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INTORDUCTION

The publication of the new issue of JAPS, No. 20., Vol. 2. coincided with the warning from
the World Health Organization that a new subvariant of the corona virus “Kraken”, which is
more transmissible than any before, is spreading around the world. Just when it seemed that
the corona virus pandemic would finally subside, the XBB.1.5 virus appeared, and experts
named it Kraken, after the legendary sea monster, a giant octopus that dragged ships to the
bottom of the sea and killed the sailors. It is a subvariant of the omicron strain of the corona
virus, which is already affecting America, and Kraken has quickly spread to Europe, but the
first information indicates that it causes a mild clinical presentation, as well as the omicron
variant. The scientists discovered that the spike proteins have 14 new mutations, which
means that it more easily infects people, who already have immunity from corona, either
through vaccination or previous illness. This makes them more susceptible to infection, but
not to a serious clinical presentation with fatal consequences.

It seems that the world, in all segments of its functioning, has adapted to a new post-
pandemic way of functioning. In the past three years, science was also not safe from the
consequences of the pandemic. Particularly in the agricultural production sector, where all
activities were aimed to adapt to the new conditions and challenges. Researchers certainly
have not stopped their research activities, which is confirmed with the publication of current
issue of JAPS, No. 20.,Vol. 2.

The Editorial Board of JAPS, in the conditions of the covid-19 pandemic, had continuously
published all journal issues in order to share with the scientific and professional community
the new research results in the field of agricultural production and plant sciences. We are
honored and pleased to share with you five peer-reviewed scientific papers in JAPS issue No.
20.,Vol. 2 and to invite and encourage our colleagues from Republic of North Macedonia, the
region and wider to publish their research results in future issues of JAPS.

Editorial Board, Editor in chief,

December, 2022 Prof. Liljana Koleva Gudeva, PhD
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Abstract

Consuming food containing radionuclides is particularly dangerous. If anyone ingests or inhales a
radioactive particle, it continues to irradiate the body as long as it remains radioactive and stays in the body.
However, studies on the radioactivity of consumable foods assume importance as it is necessary to estimate
the ingestion dose to the public. Due to all this, the focus of this research was on determining the activity
concentrations of 22°Ra, *°K and 2*Th. Forty-nine samples in three categories of vegetables, cereals (rice, wheat,
corn), and milk, were collected from local markets (city of Skopje) in the Republic of North Macedonia and they
were analysed by using high-purity germanium (HPGe) detector to assess natural and artificial radioactivity.
The average activity concentrations of 2Ra, “°K and ?**Th of the tested samples were 2.85+1.15, 2.48+0.85, and
80.64+5.45 Bq kg™, respectively. No artificial radionuclide was found in any of these samples. The average value
of the radium equivalent activity in all samples was 12.56 Bq kg™, which was less than the maximum permitted
value of 370 Bq kg™. The values of the external hazard indices for vegetables, cereals and milk samples vary
with an average value of 0.11, which is less than one in all samples indicating the non-harmfulness of the
samples. The mean activity concentrations of 22°Ra, “°K and 2**Th (Bq kg™) in the samples were used to calculate
the absorbed dose rate whose mean value for all food samples was 6.16 Bq kg™. It was determined that the
measured values are within the globally accepted values, i.e., they are quite lower than the data in literature.
These data would be useful to establish a baseline for natural radioactivity concentrations in food products
consumed in the Republic of North Macedonia.

