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ABSTRACT

The paper presents results of the studies on production traits of 12 recently developed Virginia
tobacco genotypes. Seven experimental varieties (V- 817, V- 814, V- 813, V-81/VS, V-N 7/VS, V- H
97 and V-C 7/VS) were from Serbia and five varieties (V-88/09, V-82/07, V-53, V-33/09 and V-30/09)
were from Macedonia. The variety Hevesi 9 was used as a check. The varietal trial was carried out in
two locations in Serbia in 2011. The following parameters were analysed during the growing period:
plant height, number of leaves per stalk, dimensions of leaves cutters and yield. The leaf colour on
the stalk and the leaf colour after curing were estimated. Reliably higher yields in relation to the
check (3,340 kg ha) were recorded in the varieties V - 817 (4,030 kg ha), V- 814 (3,940 kg ha) and
V- 81/VS (3,810 kg ha?). Yields of remaining genotypes were lower than the yield of the check. The
leaf colour on the stalk was yellowish in the majority of genotypes, and it turned yellow after curing.

Key words: agroecological conditions, recently developed genotypes, yield, varietal trial, Virginia.

PE3VJITATU O] UCTPA’KYBAIBATA HA HOBOCO3JJAAEHU 'EHOTHUITIOBHU
BUPIIMHUJA OAIVIEAYBAHHU BO PA3JIMYHU NPOU3BOJHU YCJIOBU
BO CPBUJA

Bo Tpynor ce mpukakaHH TPOU3BOIHUTE PE3YNTATH OJ UCTpaKyBarmaTa Ha JIBAHACCET
HOBOCO3/1aICHN TeHOTUTNIOBH BHpIMHUja. Excriepumentannute coptu ox Cpbuja ce (V- 817, V-
814, V- 813, V-81/VS, V-N 7/VS, V- H 97 u V-C 7/VS) u on Makenonuja (V-88/09, V-82/07, V-53,
V-33/09 u V-30/09). Coprara Hevesi 9 e xopuctena kako cranaap. COpTHHOT ONUT Oelie U3BeAcH
B0 2011 ronuna Ha 1Ba JokanuteTy Bo Cpbuja. Bo TeKkoT Ha Bereranujara ce aHaJIM3UpaHu: BUCHHA,
Opoj MUCcTOBM Ha cTeOJIIOTO, JUMEH3MHU Ha CPETHUTE JIMCTOBU U MpuHOCOT. OneHyBaHa e 0ojara Ha
JUCTOBUTE Ha cTe0JIOTO U Tiociie cymiewe. Coprute : V- 817 (4.030 kg/ha), V- 814 (3.940 kg/ha) u V-
81/VS (3.810 kg/ha) octBapuie 3Ha4ajHO MOBHUCOKH IPOCEYHU MPUHOCH Ha CYBH JINCTOBH BO OJJTHOC
Ha cranaapaot (3.340 kg/ha). OcTanaTure TeHOTHIIOBH OCTBapHJiIe MOHUCKU MPHUHOCH BO OJHOC Ha
crangapaHara copra. Kaj moBekeTo reHoTunoBu 0ojara Ha JIUCTOBHUTE HA CTEOJIOTO € )KOJNTCHUKABA,
a MocJIe CYIICHETO KOJTA.

Kayunu 300poBH: arpoeKkosomKy yCIOBH, HOBOCO3/1aIeHN T€HOTUIIOBH, IPUHOC, COPTEH OIIHT,
BUPLIMHH]A.
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INTRODUCTION

Previous studies showed that the
introduced varieties of Virginia flue-cured
tobacco did not fully expressed their genetic
potential as they did in the regions of their origin
and growth. This was confirmed by comparative
trials with locally bred tobacco varieties, which
mainly overyielded the introduced varieties.
Therefore, the introduced varieties are most often
used as an initial material in hybridisation, as they
express more traits of important characteristics
for this type of tobacco (Drazi¢ and Prodanovi¢,
1999. Drazi¢ 1986, 2003, 2004, Risteski et al.,
2009, Kocoska and Risteski, 2011).

The development of a new variety
presents the accumulation of desirable genes and
their recombination into one genotype, which will
under certain growing conditions have high and

stable yields and will be of good quality. Factors
affecting the final product, in this case leaf yield
and leaf quality can be classified into two groups:
external (soil, weather conditions, growing
space, nutrition, harvest, curing) and genetic
(variety with its biological, morphological,
productive and physiological traits, response to
the type of soil, uptake of nutrients). The yield
level depends on the genetic potential of the
variety, and stability depends on its response to
environmental conditions, which is caused by its
genetic composition (Drazi¢, 2001, 2007).

Therefore, the objective of the present
study was to observe production traits of recently
developed Virginia tobacco genotypes under
environmental conditions of the production
regions of Serbia.

MATERIAL AND METHODS

Trials with 12 recently developed Virginia
flue-cured tobacco varieties were set up in 2011.
The varieties V-817, V-814, V-813, V-81/VS, V-N
7/VS, V-H 97 and V-C 7/VS were developed by
the Institute for Medicinal Plant Research, Belgrade,
Serbia, while the remaining five varieties V-88/09,
V-82/07, V-53, V-33/09 and V-30/09 were derived
by the Tobacco Institute, Prilep, Macedonia.
The variety Hevesi 9 (Hungary) was used as a
check. Male-sterile flowers were used in trails.
According to cytoplasmic male sterility flowers
belong to the type 3, which is suitable for cross
pollination (Drazi¢, 1980).

The varietal trial was set up in two
locations: Nova Pazova and Starcevo that are
30 km away from Belgrade. Nova Pazova and
Starcevo are located North West and East of
Belgrade, respectively. The tobacco seedling
production was done in semi-hot beds during the
March-May period. Planting was performed at a
distance of 90 x 50cm with four replications at the
end of May. The elementary plot size amounted
to 12m? The following production traits were
analysed: plant height, number of leaves per
stalk, dimensions of leaves cutters and yield.
The leaf colour on the stalk and after curing was

estimated (Skalenkatalog, 1977/78). Results
were processed by the analysis of variance. The
significance of differences of observed traits was
determined by the LSD test.

The conditions under which the trials were
performed. - The soil in Nova Pazova is chernozem.
According to agrochemical analyses, this soil is
humus (3.21%), well supplied with available nitrogen
(3.86%), optimally supplied with phosphorus (22
mg/100 g/soil) and potassium (21 mg/100 g/soil) and
its reaction is neutral (pH in KCI=7.05). The soil in
Starc¢evo is alluvium poorly supplied with humus
(1.46%), which is desirable for the Virginia tobacco
(Group of authors, 1976, Hawks, 1978, Drazic, 1995).
Results of agrochemical analysis show that this soil
is poorly supplied with nitrogen (1.1%), optimally
supplied with phosphorus (23 mg/100 g/soil) and
fairly supplied with potassium (13.8 mg/100 g/soil).
Mean annual air temperatures were approximate
(Starcevo-13.4°C, Nova Pazova -13.0°C). On
average, the precipitation sums during the growing
season (April-September) were approximate in both
locations (380-410 mm). It can be stated that soil and
heat conditions were favourable for the growth and
development of tobacco, which resulted in higher
mean values of the production traits in the trial.
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RESULTS AND DISCUSSION

Plant height (cm). - The average plant
height (cm) in Nova Pazova amounted to 170cm,
while plants in Star¢evo were higher (185cm),
although the final values were similar to values
obtained in Nova Pazova. It is considered that
the tall stalk can be a disadvantage. A shorter
stalk means a redistribution of the total organic
matter in favour of leaves, and a greater plant
resistance to deviation from the vertical position
(Tables 1 and 2).

Number of leaves per stalk. - The
number of leaves, as a varietal characteristic, was,
on average, 22-24. The values of the minimum
and the maximum were very close. Genotypes
V-H97, V-33/09 and V-30/09 had the same
number of leaves (24) in both locations. It should
be stated that the highest number of leaves (26)
was recorded in the variety V-N7/VS (Tables 1
and 2).

Dimensions of leaves. - Previous studies
show that dimensions of leaves are affected by
the variety, applied cropping practices and the
soil (Drazi¢, 2001). Dimensions of all observed
genotypes were approximate, nearly identical
(57cm x 28cm). It is necessary to point out that
the length to width ratio amounted to 2:1, which is
desirable for this type of tobacco (Tables 1 and 2).

Leaf yield (g/plant?). - The yield, as a
complex trait, is affected by the variety, applied
cropping practices and the soil, Drazi¢, 2001.

These studies show that average yields were
approximate (174 and 171 g/plant?) for both
locations. However, yields varied with the
locations from 105g/plant™® (V-88/09) to 237g/
plant® (V-817) in Nova Pazova and from 101g/
plant® (V-30/09) to 238 g/plant? (V-81/VS) in
Staréevo. Five varieties in Nova Pazova had a
reliably higher yield than the check, while just
one variety in Starcevo had significantly higher
yield that the variety Havesi 9. This is a result of
a higher yield of the check (210g/plant™?) (Tables
1 and 2).

Leaf yield (kg/ha?). - The average yield
of cured leaves amounted to 3,085 kg/ha™ for
both locations. The lowest yield of 1,710 kg/
ha! was recorded in the variety V-30/09, which
presents the decrease in the yield of 1,630 kg/
ha or 48.8% in comparison to the yield of the
check. The highest yield was detected in the
variety V-817 (4,030 kg/ha), which is higher
by 690 kg/ha! or by 20.7% than the yield of the
variety Hevesi 9. Beside the variety V-817, whose
yield was significantly higher than the check,
high yields were also recorded in the varieties
V-813 and V-N7/VS. The remaining genotypes
had lower yields, Table 3.

The colour estimation of leaves on stalks
shows that it was yellowish for several genotypes,
but after curing, it was yellow especially in the
Macedonian varieties, Table 4.

Table 1. Average values of the analysed traits (location: Nova Pazova)

0. no. Plant height Number leaves/cutters Yield
Genotype 4 Rank

cm of leaves cm g/plant
1 V- 817 165 22 56x28 237** 2
2. V- 814 192%%* 24 62x31 209%* 4
3. V- 813 145 24 52x26 257** 1
4. V- 81/VS 160 26 54x25 124 10
5. V- N7/ VS 155 26 58x24 223** 3
6. V- H97 180%* 23 64x30 162 8
7. V- C7/VS 170 24 62x26 195% 5
8. V-88/09 185 22 55x29 105 13
9. V-82/07 196** 26 50x26 123 11
10. V-53 187** 26 55x26 176 6
11. V-33/09 151 24 50x25 166 7
12. V-30/09 163 24 50x30 119 12
13. Hevesi 9 162 24 60x30 161 9
Average 170 24 56x27 174 -

* significant at 0.05 and

**0.01 probability level
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Table 2. Average values of the analysed traits (location: Nova Pazova)

Plant leaves/cutters,

0. Genotype height Nlimber of cm Yield ;5 Rank
no. om eaves g/plant
1. V- 817 149 20 60x30 209 3
2. V- 814 161 22 63x34 157 9
3. V- 813 151 20 57x29 181 6
4. V- 81/VS 166 21 62x33 238%* 1
5. V- N7/ VS 170 26* 55x25 200 4
6. V- H97 135 23 60x30 147 10
7. V- C7VS 147 22 50x25 171 8
8. V-88/09 190%** 20 57x30 138 11
9. V-82/07 188** 24 62x34 190 5
10.  V-53 190** 22 58x29 181 7
11, V-33/09 169 24 50x28 105 12
12, V-30/09 135 24 40x24 101 13
13. Hevesi 9 150 22 64x36 210 2

Average 185 22 57x29 171 -

* significant at 0.05 and ** 0.01 probability level
Table 3. Average yield of cured leaves (kg ha)

0. Average Difference

no. Genotype kg/ha absolute relative Rank

1. V- 817 4030%* + 690 120.7 1

2. V- 814 3290 -50 98.5 5

3. V- 813 3940** + 600 118.0 2

4. V- 81/VS 3260 -80 97.6 7

5. V- N7/ VS 3810* +470 114.0 3

6. V- H97 2790 - 550 83.5 10

7. V- C7/VS 3290 -50 98.5 6

8. V-88/09 2190 -1150 65.6 12

9. V-82/07 2820 -520 84.4 9

10. V-53 3220 -120 96.4 8

11. V-33/09 2410 -930 72.2 11

12. V-30/09 1710 -1630 51.2 13

13. Hevesi 9 3340 - 100.0 4

Average 3085 - - -

* significant at 0.05 and  **0.01 probability level
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Table 4. Qualitative traits of Virginia tobacco genotypes

Trait and designation

Genotype Leaf colour
no. on the stalk after curing
1. V-817 S-5 pale green S-5 light brown to-orange yellow
2. V- 814 S-3 yellowish S-3 yellow
3. V-813 S-5 pale green S-6 light brown
4. V- 81/VS S-5 pale green S-3 yellow
5 V- N7/VS S-7 strong green S-3 yellow
6. V- HY97 S-7 strong green S-5 light brown to-orange yellow
7. V- C7/VS S-3 yellowish S-4 lemon-yellow
8. V-88/09 S-1 yellow S-3 yellow
9. V-82/07 S-3 yellowish S-3 yellow
10.  V-53 S-3 yellowish S-3 yellow
11, V-33/09 S-3 yellowish S-3 yellow
12. V-30/09 S-3 yellowish S-4 lemon-yellow
13. Hevesi9 S-3 yellowish S-3 yellow

CONCLUSION

Under agroecological conditions of
Serbia (Nova Pazova and StarCevo) the average
yield of cured leaves amounted to 3,085 kg/ha™.
The highest yield of 4,030 kg/ha* was recorded
in the variety V-817 (4,030 kg/ha), which was
higher by 690 kg/ha* or by 20.7% than the yield
ofthe check (Hevesi 9- 3,340 kg/ha). High yields
were also recorded in varieties V-813 and V-N7/
VS.

The lowest yield of 1,710 kg/ha® was
detected in the variety V-30/09. This yield
presents the decrease in the yield of 1,630 kg ha™!

or 48.8% in relation to the check. The yield of
the other eight varieties (V-814, V-81/VS, V-H97,
V-C7/VS, V-88/09, V-82/07, V-53 and V-33/09)
was lower than the check. The average plant
height over locations amounted to 170-185cm.
There were more genotypes with shorter stalks,
which is a desirable trait. The number of leaves
was on average 22-24. The leaf dimensions were
uniform (57cm x 28cm), while the length to width
ratio of 2:1 was favourable. The colour of leaves
on stalks was mainly yellowish, and after curing
it turned yellow.
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INHERITANCE OF THE NICOTINE IN BURLEY TOBACCO CROSSES

Yovko Djulgerski, Dimitar Dimanov

Tobacco and Tobacco Products Institut- Markovo, Bulgaria

(e-mail:yovko dulg @abv.bg)

ABSTRACT

For the purpose of examination of the degree of dominance, heterosis and heritability of the
nicotine in tobacco cross hybrids, the populations P, P,, F, and F, crosses of ten featuring local and
introduced varieties of Burley tobacco were studied. As a result of the analysis a positive heterosis
of economic value was established in most of the crosses tested. It was most expressed in Hybrid
1457 and Hybrid 1462. The inheritance of the nicotine is incompletely dominant or additive. The
direction of inheritance varies both in direction of the parent with the lower and the parent with higher
levels of nicotine. In the most of the studied hybrid combinations, a relatively high coefficient of
heritability is set. So the selection with good quality of the seven genotypes will be more effective
in earlier hybrid generations (F, — F,). Low values of heritability coefficient where found in hybrids
1466, 1472 and 1478. Selection of nicotine will be effective in the later hybrid generations (F, - F).

Keywords: Burley tobacco, nicotine, heritability, heterosis

HACJIEAYBAIBE HA HUKOTUHOT KAJ KPCTOCKH O] TUIIOT BEPJIEJ

3a npoydyBame Ha CTEIICHOT Ha IOMUHAHTHOCT, XeTEPO3HUCOT U XepUTAOMITHOCTA HA HUKOTHHOT
Kaj TyTYHCKU XuOpuau, ucnutysanu ce [, I1,, @, u @, KpCTOCKUTE 01 IECET IOMALIHU ¥ CTPAHCKH
COPTHU TYTYyH of TUIOT Oepiej. Kako pesynrar ox aHanmu3ara, Kaj HOroJeMHOT A€ O] HCIIUTYBaHUTE
KPCTOCKH 3a0eJe)kaH € TIO3UTHBEH XeTePO3HC CO eKOHOMCKO 3Hademe. T0j € Haju3pas3eH kaj Xuopua
1457 u Xubun 1462. HauymHOT Ha HacienyBamke HA HUKOTHHOT € HEIEJOCHO JOMWHAHTEH WIIH
annTuBeH. [IpaBenoT Ha HaciieAyBame Bapupa U KOH POIUTEIIOT CO MOHUCKA BPEAHOCT HA HUKOTHH
Y KOH OHOj co moBucoka. Kaj Hajronem nen on XuOpuHITe KOMOMHAIINY TIOCTOH PEIATHBHO BUCOK
KOe()UIMEHT Ha XepUTAOUIHOCT. 3aT0a, CEeJeKIMjaTa Of CEeLyMTe I'€HOTUIIOBH CO BUCOK KBAJIUTET
ke Oune noepekTuBHa BO MopanuTe renepanuu Ha xubpumu (O, — @,). Ilonncku BperHOCTH Ha
KOe(HUIIMEHTOT Ha XepUTAOMITHOCT ce YTBP/ICHH Kaj xuopuaute 1466, 1472 u 1478. Cenekuujara Ha
HUKOTHHOT Ke Ouze eheKTHBHA BO MOJOIHUTE TeHEePAIlH Ha XUOPUIH (CI)5 — CDG).

