed indexation . 
              The virus absorbance (A405nm) of enzymeïlinked immunosorbent assay (ELISA) for potato 
viruses Y and A could be increased using extraction buffers with new composition. Using McIlvainôs 
phosphate-citric acid buffer (0,18M; pH 7), the absorbances increased significantly for PVY and PVA 

detection comparing with the classic extraction buffer. Sodium diethyldithiocarbamate (0,01M) in 
phosphate-buffered saline plus Tween 20 (PBS-T) used instead of the polyvinylpyrrolidone increased 
the sensitivity of potato virus Y but this additives decrease the absorbances values in case of PLRV 
identification. The same decrease was observed when we used sodium thioglicolat (0,01M) and 
sodium diethyldithiocarbamate (0,01M) in PBS-T. The detection of potato virus X and S were not 
significant influenced by the new additives. 
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 The employment of high sensitive methods of detection and identification 

of nucleic acids, that allow for virus detection directly in plant extract, is still 
difficult for routine indexation of potatoes seed because of the high cost, 

complicated preparation of samples and highly trained personal needed to perform 

this kind of work (Leone et al. 1997, Nolasco et al. 1993, Schoen et al 1995, 

Spiegel and Martin 1993, Teverovsky et al. 1997 citated by Treder et al. 2005). 
              So, ELISA is the most commonly assay for detection of virus particles in 

potato tissues. A lot of researches were targeted to make modifications of this assay 

their purpose being to increase its performance or to enhance its detectivity (Van 
den Heuvel and Peters 1989, Martin R. H. 1990, Treder at al. 2005).  

              The detection level of the viruses and the rate of immunological reaction 

depend on which part of the plant is used for assay and on several physico-
chemical factors like: temperature, diffusion of components in reaction (mixing), 

composition of buffers  (Martin 1990, Treder at al. 2005).  

              The results presented in this paper show a better identification of PLRV in 

leaves and sprouting tubers (after natural break of dormancy) using the co-
incubation sample and IgG-AP conjugate, together in the wells of the ELISA  

microplates. This method has been used by others researchers, in different 

conditions (Van den Heuvel and Peters 1989, Treder at al. 2005).   Particles of IgG 
immobilized on the well surface are used to entrap virus particles, which bind 

conjugate particles at the same time, resulting in formation of multilayer structure 

of antibody-antigen-enzyme complex. This system allows binding higher amounts 

of virus and conjugate particles than occurs in regular DAS-ELISA (Treder et al. 
2005). 

              As shown in this paper, the virus absorbance (A405nm) of enzymeïlinked 

immunosorbent assay (ELISA) for potato leafroll virus, potato viruses Y and A 
could be increased using extraction buffers with new composition tested in our 

research work. The effect of additives like sodium diethyldithiocarbamate and 

sodium thioglicolat were tested by other researchers too ( Goodwin P. H., Bantarri 
E. E., 1984). 
  

1. MATERIAL AND METHOD  
 

a. The  effect of samples incubation on detection of  PLRV 

              Potato material. All the biological material (healthy and infected) was 

obtained from the virus collection of our institute. We used 29 plants infected with 
two isolates (19 with the isolate Lusewitz and 10 with the isolate Braunshweig). 

The infection of this matherial was confirmed by using antisera from Bioreba 

(Switzerland). A pollahne press with smooth rolles was used for preparation leaf 

samples. For the tuber testing, the sap was extracted , diluted and dispensed 
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directly into the plate using the extractor Microlab 500B/C (Hamilton) (Gugerli  

1979, Hill 1984). We tested sprouting tubers after natural break of dormancy, when 
the sprouts were 2-3mm long. 

              Antibodies and conjugates dilution as recommended by the manufactures 

1:200 for Loewe (Germany) and 1:1000 for Bioreba AG (Switzerland). 
              Microplates- NUNC microplates were coated with antibodies for 

overnight incubation in the refrigerator. 

              DAS ELISA (V1)  The analysis was performed following essentially the 

reactives solutions in each well of the plate. 

              In the other variant (V2, cocktail ELISA), all the steps were the same as 

DAS ELISA except that the sample and the enzyme conjugate IgG were added 
together and incubated overnight at 4

o
C. All experiments were repeated four times. 

Rinsed microplates were filled with substrate solution (p-nitrophenylphosphate) 

incubated 30, 60 and 120 minute and the absorbance values were estimated at 405 
nm on PR1100 reader. The samples having A 405 values exceeding the cut-off 

(two times the average of healthy control samples) were considered virus infected. 

 
              b. The effect of extraction bufferôs additives on the detection of  potato viruses 

Y,  A , X and S by ELISA technique 

 

              Virus samples were preparated from infected plant leaves (we used 18 

plants infected with the isolate Ackersegen for PVY, 18 plants infected with 

Corona isolate for PVA,18 plants inected with the isolate Amsel for PVS and 18 
plants  infected with Bitje isolate for PVX ) and control samples were preparated 

from leaves of healthy plants from the same species. For the samples we used fresh 

tissues that produced relatively moderate reactions in ELISA (sap from 

2infected+2health plants, dilution of infected sample in extraction buffer was 1/10). 
Excepting PVA detection, the antisera and conjugated used for the ather viruses 

detection were preparated in our laboratory.  

              The extraction buffers used were: classic buffer ( 2% polyvinylpyrrolidone 
in PBS-T; pH 7), McIlvainôs phosphate-citric acid buffer (0,18M; pH 7), sodium 

diethyldithiocarbamate (DIECA) (0,01M) in phosphate-buffered saline plus Tween 

20 (PBS-T), diethyldithiocarbamate (DIECA) (0,01M) and sodium thioglicolat 
(0,01M) in PBS-T. 

              The analysis was performed following essentially the protocol described 

by Clark and Adams (1977). We used 100 

well of the plate. All experiments were repeated five times The optical density was  
measured after 60 minutes, on PR1100 reader. 

              Each set of comparable assay was conducted at the same time and with the 

same bulk sample.Analysis of variance (ANOVA) and Duncanôs multiple range 
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test were used to analyze the data. In the aim to illustrate the precision of the mean 

we use confidence interval (CI).  
 

2. RESULTS AND DISCUSSIONS 

               a. The effect of samples incubation on detection of PLRV 

              As shown in table 1, the sensibility of detecting PLRV in leaves was 

correlated to the incubation modality of the samples and the incubation time with 
substrate solution. In comparison with the classical method, the test safety and 

sensitivity increased. Testing leaves, the mean values of OD at 405 nm was 5-6,6 

times higher than those obtained by standard DAS ELISA method.  

              Significantly higher readings were obtained applying cocktail ELISA, this 

variant improving the detectability of potato virus particles. 

              Figure 1 shows that the co-incubation sample and IgG conjugate gave 
positive reaction in 100% of the testing plants even after the shortest incubation 

time with substrate solution. 

 
Table 1 - Detection PLRV in leaves by DAS ELISA* and COCKTAIL ELISA**  

    Incubation time with substrate solution 

          30 minutes          60 minutes           120 minutes 

 V1* V2**  V1* V2**  V1* V2**  

Cut off  0,065 0,084 0,072 0,113 0,097 0,171 

OD405nm***  0.055 
Ñ 0,014 

0.278 

Ñ 0,119 

0.089 
Ñ 0,030 

0.536 

Ñ  0,230 

0.162 
Ñ 0,063 

1.072 

Ñ 0,450 

 

 

 
 *V1   ï DAS ELISA 
 ** V2 ï COCKTAIL ELISA (co-incubation samples and IgG-AP conjugate)   
 ***   ï mean values of OD at 405 nm for four repetitions Ñ standard deviation 

When we used DAS ELISA, the percentage of infected plants grew with 

the time of substrate incubation from 37,5 to 82,8%, but the maximum percentage 

wasnôt achieved not even after 2 hours despite the assays were made with plants 

sure infected. So, using the standard method, 17% of the samples didnôt lead to 
positive reaction.   

 Testing sprouting tubers, the results showed a better identification of 

PLRV using the co-incubation sample and IgG-AP conjugate at all the sapôs 
dilutions (table 2). Using the co-incubation sample with conjugate, for sapôs 

dilution 1/10 and 1/20, the infected tubers were easily distinquished from negative 

controls. PLRV has been practically undetectable by DAS ELISA in tuber extracts 

 x 5,0  x 6,0  x 6,6 
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diluted more than 20 times, while in the cocktail version, readings differentiate 

extracts from infected tissues, but not very clearly. 

 
 

 

 
 

 

 
   Fig.1 - Detectability of PLRV in leaves function on the samples incubation modality 

*** Biological material used for leaves samples (29 plantes infected with PLRV). Experiments 
were repeated on four occasions, with the same results 

 
 Table 2 - Virus detection in sprouting tubers fonction on the samples 

incubation modality 

Dilution 

of the 

sap 

Incubation time 

with substrate 

solution(minutes) 

V1* V2**  

  Healthy OD405nm Ñ 

SD***  

Healthy OD405nm Ñ 

SD***  

1/10 60 0,025 0,082 Ñ0,036 0,031 0,103Ñ0,017 

 120 0,030 0,155Ñ0,060 0,037 0,227Ñ0,042 

1/20 60 0.027 0,050Ñ0,014 0,030 0,065Ñ0,007 

 120 0,036 0,095Ñ0.043 0,038 0,132Ñ0,019 

1/40 60 0,026 0,035Ñ0,009 0,031 0,048Ñ0,006 

 120 0,030 0,058Ñ0,017 0,037 0,089Ñ0,014 

*, **,***  - See explanations to table 1. The sap was extracted from the rose end of 29 sprouting 
tubers (after natural break of dormancy). 
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The figure 2 shows that the highest values of OD at 405 nm were those obtained by 

cocktail ELISA, when the tuber extract was diluted 10 times, after 2 hours 
substrate incubation. The mean values was in this case 1,5 times higher than those 

obtained by standard DAS ELISA method. 
              b. The  effect of extraction bufferôs additives on the detection of  potato 

viruses Y,  A , X and S by ELISA technique 

              Using McIlvainôs buffer, the absorbances increased by 63,5% for PVA 
detection comparing with the classic extraction buffer, and by 32,46% in case of 

PVY detection (table 3 and figure  3A).  
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Fig.2 - PLRV detection in sprouting tubers . 
95% CI- 95% confidence interval of the difference. 

*Values not followed by the same letter are signifficantly different (P=0,05) according to 
Duncanôs test. Experiments were repeated on four occasions. For further explanations see note 

of table 2. 
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    Sodium diethyldithiocarbamate (0,01M) in PBS-T (phosphate-buffered saline + 

Tween 20) used instead of the polyvinylpyrrolidone (2%) in PBS-T increased the 
sensitivity of potato virus Y (by 38,4%) but this additives decrease the absorbances 

values in case of PLRV identification. The same decrease was observed when we 

used sodium thioglicolat (0,01M) and sodium diethyldithiocarbamate (0,01M) in 
PBS-T. The detection of potato virus X and S was not significant influenced by the 

composition of extraction buffer  

              The McIlvainôs buffer improves the detection for PVY even in freeze 

potato leaves The results presented in figure 1B show a better identification 
(significant differences) using McIlvainôs phosphate-citric acid buffer, 

comparatively to the classic variant, for all infection levels. Using this buffer, the 

test was more sensitive that the standard test, it detects low concentration of virus 
with greater reliability even for the weak infection level of sample. 

 

Table 3 - Effect of extraction buffer on  the diagnostic sensitivity of DAS ELISA test* 

(mean values of OD at 405nm for 5 repetitions ÑSD values) 

 

 

 

Virus 

 

 

Sample 

Extraction buffer 

Classic buffer McIlvain  

buffer 

DIECA(0.01M) 
in PBS-T 

DIECA+sodium 
thioglicolat in 

PBS-T 

PVY Infected 1,251Ñ0,317 
b**  

1,668Ñ0,259 a 1,784Ñ0,189 a 1,675Ñ0,260 a 

Healthy 0,037Ñ0,004 - 0,034Ñ0,002 - 0,033Ñ0,001 - 0,033Ñ0,002 - 

Buffer 0,027Ñ0,002 - 0,028Ñ0,001 - 0,029Ñ0,001 - 0,027Ñ0,001 - 

PVA Infected 0,648Ñ0,293 c 1,146Ñ0,109 a 0,899Ñ0,115 b 0,699Ñ0,122 c 

Healthy 0,038Ñ0,009 0,036Ñ0,012 0,038Ñ0,008 0,035Ñ0,010 

Buffer 0,027Ñ0,007 0,026Ñ0,009 0,030Ñ0,010 0,029Ñ0,008 

PVS Infected >2,000 >2,000 >2,000 >2,000 

Healthy 0,032Ñ0,009 0,035Ñ0,012 0,033Ñ0,008 0,032Ñ0,010 

Buffer 0,028Ñ0,007 0,026Ñ0,009 0,024Ñ0,010 0,024Ñ0,008 

PVX Infected >2,000 >2,000 >2,000 >2,000 

Healthy 0,045Ñ0,011 0,048Ñ0.012 0,044Ñ0.014 0,047Ñ0,012 

Buffer 0,030Ñ0.009 0,029Ñ0.011 0,031Ñ0.009 0,029Ñ0.008 

* For the samples we used fresh tissues that produced relatively medium ELISA reactions (sap from 
2infected+2health plants) 
** Values not followed by the same letter are significantly different (P=0,05) according to Duncanôs 
test. 