Key words: natural spectrometry, food, gamma spectrometry, radiation risk
INTRODUCTION

Humans are constantly exposed to natural (Skwarzec & Falkowski., 1988). Due to this

radioactivity at different levels depending on
the natural radioactive elements present in each
area; therefore, researchers are studying natural
environmental radiation and radioactivity in
order to conduct background checks and detect
environmental radioactivity (Radhakrishna
et al, 1993). Considering that radionuclides
occur naturally in both rocks and soils, when
these rocks decompose by natural processes,
radionuclides are transported to the soil by rain
and lowlands (Agbalagba & Onoja.,2011; Essiett
et al,, 2015) By means of migration, the present
radionuclides can easily accumulate in the food
chain through the soil - plants and the human

migration, radioactivity has always been present
in all food products to some extent. In general,
anthropogenic radionuclides in food products
originate from the effects introduced into the
biosphere. In fact, radionuclides can cause a
number of health conditions and diseases as
a result of their exposure, hence resulting in
bio-accumulation and bio-toxicity (Ferdous et
al., 2015). Therefore, the IAEA and international
experts (Natural and induced radioactivity in
food IAEA-TECDOC-1287, 2002) are developing
guidelines for measuring and determining
acceptable levels of natural radioactivity in
food, with the ultimate goal of improving food
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safety. Many studies have been conducted
on the concentration of radioactivity in food
products (Alsaffar et al., 2015) (Angeleska et al.,
2021) where the natural radioactivity in food is
usually within the range from 40 to 600 Bq kg
of food (IAEA, 2002). This work aims to identify
radionuclides in certain food samples that are

commonly used in households in the Republic
of North Macedonia, by measuring the amount
of specific concentrations of 2%Ra, 2*2Th and “°K.
Based on these results, the potential radiological
health risks associated with the consumption of
these analysed types of food were assessed.

MATERIAL AND METHODS

- Sample collection and preparation

A total of 66 samples of locally widely
consumed food products were collected
from various markets in the Republic of North
Macedonia. The main food selection was based
on a survey questionnaire on the diet of 30
residents. The main food groups were selected,
includingwheat, rice,and milk.The sampleswere
prepared fresh, i.e., they were homogenized and
packaged in standard Marinelli cups (500 g) and
sealed in order to achieve a radioactive balance
between the parents and their daughter
radionuclides. (IEEE,1997; Walley El-Dine et al.,
2001)

- Sample analysis

The analytical techniques for gamma-ray
spectrum were used for determination of the
natural radionuclides #*Ra, #?Th and “°K. This
measurement system includes a typical high-
resolution gamma-spectrometer based on a
high-purity germanium detector with energy
resolution of 1.80 keV full width at half maximum
for the gamma ray line of 1332 keV from %°Co.
According to the energy of the photopic
line, the activities of *Th were measured by
taking the mean activity of the photopeaks
of the daughter nuclides #®Ac (338.40, 911.07
and 968.90 keV) and 212 Pb (238.63 keV). The
activities of 2°Ra were calculated with 2°Ra. keV,
line energy of 2“Bi. The activities of K were
determined directly from its gamma emission
at 1460.83 keV. (Righi et al.,2009) The counting
time for each sample was 108 000 seconds.

- The activity concentration

For all samples, the corresponding specific
activities according to the methods of Shanthi
were determined (Shanthi et al., 2009) as shown
in Equation 1.

N_Ng
t t
A=—0 (Bakg") (1)
€-y-m
Where, N is clean surface of peak

accumulated from a specific radionuclide in
analysisofaspecificsample (numberofreadings),
N, is clean surface of peak accumulated from
the spot of a specific radionuclide without an
analysis of sample (number of readings), tis live
time of accumulation of the sample spectrum
(s), t, is live time of accumulation of the phone
spectrum (s), ? is detector efficiency for a given
energy (for a specific peak), ? is intensity of
gamma transition in radioactive decay for a
respective radionuclide (%), and m is sample
mass (kg).