Kayunu 360poBu: OepiejcKu TyTyH, HHKOTHH, XePUTaOMITHOCT, XETEPO3HC
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INTRODUCTION

The chemical composition is essential
for tobacco quality (Gyuzelev, 1983; Korubin-
Aaleksosska, 2001). In Burley tobacco, the
most important indicators shaping its use-value
are nicotine, total nitrogen, sugars, ashes and
ammonia, chlorine and proteins (Drachev, 1996;
2001; Tso, 1988). Of these, undoubtedly the most
important role has the nicotine (Manolov, 1979;
Stoilova, 2008). The use of genetic analysis
on these indicators will help to improve the
efficiency of the selection process (Dagnon
and Dimanov, 2007).

Studies of some authors suggest that

inheritance of nicotine is the most negative
overdominant and intermediate with a negative
sign. Overdominantly positive inheritance
was observed less frequently (Nicolic et al.,
1995). The literature refers to additive inheritance
of nicotine (Bing-Guang, et al.,2005). In Bulgaria,
there is little data with respect to Burley tobacco
for such studies (Dyulgerski, 2011).

The purpose of this work is to establish
heterosis events and the nature of inheritance of
nicotine in order to pick out prospective forms
high in nicotine.

MATERIAL AND METHODS

The experimental work was carried out
in the experimental field of ITTI - Markovo
village. Populations were investigated to P,
P,, F, and F, crosses of ten local and introduced
varieties of Burley tobacco: Hybrid 1435 (L 1334
x Tn 86), Hybrid 1457 (1317 B x B 21); Hybrid
1462 (L 1322 x Ky 907), Hybrid 1463 (B 1344 x
L 1330), Hybrid 1465 (L 1390 x Ky 908), Hybrid
1466 (B 1317 x Ky 8959), Hybrid 1471 (B1344 x

B 1317), Hybrid 1472 (B 1344 x Tn 90); Hybrid
1475 (B 1317 x Ky 908) and Hybrid 1478 (B
1317 x Tn 90).

Certainly the content of nicotine:
arithmetic mean (x), the average error (Sx%),
degree of dominance (d/a) by the formula of
Mather (1949), heterosis effect in terms of better
parental form (HP) in Omarov (1975) coefficient
of the trait heritability (H?) by Sobolev (1976).

RESULTS AND DISCUSSION

The data in Table 1 show that there is a
positive heterosis effect on the economic value in
six of the ten crosses. It was most pronounced in
Hybrid 1457 - about 15% and Hybrid 1462 - over
12%. It can be concluded that heterosis, although

10

in small amounts, has an economic significance
in terms of research indicator. The economic
heterosis effect is influenced positively by far
off parents used for hybridization.
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Table 1 Data on the content and inheritance of nicotine

Parents / P, P, F, F, 2

Crosses/Indexes d/a HP H
x+Sx% x+Sx% X£Sx% x+£Sx%
Hybrid 1435
(L 1334 x Tu 86) 2.94+0.34 2.06+0.03 2.26+0.04 2.29+0.17 0.55 76.9 0.31
Hybrid 1457
(B 1317 x B 21) 2.41+0.10 2.13+£0.30 2.76+0.23 2.61+0.18 1.75 114.5 0.54
Hybrid 1462
(L 1322 x Ky 907) 2.56+0.31 2.61+£0.21 2.93+0.15 2.73+0.22 0.30 112.3 0.57
Hybrid 1463
(B 1344 x L 1330) 3.07+0.07 2.27+0.19 2.824+0.24 2.584+0.13 -1.1 91.9 0.43
Hybrid 1465
(L 1390 x Ky 908) 2.61£0.16 3.35+£0.16 2.37+0.07 2.46%0.15 -0.98 70.7 0.35
Hybrid 1466
(B 1317 x Ky 2.41+0.30 2.28+0.29 2.59+0.26 2.44+0.14 1.88 107.5 0.16
8959)
Hybrid 1471A
(B 1344 x B 1317) 3.07+0.07 2.41+0.30 2.5+£0.32 2.54+0.11 -0.73 81.4 0.43
Hybrid 1472
(B1344 x Tn 90) 3.07+0.07 2.61+0.31 3.27+0.09 2.77+0.16 1.87 106.5 0.19
Hybrid 1475
(B 1317 x Ky 908) 2.41+0.30 3.35+0.16 3.67£0.02 3.04+0.19 0 109.6 0.63
Hybrid 1478
2.41+0.30 2.61+0.31 2.81+0.06 2.83+0.11 0.20 107.7 0.12

(B 1317 xTn 90)

Inheritance of nicotine content is
overdominant for Hybrids 1457, 1462, 1466
and 1472, incompletely dominant for Hybrids
1435, 1462, 1465, 1471 and 1478 and additive
in Hybrid 1475. When the heterosis effect is
observed, of the order of 9.6% it can be seen that
it has a considerably high rate of traits heritability
(63). The inheritance varies in direction of the
parent with higher or lower values, depending
on the crossing.

The value of the coefficient of heritability
is quite diverse and varies depending on the
crossing. High coefficients of heritability -up to
50%, were detected in Hybrid 1457, Hybrid 1462
and especially in Hybrid 1475. In combinations
Ne 1471, 1435, 1465 relatively high coefficients

of heritability of nicotine content (0.43, 0.31,
and 0.35) are also found. If the three crosses
are removed, the coefficient of heritability is
low - less than 20%. Prevailing values of the
coefficients of heritability of the tested hybrids
showed that the genetic expression of interest in
these signs is low.

Most of the surveyed crosses showed
relatively high degree of heritability. For this
reason, the selection of genotypes with good
quality will be more effective in earlier hybrid
generations (F,—F,). In hybrids 1466, 1472 and
1478 the selection of nicotine will be effective
in the later hybrid generations (F—F ).

11
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CONCLUSION

1. In most of the investigated
crosses, positive heterosis of economic value
was determined. It was pronounced most
highly in Hybrid 1457 and Hybrid 1462.

2. The inheritance of nicotine content
is overdominant, incompletely dominant or
additive. The inheritance varies in direction of
the parent with higher or lower nicotine content.

3. A relatively high coefficient of
heritability of the nicotine content is set for
most hybrid combinations. For this reason, the
selection of genotypes with good quality will
be more effective in earlier hybrid generations
(F,—F,). In Hybrids 1466, 1472 and 1478 nicotine
content breeding will be effective in the later
hybrid generations (F, - F).
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ABSTRACT

During the two-years investigation (2010 and 2011), six Burley varieties were included in order
to study some biologically-morphological characteristics such as time of flowering and resistance to
some economically significant diseases, dimensions of the leaves from the middle belt (5%, 10" and
15™M), the height of the stalk with the inflorescence and the number of leaves. In order to confirm the
correctness of the results, they were statistically processed. Results on the investigated characteristics
show unambiguous dominance of the varieties Pelagonec CMS F, and B-98/N CMS F, over all the
other varieties in the trial. The results can contribute a lot in producer’s choice of tobacco variety,
because they give certain guarantee and safety for a successful production cycle of this type of tobacco.

Key words: tobacco, varieties, Burley, flowering, diseases, leaves, stalks, dimensions.

PE3VIITATU O]l UCIIUTYBAIBETO HA HEKOU BUO-MOP®OJIOLIKHU CBOJCTBA
HA JOMAIIHHA U CTPAHCKHU COPTU TYTYH O/] TUIIOT BEPJIEJ

Bo meeromumnmanTe ncnutyBama (2010 u 2011 rom. ) 6ea BKIydeHHU MIECT OSPIIEjCKH COPTH
CO IIeJT MTOJIETAITHO J]a C€ UCTIUTAaT HEKOW HUBHHU OMOJIOIIKO-MOP(OIONIKK KaK0: BpeMe Ha I[BETarbE
¥ OTIIOPHOCT HA HEKOW CTOTMAHCKHM TMO3Ha4ajHW O0JecTH, JTUMEH3UH Ha JIMCTOBUTE O CPEIHHOT
mojac (5™, 10 ™, u 15 ™), BUCHHATa Ha CTPAKOT CO COIBETHE M OpojoT Ha jucToBHTe. CO IIeT 1a ce
TTOTBPAY TOYHOCTA HA PE3YATATUTE, HICTUTE Oea M CTaTUCTHYKN 00paboTerHwn. [loOneHunTe pesyararu 3a
MCIIMTYBaHUTE CBOJCTBA MOKAXKyBaaT HEABOCMHUCIIEHA IoMuHaiuja Ha coptute [lenaronen IMCF, ub
-98 /NIUIMC F nan cute npyru coptu Bo onmutoT. OBHE PE3YNITaTH MOXKAT MHOTY JIa IPUJIOHECAT IIPH
n300pOT Ha COpTa O CTpaHa Ha MTPOU3BOIUTEINIOT, OMIC|KU BIIeBaaT M3BECHA TapaHITHja i CUTYPHOCT
3a yCIIenIeH MMPOM3BO/IEH IIUKITYC Ha OBOj THII TyTYH.

Kayunu 360poBu: TyTyH, copTa, Oepiej, IIBeTame, O0IECTH, TUCTOBH, CTPAKOBH, TUMEH3HH.
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INTRODUCTION

The Burley type worldwide, according
to its size and production quantities, is right
after the Virginia type and ic still irreplaceable
constituent in cigarette blend. Because of the low
costs during its production compared to some
other types of tobacco (e.g. Virginia), on the
world stock market it has a relatively low price,

which directly affects the forming of the final
price of cigarettes.

Through our two year-investigations and
the results obtained, more precise image of the
characteristics of each variety is achieved (e.g.
time of flowering, resistance to diseases, number
of leaves etc.)

MATERIAL AND METHODS

Six varieties were taken as a material
for work in the two-year investigations (2010
and 2011), three of which were introduced (B-
21 @ USA, Banket 21, Zimbabwe and B-1317
Bulgaria), all of them in a fertile form, and
three were domestic varieties (lines), two of
which were in CMS form (B-98/N CMS F, and
Pelagonec CMS F " and B-136/07 (fertile). The
classical American Burley type B-21 was used as
a check variety. The trial was set up in the field
of Tobacco Institute-Prilep on colluvial type of
soil. Processing of the areas used in the trial began
with autumn ploughing in about 40 cm depth, and
in the spring they were fattened with artificial
fertilizer NPK— 8:22:20 with 300 kg/hand, after
which they were ploughed two times. Before
transplanting, the soil was treated with herbicide
incorporated in the earth. On the surface prepared
this way, the healthy seedling was transplanted
by hand in four replications at randomized block
system, with 90x50 cm spacing. The tobacco
plant was hoed up twice and before every hoeing
each stalk was given about 5g 26% KAN.
During the vegetation, according to the needs

a few additional irrigations were made as well
as protection of the plantation with checked
preparations. Days required from transplanting
to the beginning of flowering of tobacco varieties
in the plantation, 50 % flowering and the end of
flowering were recorded during the vegetation.
The susceptibility of tobacco varieties to some
economically significant diseases (TMV, PVY
and Phytophthora parasitica var. nicotianae
, was monitored and recorded, and the data
were statistically processed by the method
of calculation of arithmetic mean of relative
numbers with different number of statistical units
in plot ( Filiposki, 2011).

Morphological measurement was made
only of the leaves that belong mostly to the
middle belt (5", 10" and 15™), which accounts
fore 60-70% of the total leaf mass of the stalk.
The height of the stalk with inflorescence and
the total number of leaves per stalk were also
analyzed. Measurements data were statistically
processed by the analysis of variance method, set
up in randomized blocks system (Filiposki 2011).

RESULTS AND DISCUSSION
Length of vegetation period of tobacco plant (flowering)

Before seed formation, there is a period
of flowering and pollination. Rubin (1971)
found out that the first flower to open is the
central (ultimate) flower. The time needed for
flowering at different types and varieties of
tobacco is different. As a rule, the varieties with
lower number of leaves bloom faster. Hawks
( 1994 ) said that the variety NC 22 NF “does
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not bloom”, but it forms 30 leaves more than
the ordinary varieties. It started forming flowers
when the length of the day was not shortened to
the maximum. Naumoski et. al. (1977) reported
that by the end of flowering stage, tobacco plant
has already formed about 90% of its vegetative
mass. According to Donev (1973), by removal
of flowers from the stalk, the root activity is
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accelerated and new flowers appear. According to
the data in Table 1, there are no drastic differences
between the varieties in the trial from the time
of transplanting to the time of beginning of
flowering, with a remark that in 2011 the time
needed for flowering in all varieties with no
exceptions was somewhat longer compared to
that in 2010. This is probably due to the more

rainless periods in 2011, especially in July and
August.

At average, the check variety B-21 and
the variety Banket 21 started to bloom first (for
61.5 and 61.0 days from the day of transplanting,
respectively). The last to bloom was the variety
Pelagonec CMS F, (65.5 days) which is for 4.5
days later than the check variety B-21.

Table 1 Length of vegetation period of tobacco plant (flowering)

5 4 = [i=} — = (=) — —
= S 8., £E% & 3. @T & 8.
. =& 2 52 &2 =2 852 £0 = 5%
Varieti (= % g S = 2 = & = 2 2 £ & = 2
o = o = I = - o 5 £ = o ESIIN
.8 ? % o 2 14 é op 0 2 = = 2 ]
g5 ~ 2 E < & &8 <% 2
& < s < <
B-21 @ 2010 60 67 72
2011 63 61.5 / 71 69.0 / 77 74.5
2010 61 69 75
- . +1. ) +1. . +2.
B-1317 2011 64 62.5 1.0 79 70.5 15 79 77.0 2.5
2010 58 63 67
Banket 21 2011 64 61.0 -0.5 67 65.0 -4.0 79 69.5 -5.0
2010 61 66 72
- + - +
B-136/07 2011 63 62.0 0.5 71 68.5 0.5 3 75.0 0.5
B-98/N 2010 63 68 78
CMSF, 2011 65 64.0 +25 74 71.0 +2.0 20 79.0 +4.5
2010 64 73 77
E;ﬁisgc;nec 2011 67 65.5 +4.5 75 74.0 +5.0 ]2 79.5  +5.0
1

With the other varieties in the trial, the
time needed for the beginning of flowering was
between 62.0 in B-136/07 to 64.0 in B-98/N CMS
F,. The number of days until 50% of flowering
was the least in the variety Banket 21 (65.0),
which is 4.0 days less compared to the check
variety B-21 which passed this stage for 69.0
days. The longest period for 50% of floweing
was needed in the variety Pelagonec CMS F,
(74.0 days), which is 5.0 days more compared to
the check variety. In other varieties of the trial,
this period ranged from 68.5 days in B-136/07

to 71.0 days in B-98/N CMS F,.

The period to the end of flowering was
first finished in the variety Banket 21 in 69.5 days,
i.e. 5 days less compared to the check variety
B-21 which needed 74.5 days for this period. The
longest period (79.5 days) to the end of flowering
was needed for variety Pelagonec CMS F| and
it is 5 days more compared to the check variety
B-21. In other varieties of the trial, this period
ranges between 75.0 days in B-136/07 to 79.0
days in B-98/N CMS F,,.

15



Tyryn/Tobacco, Vol.62, NO 1-6, 13-21, 2012

Diseases of tobacco plant during the vegetation

During its life cycle the tobacco plant,
is often attacked by different diseases generated
by viruses, bacteria and pathogenic fungi.
The raw material derived from diseased stalks
is with a low quality and with limited using
value in fabrication. During our investigations,
monitoring of the varieties resistance to TMV,
PVY and Phytophthora parasitica var. nicotianae
was included. According to Mickoski (1984),
TMYV is easily transmissible virus which causes
severe damages lowering the yield up to 30%,
and the diseased leaves are of a bad quality. The
same author describes PVY as a very destructive

virus disease present worldwide, causing serious
damages on tobacco plant as well as on potato,
pepper, tomato etc. Buzanc¢i¢ (1984) reported
that PVY was first described by Smith in
1931, and as a transmitter he points out the
aphid.

Mickoski (1984) describes Phytophthora
parasitica var. nicotianae as a destructive disease
which mostly attacks tobacco plants of the types
Virginia and Burley, and as a cause of it he points
out the fungus Phytophthora parasitica var.
nicotianae. The degree of disease in the varieties
investigated can be seen in Table 2.

Table 2 Diseases during the vegetation

TMYV virus

PVY virus Phytophthora parasitica var.