 

 

 
          3. CONCLUSIONS 

              Significantly higher readings were obtained applying cocktail ELISA, this 

variant improving the detectability of potato virus particles The results obtained in 
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the detection of PLRV in leaves were better than in tubers (because of the low 

concentration of the virus in tubers).  
              The results achieved testing extractionôs buffer additives show a better 

identification (significant differences) for PVY and PVA in potato leaves (sapôs 

dilution 1/10) using McIlvainôs phosphate-citric acid buffer (0,18M; pH 7). This 
buffer  donôt use polyvinylpyrrolidone, an additive expensive and difficult to 

dissolve in PBS-T.  

              The co-incubation sample and conjugate and the McIlvainôs phosphate-

citric acid buffer used like extracting buffer could be two posibilities for saving 
time and costs of potato viruses diagnostic tests. 

 

 

A       B  

      
Fig.3 - A - Influence of extraction buffer on potato leafroll virus (PLRV), potato viruses Y, 

A, S detection (fresh samples).   

B- Influence of McIlvainôs buffer on PVY detection ( freeze leaves)  
(tissue samples that produced different levels of infection) Virus source plant were selected to 
produce relatively strong, moderate or weak virus specific reactions in ELISA.      
      95%CI- 95%  confidence interval of the difference 
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ABSTRACT 

 
Multiplication of potato virus Y was made on tobacco plants. The leaves were harvested 3-4 

weeks after inoculation.In the event of potato virus Y, for homogenization of tobacco leaves, we used 
buffer with  hosphati-citrat (McIlvaine) 0,18 mol/l, pH 7, surplus DIECA and thioglycolat Na, and 
after homogenization was added Triton X-100. The virus purification was done through two 
differential centrifugation cycles followed by centrifugation on sucrose gradient (10-14%) and next 
on cessium chloride. For rabbit immunization were gave 2 injections/rabbit with purified virus, 

surplus Freund adjuvant.Maximum concentration of immune antiserum was 1:8192 for Y antisera. 
From respective antisera, through purification was separated fraction G of immunoglobulin (IgG) 
and to realized the conjugate, antibodies were marked with alkaline  hosphatise. Optimum dilution 
for IgG and conjugate also was 1:1500.  
 

 Virus Y and potato leafroll virus are considerated the most important 

viruses of potato because their frequency and their injury potential. The virus Y is 

present in all cultivation areas of the potato from the world wide and the plant 
production with secondary infection can be diminuated with 33-90%, depending on 

the variety and the virus strains (Cojocaru 1987). 

 Among the control technologic methods of the diseases generated by the 
potato viruses a special role reverts to the safety of identification techniques for the 

infected materials (plants and tubers). Currently the most sensitive, precise and 

used method on world wide plan is the ELISA technique. The method pointed by 

Koenige (mentioned by Wetter and Milne 1981), requires high cost of the testing 
because it needs antiserum with greater specificity, enzymes, microplates and 

adequate equipments. In our country  the tests were made initially only with 

antiserum ( IgG and conjugate) from import, for identification of PVX, PVS, PVM, 

mailto:icpc@potato.ro
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PVY, PVA and potato leafroll virus. For reducing the financial effort occasioned 

by their import, researches have been initiated at the National Institut of Research 
and Development for Potato and Sugar Beet Brasov, in the aim to obtain in the first 

stage antiserum, IgG and conjugate for the X and S potato viruses (Cojocaru and 

Bran; 2001) Afterwards, researches have been extended for virus Y of potato. 
 

 
1. MATERIALS AND METHODS  

 

The viruses multiplication. For purification of Y virus we used the Y
O
 and 

Y
N
 strains, multiplied on tobacco plants, Samsun and White Burley varities. The 

viruses multiplication has been efectuated in greenhouse conditions. We harvested 

the leaves from infected secundary plants. For the virus Y multiplication, the 
tobacco plants have been inoculated mechanical in the 2-4 leaves phase and the 

harvesting leaves has been made after 3-4 weeks after inoculation. 

The viruses extraction. The extraction and the purification of virus has 

been experienced not only from frozen leaves but also from fresh leaves harvested. 
The homogenization of the leaves has been efectuated in the McIlvaine buffer 

(phosphate, citric acid) 0,18 M, Ph 7 containing as additive stabilizer sodium 

DIECA (0,02 M) and sodium  thioglycol (0,01 M). 
The methodology of purification. As well as in the case of the X and S 

viruses, the purification methods has been established on the base of the schema 

used in the virology labs from Germany and Holland (Weidemann 1982; ***1982) 

with some modifications in principal quantitative, depending on the disposable 
equipments, as well as the one reffered to the centrifugal action in density gradient. 

1. The infected 400 g leaves homogenization, in 4 trances of 100 g leaves and 200 

ml extraction buffer, so that (in such a way) has been previous indicated at the 
Y virus extraction. For obtaining homogen 37,4 ml has been added from a 

solution of 20% biodistillate water of Triton X-100 and incubated over night at 

4ÁC with continue agitation. 
2. The homogeneity filtration through a dense saill and the centrifugal filtrate in 

15 minutes at 7000 rotations/minute, with 8x50 ml rotor, in the K23 centrifuge. 

3. The suspension was centrifugated 90 minutes at 2400 rotations/minute and 

10ÁC with R35. 
4. The sediment was resuspended in 380-400 ml extraction/homogenization 

buffer (McIlvaine with stabilizer additive), at least 60minutes at 40ÁC has been 

agitated and then centrifugated as point 2. 
5. The supernatant centrifugation during 120 minutes at 20.000 rotations/minute 

and 10ÁC with R35. 

6. The resuspension of the sediment in 6-7 ml McIlvaine 0,18M buffer, pH7 
(without additive stabilizer) minimum agitation 60 minutes at 4ÁC and 15 
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minutes centrifuge at 7.000 rotations/minute and 10ÁC in the 6x100 ml rotor 

with adapters for 4 cups of 10 ml from the bottle or the 12x25 ml rotor, both at 
the K23 centrifuge. 

7. The supernatant centrifuge (1 ml virotic suspension/tube), in sucrose gradient 

of 10-40%, in McIlvane buffer, during 120 minutes at 25.000 rot/min and 10ÁC 
with SW41. 

8. The viruses area extraction (figure 1), 1:1 dilution with McIlvane buffer and 

centrifugation during 150 minutes at 25.000 rotations/minute and 10ÁC with 

R35. 
9. The sediment resuspension in 10 ml McILvaine buffer (without additive), easy 

homogenization and 30-60 minutes agitation with low speed, after that the 

centrifugation necessity is estimating at 5000 rotations/minute with 12x25 ml 
rotor. 

10. The viruses suspension (10 ml) is moved in a 50 ml cylinder and is added at 

the obtained solution from the 12,15 g CsCl dissolution in 15 ml bidistiled 
water, brought up to 30 ml and mixed well. Then it was centrifuged for 22 

hours at 36.000 rotations/minute and 10ÁC SW55 (6x5ml). 

11. The viruses area extraction and its dialyse in McIlvaine buffer. An assay is 

holded (aprox.200Õl) for the analyse at the electronic microscope. In the rest is 
added 1:1 glycerine and it is stored at -18ÁC until the rabbits immunization. 

 

 
Fig 1- Extraction of virus after 

centrifugation in sucrose gradient 

 

 

 
2 series of purification/viruses 

have been efectuated, for each series 

we used 400 g infected leaves. 

The rabbits immunizing. 
Two rabbits/virus have been 

immunized through two innoculations, at 14 days interval, the first through 

subcutaneous injection in many points and the second one intramuscular, in both 
posterior legs. At each administration, the rabbit has been inoculated with the 

virotic suspension obtained from 200 g infected leaves, emulsifiyed with complete 

Freund adjuvant, in 1:1 proportion. 
 To obtain antiserum, 10 bleedings/rabbit have been effectuated,  of 15-25 

ml blood each, but after the separation of the immune antiserum, the titre and itôs 

specificity have been determined towards the homologue antigen and the healthy 
plant juice through the dilution method and precipitation blade. The antiserum 
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conservation of each bleeding has been made at 4ÁC with addition of sodium azide 

in concentration 0,1% (Ghetie and Micusan 1966). 
 We  used the methodologies for the X and S antiserum (Cojocaru and Bran 

2001) for the antiserum purification, in the purpose of the ballast globulins 

elimination, noimmune, from the antiserum and the separation of the most active 
fraction IgG, as well for the antibodies marking with alkaline phosphatase, and for 

the optimal testing diluted solution. 
 

2. RESULTS AND DISCUSSIONS 

The viruses purification. The electro-microscopic analyses of the purified 
preparation show a good purity, so we can obtain antiserum with high specificity, 

and without positive reactions with sap from healthy plants. Consequently it 

results, that in a large measure, using these purification methods, the specific 
antigen compounds have been eliminated to the host plants used for the viruses 

multiplication.  

The viruses concentration in the preparations was also very high, being 

estimated at 10
9
-10

10
 particles/ml in the case of purified Y virus from the fresh 

harvested leaves (figure 2A) . Both the purity and concentration of our preparations 

constituted the premise to obtain antiserum for the ELISA technique. 

 

 

 

 

 

 

 

 

 

A     B 
Fig.2 - Electron micrographs - particles of virus Y ï virus suspension obtained from fresh 

leaves (A) and from frozen leaves (B). The extraction and purification methodologie used are 

presented  above (comparatively with the schema used in other labs, we made some modifications in 

principal quantitative, depending on the disposable equipments). 
 

In the preparation of the Y virus obtained from the frozen leaves 
approaching 10 months, the virus was practically absent, being made obvious only 

little fragments particles (figure 2B ). The loss of the Y virus in the purification 

process from the frozen leaves is considerated to be caused in principal, by the 
solid aggregation of the viruses particles as a result of the tissue or juice 

congelation, pointed out by Derrick and Brlansky (quoted by Hollings and Brunt 



 

 

22 

1981) and their elimination together with the obtained sediment as a result to the 

centrifugal actions to a small number of revolutions. In consequence, it is indicated 
that the Y virus extraction in view of the purification should be accomplished from 

fresh harvested leaves before the homogenization. 

Obtaining the antiserum. The data regarding the relative concentrations of 
the antibodies in Y antiserum expressed through the limit dilution of these 

variations are being made evident by the interval between immunization and 

bleeding (table 1). Therefore, the titres registrated a gradual raise with the measure 

period between the last administration of the virus and bleeding, until the 
maximum titre touch, after that the last bleeding has been reduced. The only 

exception regarding the concentration evolution of the Y antiserum constitutes the 

registered titre at the 6
th
 bleeding, reduced with a dilution step towards the previous 

bleeding. In view of the next 2 bleeding titres, we consider that this reduction 

apparent registrated at the 6
 th

 bleeding wasnôt due to the antibodies concentration 

fluctuation, more probably from the used virus concentration at the titre 
establishment. This way the use necessity of a similar virus concentration is 

detached for all antiserum bleedings. 

The Y antiserum had generally high titres, although the antiserum titre is 

influenced by numerous factors, we consider that the better antigen of the Y virus 
had an inmportant role. So, the Y virus has been named as a "powerful immunity" 

(Dolgado-Sanchez 1970; de Bokx and Huttinga 1981).  

 
Table 1 - Evolution of Y antiserum titre with times intervals immunization- bleeding 

 

 

Bleeding 

Antiserum Y 

Number days 

immunization-bleeding 

Titre      

  

1 15 1:512 - 1:1024 

2 29 1:1024 - 1:2048 

3 43 1:2048 - 1:4096 

4 57 1:2048 - 1:4096 

5 70 1:4096 - 1:8192 

6 85 1:2048 - 1:4096 

7 99 1:8192 

8 113 1:8192 

9 127 1:2048 - 1:4096 

10 141 1:1024 - 1:2048 
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The maximal titre of the Y antiserum was of 1:8192, registrated at 5
 th

, 7
 th

 

and 8
 th

 bleedings, so practically, after 70-113 days from the immunization, namely 
at 32-46 days after immunization, maintaining therefore at this level for a short 

period (table 1).  

Concerning the antibodies from "early bleedings", Koenig (quoted by 
Wetter and Milne 1981) has related that they have a reduced affinity and that the 

greediness can still decline during the conjugation with enzyme. It results that the 

antibodies from the first bleedings are less suitable for ELISA and in consequence, 

we considerate, that the immune antiserum obtained from the first bleedings 
shouldnôt be used in the ELISA test. In comparison with the minimal demands so 

that an antiserum can be used in the ELISA technique, the accentuated 

requirements in 1987 by Maat and Huttinga ( the titre regarding the minimum 
homologue antifreeze solution 1/256 and absent or maxmimum  regarding the 

specific plants antigen), the Y antiserum achieved by us, go beyond, in positive 

sense, these attribution, what denotes the high quality of these and their pretability 
for the identification viruses using ELISA test. 