- Radiological hazard assessment

- Assessment of Radium Equivalent

Gamma-ray radiation hazards caused by
specific radionuclides of 2°Ra,?*’Th, and “°K were
evaluated using different indices, among which,
the radium equivalent activity is the most
widely used radiation hazard index (Beretka et
al.,1985) It is determined by the weighted sum
of activities of the three radionuclides, based on
the assumption that 370 Bq, 259 Bq, and 481
Bqproduce the same gamma-ray dose rate as
given by (Kessaratikoon & Awaekechi, 2008)

Raeq(Bq/kg)= A, t1.43A,+0.07A, (2)

where Ra, Th, and K are the activity
concentrations of 2Ra, 2*Th, and “)K (in Bg kg™),
respectively.

To keep the annual radiation dose below

1.5mGy y~', the maximum value must be less
than 370Bqkg™.
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- Absorbed Dose Rate in Air

The absorbed dose rates (nGy h-1) in
outdoor air from global gamma radiation at 1
m above the ground were analysed by the next
equation (Ozmen et al.,2014; Curtin et al., 2008)

D (nGy/h)=0,462A_ +0,604 A, +0,0417
A, (3)

- External hazard index

The internal and external hazard indexes
are calculated by the following expressions
(Rafique et al., 2013)

H,.=A./370+ A /259+ A /4810< 1 (4)

Az Ay, A specific activities (Ba/kg),*°Ra**2
Th and “K, respectively

- Ingestion effective dose

The Ingestion effective dose due to the
intake of #®U, 2**Th and “K in foods can be
evaluated using the following expression ICRP
(ICRP, 2006).

HT,r=2UXC xgTr (5)

where, i denotes a food group, the
coefficients Ui and C, denote the consumption
rate (kg/y) and activity concentration of the
radionuclide r of interest (Bq kg™), respectively,
and g . is the dose conversion coefficient for
ingestion of radionuclider(SvBq)intissue T.For
adult members of the public, the recommended
dose conversion coefficient g, for “K, *°Ra
(#8V), and #?Th, are 6.2x107° 2.8x107 and
2.2x 1077 Sv Bg' respectively IAEA (IAEA., 1996).
In fact, the aggregate quantities for Average
annual intake for adults in the Republic of North
Macedonia by groups are: vegetables 44.5 kg,
cereals 75.7 kg, legumes 8 kg and milk 351 kg.

- Annual
(AEDE)

The annual effective dose equivalent
received was computed from absorbed dose
rate by applying a dose conversion factor of
0.7 Sv Gy™' and the occupancy of 0.8 (19/24
h) recommended by UNSCEAR. Therefore, the
annual effective dose equivalent (uSv y~') was
calculated using the equation 6 (UNSCEAR.,
2000) AEDE (uSv y™') = absorbed dose (nGy h™)
%8760 h x 0.7Sv Gy 'x0.8x1073 (6)

effective dose equivalent

RESULTS AND DISCUSSION

Table 1. Mean values of specific activities (A) of values of 226 Ra, 2>2Th and “°K in foods.

Sampling sites A+SD (Bq kg™) A+SD (Bq kg™) A£SD (Bq kg")
226Ra 232Th 4OK

Potatoes (n=>5) 0.41+0.15 1.96+0.05 92.15+5.50
Tomatoes (n=5) 0.71+0.05 1.26+0.02 102.50+6.50
Beans (n=7) 0.24+0.01 0.95+0.02 69.70+3.00
Apple(n=7) 0.65+0.20 1.41+0.50 25.35+3.50
Rice (n=7) 6.02+2.20 3.90+1.50 67.55+2.55
Wheat (n=7) 0.62+0.05 0.25+0.03 155.54+5.30
Corn (n=7) 1.92+1.00 2.194+1.00 37.02+5.90
Pea (n=7) 12.56+6.09 9.47+4.20 78.85+7.50
Red Lentil (n=7) 3.58+1.52 2.38+1.01 142.87+10.25
Milk (n=7) 1.8340.31 1.04+0.15 31.87+4.53
Average 2.85+1.15 2.48+0.84 83.52+£5.46