42 nicotianae
=
Locg @ “— @ 2 1] w3 2 2 s £ 2
Variety S E = f£5 958 5 £5 98 9 @ £5 S8
E g 52 wo 2 528 @o 2 58 @o
= 5] O O Sz 5] SRS Sz 5] O O s E
= < 5 < o g 8 2 S s 9
é s ~.E Z k= ~ E Z R= ~E &
2010 51 4 783 2 3.92 - -
B-21 3.92 1.96 0.00
2011 53 - - - - -
2010 52 4 7.69 - - - -
B-1317 3.85 0.00 2.04
2011 49 - - - - 200  4.08
2010 40 1 250 - - 200  5.00
Banket 21 1.25 0.00 2.50
2011 45 - - - - - -
2010 50 2 4.00 2 4.00 3.00  6.00
B-136/07 6.00 2.00 3.00
2011 50 4 8.00 - - - -
Bog/N 2010 51 1 1.96 - - - -
CMS F 0.98 0.00 0.00
o 2011 44 - - - - - -
Pelagonce 210 48 _ _ 0.00 . _ 0.00 _ C0.00
CMSF, 5011 48 ; ; ; ; ; ;

Data from Table 2 show that the health
condition of the varieties is good, i.e. they have

a low percentage of plants infested by viruses
or by the fungus Phytophthora parasitica var.
nicotianae. The highest percentage of plants is
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infected with the virus disease tobacco mosaic
(TMV), ranging from 0.98% in B-98/N CMS F,
to 6.00% in B-136/07, while in Pelagonec CMS
F, there are no symptoms of infection with this
disease.
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In the types B-1317, Banket 21, B-98/
N CMS F, and Pelagonec CMS F, no necrotic
strain of tobacco (PVY) can be seen. In the
varieties B-21 and B-136/07 the percentage of
infection is only 1.96% and 2.00%, respectively.
In average, the percentage of infected plants
with Phytophthora parasitica var. nicotianae in

B-136/07 is between 2.04 % and 3.00 %. In other
varieties this disease does not appear.

It can be said that the variety B-136/07
has the highest percentage of plants infected
with TMV, PVY and Phytophthora parasitica var.
nicotianae, while in the variety Pelagonec CMS
F, none of the above diseases appears.

Characteristics of the 5" leaf

Morphological characteristics of tobacco,
besides being genetically controlled and different
for every type or variety, greatly depend on
the soil and climate conditions, the applied

cultural practces, the presence of diseases etc.
Characteristics of the 5 leaf in the varieties
included in our two year-investigations are
presented in Table 3.

Table 3. Characteristics of the 5" leaf

£ S Absolute S Absolute
o S 1 = 1
Variety - I difference g I difference
= 8 from the = 8 from the
2 B0 g average = g average
= =) o <3 o
5 5 E z
2010 39.5 25.6
B2l @ 37.7 / 249 /
2011 36,0 24.2
2010 48.7* 32.5"
B-1317 47.7 +10.0 29.8 +4.9
2011 43.5% 27.2*
2010 48.0"* 28.2
Banket 21 44.8 +7.1 27.8 +2.9
2011 41.7 27.5
2010 53.7+ 39.6*
B-136/07 51.3 +13.6 35.8 +10.9
2011 49.0"* 32.0"
B-98/N 2010 53.0% 30.8*
51.7 +14.0 29.9 +5.0
CMS F, 2011 50,5* 29.0*
2010
58,0* 37.0%*
Pelagonee 591 582 4205 37.6 +12.7
CMSF, 2011 58.5% 38.2
Leaf length Leaf width
2010 2011 2010 2011
LSD 5% 3.0cm * 3.6 cm* LSD 5% 3.6cm * 3.6cm*
1% 42cm ™ 51lcm ** 1% 42cm™ 50cm ™

According to these data, in 2011 — the
year with lower amount of precipitations, the
dimensions of the analyzed leaf in all varieties
in the trial were smaller. However, from the
average values it can be seen that the biggest
length (58.2 cm) was observed in the variety
Pelagonec CMS F, which is 20.5 cm longer
compared to the check variety B-21, where it
reaches 37.7 cm, which is in fact, the smallest

measured length from all varieties in the trial.
In the other varieties, this data ranges from 44.8
cm in Banket 21, to 51.7 cm in B-98/N CMS
F,. Compared to the check variety, all varieties
investigated in the trial showed statistically
significant differences on the level of probability
of 1%. The similar situation was recorded for
the 5" leaf width, with the highest average (37.6
cm) in the variety Pelagonec CMS F, which is
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12.7 cm more compared to the check variety
with 24.9 cm average width. In other varieties
in the trial this data ranges between 27.8% in
Banket 21 to 35.8 in B-136/07. Compared to the
check variety in the two years of investigation,
statistically significant differences on the level of

probability of 1% were recorded in the varieties
Pelagonec CMS F, and B-136/07, while the
varieties B-1317 and B— 98/N CMS F, showed
such difference only in the 2010 crop. In 2011
the variety B—98/N CMS F, showed statistically
significant differences on the level of 5%

Characteristics of the 10" leaf

The tenth leaf belongs to the middle belt,
and the zone where it is formed yields leaves with
the largest size. Risteski (2006), investigated 6
Burley varieties in the region of Prilep during

1999-2001 and made conclusion that length of
this leaf ranged 50-61 cm, the width 27-36 cm
and the length: width ratio 1.62-1.88.

Table 4. Characteristics of the 10" leaf

£ S Absolute S Absolute
. © S difference £ S difference
Variety = N
= o from the g o from the
& B0 g average = = average
2 g o =t o
§ & i = Z
- 2010 53.1 275
B-21 @ 52.8 27.8 /
2011 53.5 28.2
2010 60.5* 34.5*
B1317 57.3 +4.5 32.5 +4.7
2011 54.2* 30.5*
2010 52.8* 275
Banket 21 53.6 +0.8 29.0 +1.2
2011 54.5* 30.5
2010 62.7* 34.0*
B-136/07 60.9 +8.1 315 +3.7
2011 59.2* 29.0**
B-98/N 2010 65.7** 36.1*
65.2 +12.4 35.5 +7.7
CMS F, 2011 64.7 35.0"*
2010
Pelagonec 5010 1.1 40.1"
CMS F, 69.4 +16.6 40.1 +12.3
2011 67.7* 40.2*
Leaf length Leaf width
2010 2011 2010 2011
LSD 5% 30cm * 4.5 cm* LSD 5% 1.8cm * 37cm*
1% 4.lcm™* 63cm * 1% 25cm™* 52cm*

According to the data presented in Table
4, the highest average length of the 10" leaf
(69.4 cm) was observed in the variety Pelagonec
CMS F, - 16.6 cm more in comparison with the
check variety B-21 where this data was 52.8 cm.
In other varieties from the trial this data ranged
between 53.6 cm in Banket 2land 65.2 cm in
B—98/N CMS F, with remark that in the rainless
2010, the length of this leaf was somewhat
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smaller compared to that in 2010.

Compared to the check variety B-21,
statistically significant differences at 1%
probability level in both years if investigation
were achieved by the varieties Pelagonec CMS
F, and B-136/07, and the variety B-1317 only in
2010 reached statistically significance of 1%. The
highest average width of 40.1 cm was observed
in the variety Pelagonec CMS F, which is 12.3
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cm more compared to the check B-21 which had
the smallest width of this leaf compared to all
other varieties - only 27.8 cm. In other varieties
from the trial, the average width of this leaf
ranged from 29.0 in Banket variety to 35.5 cm in
B-98/N CMS F,. Only the varieties Pelagonec

CMS F, and B-98/N CMS F, in both years of
investigation reached statistically significant
differences at 1% probability level. The varieties
B-136/07 and B-1317 showed such differences
only in the crop 2010.

Characteristics of the 15" leaf

The fifteenth leaf is also located in the
middle belt of the stalk and as a raw material
it is highly appreciated in the fabrication. The
characteristics of this leaf can be seen from the
data presented in Table 5.

Thus, in 2011, the year with less
precipitations, this leaf was somewhat smaller
in size compared to that in 2010. The variety
Pelagonec CMS F, again had the highest average
length - 61.1 cm, which is 13.4 cm more than
the smallest average length of 47.7 cm recorded
in the check variety B-21. In other varieties
of the trial, the width of this leaf ranged from
49.0 cm in Banket 21 to 59.5 cm in B-98/N
CMS F,. In both years of investigation, only the

varieties Pelagonec CMS F,, B-98/N CMS F,
and B-136/07 reached statistically significant
differences at 1% level of probability, compared
to the check B-21, while the variety B-1317
showed such differences only in 2010.

The largest average width of the 15" leaf
(33.5 ¢cm) was recorded in the B-98/N CMS F,,
i.6.9.9 cm more compared to the check which had
the smallest width (23.6 cm). In other varieties
of the trial, this data ranged between 23.7 cm in
the variety Banket 21 and 32.4 cm in Pelagonec
CMS F,. Statistically significant differences of
the investigated varieties compared to the check
variety B-21 are completely identical as those
presented for the character leaf length.

Table 5. Characteristics of the 15" leaf

<z o Absolute o — Absolute
& B &= i £ g &= i
wiy  E P D5 e g5 55 dle
38 2§ = 8 Z ]
average average
- 2010 49.5 235
B-21 @ 477 / 23.6 /
2011 46.2 23.7
2010 56.7** 28.9
B-1317 52.4 +4.7 26.2 +2.6
2011 48.2* 235
2010 49.5* 24.0
Banket 21 49.0 +1.2 23.7 +0.1
2011 48.5* 29.2*
2010 57.2** 29.2**
B-136/07 55.4 +7.7 28.4 +4.8
2011 53.7** 27.7*
B-98/N 2010 60.0** 35.4*
59.5 +11.8 33.5 +9.9
CMSF, 2011 59.1* 317+
2010
Pelagonec 2010 63.1*" 32.8"*
CMSF, 61.1 +13.4 324 +8.8
2011 59.2* 32.0"
Leaf length Leaf width
2010 2011 2010 2011
LSD 5% 3.1cm * 29cm* LSD 5% 1.6cm * 25cm*
1% 43cm™ 41cm * 1% 23cm™* 34cm™
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Height of the stalk with inflorescence and leaf number per stalk

The height of the stalk and the leaf
number are typical characters in tobacco and
they are genetically regulated. However, there
are some other factors that have particular
influence on these characters, such as agro-
ecological conditions and the application of
cultural practices. [ronrepcku (2009 ) suggests an
optimal stalk height of 145 - 180 cm in large-leaf
tobaccos, and a number 0f 26-32 leaves in Burley
tobacco. Data on stalk height with inflorescence
and leaf number in the investigated varieties are
presented in Table 6.

The highest stalk with inflorescence

(191.5 cm) was achieved in the variety Pelagonec
CMS F,, which is 41.0 cm more compared to
the check variety B-21 (150.5 cm). In other
varieties of the trial, the average height of the
stalk with inflorescence ranged between 153.5
cm in Banket 21 and 188.6 cm in B-98/N CMS
F,. In both years of investigation, statistically
significant differences at 1% probability level
for this character compared to the check variety
B-21 were recorded for the varieties Pelagonec
CMS FLB—98/N CMS F,jand B-136/07, while
B-1317 showed such statistic difference only in
2010.

Table 6. The height of the stalk with inflorescence and number of leaves

Stalk 5 —
. ° Absolute © oS Absolute
height 80 — . o g o Q . ®
. & . s — difference 9 5 e & difference &
Variety S with. °S from the g = 5= from the 5
infloresc- < o= o E z8 ~
3\ average 9 average
ence
2010 148.5 22.7
B-21 @ 2011 1525 150.5 / 6 247 23.8 / 5
- 28.7*
B-1317 2010 1715 167.7 +17.2 4 26.8 +3.0 3
2011 164.0 25.0
Banket 21 2010 153.5 153.5 +3.0 5 22,7 23.1 -0.7 6
2011 153.6 235
185.7*
B-136/07 2010 178.8 +28.3 3 28,0** 26.7 +2.9 4
2011 172.0% 255
B-98/N 188.5%
CMSF, 2010 ’ 188.6 +38.1 2 32.7* 32.9 +9.1 2
2011 88.7* 33.2*
g‘;qh‘sg‘;nec 2010 190.5* 1915  +41.0 1 340" 340 +10.2 1
1 2011  192.5* 34.0%
Stalk height Leaf number
2010 2011 2010 2011
LSD 5% 74cm * 11.9¢cm * LSD 5% 1.0 muct * 2.3 aucr *
1% 10.3cm ** 16.6cm ** 1% 1.4 muer ** 3.2 muct **

It can be seen from the data that the
highest leaf number (34.0) was observed in the
variety Pelagonec CMS F, which is 10.2 leaves
more compared to the check B-21, and the lowest
leaf number (23.1) was observed in Banket 21. In
other varieties of the trial, this data ranges from
23.8 leaves in the check variety B-21 to 32.9
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leaves in B-98/N CMS F,.. Statistically significant
differences of the varieties in comparison with
the check B-21 at 1% probability level in both
years of investigation were observed only in the
varieties Pelagonec CMS F, and B-98/N CMS
F,. The varieties B-136/07 and B-1317 reached
such significance only in 2010.
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CONCLUSION

According to the results of the two-year
investigations, the following conclusions have
been made:

- In average, the variety Banket 21 starts
the flowering stage first (61.0 days) and ends
it first (69.5 days). The last to start and end the
flowering is the variety Pelagonec CMS F, (79.5
days).

- The variety Pelagonec CMS F, was the
most tolerant to TMV, PVY and Phytophthora
parasitica var. nicotianae, compared to the other
varieties in the trial.

- The varieties Pelagonec CMS F, and

B-98 / N CMS F9 have the largest length and
width of the 5™, 10" and 15" leaf .

- The average number of leaves (34.0) is
the highest in variety Pelagonec CMS F, and the
lowest (23.1) in the variety Banket 21.

- The biggest height of the stalk (191.5
cm) was achieved in variety Pelagonec CMS F,
and the smallest (150.5 cm) in the check variety
B-21.

- The investigations show unambiguous
dominance of the varieties Pelagonec CMS F,
and B-98/N CMS F,over the other varieties in
the trial.
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ABSTRACT

A comparative study of the most commonly used methods for sample preparation for ICP
determination of the content of total phosphorus and sulfur in plant materials was performed on the
basis of reference material CTA-VTL-2 (Virginia tobacco leaves). The methods used in the study were
evaluated according to the recovery of total phosphorus and sulfur, ease of application and rapidity
of performance. It was found out that microwave digestion is the most suitable method for sample
preparation for simultaneous determination of phosphorus and sulfur by ICP in plant material. Dry
ashing is not suitable because of the considerable losses of sulfur during thermal processing of the
material in open vessels. The investigation revealed high correlation between colorimetric and ICP
methods for total phosphorus determination, with results generally differing within 5 to 10 %.

Key words: tobacco, digestion methods, total phosphorus and sulfur, ICP, colorimetric methods

CHHOPEAYBAIBE HA JU'ECTUBHUTE METOAU 3A OAPEAYBAIBE HA
BKYIIHUOT ®OCPOP KAJ PACTUTEJIHUOT MATEPHUJAJI CO ICP

HampaBeHo e KOMIapaTHBHO MPOYyYyBame Ha BOOOWYACHUTE METOJM 3a TIOATOTBYBame Ha
npuMeponu 3a onpenysame ICP-onpenyBame Ha coqpkuHara Ha BKYnHHOT (ocdop u cyndyp Bo
pacTUTeTHHOT Marepujal Bp3 0a3a Ha pedepenter matepujan CTA-VTL-2 (nucToBH 011 BUPIUHUCKA
TYTYH). MeToauTe NMpUMEHTH BO MPOYYYyBambETO CE MPOICHETH CHOPE] BPAKAkETO Ha BKYITHHOT
¢docdop u cyndyp, cClIoKkeHOCTa Ha aluIMKaljara 1 Op3uHaTa Ha U3BEAYBamkETO. Y TBPACHO € JAeKa
MUKpOOpaHOBaTa JUTECTHja € HAJIOTrOJICH METOJl 3a MOATOTOBKA HA MPHMEPOIIUTE 32 CHMYJITAHO
onpenyBame Ha Gpocdopot u cyndypor co ICP Bo pacturenen marepujan. CyBOTO criadyBame HE €
MOTOZICH METOJI TIOpaIn 3HAYUTEITHUTE 3ary0un Ha cyndyp 3a BpeMe Ha TepMmaiiHara oOpaboTka Ha
MarepujanoT BO OTBOpeHH cafoBu. Hanpasena e ciopenda momery konopumerpuckuot u [CP-metomor
3a ollpeayBame Ha BKYMHHOT Gocdop u yTBpJeHA € BUCOKa KOpeJalyja MoMery HUB, CO Pe3yinTaTH
LITO ce pa3nuKyBaat 3a 5% 10 10%.

Kayunu 300poBu: TyTyH, TUT€CTUBHU METOAH, BKyIieH ¢ocdop u cyndyp, ICP, komopumerpucku
METOAH
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INTRODUCTION

The determination of total phosphorus
and sulfur in soils and plants is very important
for agricultural and environmental studies.
Phosphorus participates in a number of processes
determining the growth, development and the
productivity of the plant: formation of cell
nucleus and cell multiplication, synthesis of lipids
and specific proteins, transmission of hereditary
properties, breathing and photosynthesis, energy
transmission from richer to poorer energetic
compounds etc. The multifarious role of P in
plant metabolism is related to its participation in
many biologically important organic compounds
— nucleid acids, nucleoproteides, enzymes,
vitamins, hormones, etc.

The determination of the total P in plant
materials requires initial mineralization of the
sample by digestion with mixtures of acids
or ashing and phosphorous determination by
different techniques, mainly colorimetry and
inductively coupled plasma optical emission
spectrometry (ICP-OES) (1, 2). The problems
related to its precise determination by ICP-OES
are mainly due to the decrease of the signal of
phosphorus in the content of calcium and other
slightly ionizing elements in test samples. This
repression of the signal could be overcome by
using scandium as internal standard (3).