The IgG  separation and antibodies conjugation with enzyme. For the 

antiserum purification for obtaining IgG we used 2 ml of antiserum, with 1:8192 

titre (table 2 presents the extinctions of fraction resulted after cromatografic 
purification). Thus, the extinctions have grown from 0,057 to high values obtained 

from the 4-6 fractions. It has followed than a gradual reduction of the extinctions, 

at antiserum fractions, reaching finally at 0,224 respectively 0,476. After the 
immune globulin concentration adjustement at 1 mg/ml we obtained 23 ml with 

E=1,740 for Y virus. 

 

 
 

 

 

 

 

 

Table 2 - Extinctions (E280nm) values of 

IgG fractions after gel filtration of Y 

antiserum 

 

  

 

 
 

 

Number 

fraction/antiserum 

E280nm 

1 0,057 

2 0,193 

3 2,117 

4 3,620 

5 3,550 

6 3,500 

7 2,886 

8 1,440 

9 0,861 

10 0,476 
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Table 3 - Values of extinctions (E405nm) - different dilutions of antibodies, conjugate, 

virus Y and healthy plants sap 

 
 

Specificatio

n 

Dilution antibodies (IgG) 

1:300 1:900 1:2700 

PVY 1:10 >3 1,882 0,646 >3 1,661 0,673 2,839 1,390 0,542 

PVY 1:100 2,603 1,138 0,427 2,612 1,113 0,457 2,387 0,061 0,402 

PVY 1:1000 0,854 0,438 0,198 1,024 0,450 0,211 1,036 0,502 0,225 

Healthy 1:10 0,063 0,055 0,056 0,059 0,057 0,052 0,057 0,058 0,057 

Healthy 

1:100 

0,064 0,056 0,054 0,067 0,063 0,056 0,059 0,060 0,056 

Extraction 

buffer  

0,058 0,056 0,056 0,059 0,058 0,053 0,056 0,057 0,054 

Dilutions 

conjugate 

1:40

0 

1:1200 1:3600 1:400 1:1200 1:3600 1:400 1:1200 1:3600 

Cut-off 0,126 0,110 0,112 0,118 0,114 0,104 0,114 0,116 0,114 

 
For conjugated preparation, antibodies (2 ml IgG/serum)  were marked 

with alkaline phosphatase from Fluka, with activity 2500 U/mg protein. 

The optimal testing dilution. The data presented in tables 2 and 3 show a 

semnificantly, constant, gradual reduction of extinction values , according to the 
dilution growth of the conjugate and virus (therefore with the concentration 

diminution) and in a little measure the antibodies dilution. This extinction 

diminution with the conjugate and virus dilution were obvious from 5 antibodies 
dilutions. We mention that the last dilution of the Y virus (1:1000) it has been 

ascertained that the constant tendency of easy growth of the extinctions, with the 

antibodies concentration reduction. At the maximal dilutions tested (1:1000 for 
virus, 1:2700 for antibodies and 1:3600 for the conjugate), the registered was twice 

higher (table 3). This fact denotes that the accomplished Y antiserum presents a 

high detection for the homologue virus. 

In the view of the increased precision assurance for the viruses presence 
evidence, even in the case of some reduced concentrations in plants than 1:1000, 

on the extinction evolution base at the tested dilutions for reagents and comparative 

with the healthy and infected limits, has been established as an optimal work 
dilution 1:1500, not only for the antibodies but also for the viruses conjugate. For 

each conjugation lot of the antibodies with enzyme it is necessary to test the 

optimal dilution.  
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3. CONCLUSIONS 

The schema and methodologies used for the purification of Y virus helped 

us for obtaining clean and concentrated preparations of virus particles (108-1020 
particles/ml), corresponding to specific antiserum achievement and for their use in 

ELISA technique. 

The Y virus purification from the frozen leaves hasnôt succeeded, so 
consequently it is recommended for their purification that the virus should be 

extracted from fresh harvested leaves. 

The achieved antiserum behind the immunization and bleeding of the 
rabbits have presented a good specificity (the zero titre regarding the healthy plant 

sap and a higher concentration of the antibodies given by the homologue antigen 

(the maximal titre 1:8192). 

The optimal work dilution of the IgG and the conjugate of antiserum 
established after the purification of the antiserum and the antibodies marking with 

alkaline phosphatase was considered to be of 1:1500 for these immune serum 

series.The extinction values were strong influenced by the conjugate dilution and 
virus dilution, and in a weak measure by the antibodies dilution. 
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ABSTRACT 

 
              Shoot-clumps of twelve Leucojum aestivum in vitro clones of different origin and with 
specific alkaloid profiles were studied comparatively.  
                  The biosynthesis was stimulated by some alkaloid precursors: casein hydrolysate, and/or 
amino acids - tyrosine and phenylalanine - added in the MS based nutrient media supplemented with 
BAP and NAA. The effects of the treatments were concerned by alkaloid content and profile changes 
based on the previously observed dynamics. 

 
 

              Regular annual dynamics of alkaloid biosynthesis was reported for the 
intact plants of Leucojum aestivum growing in situ and under controlled field 

conditions (Stefanov, 1990). According to the main alkaloids of the natural 

populations of the species in Bulgaria, the author defined chemoraces of 

galanthamine (Gal), lycorine (Lyc), and lycorenine types. In many populations of 
galanthamine type lycorine was also present in high concentrations while the 

populations producing lycorenine contained usually 9-demethylhomolycorine in 

similar quantities. Highest galanthamine contents were determined during the bud 
formation and the flowering in April; however, the amount of this alkaloid was 

decreasing sharply within two weeks during the fruit maturation. Conversely, 

lycorine was decreasing during the vegetation in spring.  
              Although the populations differed significantly in their average 

galanthamine concentrations, they were proved genetically heterogeneous, 

consisting of individuals with higher or lower galanthamine contents (Poulev et al., 

1993). We previously confirmed the importance of the genotype, which determined 
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the alkaloid profile and content of the long-term in vitro cultures of L. aestivum 

(Bogdanova et al., 2009). Moreover, we revealed in vitro dynamics of the 
biosynthetic activity concerning both main alkaloids galanthamine and lycorine, 

which characterized with clone specificity (Stanilova et al., 2008 & 2009).  

              The herbage of L. aestivum is a valuable crude material for industrial 
production of galanthamine-based drugs used for treatment of many diseases of the 

nervous system including Alzheimer syndrome. As far as it is endangered 

medicinal plant species with limited annual quota of gathering from the Bulgarian 

natural populations (Gussev et al., 2007), the development of alternative 
approaches for galanthamine production is important. Lycorine is also alkaloid 

with useful properties such as antitumor and antiviral activities. We selected high 

productive in vitro clones containing an average of over 1 mg/g DW galanthamine 
and/or lycorine, which have kept their biosynthetic capacity for several years 

(Bogdanova et al., 2009).  

              Additional increase of the alkaloid contents might be achieved using 
different techniques for stimulation of the secondary metabolism. We already 

proved that jasmonic acid acting as a stress factor could enhance the biosynthesis 

of galanthamine in vitro; however, the dynamics of the biosynthetic activity turned 

out more important factor limiting the increase of the alkaloid content during some 
periods (Bogdanova et al., 2008). Feeding with precursors of the desired bioactive 

compound is frequently used technique, which was successfully applied for 

production of alkaloids from Catharanthus roseus, Camptotheca acuminatʘ and 
Thalictrum minus (Vanisree and Tsay, 2004). The amino acids tyrosine (Tyr) and 

phenylalanine (Phe) were defined as precursors of galanthamine and lycorine 

(Hornok, 1992). Casein hydrolysate (CH), which is consisting of many amino 

acids, including Tyr and Phe, was reported as a suitable indirect precursor of 
colchicine, another alkaloid derivative of the two amino acids (Ghosh et al., 2002). 

As far as the amino acids contain the ions NO3 
-
 and NH4

+
, they could be added as a 

sole source of nitrogen in the nutrient medium, thus replacing the usual macro-
salts, which supply the in vitro plants with inorganic nitrogen. The present study 

was aiming at stimulation of the biosynthesis of galanthamine and lycorine by 

addition of different alkaloid precursors. 
 

1. MATERIAL AND METHOD  
 

              Twelve selected L. aestivum clones were used for in vitro stimulation of 
the alkaloid biosynthesis: three of Gal type (La-3.9, La-4.45, and La-5.2), six of 

mixed Gal-Lyc type (La-7.6, La-2.72, La-1.19, La-6.31, La-7.73, and La-7.26), two 

of Lyc type (La-9.6 and La-9.15), and one of mixed lycorenine-9-

demethylhomolycorine type (La-10.4). Clones were initiated in 2003, from bulbs 
originating from different Bulgarian populations. Shoot-clumps were obtained by 
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direct regeneration and multiplied by sub-cultivation as described previously 

(Bogdanova et al., 2009).  
              Cultures were maintained on control MS based medium (Murashige and 

Skoog, 1962) with 10-fold increased Thiamine-HCL, supplemented with 30 g/L 

sucrose, 2 mg/L BAP and 0.15 mg/L NAA, solidified with 6 g/L Plant agar 
(Duchefa, NL), pH 5.7. Cultivation was maintained under permanent conditions: 

temperature of 23Ñ2ÜC, 16 h daily illumination of 20.25 Õmol m
-2
, in Vitro Vent 

containers (Duchefa, NL) with 125 ml medium. 

              Two consecutive experiments were performed aiming at stimulation of the 
alkaloid biosynthesis by feeding with casein hydrolysate (CH) and/or the amino 

acids tyrosine (Tyr) and phenylalanine (Phe) as precursors. First treatment started 

in November 2004 and lasted two months; second one was performed with half of 
the clones for three months, from April to July 2005. The effect of the precursors 

was tested in parallel with modification of the MS macro-salts composition 

excluding the compounds containing inorganic nitrogen ions: NO3
-
 and NH4

+
. 

Thus, the precursors were the sole nitrogen source in the media. During the first 

treatment, clones were cultured on control MS medium and on medium TP*-400 

containing 400 ÕM Tyr and Phe. Six of the clones were further tested on control 

MS medium, medium TP*-700 with Tyr and Phe in concentration 700 ÕM, and 
medium CH TP*-700 supplemented with 3 g/L casein hydrolysate, and Tyr and 

Phe in amount ensuring their final concentrations of 700 ÕM.  

              Galanthamine, lycorine, and four related alkaloids: norgalanthamine, 
ungiminorine, galanthaminone, and homolycorine, were determined in the 

methanol extracts of dried shoot-clumps by chromatographic analyses (Waters 

HPLC system, PDA detector) as described previously (Bogdanova et al., 2009).  

              Statistics: Influences of the precursors and the genotype, as well as their 
possible interactions were tested by ANOVA two-factor with replication. Impact of 

biosynthetic dynamics was assessed by t-test paired, thus respecting the clone 

specificity. Correlation coefficients were calculated in Excel. 
 

 
2. RESULTS AND DISCUSSIONS 

              We reported previously that all 20 in vitro clones of L. aestivum studied 
for 24 or 33 months under permanent light and temperature conditions in equal 

plastic containers expressed clone-specific dynamics of the alkaloid biosynthesis 

(Stanilova et al., 2008; Stanilova et al., 2009). Therefore, the stimulant effect of the 
precursors was evaluated in relation with the dynamics of the biosynthetic activity 

of each tested clone. The results from the two consecutive treatments differed 

significantly and confirmed our hypothesis based on our experiments with 

jasmonic acid and some galanthamine precursors (Bogdanova et al., 2008; 
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Stanilova et al., 2009), suggesting that clone specific dynamics was of primary 

importance for the effect of biosynthesis stimulation. 
              Clones cultured on control medium differed in their galanthamine contents 

determined in November 2004 and in January 2005 (P = 0.001, t-test paired). The 

alteration of galanthamine contents was synchronized (p < 0.05). Obviously, 
dynamics of galanthamine production was ascendant during the first experiment 

(Fig. 1-A), while that of lycorine production was more complex (Fig. 1-B). Only 

two from the mixed Gal-Lyc type clones, La-7.6 and La-2.72, expressed similar 

biosynthetic activity for both alkaloids. The other four mixed type clones did not 
synthesize lycorine in January 2005 when cultured on control medium. It seemed 

that the feeding with Tyr and Phe led to successful overcoming of the zero point of 

the biosynthetic activity of clones La-1.19 and La-6.31. However, no lycorine was 
detected in clones La-7.73 and La-7.26 cultured on medium TP*-400, which 

brought the stimulant effect of the precursors in question. 
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Fig. 1 - Influence of the biosynthetic dynamics and the alkaloid precursors on the alkaloid 
contents of 12 in vitro clones of L. aestivum: (A) Gal contents of 3 Gal type and 6 mixed 

Gal-Lyc type clones; (B) Lycorine contents of the 6 mixed Gal-Lyc type clones, 2 Lyc type, 

and 1 lycorenine type clones 

                The crucial importance of the genotype for the alkaloid profile and 

content of the in vitro cultures of L. aestivum was reported in our previous studies 

(Bogdanova et al., 2009). In order to elucidate the relative weight of the genotype 
and the alkaloid precursors, we assessed the results obtained in January 2005 on 
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control and on TP*-400 media applying ANOVA two-factor with replication. 