As a compound of the amino acids
cysteine, cystin and meteonin, tripeptide glutation,
of different proteins and inorganic sulphates,
sulfur has an important role for oxidation-
reduction processes, the energy balance of the
plant, the functioning of the phytohormones, the
enzyme activation, chlorophill formation etc.
Nitrogen and sulfur ratios (N : S) are often used
as a diagnostic tool (4).

While the problem with phosphorus is
well known and its content in the soil and plants
is subject to constant control, in the case of sulfur
this issue has been underestimated. During the
last years, however, decreasing sulfur input from
atmospheric deposition and fertilizers has led to
increasingly widespread S deficiencies in the UK
(5). Due to the strengthening of pollution control

measures, similar trends have been observed
in other West European and North American
countries.

The problem of increased S deficiency
has led to a greater need for plant tissue and soil
testing in order to diagnose whether applications
of S fertilizers are necessary. Compared to
other important elements, testing for sulfur is
relatively new. The most widely used method
for determination of total S in plant tissues
involves the initial destruction of the organic
matter by digestion with mixtures of nitric and
perchloric acid, or ashing in the presence of
magnesium nitrate in a muffle furnace, followed
by dissolution of the ash in diluted acid (6).
The total S in solution may then be analysed by
colorimetry with the methylene blue method (7),
by turbidimetry with barium sulphate formation
(6, 8), X-ray fluorescence analysis (9, 10) or ion
chromatography (IC) (11). In the recent years,
ICP has been accepted as a basic technique for
measuring sulfur, because of its capacity for
measuring in a UV spectral range, the relative
non-presence of spectral interferences and the
possibility of multi-element analysis (12, 13).

In spite of the significant number of
publications regarding determination of the
sulfur content in plant materials, plant total S
analysis shows greater variations than those
shown for other elements. Examination of data
from a bimonthly report of the International Plant
Analytical Exchange Programme (IPE) shows
that the coefficient of variation (CV) for plant
total S is typically about 22 %, whereas for P,
K and N the CVs ranges from 10 to 15 % (14).
The higher CV for S supports the view that S
analysis is more difficult for laboratories. This
problem forces more efforts to be focused on the
two main stages of analysis — sample preparation
and appropriate methods for sulfur determination.
This necessity defines the objective of this study
- to compare different digestion methods for
determination of total phosphorus and sulfur in
plant material.
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MATERIAL AND METHODS

1. Plant material

A Polish reference material CTA-VTL-2
(Virginia tobacco leaves), containing 2204 +
78 ppm phosphorous was used in the study. For
the sulfur, a single information value of 0.669
wt % is given.

2. Digestion methods

The inductively coupled plasma (ICP)
emission spectrometry allows the determination of
both metals and non-metals. This is why it is most
suitable as a chief method for complete analysis
of the tested material. A main consideration
in the selection of digestion methods was the
possibility for simultaneous determination of
the most important macro- and micronutrients
in the plants by a single digestion procedure.
The most common methods for total or nearly
total decomposition of the sample were used as
follows:

2.1. Dry ashing:

Procedure for dry ashing at 400 °C,
450 °C, 500 °C and 550 °C in a muffle furnace,
following BDS 11708-93, was used. Samples
(0.5 g) were weighed in 50 mLglass beakers,
charged on a hot plate with stepwise increasing
temperature up to 350°C for 4 hours and finally
ashed in a muffle furnace at 400, 450, 500 and 550
°C for 1 hour. After cooling, ashes were dissolved
in 20 mLof 1.5 % HNO,, or in a composition 3:1
v/v of HCl: HNO,.

2.2. Wet mineralization:

a) HNO, + H,0, digestion

One gram of oven-dried sample was
transferred to a teflon beaker to which
10 mL of concentrated nitric acid were
added. The sample was then warmed on a
hot plate to about 85-95 °C until the initial
reaction had subsided. After cooling 0.5
mLof30% hydrogen peroxide was added
dropwise, and the sample was then
reheated. Stepwise additions of peroxide
were repeated until the sample solution
had clarified and no fats were visible.
The sample was then diluted to 50 ml.

b) Procedure for acid digestion
One gram of oven-dried sample was
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weighed into a Kjeldahl flask and 5
mLof 65% HNO, were added. The flask
was placed on a preheated hot plate and
heated until its content was evaporated
to dryness. 14 mLof 72% HCIO, were
added to the sample and it was heated for
60 min. The digest was cooled, filtrated
and diluted to 100 mL in a calibrated
flask.

Procedure for acid digestion, following
ISO 5515-1979

A tobacco sample of 2.0 to 2.5 g, dried
to constant weight, was put in a Kjeldahl
flask of 100 to 150 mL 30 mL HNO, and
4.0mL H,SO, as well as a few glass pearls
were added. The mixture was left to settle
for 12 hours and after that the flask was
carefully heated in order to avoid the
formation of foam. The heating of the
liquid continued until the boiling point
was reached and the process of boiling
continued until the liquid acquired brown
color. After that portions of 1.0 to 2.0
mL HNO, were added until the release
of nitric oxides stopped and the release
of white fumes began. The solution
was cooled down, 15 mL were added
and it was heated up again until boiling
with release of white fumes began. The
cooled solution was transferred into a
measurement flask of 50 or 100 mL and
was filled up to the marking.

The same standard was applied in the
digestion procedure, including the use
of HCIO, 6.0 to 8.0 mL HNO, were
added to the sample, it was left to settle
for 12 hours and was brought to boiling
without being evaporated to dryness.
After cooling an additional portion of 6.0
to 8.0 mL HNO, was added and the liquid
was brought to boiling as the procedure
was repeated once or twice more. After
cooling, 6.0 to 8.0 mL HNO, and 4.0 mL
H,SO, were added. The decomposition
began vigorously without heating. After
the vigorous reaction stopped, the sample
was cooled and 4.0 to 6.0 mL HNO,
and 3.0 to 5.0 mL HCIO, were added.
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d)

The boiling continued until the solution
became colorless. Then it was cooled
and brought to volume of 50 or 100 cm?.

Procedure for acid digestion, following
BDS 17365-94 for determination of
heavy metals in tobacco and tobacco
products:

A tobacco sample of 2.0 to 2.5 g dried to
constant weight was put into a Kjeldahl
flask of 100 to 150 mL 20 mL HNO,
and 5.0 mL H,SO, were added and
the mixture was left to settle for 2 to 4
hours. After that the flask was heated
in a sand bath for 30-40 minutes at 80-
90°C. At the appearance of a dark yellow
or brown coloring of the solution the
flask was cooled and 10 mL HNO, and
2 mL HCIO, were added. The heating
continued until the elimination of most
of the acids. 10 mL of distilled water
were added twice and the solution was
heated until most of it evaporated. After
cooling, the residue was treated twice by
4 mL 1M HCI and after that it was filled
up to 10 mL with IM HCI.

2.3. Microwave digestion (MW):

A procedure for microwave digestion
with different acid mixtures, following
EPA METHOD 3051, suitable for flame
AAS determination of heavy metals, was
used. A microwave digestion system

(Milestone 1200 MEGA, Italy) with 10
MRD 300 rotor with 10 positions, max.
pressure of 30 bars and max. power 1000
W was used. A homogenized sample
of 0.5 g dry substance was weighed on
assay balance into a Teflon bomb and
10 mLof concentrated nitric acid were
added. The microwave mineralization
programme comprised three stages: (i)
5 min. non-pulsed 250 W microwave
irradiation; (ii) 5 min. 400 W pulsed
microwave irradiation and (iii) 5 min.
600 W pulsed microwave irradiation.
After a one minute ventilation, the
sample was cooled and diluted to 50
ml. Several additional alternative acid
combinations including H,O, and HF
were used in accordance with EPA
METHOD 3052.

3. Phosphorus and sulfur determination

An ICP-AES spectrometer Spectroflame
MODULA (Spectro Analytical Instruments,
Kleve, Germany), equipped with two
monohromators: (i) spectral range 160 — 460 nm
with nitrogen purged optics and (ii) spectral range
240 — 790 nm with air purged optics, was used.
The analytical operational parameters were
optimized with the aim to achieve the lowest
possible limit of detection for phosphorus and
sulfur (Table 1).

Table 1. Instrument settings and measurement conditions

Parameter Index
Nebulizer Mainhard TR 30 A3
Rate of sample delivery 1.2 mLmin*!
Argon torch gas flow (cooling gas) 14 1mintAr
Argon auxiliary gas flow 0.5 1 mintAr
Argon nebulizer gas flow 1.4 1 mintAr

4. Statistical analysis

For evaluation of the correctness of

results for phosphorous, three generally accepted
criteria were used as follows:

1.

D =X — X g Where X is the measured
value and X, is the certified value.
When D is within the borders of *
26, where o is the standard deviation

from the certified value, the result is
considered to be good, when it is -30 <
D <3c - satisfactory, and beyond these
limits the result is unsatisfactory.

2. D% =D/ X, -100 — percentage
difference. When the values of D % are
in the limits + 200c / X, the result is
considered to be good, when the value is
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in the limits + 2006/ X ., and + 300G/
Xy - satisfactory, and when it is out
of the limits + 3000/X ,, the result is

unsatisfactory.

3. Z=X-Xu!0 - WhenZ<2 the result
is considered to be good, when2<Z <3 -

satisfactory, when Z > 3 - unsatisfactory.

For easier evaluation of the effectiveness
of different methods for sample preparation we
have used R criterion showing the extent of
extraction of the element in percents from the
certified value. When the measured value X is

within the borders of X, + UCRM’ where U,
is the indefiniteness of the certified value, we
accept the extent of extraction to be 100%. In all
remaining cases the extent of extraction is equal
to X/ X - 100.

Due to the lack of data for standard
deviation, when determining sulfur, there was no
determined Z — criterion. In this case, when the
certified value X, is within the limits of X + o,
where o is the standard deviation of the measured
value, we accept the extent of extraction to be

100%.

RESULTS AND DISCUSSION

The emission lines at ICP-AES
determination of phosphorous and sulfur,

estimated detection limits and interferences are
presented in Table 2.

Table 2. Emission lines upon ICP determination of phosphorous and sulfur,
detection limits and interferences

Element Technique / Line Estimated D.L. Optics Interferences
ICP-OES 178.287 nm 0.015 pg ml?t I, Mo,Mn
P ICP-OES 177.495 nm 0.020 pg ml* \Y Cu, Hf
ICP-OES 213.618 nm 0.024 pg ml* Cu,Fe
ICP-OES 180.734 nm 0.010 pg ml*
S ICP-OES 182.034 nm 0.030 pg ml* v Ca, Al

According to data from literary sources,
in the case of ICP determination of phosphorus
at 177.495 nm, there is spectral interference
of copper. The concentration of copper in
tobacco leaves, according to the certificate, is
18.2 ppm, and its concentration in the tested
solutions after dilution was less than 0.05 ppm.
The pulverization of 0.10 ppm mono standard
of Cu does not give intensity different from the
background at 177.495 nm. Therefore, at this
concentration of copper, no off peak correction is
necessary. However, the content of phosphorus in
all test samples was determined at two different
wavelengths -177.495 and 178.287. The results
obtained are statistically indistinguishable, and
the table presents the average values.

The content of sulfur was determined at
wavelength of 182.034 nm. For both elements
background correction was performed. For P
determination we used the internal standard
method by adding scandium to the samples
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and standard solutions. The calibration was
performed using three standard solutions in 2 %
v/v HNO,. A commercial multielement standard
solution with concentration 100 ug/l was used
as a stock solution. The calibration standard
solutions have the following concentrations: 0,0;
5.0 and 10.0 ppm.

Thirteen samples of the tested material
(Virginia tobacco leaves) were prepared for
analysis for total phosphorous and sulfur content.
The results of the ICP analyses of phosphorous
are presented in Table 3.

The results obtained show that the
extraction of phosphorus is complete in all
variants of dry ashing and microwave digestion.
However, closer to the certified values are the
results obtained during microwave mineralization,
as the values of the Z — criterion do not exceed
2.0, and of D % - 7.0. It is observed that all
results obtained by dry ashing are higher than
the certified value, which excludes lack of
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phosphorus at these temperatures. In four of the
variants, however, the values of Z-criterion are
greater than 2.0, and those of D % reach 10.25.

The results in the case of wet digestion
are different. HNO,+ H,O, and HNO, + HCIO,

wet digestion methods are efficient and are
estimated as “good”. The efficiency of the HNO,
+ H,SO, + HCIO, digestion depends on the acid
ratio and can be “good”, while HNO, , H,SO,
digestion is unsuitable.

Table 3. Effectiveness of different digestion methods upon ICP-AES determination of
phosphorous contents in tobacco leaves. X ., = 2204 ppm, ., = 78 ppm

Method X O D D, % z R
ppm ppm

Dry ashing, 550°C 2420 200 216* 980 277 100
Dry ashing, 500°C 2430 220 226* 1025%  2.90% 100
Dry ashing, 450°C 2390 180 186* 8.44% 238 100
Dry ashing, 400°C 2280 150 76%* 345%%  097%% 100
Dry ashing + (HCI + HNO,) 2400 250 196* 8.80%  251* 100
HNO, + H,0, digestion 2240 180 36%* 163%*  046%* 100
HNO, + HCIO, digestion 2300 100 96%+ 436*%  1.23% 100
HNO, + H,S0, + HCIO, 2130 160 4% 336 095%% 100
digestion

HNO, + 1,50, + HCIO, 1930 280 274 1243 351 876
digestion

HNO, + H,S0, digestion 1490 260 714 3240 915 67.6
MW, HNO, 2230 120 26%* LIS**  033% 100
MW, HNO, + H,0, 2270 190 66%* 299%%  0.85% 100
MW, HNO, + H,0, + HF 2355 110 151%%  7.08%%  2.00%* 100

* - “satisfactory” results
** _ “g00d” results

During the last year soil and plant
laboratories have moved from colorimetry to
inductively coupled plasma (ICP) spectrometry
to quantify phosphorous in soil and plants. The
main reason is that ICP has the advantage of
being quicker and provides the possibility to
quantify phosphorus and other plant nutrients
in a single analytical process (2). However,
we have to take into account that the P value
with ICP is not always comparable with the
colorimetric P value, which usually has been
used to set up fertilizer P recommendations.
On the other hand, colorimetric procedures
offer some advantages, such as increased
sensitivity and lower instrumentation cost, and
it is unlikely that ICP will completely displace
colorimetric procedures. With the aim to define
the magnitude of the difference between ICP and
colorimetric P in the plant material investigated,

we analysed the same solutions, obtained by the
digestion methods described above, following
the colorimetric procedure for P determination,
described by M.K. John (15). The results are
presented in Table 4.

The results obtained give us ground to
recommend the use of the microwave digestion
method during sample preparation for ICP
determination of the content of phosphorus
in plant material. In addition to providing
full extraction and preventing loss during the
digestion, this method is quick and easy for
application. In case of lack of the necessary
equipment, dry ashing could be used.

The results of the ICP analyses for sulfur
are presented in Table 5, as in this case the results
of wet digestion methods, using H,SO, are not
included.
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Table 4. Effectiveness of different digestion methods upon colorimetric determination of

phosphorous contents in tobacco leaves. X .\, = 2204 ppm, o, = 78 ppm
Method X Ox D D, % z R
ppm ppm
Dry ashing, 550°C 2400 95 196* 8.89%* 2.51* 100
Dry ashing, 500°C 2260 112 56** 2.54%%* 0.72%%* 100
Dry ashing, 450°C 2350 94 146** 6.62** 1.87%* 100
Dry ashing, 400°C 2260 85 56** 2.54%%* 0.72%* 100
Dry ashing + (HCI + HNO3) 2400 102 196* 8,89* 2.51* 100
HNO, + H,O, digestion 2360 87 156** 7.08%* 2.00** 100
HN03+ HCIO4 digestion 2400 83 196* 8.89%* 2.51* 100
HNO, + H SO, + HCIO
diges?ion 274 4 2200 74 -4 -0.18%** -0.05%* 100
HNO, + H,S0,+ HCIO, 2000 99 204 926% 262 907
digestion
HNO, + HZSO4digeSti0n 1740 102 -464 -21.05 -5.95 78,9
MW, HNO3 2320 82 116** 5.26** 1.49%* 100
MW, HNO, + HZO2 2300 7 96** 4.36%* 1.23** 100
MW, HNO, + H,0, + HF 2430 95 226* 10.25* 2.90* 100
* - “satisfactory” results
** _ “g00d” results
Table 5. Effectiveness of different digestion methods upon determination of
sulfur contents in tobacco leaves
Method X, % % X o % D D, % R
Dry ashing, 550°C 0.564 0.060 0.669 -0.105 -15.70 84.3
Dry ashing, 500°C 0.596 0.045 0.669 -0.073 -10.91 89.1
Dry ashing, 450°C 0.558 0.052 0.669 -0.111 -16.59 83.4
Dry ashing, 400°C 0.605 0.050 0.669 -0.064 -9.57 90,4
Dry ashing + (HCI + HNO,) 0.581 0.061 0.669 -0.088 -13.15 86.8
HNO3 + HZO2 digestion 0.598 0.061 0.669 -0.071 -10.61 89.4
HNO,+ HCIO, digestion 0.742 0.068 0.669 0.073 10.91 100
MV, HNO, 0.744 0.057 0.669 0.075 11.21 100
MW, HNO, + H,0, 0.620 0.056 0.669 -0.049 -7.32 100
MW, HNO, + H,0, + HF 0.653 0.052 0.669 -0.016 -2.39 100

In this case, too, the best results are
obtained by microwave digestion of the samples,
as the three variants provide for 100 % recovery.
In spite of that, however, the results vary broadly
— from 0.620 to 0.744 %, and the values of _in
all measurements exceed 0.05.

None of the dry ashing variants is
suitable for determining sulfur in plant material.
Obviously, a great part of the sulfur is lost
during thermal processing of the samples in open
vessels. When using HNO, , H,O, wet digestion
method an extraction of about 90% is reached.
Poykio et al. (12) have also obtained results
close to these when determining the content
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of sulfur in a certified sample of beech leaves.
According to the same authors, the HNO, +
HCIO, digestion procedure gave lower results,
which is in contradiction with the results that we
have obtained.

Because one and the same method ICP-
AES was used in all quantitative determinations,
the comparative study carried out lead us to the
conclusion that the sample preparation is a critical
stage in determining sulfur in plant material, which
requires thorough investigations in this direction.
This conclusion is also supported by the inter-
laboratory comparison of sulfur analysis in plant
materials, summarized by Crosland et al. (5).
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CONCLUSION

A comparative study of the most commonly

used methods for sample preparation for ICP
determination of the total phosphorus and sulfur
contents in plant materials was held on the basis
of reference material CTA-VTL-2 (Virginia
tobacco leaves). The methods used in the study

ease of determination. HNO, + H,SO,
digestion, which gives low recoveries
probably due to incomplete oxidation, and
HNO,+H,SO, + HCIO, acid mixture have
to be used very carefully.

. 2. Microwave digestion and wet HNO, +
were evaluated according to the recovery of total L 3
Y, HCIO, procedure quantitatively extract
phosphorus and sulfur, ease of application and 4 . .
Ot sulfur from the plant material, while
rapidity of performance. It was found out that: Lo .
dry ashing is not suitable because of

1. Microwave digestion and dry ashing considerable losses during thermal
methods, as well as wet methods, including processing of the material in open vessels.
the use of HNO, + HCIO, quant}tatlvely 3. Microwave digestion is the most suitable
extract phosphorous from the studied plant .

: Y . method for sample preparation for
samples. Microwave digestion gives the . L
simultaneous determination of phosphorus
best results and could be recommended, . .
A . . 1 and sulfur by ICP-AES in plant material.
taking into consideration its rapidity and
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ABSTRACT

Blue mold and black shank are among the most common and harmful diseases in R. Macedonia
and other tobacco producing countries in the world. Considering the actuality of the problem and
economic losses it produces, the aim of our paper was to investigate the resistance to these diseases
in 8 newly created tobacco lines and two standard cultivars (P12-2/1 and YV 125/3). Investigations
were carried out in Biological laboratory of Tobacco Institute-Prilep during 2010. Resistance of
investigated cultivars and lines to the causing agents of the diseases was studied in conditions of
artificial inoculation. Resistance was reported in three lines of the investigated tobacco, two of which
were resistant to blue mold and one to black shank.

The new resistant lines will not only find application in practice, but they will be also used
as sources of resistance in breeding programs.

Key words: tobacco, disease, blue mold, black shank, oriental tobacco, cultivars, line

NPOYYYBAIBE HA OTIIOPHOCTA CITPEMA IIJIAMEHUIIA (Peronospora
tabacina Adam) M IIPHUJIKATA (Phytophtora parasitica var. nicotianae) KAJ HEKOHN
OPUEHTAJICKHA COPTHU U JIUHUU TYTYH

[MnamenunaTa ¥ OPHUIIKATA HA TYTYHOT cliaraarT BO PelOT Ha HAjpaclpoOCTPaHETHTE H
HajIITeTHUTE OOJIECTH BO HAITIaTa PEITyOyIiKa F OCTAaHATUTE 3eMj1 TIPOU3BOIUTENN Ha TYTYH O IICJTOT
cBeT. MMajku ja Bo MpeaBU aKTyeTHOCTA Ha TIPOOJIEMOT, KaKO M TOJIEMUTE EKOHOMCKH IIITETH KOU TH
MPUYMHYBAAT OBUE JIBE OOJIECTH BO TYTYHOIIPOHU3BOJICTBOTO, CH MOCTABUBME 3 IIEJT JIa ja MPOyIrMe
OTIOPHOCTA CIpeMa TUIAMEHHUIIATa U IPHIIIKATa Ha 8 HOBOCO3/IaJICHH OPUEHTAIICKH JIMHUH U JIBE
crangapaau coptu [112-2/1 m JB 125/3. McnuTyBamara ce H3BpIICHH BO OWOIOITKaTa Jaboparopuja
Ha MHCTUTYTOT 32 TyTyH BO TeKOT Ha 2010 rommaa. OTIIOPHOCTA HA HUCIIUTYBAHUTE COPTH M JINHUN
crpeMa NPUYMHUATENOT Ha OBHE OOJIECTH € TPOydyBaHa BO yCIIOBH Ha BEIITaYKa MHOKYJIAIHW]ja.
On npoyuyBaaute 10 OpHEHTAICKH COPTH M JIWHUU TYTYyH C€ ITOOWEHH ITOMATOIH 3a OTIIOPHOCTA
cripema niBete 00s1ecTH (IIaMeHHUIa | IPHWIKA) Kaj 3 JTHHH, IBE JTMHH ITOKa)KyBaaT OTIIOPHOCT KOH
[PHUJIKATA, a eJIHA JIMHU]ja € OTIOPHA Ha 1aMeHunara. OBre HOBOCO3/IaJICHU OTIIOPHH IMHUU OCBEH
ITO K€ MOJKaT J1a HajaaT MpuMeHa BO TIPOU3BOACTBOTO, K& MOYKAT Ja C€ KOPHUCTAT M KaKO M3BOPH Ha
OTIOPHOCT BO CEJICKIIMOHUTE MTPOTPAMHU.

Kayunu 360poBu: TyTyH, 60/€CT, TUTaMEHUIIA, IIPHUJIKA, OPUEHTAICKH COPTH, JTHHUN
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INTRODUCTION

In selection of oriental aromatic tobaccos,
the main interest of breeders is always directed
toward increasing the yield and improving the
quality of tobacco. In our country, however,
there is little or no work on creation of oriental
tobacco cultivars resistant to economically
important diseases. Such diseases are blue mold
and black shank, which in some years and under
favorable conditions for their appearance may
cause serious damage to tobacco production ( 4,
5,6,9,8). Gelemerov ( 1 ) reported that growing
of oriental tobacco as a monoculture in the region
of Nevrokop leads to frequent occurrence of
diseases in epiphythotic form. According to him,
the problem can be solved with creation and
use of resistant cultivars. Currently, the world
tendency in modern tobacco production is to
limit the use of chemicals by introducing resistant
cultivars (Palakarceva, 1986, cit. by Tranceva,
9). She reported that significant results on this
subject were achieved in Bulgaria, with creation
of cultivars Basma 15, Krumovgrad 90, Rila 82,

Jubilej 816, Nevrokop A-24, Djebel 169, Pobeda
3 etc., resistant to both diseases. Accordingly, the
most effective control of these pathogens will be
achieved only by creating and introducing new
resistant lines and cultivars of oriental tobacco
in primary production (2,3,10).

From the aspect of relevance of the
problem, our recent investigations have
been directed toward implementation of the
achievements in intracultivar hybridization in
creation of new oriental tobacco cultivars and
lines, by which more oriental lines with high
resistance to blue mold and black shank were
obtained. Some of these lines and cultivars
are subject of this study. Investigated tobacco
cultivars and lines were analyzed in terms of
their resistance to blue mold and black shank
and the possibility of their utilization not only
in production but also as a starting material for
hybridization in creating new cultivars resistant
to these diseases.

MATERIAL AND METHODS

Investigations were made in Biological
laboratory of Tobacco Institute-Prilep during
2010 and they included 10 cultivars and lines of
oriental tobacco (P12-2/1, Hybrid 301/N, 1. P 65-
54/09, 1. P 123-65/82, 1. P 123-65/82, YV 125/3,
Yk.I. 123-82, Yk.I. 20-23/10, Yk.l. 22-82/10,
Yk.1. 301/23).

The newly created resistant lines included
in investigations were obtained by intracellular
hybridization, using introduced resistant cultivars
and domestic non-resistant cultivars and lines of
oriental tobacco.

For investigation of resistance to blue
mold, 24 plants of each cultivar were transplanted
and monitored. In order to improve the conditions
for occurrence and development of the disease,
tobacco pots were placed on hemp canvas
and covered with polyethylene. Canvases
were regularly moistened in order to increase
relative humidity under the polyethylene and
thus to create favorable conditions for disease
occurrence. The symptoms of the disease in
certain tobacco cultivars and lines appeared as
a result of natural infection by the pathogen.

The resistance was estimated according to the
EPPO scale:

0 — highly resistant- no visible infection
1 —resistant - 5 % infected plants

2 —moderately resistant - 5 - 25 % infected
plants

3 - susceptible- 25 - 50% infected plants

4 —highly susceptible- 50% - 100% infected
plants

Resistance to black shank disease of
the investigated cultivars and lines was studied
in conditions of artificial inoculation. Tobacco
plants were transplanted in pots on 14.06.2010,
with 24 plants for each cultivar.

Pure culture of the fungus Phytophthora
parasitica var. nicotianae obtained from naturally
infected tobacco plants was used as inoculum.
The fungus was sown on potato-dextrose agar
and incubated at a temperature of 25°C in a period
of 15 days.
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Isolate P 25, race 0 of the pathogen was
used in the trial. Tobacco plants were inoculated
with suspension prepared from the fungus culture
of one petri-dish, mixed in 100 ml distilled water.

Each plant was injured in the root system
prior to inoculation. For easier infection, a knife
was used to cut soil and root system around
the stalk (7). After that, 30 ml of the prepared
suspension was added to each plant by watering,
and 30 ml distilled water was added to control
plants. Inoculation was performed on 13.07.2010.

First symptoms of the disease, expressed
through wilting of the leaves, appeared 4 days
after inoculation. During the vegetation, several
readings of the infected plants were made, and
the last assessment was done on 01. 09. 2010.
The ratio between the number of infected plants

and the total number of observed plants was
used to assess disease intensity of each cultivar,
expressed in percentages. The index of disease in
investigated cultivars and in the check was used
to calculate the index of resistance according to
Abbott’s formula. Based on this index and by
the scale of Kutova (cited by Trancheva, 9), with
minor corrections, all varieties are classified into
5 categories:

0 - highly resistant- no visible infection
1 - resistant - 10% infected plants

2 - moderately resistant - 40% infected
plants

3 - susceptible- 50% infected plants

4 - highly susceptible- 50% - 100% infected
plants

RESULTS AND DISCUSSION

In the investigations of black shank
resistance which included 10 oriental tobacco
cultivars and lines (Table 1), high resistance to
the pathogen (index 0) was observed in 4 of the
lines (1.P123-65/82,1.P301-11/46, Yk 1. 22-82/10
and Yk 1.301/23). During the observations and
assessment of the occurrence and spread of the
pathogen among the cultivars and lines tested in
Biological Laboratory, there were no symptoms
of disease in conditions of natural infection.
Such symptoms appeared in other cultivars
tested under the same conditions, as a result of
natural infection by the pathogen. Among these,
one tobacco line (Yk 1. 20-23/10) showed to be

resistant (index 1), two standard cultivars (P12-
2/1 and JV125/3) and the line Hybrid 301/H
were moderately resistant (index 2), and two
lines (1.P65-54/09 and JK 1.123-82) were highly
susceptible (index 4). The most susceptible line
L.P65-54/09, in which 100% of the plants were
infected, may serve as non-resistant check in
future investigations of this disease.

The four highly resistant lines (1.P123-
65/82, 1.P301-11/46, Yk 1. 22-82/10 and Yk
1.301/23), beside their implementation in mass
production, can be used as sources of resistance
in creation of new cultivars.

Table 1 Tobacco cultivars naturally infected with black shank

- greenhouse 2010-
Number .
Cultivars-lines Number of of infected infected Index®
observed plants plants, %
plants

P 12-2/1 20 4 20.0 2
Hybrid 301/N 24 5 20.83 2
L.P 65-54/09 24 24 100.0 4
L.P 123-65/82 20 0 0.0 0
L.P 301-11/46 24 0 0.0 0
YV125/3 24 3 125 2
Yk.I. 123-82 24 12 50.0 4
Yk.I. 20-23/10 20 1 5.0 1
Yk.1.22-82/10 24 0 0.0 0
Yk.1.301/23 20 0 0.0 0
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(0 — highly resistant- no visible infection
1 —resistant - 5 % infected plants
2 —moderately resistant - 5 - 25 % infected
plants
3 - susceptible- 25 - 50% infected plants

4 —highly susceptible- 50% - 100% infected
plants

According to the results on the
resistance to black shank in conditions of
artificial inoculation ( Table 2), out of the
10 cultivars and lines of oriental tobacco
included in investigations, 5 lines were
highly resistant (1. P 65-54/09, 1.P 301-11/46,
Yaka 1. 20-23/10, Yaka 1. 22-82/10 and Yk
1.301/23) (Fig. 2). These plants showed
100% resistance, i.e. no symptoms of disease
appeared during the growing period, up to
01.09.2010.

After inoculation with suspension
prepared from the fungus culture, line 1. P.
123 was estimated as resistant (index 1), and
the lines Yaka 1.123-82 and Hybrid 301/N as
moderately resistant (index 0).

The other two standard cultivars,
Prilep 12-2/1 (as non-resistant control)
and YV 125/3 (Fig. no. 1) were rated as

highly susceptible (index 4) to the pathogen
(Phytophthora parasitica var. Nicotianae).
In these cultivars, the percentage of infected
plants after inoculation was 100 and 87.5%,
respectively.

The above results point out to the
existence of differences in the level of
resistance. According to our findings from
previously conducted research (Tashkoski,
Gveroska, Dimitrieski, Miceska, 2008),
these differences depend on the resistance
of the investigated cultivars and virulence
of the isolates. Thus, out of 13 cultivars
investigated, only Rila 82 showed the highest
level of resistance, from 75% healthy plants
in the more virulent isolates (P2 and P10) to
100% in the less virulent isolate (P13). Similar
resistance was observed in Krumovgrad 58,
which showed slightly higher susceptibility
towards the more virulent isolate (P. 10).

In creation of black shank resistant
cultivars, the following resistant lines can be
used in breeding programs as components in
hybridization: 1. Q 65-54/09, 1.P 301-11/46,
Yaka 1. 20-23/10, Yaka 1. 22-82/10 and Yk
1.301/23.

Table 2 Tobacco cultivars inoculated with a culture of Pytophthora parasitica var.
nicotianae - greenhouse 2010

Total No. .
Cultivars-lines Inoculated plants of infected Infesot ation, Leyel of Index
% resistance
plants

P 12-2/1 20 20 100.00 - 4
Hybid 301/N 24 8 33.33 66.67 2
1.P 65-54/09 24 0 0.00 100.00 0
1.P 123-65/82 20 1 5.00 40.00 1
1.P301-11/46 24 0 0.00 100.00 0
YV 125/3 24 21 87.50 12.50 4
Yk. 1. 123-82 24 4 16.66 83.34 2
Yk. 1. 20-23/10 20 0 0.00 100.00 0
Yk. 1..22-82/10 24 0 0.00 100.00 0
Yk. 1..301/23 20 0 0.00 100.00 0
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@0 - highly resistant - no visible infection
1 - resistant - 10 % infected plants

2 - moderately resistant - up to 40% infected
plants

Photo 1 YV 125/3

3 - susceptible - up to 50% infected plants

4 - highly susceptible - over 50% infected
plants

Photo2 Yk 301/23

CONCLUSION

The following conclusions can be drawn
from the investigations on resistance to blue mold
and black shank disease in some oriental tobacco
cultivars and lines:

- From 10 studied oriental tobacco
cultivars and lines, three lines show high
resistance to blue mold and black shank (I. P.
301-11/46,Yk.1.22-82/10, Yk.1.301/23), two lines
show high resistance to black shank (1. P65-54/09
and Yk 1. 20-23/10) and the line 1. P 123-65/82
shows high resistance to blue mold.

- Two lines were reported as resistant

with index 1 (Yk. 1. 20-23/10 to blue mold and
1.P 123-65/82 to black shank).

- Standard cultivars P 12-2/1 and YV
125/3 proved to be highly susceptible to black
shank and moderately resistant to blue mold,
while lines 1. P65-54/09 and Jk.1. 123-82 as highly
susceptible to blue mold..

- Beside their use in commercial
production, the lines with high resistance to blue
mold and black shank can be used as sources of
resistance in creation of new cultivars resistant
to these diseases.
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PYTHIUM DEBARYANUM
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ABSTRACT

Investigations on Trichoderma asperellum species were conducted in vitro and in vivo. During
the cultivation of the fungus 7. asperellum, on nutrient medium in biculture with phytopathogenic
fungus Pythium debaryanum, it stops the growth of the pathogenic fungus and continues to develop
upon its colony. The growth of the pathogenic fungus cultivated in the presence of the antagonist is
reduced for 37.27% in average, while the percentage of inhibition of fungus growth ranged between
54.55% and 72.73%. The biological control of root-rot disease on tobacco seedlings caused by this
pathogen was evaluated in greenhouse conditions. Inoculation of seedlings was done with culture
of the pathogen and with biculture of P. debaryanum and T. asperellum. The results have shown high
percentage of infection in the control variants, while in variants treated with biculture the infection
was minimum, i.e. the healthier and faster growing seedlings were obtained.