Taking into account the peculiarities of the main chemotypes defined for the 
Bulgarian populations, we compared the clones within each chemotype 

independently from the others. The results confirmed the great importance of the 

genotype for the biosynthetic activity (Table 1). Galanthamine contents of the six 
genotypes of mixed Gal-Lyc profile differed very much. The same was for the 

lycorine contents of the two mixed clones, which produced Lyc during the tested 

period, as well as for the contents of norgalanthamine in the two Lyc type clones. 

The differences between the galanthamine contents of the three tested Gal type 
clones and between the lycorine contents of the two Lyc type clones were very 

close to the reliable significance. Conversely, the precursors added to the medium 

did not influence the alkaloid biosynthesis. No interaction was found between the 
genotype and the precursor. 
 

Table 1 - Impact of the genotype on the alkaloid contents of L. aestivum in vitro clones, 

assessed within each chemotype 

Genotype Alkaloid  
ANOVA  

F ratio 
P-value 

Gal type clones Galanthamine 3.996   0.0788 

Mixed Gal-Lyc 

type clones 

Galanthamine 12.994   0.0001 *** 

Lycorine # 106.445   0.0004 *** 

Lyc type clones 
Lycorine 5.457   0.0797 

Norgalanthamine 14.95   0.0180 * 

significant difference: *p < 0.05; **p < 0.01; ***P < 0.001 
# lycorine was compared only in 2 clones because of the zero point of the other four mixed 

type clones 

 

The increase of the alkaloid contents of the tested clones was due mainly to 

the inner dynamics of the biosynthetic activity (Table 2). Considerable increase of 
Gal and Lyc during the tested period, resulting in doubling of the alkaloid 

concentrations, was noticed only in clones, which dynamics expressed maximums 

in January: La-3.9 and La-7.6 (figures of biosynthetic dynamics of all clones were 
published previously: Stanilova et al., 2008). Similarly, high increase was detected 

for Gal content of clone La-6.31 which had a zero point in November 2004 and 

maximum in January 2005. Significant positive influence of the precursors on the 
alkaloid contents was noticed only in the case of descendent trend of the dynamics 

during the tested period: Gal of La-1.19 and Lyc of La-10.4. Relatively high 

increase of Gal due to both dynamics and precursors was observed in clones La-5.2 

and La-7.73. Unexpectedly, the addition of Tyr and Phe in the medium caused 
decrease of lycorine content of the two Lyc type clones La-9.6 and La-9.15. 
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Table 2 - Influence of the biosynthetic dynamics on the stimulant effect of the alkaloid 

precursors 

Clone 

Galanthamine Lycorine 

Dynamics 

Ratio 

% 

Precursor 

Ratio 

% 

Summary 

Dynamics 

&  

Precursor 

Ratio  % 

Dynamics 

Ratio 

% 

Precursor 

Ratio 

% 

Summary 

Dynamics  

&  

Precursor 

Ratio  % 

La-3.9    238   a     101   c      241   a - - - 

La-4.45    133   b       95   c      127   b - - - 

La-5.2    111   b     139   b      154   b - - - 

La-7.6    264   a     107   c      282   a    363   a      97   c      351   a 

La-2.72    112   b     102   c      114   b    130   b    101   c      132   b 

La-1.19      71   d     127   b        90   c - very high      122   b 

La-6.31 very high     154   b very high - very high      198   a 

La-7.73    164   b     123   b      202   a - - - 

La-7.26      99   c       92   c        92   c - - - 

La-9.6 - - -    169   b      85   d      143   b 

La-9.15 - - -    127   b      87   d      110   c 

La-10.4 - - -      82   d    121   b        99   c 

a ï increase of alkaloid content twice or more; b ï increase of alkaloid content over 10%; 

c ï alteration of alkaloid content less than 10%; d ï decrease of alkaloid content over 10%; 

very high ï alkaloid ñappearanceò after transitive absence of biosynthetic activity. 

 
              The influence of the alkaloid precursors on the biosynthetic activity 

was very high during the second treatment. Both alkaloids increased significantly 

their concentrations in all tested clones (Fig. 2). The ANOVA two-factor with 
replication confirmed the stimulant effect of the precursors, although the impact of 

the genotype was stronger (Table 3). According to the content of galanthamine, the 

genotypes could be arranged in four groups: La-5.2 with highest galanthamine 

concentration, followed by the group of three clones: La-4.45, La-3.9 and La-7.26, 
and two groups comprising one clone each: La-7.6 containing much less 

galanthamine, and La-9.6 very poor in galanthamine. Regarding the lycorine, the 

genotypes formed three groups: first one of clones La-9.6 and La-7.6 with highest 
lycorine concentrations, followed by clone La-7.26 with relatively high lycorine 
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content, and the group of the three Gal-type clones, which did not synthesized 

lycorine at all.  

 

Fig. 2 - Stimulation of the alkaloid biosynthesis of L. aestivum clones by feeding with 

precursors: A -  Galantahmine in Gal type clones; B - Gal and Lyc in mixed Gal-Lyc and 

Lyc type clones. 

Table 3 - Impact of both: genotype and precursors on the biosynthetic activity of L. 

aestivum shoot-clump cultures 

Factor 

Galanthamine Lycorine 

ANOVA  

F ratio 
P-value 

ANOVA  

F ratio 
P-value 

Genotype 21.43106   5.28E-07 ***  23.60348   2.539E-07 ***  

Precursors 7.76442   0.003704 ** 7.61060   0.0040245 ** 

Interaction 2.507317   0.043092 * 3.05040   0.0190802 * 

Significant difference: *p < 0.05; **p < 0.01; ***P < 0.001 

              The alkaloid contents of the six tested clones altered synchronously, but 

the synchrony was not permanent. Thus, galanthamine contents of the control 
variant determined in April 05 correlated with those in January 05 (p < 0.05) and 

with those in July 05 (p < 0.01) but controls from January and July did not 

correlate. Regarding lycorine, the controls correlated during whole this period (p < 

0.05). Correlations were proved for the controls and the variants with precursors. 
They were more pronounced for lycorine: p < 0.01 (control and TP*-700) and p < 

0.001 (control and CH-TP*-700); regarding galanthamine controls correlated with 

TP*-700 (p < 0.05) and less with CH-TP*-700 (p = 0.07).  
              The contents of Gal of the six clones cultured on the media with 

precursors highly correlated (P < 0.001) but differed significantly from one another 

(p < 0.01, t-test paired). The biosynthesis of galanthamine was stimulated only by 
the medium TP*-700 (p < 0.05, t-test paired) while the control medium and the 

medium CH TP*-700 belonged to one group. Conversely, Lyc contents 

significantly increased in both variants containing precursors (p < 0.05, t-test 
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paired), and no difference was observed between them, although they correlated 

highly (P < 0.001). It is worth to notice that the contents of Gal and Lyc of the 
mixed type clones cultured on each of the media containing precursors, correlated 

negatively (p < 0.05).  

              Finally, clone specificity was illustrated by interactions between the two 
tested factors, which were confirmed by ANOVA two-factor with replication 

(Table 3). In spite of all observed correlations, it is impossible to make prognoses 

about the effect of the precursors because of the unpredictable dynamics of the 

alkaloids of the clones maintained on control medium.  
              The relation between the stimulation grade and the concentration of the 

precursor was not simple. Gal-type clones reached highest Gal levels when 

cultured on medium TP*-700: 1.91, 1.51 and 2.35 mg/g DW in clones La-3.9, La-
4.45 and La-5.2 respectively (Fig. 2, left). Lyc-type clone La-9.6 also produced 

more Lyc on medium with higher concentration of the precursors (1.88 mg/g DW 

on TP*-400 and 2.58 mg/g DW on TP*-700). However, the difference between the 
contents of Lyc produced on the two medium variants containing equal 

concentration of Tyr and Phe was much significant, the maximum Lyc reaching 

3.88 mg/g DW on medium CH-TP*-700 (Fig. 2, right). Probably the different 

stimulation of the production of the two alkaloids was due to some specific steps of 
their biosynthetic pathway. Furthermore, the concentration of the amino acids Tyr 

and Phe seemed to be less important than the dynamics of the biosynthetic activity, 

which could explain the higher concentration of Lyc obtained in clone La-7.6 
cultured on medium TP*-400: 4.15 mg/g DW against 3.69 mg/g DW Lyc on TP*-

700.  

              We did not found similar data concerning in vitro biosynthesis of 

secondary metabolites. However, in vitro growth periodicity of the regeneration 
rate and some other parameters was reported for Populus tremula and Fagus 

sylvatica (Altman et al., 2000). Authors defined the somaclonal stability as a 

phenomenon at least as much important, as the somaclonal variation, and related it 
to the inner biological clock of the species. 

 
3. CONCLUSIONS 

              The stimulant importance of the tested precursors on the secondary 
metabolism of L. aestivum cultures was obviously related with the dynamics trends 

of the alkaloidsô biosynthesis. In our opinion, the dynamics was caused by the 

strong biological clock of this bulbous species persisting even in long-term in vitro 
cultures. However, the permanent temperature and illumination regime and 

intensity led to disturbance of the regulatory mechanism of the inner plant clock, 

which resulted in clone specific dynamics differing from that of the intact plants 

growing at open air as well. The understanding of the biosynthetic regulation will 
probably allow its manipulation, which should be necessary in order to ensure 
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stable in vitro bioproduction of galanthamine and lycorine. Stimulation of the 

biosynthetic activity with precursors could be further tested. 
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ABSTRACT  

The ability of two Agrobacterium rhizogenes agropine strains: A4, LBA 9402 and one 
mannopine strain 8196 were evaluated on the hairy root induction and regeneration of three Eustoma 
grandiflorum cultivars: óHeidi Pinkô, óHeidi Blueô and óEcho Whiteô. Hairy roots were obtained four 
weeks after inoculation. The average of root number per explant and root length were significantly 
higher following infection with LBA 9402 strain for all genotypes tested. In this case, transformation 

frequency ranged from 86 % to 100 %. Some of the mature transformed plants showed distinct 
variations in their phenotypes like wrinkled leaves, cup-shaped corolla, short internodes and reduced 
apical dominance. Those plants were evaluated for integration and expression of Ri T-DNA genes. 
PCR analysis confirmed the expression of hairy root inducible genes.  
 

Eustoma grandiflorum (Griseb.) known as Lisianthus, Prairie Gentian or 

Texas Bluebell is a member of the Gentianaceae family, native to the prairies of 
Nebraska, Colorado and Texas. In present, cultivars in production offer a wide 

range of colors, including pink, white, purple, plum and various bicolor. As an 

ornamental plant, Eustoma grandiflorum have been the subject of in vitro studies in 
order to obtain clones for multiplication on a commercial scale. Transformed 

genetic plants have been obtained mostly by co-cultivation of the explants with 

Agrobacterium tumefaciens (Giovannini et al, 1996, Ledger et al, 1997). There are 

a few reports regarding Eustoma grandiflorum plant regeneration from hairy root 
induced by Agrobacterium rhizogenes (Handa, 1992, Handa et al, 1995, 

Giovannini et al, 1996). The Gram negative soil bacterium Agrobacterium 

rhizogenes has the ability to infect plants through wounds and to induce abundant 
adventitious roots (hairy roots) after the transfer of T-DNA in the plant genome 

(Tepfer, 1984; Petit et al., 1986). Depending on synthesis and degradation of opine, 

A. rhizogenes have been classified into three strains category: agropine, mannopine 



 

 

36 

and cucumopine. The agropine strains of A. rhizogenes contain a T-DNA segment 

divided into two regions, TL and TR (Huffman et al, 1984). The TL region of Ri 
plasmid contains 18 open reading frames (ORF) (Slightom et al, 1986) , ORFs 10, 

11, 12 and 15 represent the root loci (rol), i.e. rol A, rolB and rolC, rolD 

respectively. Root loci have been found to be essential for hairy root induction 
(White et al, 1985; Jouanin et al, 1987). Each of the rol genes has been shown to 

modify the growth and development of the plant in particular ways. The earlier 

studies of rol genes were carried out mainly on tissue cultures. Later on, the 

researches were extended to the whole plant, moreover from Nicotiana plants 
model to the most culture plants. Nowadays many plant species have been 

successfully transformed using rol genes and are showing a similar phenotype with 

those obtained by A. rhizogenes. More over seems that one of rol genes effects is to 
induce changes in the secondary metabolism and for this particular reason can be 

used in pharmaceutical and cosmetic industries.  

The aim of this work is to compare the ability of different wild type strains 
of Agrobacterium rhizogenes to induce hairy root and characterization of lisianthus 

plants transformed. Adventitious buds that appeared from the transformed roots 

were excised and placed on Murashige & Skoog (MS) medium without 

phytohormones. Some of the regenerated plantlets from hairy roots, exhibited 
morphological alterations such as: dwarfness, short internodes and wrinkled leaves. 

All cultivars showed an abundant root system.  

 
1. MATERIAL AND METHOD  

 

PLANT MATERIAL AND CULTURE CONDITIONS  

In vitro micropropagated plants were used for the experiments on the 

óHeidi Pinkô, óHeidi Blueô and óEcho Whiteô of Eustoma grandiflorum (Griseb.) 

cultivars. The plants were regenerated on MS (Murashige and Skoog, 1962) basal 
medium containing 3% sucrose, 3.0 mg l

-1
 BAP (6- benzyl aminopurine) and 

multiplied on the same medium supplemented with 1.0 mg l
-1
 BAP and 5.0 mg/l

 

GA3 (gibberellic acid). All media components were mixed and adjusted to an 
appropriate pH (5.7) before autoclaving at 121

o
C for 20 min. Cultures were 

incubated at 23Ñ2
o
C in a growth room under a 16 hrs light photoperiod.  

Subculturing was carried out every 3 weeks. 
 

BACTERIAL CULTURE AND TRANSFORMATION  

Agrobacterium rhizogenes agropine strains A4 and LBA 9402 and a 

mannopine strain 8196, which were kindly provided by dr. David Tepfer (I.N.R.A., 

Centre de Versailles, France), were grown for 48 h at 28
o
C on M16 medium with 

10g glucose, 10 g yeast extract, 1g (NH4)2SO4 and 0.25 g  KH2PO4.Microcuttings 

of 2 ï 3 cm in length were prepared from in vitro 8- week-old shoot cultures. The 
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infections were carried out by immersing in 2 ml bacterial suspension the fresh 

wounded plant material. Infected plants were co-cultivated for 48 h, in darkness at 
25 Ñ 2

o
C, on MS medium without hormones. After co-cultivation the explants were 

transferred to the same medium containing 0.6 % agar, 3 % sucrose and 300 mg l
-1 

cefotaxime. The culture was kept at 25
o
 C under constant illumination. Infection 

frequency, roots number and their elongation were archived. A total of 40 explants 

per treatment and two replicates for each experiment was used. Data were 

evaluated using Studentôs t test at 0.5 % level. 

 
GENOMIC DNA EXTRACTION AND PCR AMPLIFICATION  

Genomic DNA was isolated from freeze-dried leaf tissue using the CTAB 

method (Doyle and Doyle, 1987) with some modifications. 50 ng of genomic DNA 

extracted from normal plants (control) and from hairy root induced by A.rhizogenes 
strains, was used. DNA fragments were amplified using 1U Taq DNA polymerase 

(Promega) in a final volume of 30 ɛl. In order to show the integration of TL-DNA 

(rolA and rolB) region from T-DNA segment of Ri plasmid the pair of gene -
specific primers used for amplifying were:  

5
ô
-GAATTAGCCGGACTAAACGT-3

ô
  

5
ô
-TTGTTTGGATGCCCTAATT-3

ô 
for rolA that amplifying a 450 bp fragment 

and 5
ô
ATGGATCCCAAATTGCTATTCCTTCCACGA-3

ô
  

5
ô
TAGGCTTCTTCTTCTTCAGGTTTACTGCAGC-

 
3
ô
 for rolB that amplifying a 

780 bp fragment.  

The amplification protocol for rolA was: 3 min melting at 94
o
C followed 

by 35 cycles of a 1 min melting at 94
o
C, a 1-min annealing at 55

o
C, 2 min 

elongation at 72 
o
C and 10 min at 72 

o
C for final elongation. The amplification 

protocol for rolB was: 3 min melting at 94
o
C followed by 30 cycles of a 1 min 

melting at 94
o
C, a 1-min annealing at 55

o
C, 2 min elongation at 72 

o
C and 10 min 

at 72 
o
C for final elongation. A 1 kb DNA ladder was used as molecular weight 

standard.  

PCR products were analyzed by electrophoretic separation on 1 % agarose 
gel (w/v) in 0,5 x TBE buffer and staining with ethidium bromide.  

 
2. RESULTS AND DISSCUTIONS 

Three weeks after infection several adventitious roots appeared at the 
inoculation site.These adventitious roots displayed a typical hairy root phenotype 

characterized by fast growth and lateral stems branching on MS medium without 

phytohormones. All cultivars showed an abundant root system (figure 1). No root 
formation was observed on control shoots. 

cultivars was recorded within 8 weeks. Hairy root specific phenotype is 

expression of the transferred T-DNA genes from the root-inducing (Ri) plasmid of 
Agrobacterium into the plant genome. Induction frequency of the adventitious 

http://www.pierroton.inra.fr/genetics/labo/ref.html#D
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roots and number of roots per explant were used as a measure of the efficiency 

strain virulence. 
Between the three Agrobacterium strains tested, data recorded shown that the 

agropine type LBA 9402 had highest infection frequency (86-100 %) for all tested 

genotypes followed by Agrobacterium A4 strain (65-81) and the Agrobacterium 
mannopine type 8196 strain (36-71 %) (table 1).  

The average root number per explant and root length were significantly 

different for all genotypes (Table 1). In this case, comparative analyses of results 

shown also maximum response in hairy root-derived plants induced by 
Agrobacterium LBA 9402 strain 

    
Fig.1 - Morphological aspects of hairy root-derived plant 

 

The ability of different Agrobacterium rhizogenes wild 

strains to induce hairy root formation in lisianthus  

 
Table 1 - Effects of different Agrobacterium  rhizogenes 

strains on E. grandiflorum cultivars, 8 weeks after 

inoculation 

Genotype   A. rhizogenes 

strains 

Infection 

frequency % 

 Roots / explant Root length  (cm) 

 

 

Heidi Pink 

8196 

9402 

A4 

71 

100 

81 

4.00 Ñ 2.12 

11.0 Ñ 4.50 

9.29 Ñ 4.20 

2.23 Ñ 1.36 

6.60 Ñ 4.72 

3.29 Ñ 0.94 

 

 

Echo White 

8196 

9402 

A4 

36 

86 

77 

0.71 Ñ 0.65 

8.85 Ñ 6.78 

1.41 Ñ 0.65 

0.43 Ñ 0.39 

3.50 Ñ 1.25 

1.10 Ñ 0.59 

 

 

Heidi Blue 

8196 

9402 

A4 

45 

100 

65 

1.18 Ñ 1.40 

10.5 Ñ 11.43 

3.55 Ñ 1.37 

1.36 Ñ 1.14 

6.33 Ñ 3.90 

1.76 Ñ 0.60 

Values represent the means Ñ standard error of two independent measurements A total of 40 explants 
per treatment and two replicates for each experiment were used. Data were evaluated using Studentôs 
t test at 0.5 % level. 
 

Most of the hairy root-derived plants were successfully acclimated to the 

greenhouse conditions. In some of regenerates of Echo White cultivars exhibit 

various morphological changes like: branching stems, short internodes, alterations 

of leaf and flower sharps and reduction of apical dominance.  
The transgenic nature of the studied genotypes was confirmed by the PCR 

analysis with specific primers for each of the genes rolA and rolB. The results 

showed that the genes rolA and rolB were present in the plants obtained following 
infections by A. rhizogenes strains 8196, LBA9402 and A4 (figures 2,3). 
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Fig.2 - PCR analyse with specific primer for rolA gene (450 bp) of lisanthus genotype 

transformed by LBA9402, 8196 and A4 A. rhizogenes strains. 
Lanes 1, 2, 3, 4, 6, 7 and 8 relives the presence of  rolA genes in the following  samples: P1, P2 = DNA isolated 

from Heidi Blue plants transformed by Ar8196 and LBA9402 strains; P3, P4 = DNA isolated from Echo White 

transgenic plants  transformed by Ar8196 and LBA9402 strains; P6, P7 = DNA isolated from Heidi Pink 

transformed by 8196 and A4; P8 = DNA isolated from Heidi Pink transformed by LBA9402 strain; Lanes 5, 9 and 

10 showed the absence of rolA genes in untransformed plants: P5- Heidi Pink; P9- Heidi Blue; P10- Echo White. 

MW - molecular weight marker - 1 kb. 

 

 
Fig.3 - PCR analyse with specific primer for rolB (780 bp) of lisanthus genotype 

transformed by LBA9402, 8196 ĸi A4 A. rhizogenes strains.  
Lanes  3, 4, 5, 6, 7, 8 and 10 showed presence of rolB gene in following samples: P3, P4- = DNA isolated from 

Echo White plants transformed by LBA9402 and Ar8196 strains; P5, P6- DNA isolated from Heidi Blue cultivars 

transformed by LBA9402 and Ar8196; P7, P8, P10= DNA isolated from Heidi Pink plants transformed with 

ArA4, LBA9402, 8196. Lanes 1, 2 and 9 showed the absence of rolB genes in untransformed plants samples: P1- 

Echo White; P2- Heidi Blue; P9- Heidi Pink. MW- molecular weight marker - 1 kb. 

 

The explanation of our results is that the T-DNA of mannopine strains of 

A. rhizogenes contains the rol (root loci) genes rolA, rolB and rolC, whereas the 

agropine strains contains the genes rolA, rolB, rolC and rolD, as well as the auxin 

biosynthesis-encoding genes aux1 and aux2 (Camilleri and Jouanin, 1991, 

Christey, 2001). The rol genes have been related to the rhizogenesis produced in 

the infected tissues. rolA, rolB and rolC genes was shown to play the most 
important role in hairy root induction (White et al, 1985; Jouanin et al, 1987). rolB 

seems to be the most important in the differentiation process of transformed plant 

cells. These genes are associated with morphological alteration such as: internodes 
shortening, leaf wrinkling, changes in flower sharp and reduced apical dominance. 

450 bp 

rol B 

 780 bp 

rol A 

  P1     P2     P3      P4      P5     P6     P7    P8      P9    P10   MW 

 P1      P2       P3      P4      P5       P6      P7      P8      P9      P10   MW  
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In some experiments with different Eustoma cultivars, the transformation 

mediated by Agrobacterium was carried out by using binary vectors having 
promoter sequences and rol genes in their structure. PCR analysis of the 

regenerants confirmed the transforming process (Handa et al., 1995). 

An increased number of shoots and a shortening of internodes can provide 
advantageous characteristics to the pot plants, the main disadvantage being the 

reduced size and alternated flowerôs shape. 
3. CONCLUSIONS 

In the present investigation different A. rhizogenes strains were used in 
order to evaluate their ability on the hairy root induction and regeneration of 

Eustoma grandiflorum plants. The three A. rhizogenes strains tested in our 

experiments were differed significantly in their virulence. Among each strain A. 

rhizogenes LBA 9402 showed the highest virulent phenotype followed by A. 
rhizogenes A4 and 8196 strains. Adventitious root induction efficiency also 

depended on the plant genotype. The most susceptible Eustoma grandiflorum 

cultivars of bacteria infection were óHeidi Pinkô and óHeidi Blueô. Some of óEcho 
Whiteô hairy root-derived plant induced by A. rhizogenes 8196 strain displayed 

typical morphologic alterations. The transformed nature of these plants was 

confirmed by PCR analysis. 
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   ABSTRACT 

 
94 samples of white unbottled wine have been analyzed. The samples were derived from 

three varieties of grapes (White Feteasca, Blanc Sauvignon, Italian Riesling) grown in SC Ostrov S.A. 
The following quality parameters were determined for each sample: d20

20,, alcohol (% vol), total dry 
extract (mg/l), free sugar (g/l), unreducing extract (g/l), total acidity (g/l C4H6O6), free SO2 (mg/l) and 
total SO2 (mg/l). Statistical analysis showed that the best regressors for the studied white wines are 
the parameters Free sugar and Total dry extract. These regressors are involved in 2 of the 3 
significant correlations between the quality parameters that are common to all analyzed varieties, 
namely: total dry extract - free sugar, total dry extract ï unreducing extract and free sugar - alcohol 
content. For each of the three studied varieties we established a number of specific correlations. 

Thus, for the variety of White Feteasca wine, Total acidity was correlated with the Density parameter 
(r =  0.45 **), Total dry extract (r = 0.57 ***) and Dry unreducing extract (r = 0.49 **). For the wine 
of the Italian Riesling variety, Alcohol content was correlated with Total dry extract (r = 0.58 ***), 
with Unreducing extract (r = 0.47 **) and with Free sugar (r = 0.58 * **). The Blanc Sauvignon 
variety was characterized by correlations of the indices related to wine sulphitation, with other 
parameters. Thus, Free SO2 correlated with the percentage of Alcohol (r = 0.38 *) and Total SO2 
with the Total dry extract (r = 0.82 ***) and with the Unreducing extract (r = 0.53 **). 