Key words: Tobacco, Pythium debaryanum, Trichoderma asperellum, antagonism.

OLEHA HA AHTATOHUCTHUYKOTO AEJCTBO HA TRICHODERMA ASPERELLUM
MIPOTUB NATOI'EHOT PYTHIUM DEBARYANUM

UcnuryBamara ce BpiieHu co BUIOT Trichoderma asperellum Bo in vitro u in vivo ycnosu. [Tpu
oarnenyBame Ha radara 1. asperellum Ha XpaHnuBa [OAJIOra BO IBOjHA KyJITypa co uTonaroreHara
raba Pythium debaryanum, ucrata To 3anmupa NopacToT Ha MaroreHara rada u MpoIoKyBa Ja ce
pa3BuBa Bp3 Hej3uHATa KojoHHWja. [lopactor Ha marorenara raba oAriienyBaHa BO NMPHCYCTBO Ha
AQHTArOHUCTOT € HaMaJleH BO mpocek 3a 37.27%, noaeka NpoLUEHTOT HAa HHXUOUPame Ha MOPacToT
Ha KOJIOHHWjaTa oJi maroreHara raba ce nsuwxerie o 54.55% no 72.73%. buonomikara KOHTpoJa Ha
Oorecrta MoJyierHyBambe Ha TyTYHCKHOT paca]] IPUYMHETa o1 oBaa (hutonaroreHa rada, Oeiie oreHyBaHa
BO 3alITUTEH NpocTop. M3BpIIeHO € HHOKYIUpamke Ha pacaj co KylTypa off MaTOreHOT U JIBOjHA
Kynrypa on P. debaryanum n T. asperellum. JloOnenute pe3ynrari okakaa BUCOK IPOLICHT Ha 3apa3a
Kaj KOHTPOJIHUTE BapHjaHTH, JO/ICKa Kaj TPETUPAHUTE BapUjaHTH CO IBOjHA KYJITYpa, IPOLEHTOT Ha
3apasa Oellle MUHUMAJICH, OJIHOCHO PacajioT Oelie 31paB U co moOp3 pa3Boj.

Kayunn 360opoBu: TytyH, Pythium debaryanum, Trichoderma asperellum, anraronusam.
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INTRODUCTION

Besides the possibility of using alternative
methods for plant protection from diseases, pests
and weeds, so far chemicals have been mostly
used in practice. Lately, however, the usage of
useful microorganisms in plant protection has
become more and more important, especially in
greenhouse conditions or in organic production.
For ecological protection of the environment and
plants, increased use of biological products and
reduction of chemicals is recommended.

A lot of chemical pesticides are out of
use because of the harmful influence on humans
health, environment pollution and low effect
in pest control or occurrence of resistance in
the harmful organisms to the given chemical
compound (4)

Today, in the era of integral and ecological
protection of plants, in order to reduce the
negative consequences of chemicals, more and
more attention is paid to the usage of biological
protection. Biological control of plant pathogens
is not a new idea. The antibiotic properties of
species of the genus Trichoderma (7) have been
known since the 1930’s.

The term biological control is used
in different fields of biology, especially in
entomology and plant pathology (8). In
entomology it denotes the use of living insects
or pathogen microorganisms in the control
of population of some harmful insects, and
in phytopathology it applies to the use of
microorganism antagonists to prevent the
occurrence of disease. In both fields, the
organisms that prevent the appearance of pests
and weeds or pathogens are called biological
control agents-BCA. The term biological control
according to Baker and Cook, (1974), (1),
means reducing of inoculum or the disease, i.e.
activity of the pathogen made by one or more
microorganisms with exception of the humans.
In other words, biological control is control of
the harmful activities of an organism by one or
more other organisms (natural enemies)

Biofungicides use beneficial
microorganisms (fungi, bacteria, yeasts, viruses)
(4), or products of their metabolism such as toxins,
spores and antibiotics which act antagonistically
on the causing agent, and plant extracts and
ethereal oils in plant protection. Biopesticides

have different mechanisms of functioning, and
the most common are competition for food and
space, antibiosis or antagonism, predatoriness
or parasitism (mycoparasitism) and induced
(caused) resistance of the host plant (1,4). The
essentiality of the antagonistic relations is in the
ability of particular microorganisms to excrete
antibiotics which act inhibitory, i.e. fungistatic
on the development of other microorganisms.
The fungus 7. lignorum produces the antibiotic
gliotoxin which acts as a fungicide on the
development of pathogenic fungi Pythium
spp. and Rhizoctonia spp.; 7. viride produces
the antibiotics viridian and gliotoxin (10). The
species of the genus Trichoderma produce
ferments (gluconase, cellulase and chitinase)
which melt the cell walls of the pathogen, they
penetrate into the cell and feed on its cytoplasm
(D).

Often, biopreparations are applied
through the soil for preventive protection of the
root, the neck of the root and the stem of the plants
(7). In agricultural production for protection of
plants (4), they are used for treatment of seed and
tubers, for immersion of the grafts or the seedling,
for watering of the seedling and foliar spraying.
They are used for treatments in gardening,
viticulture, fruit-growing and in other cultivated
plant species.

The use of biopesticides in protection
of plants is especially important in organic
production and its aim is to reduce the use of
chemicals without reduction of crop yield.
Up to the present day, the application of
microbiological products is still recommended
in integral protection of plants.

Presently, according to Pordevi¢ (2008),
(4), 185 biopesticide products are registered
worldwide. Most of them (72) have bacteria
as an active substance, 47 are from fungi, 40
are from entomopathogenic nematodes, 24 are
from viruses and 2 from protozoa. Depending
on the type of organism that has been controlled,
biopesticides are divided into: bioinsecticides,
biofungicides, bioherbicides, etc.

The most frequently used fungi in
obtaining biofunicides are the species of the
genus Trichoderma. They are widespread in
the nature and have the ability to parasite other
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fungi (12), i.e. to colonize the plant root, which
makes them excellent means for bio-control (2).
Trichoderma species are saprophytic fungi (they
are not pathogens) with expressed antagonism,
they adjust easily and they grow very fast. They
do not attack other useful microorganisms in
the soil, they improve the health condition of
the plant, increase its resistance and enchance
plant growth.

A large number of biofungicides have
been obtained from the fungi 7. harzianum, T.
viride, T. polysporum and T. asperellum, which
are antagonists to the phytopathogenic fungi of
the species Pythium, Phytophthora, Rhizoctonia,

Verticillium, Sclerotinia - the causing agents
of different soil diseases of plants. (1). The
biofungicide Trifender WP, which was tested
on tobacco seedlings, was made on the basis of
T. asperellum (13). Using this product, a high
efficiency was reached in protection of potato
from the soil pathogens P. debaryanum and R.
solani (16).

The aim of this investigation was to
evaluate the antagonistic effect of 7. asperellum
on growth of the phytophatogenic fungus P.
debaryanum in vitro, and to study the biological
control of this fungus causing tobacco seedlings
damping off in greenhouse conditions.

MATERIAL AND METHODS

The investigations were made in vitro
and in vivo. The antagonistic ability of the
fungus Trichoderma asperellum on the pathogen
Pythium debaryanum is tested in laboratory. The
pure culture of the pathogen P. debaryanum is
derived from an infected tobacco seedling grown
on a nutrient medium potato-dextrose agar, while
the pure culture of the fungus 7. asperellum on a
nutrient medium potato-dextrose agar is derived
from the biofungicide Trifender WP, on the basis
of this fungus. For testing of the antagonistic
ability of the fungus T. asperellum against this
pathogen, the technique of biculture described
by Dennis and Webster (1971), (12) is used.
Fragments of 3 mm with mycelia of the pathogen

fungus and the fungus 7. asperellum were placed
in Petri dishes with a diameter of 10 c¢cm, at a
distance of 3 cm. The variant with the biculture
of the antagonist and pathogenic fungus was set
up in three replications and 4 trials were made.
Pure culture of the antagonistic and pathogenic
fungus, set up in three replications, was grown
separately as a check variant. The Petri dishes
were incubated in thermostat at 25°C, for 10
days. Readings were taken daily for 7 days,
and the radial growth of mycelia colonies was
regularly measured. The percentage of growth
of mycelial colony of the pathogenic fungus
cultivated in pure culture is estimated by the
Siameto formula (11):

radius of growth in the presence of antagonist

%:

x 100

radius of growth in the check variant

According to the growth percentage
of the mycelial colony of the pathogen, the
percentage of inhibition of the pathogenic fungus
by T asperellum was estimated, using the formula
of Mudri (7) and Siameto (11):

% of inhibition = (a-b/a) x 100

where:

a= radial increase of pathogen in the
check variant

b= radial increase of pathogen in the
presence of the antagonist
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The inhibition of gowth of the pathogenic
fungus colony, according to Zivkovi¢ (17), can
be presented on a 0-4 scale, in the following
categories:

0 = no inhibition,

1 = 1-25% inhibition,
2 =26-50% inhibition,
3 =51-75% inhibition,
4 =76-100% inhibition

Biological control of the pathogen P.
debaryanum, the causing agent of damping off
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on tobacco seedlings, was checked in vivo, in
protected area (biological laboratory). For this
aim, two trials were set up. Tobacco seedlings of
the variety P66 were grown in pots. The seedlings
were inoculated at approximately 4 cm hieight
(prior to rapid growth stage ), by foliar spraying
with suspension prepared from fungus mycelia.
Three variants were tested in each trial:
»  Seedlings treated with pure culture of the
pathogenic fungus P. debaryanum
* Seedlings treated with biculture of the
pathogen P. debaryanum and the fungus
T. asperellum
e Check-untreated seedlings
The culture of the fungi was cultivated
on potato-dextrose agar, in a thermostat for
10 days. Pure culture of the pathogen was

separately cultivated, and in other Petri dishes
the pathogenic fungus and antagonistic fungus
were cultivated together as a biculture, as was
previously explained.

The inoculum was prepared by mixing the
mycelia of one Petri dish in 200 ml distillated
water, and the obtained suspension was used for
spraying of the seedlings from a single pot with
380 cm?area. The seedlings were inoculated on
22.06.2011 in the first trial and on 25.07.2011 in
the second trial. The control pots with seedlings
were treated only with water. Each variant was set
in three replications. The efficiency of protection
of the seedlings was evaluated according to the
occurrence of infected seedlings, i.e. according
to the percentage of the infected area.

RESULTS AND DISCUSSION

Phytopathogenic fungus P. debaryanum,
grown on potato-dextrose agar creates snow-
white, web-like, airy and fast-growing mycelial
colony (Picture 1). Antagonistic fungus T
asperellum has poorer growth and creates white-
colored colony which few days later, with the
formation of conidiophores with conidia, turns
green (Picture 2).

The growth of mycelia from the fungi

cultivated on a nutrient medium was monitored
for a period of 7 days. From the results of the
laboratory analysis on the growth of mycelial
colony of phytopathogenic fungus P. debaryanum
and antagonistic fungus 7. asperellum, cultivated
as a pure culture and together in biculture, the
percentage of growth of the colony and the
percentage of inhibition of the pathogen by the
antagonist were estimated.

Pc. 1. P. debaryanum — pure culture

In Table, a scheme is presented of the
daily growth of fungi cultivated as a pure culture
and as a biculture of the pathogen and the

Pc. 2. T. asperellum - pure culture

antagonist. The mean values of the replications
from four trials are presented.

39



Tyryn/Tobacco, Vol.62, NO 1-6, 36-44, 2012

Tablel. Development of the colony during incubation in mm

Days of incubation

Variant

1 2 4 5 6 7
Lythium 3130 5500 5500 5500 5500 5500  55.00
ebaryanum
P debaryanum-+ 20.00 20.00 20.50 20.50 20.50 20.50 20.50
T. asperellum
Trichoderma 3.50 14.00 19.00 26.00 38.00 46.00 52.50
asperellum

Phytopahogenic fungus P. debaryanum
cultivated as a pure culture showed very fast
development. 24 hours after the sowing it reached
a growth of 31.30 mm, and on the second day
it could be seen that the whole Petri dish was
filled, i.e. the radius of the mycelia colony was
55.00 mm. The antagonistic fungus 7. asperellum
cultivated as a pure culture showed poorer
growtht in comparison to the phytopahogenic
fungus. The radius of its colony was 3.50 mm on
the first day, and on the seventh day it reached
52.50 mm. The pathogenic fungus cultivated in

the presence of the antagonist, the first day had
a good growth which reached 20.00 mm. On
the succeeding days, the fungus had a very poor
growth. On the third observation day a minimum
growth of mycelial colony was measured - only
20.50 mm, which remained unchanged until the
end of observation on the 7th day. Such a poor
growth of the pathogen fungus was due to the
antagonistic activity of T. asperellum which
inhibited its growth. The growth of fungal colony
in the period of seven days after incubation is
presented on Graph. 1.

Graph 1. Daily growth of the mycelial colony

On the seventh day of observation, there
were no considerable differences in the growth
of mycelial colony of the fungi grown in pure
culture. In all four trials almost the same results
were obtained (Table 2). Phytopathogenic fungus
P. debaryanum reached the highest growth with a
radius of 55.00 mm. Similar was the development
of the antagonist fungus, with 50.00 mm to 55.00
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mm radius. The smallest growth was observed
in the pathogenic fungus grown in the presence
of the antagonist, where the radius of the colony
ranged from 15.00 mm in the fourth trial to 25.00
mm in the third trial. In the first and the second
trial, the radius of the colony was 22.00 and 20.00
mm, respectively.
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Table 2. Growth of the colony of fungi on the 7th day of incubation

Radial growth of the colony

Variant in the trials Aver;arie "
1 2 3 4
Pythium 55.00 55.00 55.00 55.00 55.00
debaryanum
P.debaryanum-+ 22.00 20.00 25.00 15.00 20.50
T. asperellum
Trichoderma asperellum 55.00 55.00 50.00 50.00 52.50

The pathogen fungus grown as pure
culture has a higher growth of mycelial colony
(37.27% in average) than in the presence of the
antagonist fungus (Table 3). In all four trials a
higher growth of the colony was measured. In the

fourth trial, the growth of the colony was 27.27%
higher, which is the smallest growth, while the
highest growth of the pathogen (45.45%) was
recorded in the third trial.

Table 3.Percentage of growth of the colony of P. debaryanum

. Radial growth of the Radial growth of the colony in the % of growth of
Variant . .
colony in the check, mm presence of the antagonist, mm the colony

I Trial 55.00 22.00 40.00

II Trial 55.00 20.00 36.36

I Trial 55.00 25.00 45.45

IV Trial 55.00 15.00 27.27

Average 37.27

From the data obtained by measuring
the radial growth of the mycelial colony of the
pathogen in the check variant and in the one
grown in biculture, the percentage of inhibition

of growth of the colony of pathogenic fungus by
the antagonist was estimated. The percentage of
inhibition averaged 62.73% (Table 4).

Table 4. Inhibitory effect of 7. asperellum on P. debaryanum

Radial growth of the Radial growth of the colony
Variant colony inmm inthe  in mm in the presence of the % of inhibition Index
check variant antagonist

I Trial 55.00 22.00 60.00 3
11 Trial 55.00 20.00 63.63 3
I Trial 55.00 25.00 54.55 3
IV Trial 55.00 15.00 72.73 3
Average 62.73 3

The highest percentage of inhibition
of growth of the mycelial colony in the
phytopathogenic fungus P. debaryanum (72.73%)
was obtained in the fourth trial, and the lowest
percentage of inhibition (54.55%) was recorded
in the third trial. In the other two trials, the
inhibition of growth of the colony was 60.00%
and 63.63%. From the data presented in the

table, it can be seen that the antagonist fungus 7.
asperellum showed high percentage of inhibition
of growth of the colony from the pathogenic
fungus. During the cultivation of the antagonistic
fungus on nutrient medium in biculture with
the pathogenic fungus, the antagonist not only
inhibited the growth of the pathogen but it also
continued to develop on its colony (Picture 3).
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Picture 3. Colony of P. debaryanum in the presence of the antagonist (biculture)

The results obtained in this investigation
confirm the possibility for use of the genus
Trichoderma species in biological control of
plant diseases. The antagonistic effect of 15
isolates of Trichoderma harzianum on five soil
phytopathogenic fungi by using biculture was
studied by Siameto (11). All the isolates showed
a serious antagonistic effect on the growth of
mycelia of the pathogenic fungi in comparison
with the check. The maximum inhibition of
growth (73.33%) was recorded in Pythium spp.

Biological control of the pathogenic
fungus P. debaryanum was investigated in
biological laboratory, on tobacco seedlings
cultivated in pots. A pure culture of the
pathogenic fungus and culture where the
pathogen was cultivated in biculture, together

Pc. 4. Inoculated seedlings (Left- Pythium,
right- Pythium+Trichoderma)-I trial
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with the antagonist, were used as an inoculum.
In both trials two days after the inoculation the
first symptoms of infection on the seedlings
inoculated with pure culture of the pathogen
appeared. In the next days, the infection spread
very fast in this variant, reaching up to 50%.
Contrary to this, in the check variant there was a
poor percentage of naturally induced infection,
while in the seedlings treated with biculture
of the pathogen and the antagonist, very small
percentage of infected plants could be seen. 10-15
days later, the seedlings treated with pure culture
of the pathogenic fungus were totally destroyed.
The seedlings cultivated in the presence of
the antagonistic fungus were not infected and
they had better growth compared to the control
(Picture 4 and Picture 5).