 
 

The values of the main physical and chemical quality parameters of the 
wines have a using potential that is not limited to simply ensuring the product 

conformity with standards or technical specifications. 

Most studies have considered either predictive modelling of the key 

oenological parameters, on account of descriptors such as spectrophotometric [1, 
2], or the analysis of the relationship between the oenological parameters and some 

specific phenomena, such as enzymatic browning [3].  
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Other issues were investigated using statistical analysis methods, and 

focused on the possibility of determining the geographic origin of wines, based on 
multivariational analysis [4]. 

Researches upon the interaction of the wine quality parameters between 

them, as well as the possibilities of modelling some parameters on behalf of others 
are seldom, regarding the varieties investigated by us and nonexistent for their area 

of origin (SC Ostrov SA); this constitutes the original appearance of our approach. 
 

 

1. MATERIAL AND METHOD  

 
There have been taken for analysis 94 samples of unbottled wine, from the 

White Feteasca (33), Italian Riesling (30) and Blanc Sauvignon - (31) varieties of 

grapesô, derived from three successive crops. There have been analysed the 
following quality parameters of wine: d

20
20

 
(picnometric method  STAS 6182/8-

71), alcohol % vol. (picnometric method  STAS 6182/6-70), total dry extract mg/l 

(densimetric method STAS 6182/9-80), free sugar g/l (iodometric method STAS 

6182/18-81), unreducing extract g/l, total acidity g/l C4H6O6 (titrimetric method 
STAS 6182/1-79), free SO2 mg/l (iodometric method STAS 6182/13-72) and total 

SO2 mg/l (iodometric method STAS 6182/13-72) [2,7,8,9]. The results were 

processed statistically, using the data analysis software system STATISTICA v. 
8.0, StatSoft, Inc. (2007). 

 
2. RESULTS AND DISCUSSION 

 
In table 1 we show the estimates of variability for the quality parameters of 

wines from the three studied wine varieties. 

We can observe from table 1 that all the quality parameters of wines had 
the values of white dry, high quality wines.  

Table 2 shows the correlation coefficients (r) between the physical and 

chemical parameters, and their significance for three varieties of the white wines 

ntaken into study. 
According to the data shown in Table 2, we note a similar dynamic of the 

density correlation with other parameters, for the White Feteasca, Italian Riesling 

and Blanc Sauvignon varieties of wines. So, density showed a very significant 
negative correlation with the alcohol content and a very significant positive 

correlation with the Total dry extract, Free sugar, Unreducing extract, and Total 

SO2, for both varieties. 
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The Italian Riesling variety did not show any significant correlation for the 

Density parameter, while for the White Feteasca variety, we noticed a specific 
correlation between Density and Total Acidity (r = 0.45**). 

Table 3 shows the main statistical characteristics of the best regression 

model between Density and other parameters of the White Feteasca wine variety. 

 
Table 1-Estimates of variability for the quality parameters of wines obtained from the  

White Feteasca, Italian Riesling and Blanc Sauvignon varieties 

 

Parameter* Variety of 

wine 
 

n XÑs 

 

s CV %  

 

d
20

20 

WF 33 0.9937 Ñ 0.001 0.000001 0.110 

IR 30 0.9914 Ñ 0.011 0.000121 1.113 

BS 31 0.9937 Ñ 0.001 0.000001 0.170 

AC 

(vol. %) 

WF 33 11.363 Ñ 0.489 0.239 4.304 

IR 30 11.206 Ñ 0.297 0.088 2.650 

BS 31 12.251 Ñ 0.559 0.313 4.568 

TDE (mg/l) WF 33 23.012 Ñ 2.150 4.625 9.346 

IR 30 21.493 Ñ 1.077 1.160 5.012 

BS 31 25.580 Ñ 3.135 9.830 12.157 

FS 

 (g/l) 

WF 33 2.184 Ñ 0.749 0.561 34.305 

IR 30 1.268 Ñ 0.448 0.201 35.358 

BS 31 3.389 Ñ 2.770 7.768 81.763 

UE 

 (g/l) 

WF 33 20.600 Ñ 2.388 5.703 11.592 

IR 30 20.243 Ñ 0.948 0.899 4.684 

BS 31 22.097 Ñ 0.927 0.859 4.195 

TA  (g/l 

C4H6O6) 

WF 33 5.491 Ñ 0.386 0.149 7.038 

IR 30 5.895 Ñ 0.274 0.075 4.664 

BS 31 5.280 Ñ 0.307 0.094 5.830 

F SO2  (mg/l) WF 33 38.696 Ñ 4.149 17.217 10.722 

IR 30 39.000 Ñ 5.717 32.689 14.660 

BS 31 39.966 Ñ 6.365 40.516 15.926 

T SO2  

(mg/l) 

WF 33 129.279 Ñ 17.731 314.392 13.716 

IR 30 128.733 Ñ 11.057 122.271 8.589 

BS 31 145.700 Ñ 26.241 688.631 18.010 

 

*Abreviations: WF ï White Feteasca, IR ï Italian Riesling, BS ï Blanc Sauvignon, d20
20 ï 

density, AC ï alcohol, TDE - total dry extract, FS - free sugar, UE - unreducing extract, TA - total 
acidity, FSO2 - free SO2, TSO2 - total SO2. 

 

 

We can note that the best regressors for the Density of the White Feteasca 
wine variety were: Total dry extract, Alcohol content, Unreducing extract, and Free 
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sugar. The best regressors for the Density of the Blanc Sauvignon variety, and the 

main characteristics  of the regression model are shown in table 4. 
 

Table 2 - Correlation coefficients between the physical and chemical parameters 

investigated for the White Feteasca, Italian Riesling and Blanc Sauvignon varieties 

 

Pairs Vari

ety 

AC
1
 

(vol, %) 

TDE 

(mg/l) 

FS 

 (g/l) 

UE 

 (g/l) 

TA  (g/l 

C4H6O6) 

FSO2  

(mg/l) 

TSO2  

(mg/l) 

 
d20

20 

WF -0.57***  0.86***  0.71***  0.71***  0.45** 0.07ns 0.50** 

IR ns ns ns ns ns ns ns 

BS -0.66***  0.88***  0.85***  0.51***  ns ns 0.77***  

AC 
(vol, %) 

WF  ns -0.45** ns ns ns -0.55***  

IR 0.58***  0.58***  0.47** ns ns ns 

BS -0.46** -0.49** ns ns 0,38* -0.42* 

TDE 

(mg/l) 

WF  0.58***  0.81***  0.57***  ns ns 

IR 0.47** 0.88***  ns ns ns 

BS 0.96***  0.52** ns ns 0.82***  

FS 
 (g/l) 

WF  ns ns ns 0.45** 

IR ns 0.428* ns ns 

BS ns 0.40* ns 0.76***  

UE 
 (g/l) 

WF  0.49** ns ns 

IR ns ns ns 

BS ns ns 0.53** 

TA  (g/l 
C4H6O6) 

WF  ns ns 

IR ns ns 

BS ns ns 

FSO2  
(mg/l) 

WF  ns 

IR ns 

BS ns 
*significance level 0.05,**significance level 0.01,***significance level 0.001 

 

Table 3 - Regression summary for dependent variable d
20

20 of White Feteasca variety 

 

n = 33 Beta Std.Err.  B Std.Err.  t(28) p-level 

Intercept   0.996319 0.000967 1030.538429 0.000000 

AC (vol, 

%) 
-0.452844 0.035349 -0.001017 0.000079 -12.810685 0.000000 

TDE 

(mg/l) 
0.530303 0.062514 0.000271 0.000032 8.482960 0.000000 

FS (g/l) 0.118710 0.043679 0.000174 0.000064 2.717758 0.011148 

UE  (g/l) 0.251427 0.05437 0.000116 0.000025 4.623659 0.000078 

(r= 0.986 rĮ= 0.973 adjusted rĮ= 0.969 F(4.28)=254.630 p<0.0000 Std.Error of estimate: 0.00019) 

 

Basically, for wines from the Sauvignon Blanc variety, the best regression 

model for the Density parameter was a more simple one, based only on the 2 
regressors: the Alcohol content and Total dry extract (figure 1). 
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Table 4 - Regression summary for dependent variable d

20
20 of Blanc Sauvignon 

variety 

n = 33 Beta Std.Err.  B Std.Err.  t(27) p-level 

Intercept   0.996686 0.004054 245.8795 0.000000 

AC (vol, 

%) 
-0.318769 0.082897 -0.001053 0.000274 -3.8454 0.000665 

TDE 

(mg/l) 
0.727381 0.082897 0.000390 0.000044 8.7745 0.000000 

(r= 0.927, rĮ= 0.860 adjusted rĮ= 0.849 F(2.27)=82.729 p<0.00000 Std.Error of estimate: 0.00066) 

 

 

 
Fig 1- The model of regression between Density - Alcohol content and  

Density - Total dry extract, for the Blanc Sauvignon wine variety 

 

The high dependence of the Density parameter of the above mentioned 
regressors can be explained in this way: increasing the Alcohol content decreases 

Density, the alcohol having a smaller density than water. The increasing the 

amount of Total dry extract increases the value of the Density parameter, as the 

Total dry extract consists of substances generally with higher densities than water. 
The Free sugar has also a higher density than water, similar to the main 

components of the Unreducing extract. 

Although not a significant regressor for the regression models suggested by 
us, the amount of Total SO2 was correlated significantly with the Density of wine, 

both for the White Feteasca and for the Blanc Sauvignon varieties. The explanation 

is that the total SO2 also contains, besides free SO2, the immobilized forms of SO2 
in combination with other substances in wine; these combinations have a density 

large enough to influence significantly the overall value of density 

As shown before, for the White Feteasca variety, we noted the specific 

correlation of Density with Total acidity. The density of more acid wines tend to 
increase; this can be attributed to the higher densities of the organic acids in 

relation to water (1.76 g/cm
3
 for the tartric acid). The contribution of total acidity 
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to the density modification of the White Feteasca variety of wine, was about 20% 

(figure 2). 

 
Fig 2 - Model of regression between Density and Total Acidity,  

for the wines from White FeteascŁ variety 

Regarding the parameter in Alcohol content, the best regression model is 

presented in Table 5. 
 

Table 5 - Regression summary of dependent variable AC (vol %) for White Feteasca 

variety 

n = 33 Beta Std.Err.  B Std.Err.  t(29) p-level 

Intercept   784.091 54.78018 14.3134 0.000000 

d20
20 -1.76329 0.125103 -784.897 55.68752 -14.0947 0.000000 

TDE 
(mg/l) 

1.03856 0.148866 0.236 0.03386 6.9764 0.000000 

UE  (g/l) 0.43479 0.109136 0.089 0.02235 3.9840 0.000418 

(r= 0.938, rĮ= 0.879, adjusted rĮ= 0.867, F(3.29)=70.568 p<0.0000 Std.Error of estimate: 0.178) 

 
 

Fig 3 - Regression between the content of Alcohol and Free sugar 
for the wines from Italian Riesling variety 

 

 



 

 

47 

It is noted that, although the quantity of free sugar is a common regressor 

for the Alcohol content for all varieties, the best regression model for White 
Feteasca variety excludes this parameter. If the variety Italian Riesling, the best 

regressor is Free sugar and the best regression model is described by the equation 

corresponding to the simple linear correlation, as seen in Figure 3. (r = 0.576 rĮ= 
0.332, adjusted rĮ= 0.308, F(1.28) = 13.925 p<0.0086, Std.Error of estimate: 

0.247). 

As for the wines from Blanc Sauvignon variety, the best regression model 

of the Alcohol content is also based on the simple liniar correlation. In this case, 
the regressor is the Density parameter, according to data presented in Table 6. 

 
Table 6 - Regressions summary for dependent variable AC (vol, %) of Blanc 

Sauvignon variety 

 

n = 31 Beta Std.Err.  B Std.Err.  t(28) p-level 

Intercept   216.190 41.77776 5.17477 0.000017 

d20
20 -

0.67798 
0.138916 -205.186 42.04173 -4.88052 0.000038 

(r= 0.678, rĮ= ,460, adjusted rĮ= 0.440, F(1.28)=23.819 p<0.00004 Std.Error of estimate: 0.38744) 

 

Regarding the Total dry extract parameter, two correlations are common to 
all three varieties, the free sugar one hand and unreducing extract, on the other. 

This fact is somewhat expected, taking into consideration that at least one of these 

parameters are calculated from the other two (unreducing extract = Total dry 

extract ï Free sugar). Nevertheless, for the wines from the White Feteasca variety, 
the best regression model is based on the regresors Density and Alcohol content, as 

seen in Figure 4 (r = 0.963, rĮ= 0.927, adjusted rĮ= 0.922, F(2330)= 190.45, 

p<0,00000, Std.Error of estimate: 0.6002).  

 

 
Fig. 4 - Regression model between the Total dry extract - Alcool content parameters and 

Total dry extract,  - Density parameters for the White Feteasca variety 
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In the case the most effective regression model for Total dry extract of the 

wines from the varieties Italian Riesling and Blanc Sauvignon, was based on the 
same regressors: Unreducing extract and Free sugar, according to data presented in 

Table 7. 

 
 
Table 7 - Regression summary for dependent variable: TDE (mg/l), 

for the Italian Riesling and Blanc Sauvignon variety 

 Beta Std.Err.  B Std.Err.  t(27) p-level 

Italian Riesling*  

Intercept   1.098837 1.329455 0.82653 0.415747 

FS (g/l) 0.374620 0.058078 0.899943 0.139521 6.45023 0.000001 

UE  (g/l) 0.837087 0.058078 0.951082 0.065988 14.41303 0.000000 

Bkanc Sauvignon** 

Intercept   3.204834 1.879809 1.70487 0.099700 

FS (g/l) 0.886857 0.025085 1.020347 0.028861 35.35393 0.000000 

UE  (g/l) 0.248768 0.025085 0.855469 0.086263 9.91698 0.000000 

(*r=0.954 rĮ= 0.910 Adjusted rĮ= 0.903, F(2.27)=136.55 p<0.00000 Std.Error of estimate: 0.335) 

(** r= 0.992 rĮ= 0.985 Adjusted rĮ= 0.983, F(2.27)=864.80 p<0.0000 Std.Error of estimate: 0.410) 

 

The Free sugar parameter in the White Feteasca variety wines can be 
predicted on account of a single significant regressor, namely Density, as seen in 

Figure 5. The equation corresponding to the model is the simple linear correlation, 

in which the density contribution is 50% to the value of Free sugar. 

 

 
Fig 5 - Free sugar ï Density regression of the White Feteasca variety wines  

 

For the Italian Riesling variety wines, the value of the parameter Free 
sugar has been described by four significant regressors: Alcohol content, Total dry 

extract, Unreducing extract and Total acidity. The model of the regression and the 

statistical parameters are shown in table 8. 
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For the Sauvignon Blanc variety wines, the best regressors for the 

parameter Free sugar were the Total dry extract and the Unreducing extract, 
according to the model described in figure 6 (r= 0.990 rĮ=0.981 Adjusted rĮ= 0.979 

F(2.27)=692.22 p<0.0000 Std.Error of estimate: 0.39719). 

 
 

 
Table 8 - Regression Summary for Dependent Variable FS (g/l) of Italian Riesling 

variety 

 n = 30 Beta Std.Err.  B Std.Err.  t(25) p-level 

Intercept     -8.60859 1.936552 -4.44532 0.000157 

AC  (vol, %) 0.40269 0.113468 0.60798 0.171313 3.54892 0.001561 

TDE (mg/l) 1.17504 0.215016 0.48913 0.089505 5.46488 0.000011 

UE  (g/l) -1.08182 0.198677 -0.51166 0.093966 -5.44511 0.000012 

TA  (g/l 
C4H6O6) 

0.30247 0.094487 0.49328 0.154092 3.20118 0.003705 

(r= 0.889 rĮ= 0.791 Adjusted rĮ= 0.757 F(4.25)=23.654 p<0.00000 Std.Error of estimate: 0.221) 

 

 
Fig. 6 - Free sugar ï Total dry extract regression and Free sugar ï Unreducing extract 

model of the Sauvignon Blanc variety wines  

The Unreducing extract parameter is characterized by the following 

significant regressors: Density, Alcohol content, and Free SO2 for the White 

Feteasca variety wine (table 9). The best regressors for the Italian Riesling and 

Blanc Sauvignon varieties have been Total dry extract and Free sugar; the 
regression models are those already presented in table 7. 

As for the wines obtainde from the White FeteascŁ varieties, the parameter 

Total acidity has been best described by the Total dry extract regressor, according 
to the simple liniar regression equation (figure 7). 
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Table 9 - Regression summary for dependent variable UE (g/l) from White Feteasca 

variety 

 Beta Std.Err.  B Std.Err.  t(29) p-level 

Intercept   -2334.11 182.4387 -12.7939 0.000000 

d20
20 1.069592 0.083216 2324.49 180.8487 12.8532 0.000000 

AC (vol, 
%) 

0.678339 0.084193 3.31 0.4110 8.0570 0.000000 

FSO2  
(mg/l) 

0.318604 0.069651 0.18 0.0401 4.5743 0.000083 

(r= 0.929 rĮ= 0.863 Adjusted rĮ= 0.849 F(3.29)=61.106 p<0.00000 Std.Error of estimate:0.927) 

 

 
 

Fig 7 - Regression between Total acidity and Total dry extract  

for the Blanc Sauvignon variety 

 

 

 
Fig. 8 - Model of regression between Total acidity ï Free sugar and  

Total acidity ï Total SO2 for the Blanc Sauvignon variety 

 

In the case of wines from the Italian Riesling variety, we could not identify 

a significant regressor to describe the Total acidity parameter. However, for the 
Blanc Sauvignon variety, the Total acidity was described by a model using the 
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regresori Free sugar and total SO2, as seen in figure 8 (r = 0.651 rĮ = 0.424 

Adjusted RĮ = 0.382 F(2.27) = 9.9543 p<0.00058 Std.Error of estimate: 0.242). 
The parameter Free SO2 could not be described on the basis of significant 

regressors, excepting the White Feteasca variety, for which the regressors are  the 

Total dry extract and the Unreducing extract (figure 9, r = 0.612 rĮ= 0.374; adjusted 
rĮ= 0.333 F(2.30)=8.983 p<0.00088 Std.Error of estimate: 3.389). 

 

 
Fig. 9 - Model of regression between SO2 Liber - Total dry extract and  

Free SO2 - Unreducing extract, for the White Feteasca variety 

 

 

 
Fig.10 - Model of regression between Total SO2 - Total acidity and 

Total SO2 - Total, for the Blanc Sauvignon variety 

 

A similar evolution has been noticed for the parameter Total SO2; for the 
White Feteasca and Italian Riesling varieties, we could not identify significant 

regressors, while for the wines from the Blanc Sauvignon variety we obtained good 

results by introducing the parameters Free sugar and Total acidity in the regression 
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model (figure 10, r = 0.843 rĮ = 0.710; Adjusted rĮ = 0.689 F(2,27)=33.144 

p<0.00000 Std.Error of estimate: 14.631). 
As noted in the analysis of correlations between parameters, the three 

wines present defining characteristics, expressed by the existence of certain 

correlations between the specific parameters for a particular variety. 
Thus, for the White Feteasca variety, the Total acidity has been correlated 

with the parameters Density (r=0.45**), Total dry extract (r=0.57***) and 

Unreducing extract (r=0.49**). For the Italian Riesling variety, the Alcohol 

content correlated with the Total dry extract (r= 0.58***), with the Unreducing 
extract (r=0.47**) and with the Free sugar (r=0.58***). The wine from the Blanc 

Sauvignon variety was characterized by correlations of the indices related to wine 

sulphitation, with other parameters. Thus, free SO2 correlated with the percentage 
of alcohol (r=0.38*), and total SO2 with the Total dry extract (r=0.82***) and with 

the Unreducing extract (r=0.53**). 

 
3. CONCLUSIONS 

 

§ The best regressors for the Density parameter of the wine from the White 

Feteasca variety in order: Total dry extract, Alcohol content, Unreducing dry 

extract and Free sugar. For the wines from the Blanc Sauvignon, variety, the best 

regression model for the Density parameter was based only on the regressors 
Alcohol content and Total dry extract, while for the wines from the Italian Riesling 

variety, the Density parameter could not be correlated with any quality parameter. 

§ For the Alcohol content, the best regressors were: 
- Density, Total dry extract and Unreducing extract (for the White Feteasca variety) 

- Free sugar (for the Italian Riesling wine variety) 
- Density (for the Blanc Sauvignon wine variety). 

§ For the Italian Riesling and Blanc Sauvignon wine varieties, the most effective 
model of regression for Total dry extract  was based on the same regressors: 

Unreducing extract and Free sugar, while for the White Feteasca variety, the 

regression model had the variables Densiy and Alcohol content. 

§ The Free sugar parameter for the White Feteasca variety has been modelated on 
behalf of a single significant regressor (Density). For the Italian Riesling variety, 

the value of the Free sugar parameter was described by four significant regressors 

(the Alcohol content, the Total dry extract, the Unreducing extract and the total 

acidity), and for the Blanc Sauvignon variety, by two regressors (Total dry extract 
and Unreducing extract). 

§ The Unreducing extract parameter had the following significant regressors: 
Density, the Alcohol content and free SO2 for the White Feteasca variety, 
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respectively the Total dry extract and the Free sugar for the Italian Riesling and 

Blanc Sauvignon varieties.  

§ For the White Feteasca variety, the parameter Total acidity  was best correlated 
with the Total dry extract, with the Free sugar and the Total SO2 for the Blanc 

Sauvignon variety, while for the Italian Riesling variety we could not identify a 

significant regressor for describing it.  

§ The SO2 parameters could be described by significant regressors only for the 
White Feteasca wine variety (Total dry extract and Unreducing dry extract). For 
the Total SO2 parameter, only wines from the Blanc Sauvignon variety (Sugar Free 

and total acidity) could be described by significant regressors.  
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ABSTRACT 

 
Producing healthy biological material represents a laborious activity because in each 

cultivation year the tuber can be infected with viruses, mycoplasma and bacteria. Using microtubers 
produced in vitro from varieties suitable for sustainable agriculture, can be obtained a 

phytosanitary healthy cloned material, a natural product, without chemical residues, a clean 
foodstuff able to satisfy increasing consumers and EU standards requirements(4,5,7). 

Our experiment was concentrated on elaborating a rapid and efficient micromultiplication 
protocol for potato obtained from 4 varieties suitable for sustainable agriculture 
(ASTRAL,CHRISTIAN, ROCLAS and MAGIC), using micro tubers obtained in vitro by an single nod 
explant method. A total number of 7 experimental variants containing of phytohormons formula 
were tested. It has been noticed that the variant number 7 (V7C= MS (1962)+2,25 mg /lBAP+ 0,18 
mg./l IAA, 8 gr./l agar+ 30 gr./l zaharoza) assured a high morphogenetic response. 

The utilization of these method will open new possibilities of understanding the 
mechanisms by which artificial cultivation conditions will influence vegetal entities and represents a 
totally reproducible guide mark for all who are interested in obtaining planting material for 
potatoes from varieties suitable for sustainable agriculture(8). 

 
 

Potato (Solanum tuberosum) is a very important crop that is cultivated in 

the temperate clime areas, taking the fifth position among the cultivated species in 

the world, and the forth position in the world for harvest and proteins production. 
It is very important in human consumption, for animal food and for 

industrial process.   

The energetic value of the potato is high because of the high starch content 
and other substances as: proteins, fats, vitamins (especially vitamin C).  
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By applying the biotechnology methods on potatoes there are obtained the 

following achievements (1,2,3,6):  
- Introduction of the high productivity of Romanian potatoes types suitable for 

sustainable agriculture in a shorter period of time (genetic resistant types of 

potatoes against virosis and mana, which require less treatments against diseases 
and pests, types that are more resistant to the thermohydirc stress, types with higher 

level of water and fertilizers); 

- Improvement of the certificated planting material and acquirement of high and 

constant production levels for field crops initiated with the obtained biologic 
material; 

- Efficient production of the potatoes for seeds by reducing the classical scheme 

with 3-4 years; 
- Assurance of a proper biologic planting material (microtubers) among the 

meristem cultures. 

The aims of our research consisted in:  

¶ preparation of a working protocol for in vitro regeneration of the valuable 

biologic material of 4 Romanian potatoes types: Roclas, Magic, Christian 

and Astral;  

¶ elaboration of a production method for microtubers for the 4 mentioned 

potatoes types through the in vitro micro-cloning by using a single 

explants fragments with one nod. 

¶ the obtained material can be multiplied contributing this way to higher 

quantity of a very good quality potatoes for seeds. By accomplishing this, 

the imports of potatoes for seeds will decrease considerably and the 

Romanian potato cultures will eventually extend with a 20-30% 
(comparing 1-4% that is now).   

  
1. MATERIAL AND METHOD  

 
The first series of experiments were initiated in January 2008 by 

inoculation of merismatic apexes from the 4 types of potatoes provided by 

INCDCSZ Braĸov: CHRISTIAN, MAGIC, ROCLAS and ASTRAL; 

Â In the second series of experiments, there were used forced 
germinated sprouts on the spots situated on the potatoes tubers.  

Â In the third series we used mini seedlings with 1 nod obtained 

from the vitro plants obtained before.  