Pc. 5. Inoculated seedlings (Left- Pythium,
right- Pythium+Trichoderma)-II trial
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Two biological control agents, Bacillus
subtilis and Trichoderma harzianum, were tested
by Maketon et al. (5), alone or in combination,
for control of three tobacco diseases (Ralstonia
solanacearum, Pythium aphanidermatum and
Cercospora nicotiana). The results showed that
the two biological agents applied together give
higher efficiency, which is equal to chemical
treatments in the control of these diseases, than
being applied separately. The high efficiency of
biofungicides in control of Pythium species has
been confirmed in several investigations (6,15).
By application of biofungicides on the basis of
T harzianum, the yield of the treated crops was
increased for 13% and according to Tran (14),
the cultures treated with Trichoderma grow better
and give higher yields than the untreated.

The fungus 7. harzianum through the
product TRI 003, was used in the investigations
of Paradikovi¢ and co. (9), for control of the
pathogens P. debaryanum and R. solani, causing
agents of damping off on tomato seedlings, where

better results were achieved than by the use of
the standard fungicides Previcur and Dithane.
The same product gave higher efficiency in
protection of salad seedlings, compared to the
standard products (2,3).

In investigations made by Tashkoski (13),
Trifender WP based on the fungus 7. asperellum
achieved 80% efficiency in the protection
of tobacco seedlings from the pathogen P.
debaryanum grown in protected area.

Analyzing the results obtained by the
investigations of tobacco seedlings made in vitro
in laboratory conditions and in vivo in proteced
area, the fungus 7. asperellum was not only a
good antagonist inhibiting the growth of the
pathogenic fungus colony, but it also appeared to
be a real mycoparasite. The antagonistic fungus
through its mechanisms of acting - antagonism
and predatoriness (mycooparasitism), inhibited
the infestation of tobacco seedlings by the
pathogenic fungus P. debaryanum.

CONCLUSION

Phytopathogenic fungus P. debaryanum
cultivated as pure culture on potato-dextrose
agar as a nutrient medium has 37,27% faster
growth than when cultivated in the presence of
the antagonist.

The fungus 7. asperellum showed high
antagonistic activity upon the growth of mycelial
colony of the pathogenic fungus. The percentage
of inhibition of growth of the pathogenic colony
was between 54.55% and 72.73%, or 62.73% in
average.

The tobacco seedling inoculated with
pure culture of the pathogenic fungus was
completely destroyed, while the seedlings

inoculated with culture of the pathogen cultivated
in the presence of antagonist the percentage of
infected plants was very low. Seedlings cultivated
in the presence of the antagonistic fungus were
not infected by the pathogen and they had a
better growth and development in comparison
to the control.

The fungus 7. asperellum appeared to
be a real antagonist and mycoparasite of the
phytopathogenic fungus P. debaryanum, which
can be used in the future, through biological
products, for protection of tobacco seedlings in
commercial production.
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ABSTRACT

The oxyfluorfen was applied at a dose of 80ml/dka and 100ml/dka 72 hours before the process
of tobacco planting. During the vegetation period some visible signs of phytotoxicity in the crop were
observed — plant growth inhibition, deformation of leaves and vegetation tip, weak chlorosis, etc.
For the purpose of determining the herbicide influence on the tobacco leaf anatomy, several fixed
samples from the leaves’ middle sections were taken as well. The following indices were taken into
consideration — stomata number/mm?2 and stomata size (um) from the upper and lower epidermis,
size of assimilation parenchyma (mesophyll) in a leaf. It was established that oxyfluorfen caused
considerable changes in the tobacco leaf anatomy, which were expressed in reduction of stomata
number/mm?2, and increase of the thickness of leaf lamina (blade), compared to those in the non-
treated control plants.

Keywords: oxyfluorfen, phytotoxicity, tobacco leaf anatomy, stomata number/mm2, mesophyll

BJIMJAHUE HA OKCUDITYOPO®PEHOT HA HEKOU AHATOMCKMH ITOKA3ATEJIN
BO JIMCTOBUTE O BUPIIMHUCKHNOT TYTYH

Oxkcudnyopdenor e nmpumeHT Bo go3a oxn 80ml/aexkap u 100ml/mexap 72 dwaca mpen
Ca/ICHETO Ha TYTYHOT. 32 BpeMe Ha BETreTallHOHUOT MEPHO] 3a0eJIeKaHN ce HEKOM BHUIMBH 3HAIH
Ha (UTOTOKCUYHOCT— MHXUOUpame Ha IOPacTOT Ha pacTeHHETo, AedopMaluy Ha JIMCTOBUTE U
BEreTaTUBHUT BPB, Ci1a0a XJI0p0o3a, UTH. 3a Ope/1yBambe Ha BIMjaHUETO Ha XepOUIIUIOT Bp3 rpagdara
Ha TYTYHCKHOT JIMCT, 3eMEHH C€ U HEKOJIKY (PUKCHpaHH JINCHU TIPUMEPOLH O] CPEIHUTE CEKTOPU Ha
aucToBUTE. PasrienyBaHu ce CICAHMBE MOKa3aTenu: Opoj Ha CTOMU/MM? ¥ TOJIEMUHA HA CTOMHTE
(Wm) oz TOPHUOT M TOJTHHUOT EMUIEPM, TOJIEMUHATA HA ACUMHJIAIIMOHUOT MapeHXuM (Me30(ui) Ha
JUCTOT. YTBPJCHO € JieKa OKCU(IyophEeHOT ro peaynnpa OpojoT Ha CTOMH/Mm? U 3roJieMyBambe Ha
ne0enMHaTa Ha JIMCHATA IUI0jKa, BO criopeda co HeTpEeTUpaHUTE KOHTPOJIHU pacTeHH]a.

Kayunu 360poBu: okcudayopdeH, GUTOTOKCHYHOCT, Tpasda Ha TYyTYHCKHOT JIUCT, Opoj Ha CTOMM/
mm2, me3odu
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INTRODUCTION

The negative influence of herbicides on
crops in modern intensive agriculture is a topic
of' a number of studies which reveal crop changes
emerging as a result of exposure to the effects of
chemicals. The in-depth analysis of these changes
involves studying the modifications in their
anatomy which leads to changes on biochemical
and physiological level, and the visible signs of
these changes are the morphological anomalies
observed in the plants.

Oxyfluorfen reduces the content of
chloroplasts in the cells of the assimilation

parenchyma of leaves, and this has an adverse
effect on the biochemical and physiological
processes in plants (2, 4, 7, 8, 9, 16, 17). The
photosynthesis, transpiration, and gas exchange
disruptions are expressed in delayed plant
growth and development, and frequently, this is
a contributing factor to plant death (1, 3, 5, 6, 10,
11,12, 13, 14, 15, 17).

The purpose of this study was to
determine the influence of oxyfluorfen on some
anatomic indicators in the leaves of the Virginia
tobacco plant.

MATERIAL AND METHODS

In the period 2007-2008, at the Markovo
village testing grounds of the Tobacco and
Tobacco Products Institute in Plovdiv, in
humus-carbonate soil, a field experiment was
set up to determine the biological effectiveness
and selectivity of some soil herbicides used in
growing Virginia tobacco plants. One of them
was the Goal 2E herbicide with active ingredient
oxyfluorfen 24%.

Oxyfluorfen was applied in a dose of
80 ml/dka and 100 ml/dka 72 hours before the
process of tobacco planting.

During the vegetation period, some
visible signs of phytotoxicity in the crop were
observed — plant growth inhibition, leaf and

vegetation tip deformation, weak chlorosis, etc.

For the purpose of determining the
effects of the herbicide on tobacco leaf anatomy,
samples from the midsection of the leaves of the
damaged plants and from the untreated control
plants were taken and fixed in 70% Ethanol. To
examine the anatomic indicators, an Amplival
light microscope was used. The indicators
taken into consideration were stomata number/
mm? and stomata size (um) from the upper and
lower epidermis, and size of the assimilation
parenchyma (mesophyll) of the leaf — all at a
combined magnification of 400 X (10 X ocular
and 40 X objective).

RESULTS AND DISCUSSION

The leaf of tobacco plant (Nicotiana
tabacum L.) is dorsoventral. The stomata are
located on both sides of the leaf, characterizing
it as amphistomatic. The basic epidermal cells
are more or less isodiametric in shape, with
undulated, curvy anticlinal walls. The stomatal
complex is of the anomocytic type (lacking
differentiated subsidiary cells), in which the
stomata-surrounding cells are indistinguishable
from the other epidermal cells, and the guard cells
are bean-shaped.

The mesophyll is heterogeneous,
represented by palisade (columnar) and loosely
packed (spongy) parenchyma. The palisade
parenchyma is in two rows and is located
directly underneath the upper epidermis of
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the leaf. The spongy parenchyma consists of
dispersedly situated, isodiametrically shaped
parenchyma cells, interspersed with larger or
smaller intercellular spaces, which are frequently
connected to the stomata on lower epidermis of
the leaf. Data on the influence of oxyfluorfen
on some anatomic indicators in the leaves of
broadleaf tobacco plant are given in Table 1.
As a result of the herbicide action, the thickness
of the assimilation parenchyma in the leaves
of the treated plants increases. Regarding the
palisade parenchyma, the highest values —
(112.5)134.6+1.8(150) um are observed in the
lower dose of 80 ml/dka, in which the size of
the columnar parenchyma is greater than the one
measured in the 100 ml/dka dose.
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Table 1. Influence of oxyfluorfen on some anatomic indices in the leaves of Virginia tobacco

Indexes (min) % %S % (max) (min) v £S % (max) (min) x =S x (™)
Variants non treated treated - 80 ml/dka treated - 100 ml/dka
palisade (100)114£1.2(125) (112.5)134.6+1.8(150)  (100)124.3+£2.0(145)
leaf parenchyma parenchyma
(mesophylD), um ey (150)165+1.3(180)  (170)188.1£1.6(202.5)  (100)190.1+3.7(212.5)
parenchyma
upper number/mm? (58.3)75+£1.54(83.3) (50)57.8+1.2(66.7) (41.7)65.5+2.7(91.7)
epidermis
stomata length, um (35)38+0.5(42.5) (27.5)37.240.6(42.5) (25)31.5+0.8(40)
width, um (20)21.3*%0.23(22.5) (25)26.8+0.4(30) (12.5)19.7+0.8(30)
lower number/mm? (108.3)150.2+3.58(183.3) (83.3)90.5+ 1.2(100) (108.3)137.5+2.5(166.6)
epidermis
Is)tomata length, um (32.5)35.6+0.3(37.5) (32.5)36.440.4(40) (20)28.25+1.1(40)
width, um (20)22+0.4(25) (20)24.3+0.4(27.5) (20)23.3+0.5(27.5)

In the case of spongy parenchyma, the
increase is the largest in the higher herbicide
dose of 100 ml/dka, with recorded values of
(100)190.1+3.7(212.5) um. The degree to which
the mesophyll in the leaves of treated plants
increases is different in comparison to that of the
control plants, and it encompasses the differences,
both in terms of assimilation parenchyma and in
terms of preparation dosage, and therefore, this is
the cause for lamina deformation due to uneven
growth of their palisade and spongy parenchyma.

Oxyfluorfen causes a reduction in the
number of stomata per mm? of the upper (adaxial)
and the lower (abaxial) leaf epidermis of the
treated plants. The lowest number of stomata
per mm? — (50)57.8+1.2(66.7) for the upper and
(83.3)90.5+1.2(100) for the lower epidermis
were recorded in plants treated with 80 ml/dka

herbicide. In plants treated with higher dose of
100 ml/dka, some increase in the stomata number
is observed. both in the adaxial epidermis —
(41.7)65.5+£2.7(91.7) stomata/mm? and in the
abaxial epidermis — (108.3)137.5+£2.5(166.6)
stomata/mm?, but these results are lower than
those recorded in untreated plants. In plants
treated with 100 ml/dka herbicide, there are
deformed stomata noticeable on the upper
epidermis of the leaf, as well as stomata with only
one guard cell, which has an adverse effect on
their transpiration and gas exchange processes.
The reduction in the number of stomata in
plant leaves, the atrophy of the lamina and the
ineffective functioning of the stomata complex
are the cause for growth and development
inhibition of treated plants.

CONCLUSION

Oxyfluorfen causes an increase in
thickness of the assimilation parenchyma, lamina
deformation, reduction of the stomata number/

mm?, and atrophy of the guard cells of stomata
in the leaves of Virginia tobacco.

a7
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ABSTRACT

Ecological factors have great influence on the development of the pathogen, but they also
influence it’s morphology. The aim of these study was to make morphological measurements of the
fungus Alternaria alternata - causing agent of the brown spot disease, which develops on infected
tobacco leaves and than in a pure culture, in order to determine the changes in morphology created
during the change of conditions for development.

With microscopic measurements it was determined that the fungus which develops upon an
infected vegetative material forms hyphae with smaller width than when it develops in pure culture.
During the transition in artificial conditions, the conidiophores get smaller width and lartger length.
The conidia in a pure culture have smaller dimensions than those of the infected leaves and the
maximum number of all septa is smaller.

Key words: Alternaria alternata, tobacco, morphology, changes

INMPOMEHHA BO MOP®OJIOI'MJATA HA TABATA ALTERNARIAALTERNATA ITPU
HNPEHECYBAIGE O IPUPOJHU BO BELITAYKHA
YCJIOBA HA OAIVIELYBAIBE

Exonomkute (akTopu MMaar rojeMo BIHMjaHHE BP3 Pa3BOjOT HA MATOTEHOT, HO UCTO Taka
BJIMjaaT ¥ Bp3 HeroBara Mopgoioruja. 3aroa, LeiTa Ha OBUE MCTPa)KyBama OelIe /a ce U3BpIIar
MOpP(}OJIOIIKN Mepema Ha NpeIU3BUKYyBadoT Ha OosiecTa KadeHa aamkaBocT — rabara Alternaria
alternata xoja ce pa3BuBa Ha MH(HUIUPAHU TYTYHCKH JIICTOBH, a IOTOA BO YKCTa KYJATypa 3a Jia ce
YTBpAAT MPOMEHUTE BO MOP(QOIIOTHjaTa LITO HACTaHyBaaT IIPU NMPOMEHA Ha YCIOBUTE 3a Pa3Boj.

Co MHKPOCKOTICKUTE Mepera Oellle YTBPIEHO JieKa rabara Koja ce pa3BruBa Bp3 HHPHUIIHPAH
pactuTenieH mMarepujan GopMupa XU co rmomMaia NIMPUHA OTKOJIKY KOra ce pa3BuBa BO YUCTA
Kyntypa. [Ipyu npeMrH BO BeIITauKy yCIIOBU KOHUANO(OpHUTE 100MBaar omMaia MupruHa, HO IIorojieMa
nomwkuHa. KOHUAMUTE BO YMCTa KYATypa MMaat MoMasv TUMEH3UH OTKOJIKY THE BP3 HHPHUIIUPAHUTE
JIUCTOBH, HO M MAKCUIMAJTHAOT OpOj Ha CUTE CENTH € ITOMaJl.

Kayunu 360poBu: Alternaria alternata, TyTyH, MOpQOJIOTH]ja, TPOMEHHU
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INTRODUCTION

The reduction of the yield in most of
the diseases caused by the fungi of the gender
Alternaria can be caused by reduction of the
photosynthetic activity, direct attack of the patho-
gen, decrease of the quality of the product or a
combination of those mechanisms (Rotem, 1994).

Alternaria alternata is a cause of the
brown spot disease of tobacco. The combination
of the ways of acting makes it one of the most
important pathogens of tobacco. It attacks all
types of tobacco, but the most susceptible are
the large-leaf tobacco plants. The damages are
mostly connected with the quality of tobacco
leaves, but it also damages the smoking features
of the tobacco raw material. Except of the time
of vegetation, tobacco is a suitable substrate
for development of this pathogen at the time of
drying and processing of tobacco raw material.
This fungus was isolated from the cigarettes, too
(Kantor et al., 1979).

Its intensity of attack depends on the cli-
mate conditions, the sensitiveness of the type and
a lot of other factors during the manufacturing
(Gveroska, 2005). But, in the artificial inocula-
tions, in a lot of cases, the intensity of attack
depends on the choice of the isolate.

According to Otani and Khmoto (1992)
and Rotem (1994), 4. alternata unites species
that create specific toxins which are very patho-
genic to certain kinds. Because of that, they sug-
gest for them to be qualified as specialized forms
of A. alternata. For example, A. alternata f.sp.
tabaci which creates AT toxin is a pathogenic of
tobacco too.

The morphological variations are typical
characteristic of Alternaria species, particularly
A. alternata (Rotem, 1994; Slavov, 2004). But,
AT toxin is a recognizable factor in patho-system
species Nicotiana - Alternaria alternata (Kodama
etal., 1990). All the isolates, as well as spores of
the nonpathogenic, to which AT toxin was added,
cause brown spot to inoculated plants.