Method of work:  

Culture medium. In these three experiments series we used the basal medium 

Murashige-Skoog (1962) supplemented by various concentrations and 
combinations of citokinins and auxins.  
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The experimental variants are presented below:  

Experiment I (networks used in the simulation faze of sprouts elongation) 
V1C:MS+0,5 mg/ l GA3+6 g/l agar+ 60 g/l sucrose 

V2C:MS+6 g/l agar+ 60 g/l sucrose 

V3C:MS+0,5 mg/ l GA3+8 g/l agar+ 30 g/l sucrose 
V4C:MS +8 g/l agar+ 30 g/l sucrose 

V5C:MS + 1mg/ l +GA36 g/l agar+ 60 g/l sucrose 

V6C:MS+ 1 mg/ l GA3+8 g/l agar+ 30 g/l sucrose 

V7C:MS+2,25 mg /l BAP+ 0,18 mg/l IAA+8 g/l agar+ 30 g/l sucrose 
Experiment II : (networks used in the faze of obtaining of a high number of 

sprouts): 

M1:MS+7 g/l agar+ 50 g/l sucrose 
M2:MS+2,0 mg/lBAP+0,01 mg/l NAA+7 g/l agar+ 50 g/l sucrose 

M 3:MS+2,0 mg/l K+0,01 mg/l NAA+7 g/l agar+ 50 g/l sucrose 

Experiment III (networks used in the faze of obtaining the microtubers) 
M4:MS+2,5 mg/lBAP+0,5 mg./l NAA+8 gr./l agar+ 60 gr./l sucrose 

M5:MS+ 2,5 mg/lBAP+0,5 mg./l NAA+8 gr./l agar+ 30 gr./l sucrose 

 

The surface sterilization ofthe explants: an aquaous solutions of sodium 
hiphocloride (0,5%) for 20 min. followed by 3 rinses with sterile distilled water.  

 
Tabel 1 - The comparative effect of V1C and V2C over the induction of 

morphogenesis ñin vitroò on the potatoes explants taken from the 4 potatoes types 

 

Type Culture medium 

recipe  

Inoculated no. of 

explants 

Total no. of the 

obtained 

morphogenetic 

cultures  

% 

CHRISTIAN V1C 12 10 83,33 

V2C 7 4 57,14 

MAGIC V1C 10 10 100 

V2C 10 8 80 

ROCLAS V1C 12 12 100 

V2C 9 9 100 

ASTRAL V1C - - - 

V2C 5 2 40 

V1C:MS+0,5 mg/ l GA3+6 g/l agar+ 60 g/l sucrose;  

V2C:MS+6 g/l agar+ 60 g/l sucrose; 

 
The incubation conditions :~ Photoperiod was 16 h of light provided by cool 
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white fluorescent bulbs with 8 h in shadow.~ Temperature condition: 25 Ñ 2 C̄ in 
light period.  

Multiplication faze  
There were applied a few subcultures with a period of 3-4 weeks. The main 

goal was to increase the multiplication rate for this work material by increasing 

the cytokine quantity in the medium. The number of the subcultures of the 

biologic material must be limited. Experimental results after 3 subcultures for 

each experiments are presented in Table 1 and Table 2 

 
Table 2 - The comparative effect of V3C and V4C over the induction of 

morphogenesis ñin vitroò on the potatoes explants taken from the 4 potatoes types 

 

Type Culture medium 

recipe  

Inoculated no. 

of explants 

Total no. of the 

obtained 

morphogenetic 

cultures  

%  

CHRISTIAN V3C 8 8 100 

V4C - - - 

MAGIC V3C 10 4 40 

V4C 12 7 58,33 

ROCLAS V3C 10 10 100 

V4C - - - 

ASTRAL V3C - - - 

V4C 17 12 70,58 

V3C:MS+0,5 mg/ l GA3+8 g/l agar+ 30 g/l sucrose; 

 V4C:MS +8 g/l agar+ 30 g/l sucrose 

 
 

2. RESULTS AND DISCUSSIONS 

 
The positive results were obtained in Experiment I (the faze of simulation of 

sprouts elongation) on the hormonal variant: V7C (MS+30 gr./l sucrose + 8 gr./l 
agar + 2,25 mg/lBAP+ 0,18 mg./l IAA).(Figure no.1). 

In Experiment III ï the faze of obtaining the microtubers we obtained 

the results showed in Table 3. 
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Fig.1-  Explants from Christian varieties in 

Experiment I (the faze of simulation of sprouts 

elongation) cultivated on the hormonal variant: 

V7C (MS+30 gr./l sucrose + 8 gr./l agar + 2,25 

mg/lBAP+ 0,18 mg./l IAA). 

 

 

 

 

 

Table 3 - The comparative effect of variants M2, M3, M4 and M5 upon inducing of 

development of microtubers ñin vitroò 

 

Type Culture 

medium 

recipe  

No of 

morphogenetic 

cultures 

No of the 

developed 

minitubers / 

culture pot 

% 

CHRISTIAN  M2 7 5 71,42 

M3 7 5 71,42 

M4 7 7 100,0 

M5 7 2 28,57 

MAGIC  M2 7 3 42,85 

M3 7 3 42,85 

M4 7 5 71,42 

M5 7 2 28,57 

ROCLAS M2 3 - - 

M3 3 - - 

M4 3 2 66,66 

M5 3 - - 

M2: MS+2,0 mg/lBAP+0,01 mg/l NAA+7 g/l agar+ 50 g/l sucrose; M 3:MS+2,0 mg/l K+0,01 mg/l 
NAA+7 g/l agar+ 50 g/l  

M4:MS+2,5 mg/l BAP+0,5 mg./l NAA+8 gr./l agar+ 60 gr./l sucrose; M5:MS+ 2,5 mg/lBAP+0,5 
mg./l NAA+8 gr./l agar+ 30 gr./l sucrose. 

  
3. CONCLUSIONS 

 
1. Meristematic apexes with 1 cm dimension assure a higher percent of survival 

of potato explants comparing the meristem cultures. 

2. Aseptic condition of the biologic material is achieved by using the 

commercial products based on sodium hypochlorite and anionic surfactants. 
3. The sizes of the cultivated inoculs assume the utilization of a less tissue 

quantity in order to regenerate millions of clonal plants per year 
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4. Recipe V7C:MS+2,25 mg /l BAP+ 0,18 mg/l IAA+8 g/l agar+ 30 g/l sucrose, 

simulated  (experiment I) faster elongation of the sprout;  
5. Higher concentration of cytokine in the recipe M4C (MS+60 g/l sucrose +8 

g/l agar +2,5 mg/l BAP+0,5 mg./l NAA) determined the formation of a high 

percent of 1-2 tubers on explant, on the Christian, Magic and Roclas type 
(experiment III); 

6. The variant of hormonal combination M3C (MS+2,0 mg/l K+0,01 mg/l 

NAA+7 g/l agar+ 50 g/l sucrose) didnôt determine the obtaining of the tubers 

(experiment III). 
7. The experimental model of microcloning with meristematic apexes and the 

experimental model of obtaining the potatoes vitroplants that was stabilized and 

optimized as a result of our researches, is an effective multiplication and 
reproductive process which can be used efficiently in practice. 
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ABSTRACT 

 
Plants, the green gold of mankind, represent the main food source for both human and 

animal, being at the same time the row material in some branches of the light industry. Fallowing this 
idea, plants must be studied and their value must be enhanced by complex means, depending on the 
constituting biochemical compounds, on the nutritional and technological potential that is provided. 

Accompanying the obtaining of a new plant form of higher quality (lines, hybrids, sorts) it is 
necessary to apply the latest biotechnologies that imply real progress so that a superior nutritional 
quality of the plant is permitted, with low energy consumption and a great economic efficiency.  

Each part of a vegetable mechanism has its own specific job that contributes to 
metabolically processes, yet ensuring the plants functionality as a great whole. In carrying out 

worldwide "the green revolutionò it is necessary to know the biochemical mechanisms that lie at the 
basis of biological phenomena in vegetable organisms, with the aim of influencing and directing, 
according to plantôs nature and the aimed goal, the biochemical processes in order to increase output 
of photosynthesis, enlargement of biomass, increasing the amount of proteins, glucide vitamins and 
other active substances. 

The presence of water and mineral substances in all biological systems pleads for the 
indispensable character of these compounds in live organisms. Plants contribute in a significant part 
in the circuit of mineral substances in nature. Thanks to the capacity of mineral substances to form 

numerous compounds with organic substances, they have contributed, in a substantial way, to the 
enrichment and diversity of biochemical constituents in vegetable organisms. 

These reasons being given, the research regarding hydro mineral treatments in guiding the 
biocompounds accumulation metabolisms for plants with the aim of obtaining products and row 
materials in the food industry with superior nutritional qualities, represents research of great present 
interest in what concerns the quality of the alimentation and also from the economic perspective. 
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1. MATERIAL AND METHOD  

 

Plant nutrition is the study of the chemical elements that are necessary for 
plant growth. There are several principles that apply to plant nutrition. Some 

elements are directly involved in plant metabolism. However, this principle does 

not account for the so-called beneficial elements, whose presence, while not 
required, has clear positive effects on plant growth. A nutrient that is able to limit 

plant growth, is considered an essential plant nutrient if the plant can not complete 

its full life cycle without it. There are 14 essential plant nutrients. Carbon, 
Hydrogen and Oxygen are essential for plants, but are not considered plant 

nutrients. 

Macronutrients: N = Nitrogen, P = Phosphorus, K = Potassium, Ca = 

Calcium, Mg = Magnesium, S = Sulfur, Si = Silicon.  
Micronutrients (trace levels) include: Cl = Chlorine, Fe = Iron, B = Boron, 

Mn = Manganese, Na = Sodium, Zn = Zinc, Cu = Copper, Ni = Nickel, Mo = 

Molybdenum. [5] 
These nutrients are further divided into the mobile and immobile nutrients. 

A plant will always supply more nutrients to its younger leaves than its older ones, 

so when nutrients are mobile, the lack of nutrients is first visible on older leaves. 
When a nutrient is less mobile, the younger leaves suffer because the nutrient does 

not move up to them but stays lower in the older leaves. Nitrogen, phosphorus, and 

potassium are mobile nutrients, while the others have varying degrees of mobility. 

[3] 
Plants can't move and therefore must be able to adjust their growth and 

development to an ever changing environment. Inorganic ions in the soil are 

essential components of plant nutrition. However, both ion supply and demand 
fluctuate considerably depending on water status of the soil, light, daytime, season, 

developmental stage and tissue. Furthermore, plants have to cope with a broad 

spectrum of abiotic stress factors in the root environment such as salt or heavy 

metals. Both essential and toxic ions are taken up via transport proteins in the 
plasma membrane of root cells and are subsequently redistributed within the plant 

through a variety of transport proteins in different membranes and tissues. A 

variety of experimental techniques are used to achieve this goal including 
electrophysiology molecular biology, biochemistry, and bioinformatics. Various 

plant model species are characterised to elucidate molecular mechanisms 

underlying physiological processes. Mineral nutrition is important for many aspects 
of crop cultivation. [2, 3] 
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2. RESULTS AND DISCUSSIONS 

 
Plants uptake essential elements from the soil through their roots and from 

the air through their leaves. Nutrient uptake in the soil is achieved by cation 

exchange, where in root hairs pump hydrogen ions (H
+
) into the soil through proton 

pumps. These hydrogen ions displace cations attached to negatively charged soil 

particles so that the cations are available for uptake by the root. In the leaves, 

stomata open to take in carbon dioxide and expel oxygen. The carbon dioxide 
molecules are used as the carbon source in photosynthesis. [4] 

Though nitrogen is plentiful in the earth's atmosphere, relatively few plants 

engage in nitrogen fixation; conversion of atmospheric nitrogen to a biologically 

useful form. More plants therefore require nitrogen compounds to be present in the 
soil in which they grow. [6]   

Each of these nutrients is used in a different place for a different essential 

function: 
Carbon forms the backbone of many plants biomolecules, including 

starches and cellulose. Carbon is fixed through photosynthesis from the carbon 

dioxide in the air and is a part of the carbohydrates that store energy in the plant.  
Hydrogen also is necessary for building sugars and building the plant. It is 

obtained almost entirely from water.  

Oxygen is necessary for cellular respiration. Cellular respiration is the 

process of generating energy - rich adenosine triphosphate (ATP) via the 
consumption of sugars made in photosynthesis. Oxygen gas is produced as a by-

product from this reaction.  

Phosphorus is important in plant bioenergetics. As a component of ATP, 
phosphorus is needed for the conversion of light energy to chemical energy (ATP) 

during photosynthesis. Phosphorus can also be used to modify the activity of 

various enzymes by phosphorylation. Since ATP can be used for the biosynthesis 

of many plant biomolecules, phosphorus is important for plant growth and flower. 
Potassium regulates the opening and closing of the stoma by a potassium 

ion pump. Since stomata are important in water regulation, potassium reduces 

water loss from the leaves and increases drought tolerance. Potassium deficiency 
may cause necrosis or interveinal chlorosis. Potassium, for example, not only 

improves yield and nutritional quality of the crop but also its mechanical stability 

and resistance against pathogens. 
Nitrogen is an essential component of all proteins. Nitrogen deficiency 

most often results in stunted growth. If plants still fail to thrive after soil 

improvement, consider nutrient deficiencies. Nitrogen promotes foliage, general 

growth and vigour. It is released as a result of bacterial activity in warm soils, and 
is therefore usually abundant by the end of summer. However, soil nitrogen 
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