Anyway, in field conditions, the resistant
types show lower degree of resistance compared
to the artificial inoculation with AT toxin, because
Alternaria fungi can attack the cells during the
penetration through the damages of wind, rain etc.
That is why the in vitro selection is not always the
best choice (Ishida, 1992). There is also differ-
ence in the conditions that influence sporulation
and the size of the conidia too. The sporulation in
natural conditions is created on green leaves, in
the presence of water, and big influence has the
relative humidity (Akimitsu, 2003).

The knowledge of morphology is
important because there can be change in the
pathogenicity of the isolates in cultivation of a
culture, accompanied with a change in morphol-
ogy of the conidia (Sobers and Doupnik, 1968).
It is also necessary for the right methodological
approach in all the investigations on the morphol-
ogy, pathogenic features and the epidemiology of
the disease.

The aim of this research was to give data
for the morphology of the pathogen 4. alternate
in natural conditions, i.e. on infected tobacco
leaves, and than in a pure culture, in order to
confirm the possible changes of the morphology.

MATERIAL AND METHODS

Because of the fact that the large-leaf
tobacco plants are characterized with higher
susceptibility to brown spot disease, the isolates
obtained from 5 large-leaf types, three of which
were Virginia (V 12, V 13 and V 22) and two
Burley (B 36 and B 98). The choice of the types
was random. Infected tobacco leaves with char-
acteristic symptoms of the disease were collected.
Parts of the leaves with spots were kept in Petri
dishes with wet filter paper for 48 hours.

The material from the surface of leaf
spots was taken with a sterile needle and 5
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microscopic preparations were prepared for
every isolate. 25-30 samples randomly chosen
during the microscoping were analyzed in each
preparation. The same procedure was applied in
investigation of the morphology of the fungus in
a pure culture,

After all the measurements of the fresh
material were made, it was approached towards
getting pure cultures. First parts of the infected
tissue were placed on wet agar. After the develop-
ment of the colony, small fragments were sowed
again on potato-dextrose agar. The received pure
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cultures were incubated in a thermostat of 25
degrees. Morphological measurements of the
fungus were made on a 15-days pure culture.
The morphology of the fungus was stud-
ied by analyzis of microscopic measurements
of the hyphae width and the conidiophores and
conidia size (length and width). Determination

(counting) of the diagonal, lengthwise and in-
clined septa was also made.

The measurements were made by ocular
micrometer, after previously gauging and deter-
mination of the factor of appropriate increase
according to the method of Ziberoski (1998).

RESULTS AND DISCUSSION

The pathogenic fungus A.alternata is a
cause of the brown spot disease on tobacco in R.
Macedonia (Gveroska, 2005) The disease got its
name after the specific symptoms, i.e. appearance
of brown spots on leaf surface. It can penetrate
directly through the tissue. The secondary hyphae
starts to develop after 49-72 hours mainly in
substomic space, progresses towards the spongy
parenchyma and continues to spread towards the
palisade parenchyma, creating necrotic tissue

(Sami Saad and Hagedorn, 1969). During the
spreading of the infection, in the centre of the
spots, the organs of the pathogen are developing,
and concentric rings are created around them.
A yellowish, chlorine belt is created around the
spots (Figure 1).

By isolation of the pathogen from the
spots of the infected tobacco leaves we got pure
culture of the fungus (Figure 2).

Figure 1. A. alternata - spots on infected
tobacco leaf

The hyphae of the fungus A. alternata
which develop in the spots of the infected tobacco
leaves are 2.00-5.20 um wide, or 3.19um in av-
erage. When they develop in pure culture, their
width is increased and ranges 2.80 - 6.00 um,
or 3.87 um in average. The biggest increase of
width can be noticed in the isolate B36 (Table 1).

In natural conditions, because of the
larger conidia, the hyphae are less noticeable
than in pure culture. They are satirized, branch

Figure 2. A. alternata - pure culture

laterally under different angle, they are colorless
or they have light brown color (Figure 3).

The width of conidiophores of the fungus
of the infected leaves is between 2.00 and 8.00
um, and the length from 4.00 to 56.00um, with
an average value of the size 4.04 x 25.12pm. Co-
nidiophores of the isolate B36 have the smallest,
and those of the isolate V22 the biggest dimen-
sions (Table 2).
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Table 1. The width of the hyphae of Alternaria alternata (um)

Infected leaves

Pure culture

Isolate Width
From-to Average From-to Average
V12 2.80-3.20 293 2.80-6.00 3.65
V13 2.80-5.20 3.67 4.00 - 4.70 4.59
V 22 2.00 - 4.00 3.12 3.20-423 3.55
B 36 2.00 - 4.00 2.68 3.20-4.70 4.14
B 98 2.80-4.00 3.53 3.20-4.23 3.44
Average 2.00-5.20 3.19 2.80 - 6.00 3.87

Table 2. Size of conidiophores of Alternaria alternata (um) (infected leaves)

Width Length
Isolate Width x length
From-to Average From-to Average
V12 2.00-4.00 3.72 10.00-38.00 27.60 3.72 x 27.60
V13 2.80 -4.80 3.84 4.00-56.00 26.00 3.84 x 26.00
V22 4.00 -8.00 4.80 14.00-48.00 30.00 4.80 x 30.00
B 36 3.20-3.90 3.90 8.00-32.00 19.50 3.90 x 19.50
B 98 2.80-4.00 3.92 12.00- 36.00 24.00 3.92 x 24.00
Average 2.00- 8.00 4.04 4.00-56.00 25.42 4.04 x 25.42

Figure 3. 4. alternata — Hyphae in a pure culture

The smallest width of conidiophores
formed in the pure culture is 2.80 pm, and the
largest 4.80 um. Their length ranges from 8.00-
60.00 um. In average, the conidiophores size in
the pure culture is 3.78 x 31.04 um. In the isolate
V12, the high value of the length is especially
expressed (Table 3).

It can be concluded that the conidio-
phores of the fungus of the infected leaves during
the transfer into artificial conditions get smaller
width and larger length (Table 2 and 3).

The process of sporulation is induced
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by the sunlight and the lower frequency of ul-
traviolet rays and darkness in alternation. In the
first phase there is a formation of conidiophores,
which is stimulated by light, and than in the sec-
ondary phase, formatting of the conidia, which
is inhibited by the light. The photoinduction is
more active in higher temperatures (38 degrees),
while the terminal in lower temperatures (Lacey,
1992). High temperatures like these, as well as
photo period are present during the vegetation of
tobacco, which affects both phases, and directly
influences the size of conidiophores.
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Table 3. Size of conidiophores of Alternaria alternata in pure culture (um)

Width Length
Isolate Width x Length
From-to Average From-to Average
V12 2.80-4.00 3.72 16.00-60.00 36.20 3.72 x 60.00
V 13 3.20 -4.80 3.92 12.00-32.00 23.00 3.92x 23.00
V 22 3.20-4.00 3.73 16.00-36.00 24.67 3.73x 24.67
B 36 3.20-4.00 3.82 20.00 - 60.00 36.67 3.82 x36.67
B 98 3.20 -4.00 3.73 8.00 - 44.00 34.67 3.73 x 34.67
Average 2.80-4.80 3.78 8.00 -60.00 31.04 3.78 x 31.04

Conidiophores of the fungus of natural substrate in artificial conditions of cultivation are
shown in Figures 4 and 5.

Figure 4. A. alternata — Conidiophores from
spots of infected leaves

The width of conidia from the fungus
formed on infected tobacco leaves is between
8.00 and 20.00 pum and the average value is 14.12
pm. The largest is the width of the conidia of B36
isolate. The length has the largest range between
28.00 and 84.00pm, and the average is 55.90pum.
The conidia of the isolate V12 are characterized
by their length, and they are almost twice the
length of the conidia of other isolates (Table 4).

Figure 5. A. alternata — Conidiophores
in pure culture

The average values of the conidia formed
on the infected leaves are 14.12 x 55.90um.

Su and Sun (1981) found polymorphic
conidia in the infected tobacco leaves, with gold-
en-brown body and light brown to transparent
beak, long chain that are sometimes outspread,
with diagonal, lengthwise and inclined partitions.
Their size is bigger than the size of that from a
culture grown on a surface.

Table 4. Size of the conidia of A. alternata (um)
Infected leaves

Width Length
Isolate width x length
From-to Average From-to Average
V12 8.00- 16.00 13.36 48.00 -78.00 81.08 13.36 x 81.08
V13 12.00 -20.00 15.04 42.00 -74.00 52.93 15.04 x 52.93
V22 8.00- 16.00 12.68 44.00 -84.00 56.00 12.68 x 56.00
B 36 10.00 -20.00 15.88 28.00 - 54.00 41.07 15.88 x 41.07
B 98 10.00 - 20.00 13.64 28.00 - 68.00 48.40 13.64 x 48.40
Average 8.00 - 20.00 14.12 28.00 -84.00 55.90 14.12x 55.90
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In our investigations, also, the conidia
formed in pure culture are smaller than those
of the infected leaves (Table 5, Figure 6 and
7). Their average size is 11.05 x 30.16 um.
According to Misaghi et al (1978), the ecological
factors largely change the size of its conidia.

Slavov et al. (2004) say that the size of the
conidia, the shape and the segmentation varies
depending on the age of the spores, substrate,
pH value, the temperature, the humidity and the
light. The changes are noticeable even in the
same isolate.

Table 5. Size of the conidia of A. alternate in a pure culture (um)

Width Length

Isolate width x length
From-to Average From-to Average

V12 8.00 - 16.00 11.30 20.00- 44.00 31.45 11.30x 31.45
V13 8.00 -14.00 11.24 24.00 -48.00 33.16 11.24 x 33.16
V 22 8.00 - 16.00 11.60 17.20 -40.00 27.15 12.00 x 27.15
B 36 8.00 - 15.20 10.21 18.00 - 44.00 28.59 10.21 x 28.59
B 98 8.00 - 16.00 10.90 22.00 - 48.00 30.45 10.90 x 48.00
Average 8.00 -16.00 11.05 17.20 - 48.00 30.16 11.05x 30.16

The conidia have lower upper limit of the
width, and so the average value is smaller. The
biggest change can be noticed in the isolate B36,
where from the biggest (Table 4), now the conidia
have the smallest width (Table 5).

The length is almost twice shorter than
of the conidia upon the natural substrate, which
can be noticed in the marginal and in the average
value too. Significant change, i.e. shortening of
the length of the conidia has the isolate V 12;
it is shortened for 60%. According to Rotem
(1994), the length of the spores is more relevant
factor than the width and it contributes for the
identification of the pathogen. The same author
gives data for the morphological changes of A.
alternata of the same tobacco leaf: the length of
the conidiophores is 20 to 50 um, the conidia
have 4-6 septa, and they are 11-13 um and

Figure 6. A. alternate-conidia of the spots on
infected leaves
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long 30-86 um. The values obtained in our
investigations correspond with the given values.

According to Ritz (1995), besides the
good development of substances with poorer
nutritive mediums, reproductive structures of A.
alternata have tendency to form on rich medium.
The large leaf-tobaccos of the Virginia type are
characterized with high content of sugars, which
had an influence on the profuse sporulation, as
well as on the size of conidia on the infected
leaves. In the investigations of Hubballi, (2010),
the surface with the extract of a leaf of the hoist
had maximum influence on the development of
all 15 tested isolates of A. alternate, followed by
potato-dextrose surface (KDA). All the isolates
sporulated on the KDA too, but they differ in
the extent of sporulation, followed by different
physiognomy of the colony.

Figure 7.A. alternate- conidia in a pure culture
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The conidia formed on infected tobacco
leaves have 2-8 diagonal septa, 0-4 lengthwise
and 0-3 inclined septa. In a pure culture they
have maximum 6 diagonal, 3 lengthwise and 2
inclined septa. The conidia of the isolate V 13

have the largest number of diagonal septa (8
i.e. 6) on the infected leaves as well as in the
pure culture. The isolate V 22 has conidia with
the largest number of inclined septa only on the
infected leaves (Table 6).

Table 6. Number of septa in the conidia

Infected leaves

Pure culture

Isolate - - - - - -
Diagonal Lengthwise Inclined  Diagonal  Lengthwise Inclined
V12 3-7 0-3 0-2 2-4 1-2 0-2
V13 2-8 1-4 0-2 3-6 1-2 0-2
V 22 3-7 0-3 0-3 2-4 1-3 0-1
B 36 3-5 0-2 0-1 2-5 1-3 0-2
B 98 2-6 1-4 0-2 2-6 1-2 0-2
From-to 2-8 0-4 0-3 2-6 1-3 0-2

The highest percent of conidia formed
on the infected leaves have 3 and 4 diagonal, 1
or 2 lengthwise and they do not have, or have
only one inclined septum (Table 7a and b). The
percentage of conidia with 3 diagonal septa is
the biggest in the isolate B 36. Only the isolate V
13 has conidia with 8 diagonal septa (Table 7a).
In the isolate B36, 71.43% of the conidia do not

have inclined septa. The isolate V 22 even with
only 10 % is the only one that has conidia with
3 inclined septa (Table 7b).

According to Simons (2007), the conidia
have 1-7 (very often 3) diagonal and a small
number or do not have lengthwise septa at all.
In the examination of Kumar (2008), the conidia
have 6-7 diagonal and 0-3 lengthwise septa.

Table 7. The percentage of conidia with different number septa (infected leaves)

a) diagonal

Number of septa

Isolate 2 3 4 5 6 7 8
% of conidia

V12 0.00 8.33 16.67 25.00 25.00 16.67 0.00

V13 6.67 26.67  20.00 13.33 13.33 6.67 6.67

V 22 0.00 20.00  40.00 20.00 0.00 0.00 0.00

B 36 0.00 60.00  26.67 6.67 0.00 0.00 0.00

B 98 6.67 26.67  26.67 26.67 6.67 0.00 0.00

Average 2.67 28.34  26.00 18.33 9.00 4.67 1.33

b) Lengthwise and inclined
Lengthwise Inclined
Number of septa
Isolate
1 2 3 4 0 1 2 3
% of conidia

V12 27271 2727 2727 18.18 0.00 63.64 18.18 18.18 0.00
V13 26.67 40.00 20.00 13.33 13.33 60.00 26.67 13.33 0.00
V 22 20.00  40.00 30.00 10.00 0.00 40.00 30.00 20.00 10.00
B 36 21.43 50.00 2857 0.00 000 7143 28.57 0.00 0.00
B 98 6.67 53.33 13.33 20.00 6.67 60.00 26.67 13.33 0.00
Average 2041 4212 2383 1231 4.00 59.01 26.02 1297 2.00
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Table 8. The percentage of conidia with different number septa (pure culture)

a) diagonal

Number of septa

Isolate 2 3 4 5 6
% of conidia
V12 13.33 60.00 26.67 0.00 0.00
V13 0.00 33.33 3333 0.00 25.00
V 22 13.33 6.67 20.00 0.00 0.00
B36 31.25  40.00 26.67 6.67 0.00
B 98 6.25 37.50  43.75 6.25 6.25
Average 12.83 3550 30.08 2.58 6.25
b) Lengthwise and inclined
Lengthwise inclined
Number of septa
Isolate
1 2 3 0 1 2
% of conidia
B 12 13.33 66.67 20.00 0.00 80.00 6.67 13.33
B 13 25.00 41.67 33.33 0.00 75.00 16.67 8.33
B22 33.33 33.33 26.67 6.67 80.00 20.00 0.00
b 36 18.75 56.25 18.75 6.25 87.50 6.25 6.25
b 98 50.00 31.25 18.75 0.00 50.00 31.25 12.50
Average 28.08 45.83 23.50 2.58 74.50 16.19 8.09

The highest percentage of conidia have 3
and 4 diagonal septa even when they are formed
in pure culture. The percentage of separation with
3 diagonal septa in the pure culture is the highest
in the isolate V 12. Again, the isolate V 13 has the
highest number (6) of diagonal septa (Table 8a).

The highest percentage, i.e. 45.83% of the
conidia has lengthwise septum, and in relation to
the isolates, the highest percentage was observed
in the isolate V 12. The percentage of conidia
without inclined septa is very high in all the
isolates, as well as their average value (Table 8b).

CONCLUSION

- A. alternate in natural conditions (spots
on tobacco leaves) forms hyphae with an average
width of 3.19 um, while in pure culture they are
larger and are 3.87 um wide.

- Conidiophores formed on infected
tobacco leaves have an average size of 4.04x
25.42um.

- In the transfer in artificial conditions,
the conidiophores get smaller width, but larger
length. Their dimensions are 3.78 x 31.04um.

- The average values of the conidia
formed on infected leaves are 14.12 x 55.90um.

- The conidia formed in pure culture are
smaller than those formed on the infected leaves.
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Their average size is 11.05 x 30.16um.

- The conidia formed on the infected
leaves have 2-8 diagonal septa, 0-4 lengthwise
and 0-3 inclined septa. In a pure culture the
septaration is smaller, i.e. they have maximum
6 diagonal, 3 lengthwise and 2 inclined septa.

- The highest percentage of conidia
formed on the infected tobacco leaves have 3 and
4 diagonal and 1 or 2 lengthwise septae and they
have none or only one inclined septum.

- In the pure culture, the highest
percentage of the conidia also have 3 and 4
diagonal septa and 1 lengthwise septum. High
percentage of them do not have inclined septa.



B. Gveroska: Changes in the morphology of the fungus Alternaria Alternata in the transmission from natural in artificial conditions of
cultivation
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