The specific activity due to **Ra, %**Th and
“K in different types of food was measured as
presented in Table 1. The specific activity of 2°Ra
is found within the range from 0.24 + 0.01 Bq
kg'to 12.56 + 6.09 Bq kg™, the one of #2Th from
0.25 + 0.03 Bq kg' to 9.47 + 4.20 Bq kg' and
the specific activity of “°K was within the range
from 25.35 + 3.50 Bq kg™ to 142.87 + 10.25 Bq

kg'.There is a variation in the specific activity of
radionuclides in different food samples where
it can be seen that in wheat, the concentration
value of ®Kis higher than in other food products.
The highest concentration level of the #Ra and
22Th radionuclides were in pea and red lentils,
respectively. The activity concentration of °Ra
in cereal crops (wheat and rice) was higher than
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the UNSCEAR reference values of 0.08 Bg/kg
(UNSCEAR, 2000). The source of contamination
of ?Ra, 2*?Th and “K of rice and wheat is
considered to be due to the absorption of soil
by the plant roots and irrigation water through

the root and also the irrigation period of wheat
and rice is longer. The obtained average activity
concentration in milk for “°K was 31.87 Bq kg,
which is lower when compared to other results
(ICRP,1996).

Table 2. Obtained values from the absorbed dose rate in the air (D), the radiation risk index (H, )

the radium equivalent (Raej), and AEDE.

Sample D (nGy h™") Ra_ (Bgkg') Hex AEDE (uSvy™)
Potatoes 5.21 9.66 0.02 25.55
Tomatoes 5.35 9.68 0.02 26.24
Beans 3.58 6.46 0.01 17.56
Apple 2.20 443 0.01 10.79
Rice 7.94 16.31 0.04 38.95
Wheat 6.91 11.85 0.03 33.89
Corn 3.74 7.64 0.02 18.34
Pea 14.79 31.61 0.08 72.55
Red Lentil 9.03 16.89 0.04 44.29
Milk 2.78 5.54 0.01 13.63
Average 6.15 12.07 0.03 30.17

In this study, the values of the absorbed
dose rate D (nGy h) did not exceed the safety
limits, emphasizing the negligible radiation
hazard arising from naturally occurring
terrestrial radionuclides. The radium equivalent
activity values in all food samples vary with
a mean value of 12.07 Bq kg' which is far
below the internationally accepted value of

370 Bq kg'. On the other hand, the values of
the hazard index varied from 0.01 to 0.08 with
an average value of 0.03. The annual effective
dose equivalent has been calculated from 10.79
pSv y' to 44.29 uSv y! with an average value of
30.17 pSv y' respectively which is less than the
recommended value of the IAEA, which is 1000

pSvy!.

Table 3. Estimated radiation hazard indices and ingestion effective dose in food at the markets in

North Macedonia.

Sample 2Ra 22Th 40K Sum

Potatoes 0.0051 0.019 0.025 0.044
Tomatoes 0.0088 0.012 0.028 0.048
Beans 0.0005 0.001 0.003 0.004
Apple 0.008 0.013 0.006 0.027
Rice 0.013 0.006 0.031 0.050
Wheat 0.013 0.004 0.070 0.087
Corn 0.040 0.036 0.017 0.093
Pea 0.028 0.016 0.003 0.047
Red Lentil 0.008 0.004 0.007 0.019
Milk 0.001 0.008 0.006 0.015

Table 3 shows the results of the effective
dose of ingestion in mSv y! for an adult person
due to specific activity of 2Ra, #?Th and “K in
food samples calculated by using the equation
(4). The sum of the effective ingestion doses
varies from 0.004 mSv y' (in the beans sample)
to 0.093 mSv y' (in the corn sample). The

average effective ingestion dose due to “°K was
higher than due to #2Th and “K as a result of the
increased dose conversion ratio for radionuclide
ingestion. This indicates that the effective
ingestion dose in all food samples is lower than
the permitted limits of T mSv y' recommended
by the ICRP.
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CONCLUDING REMARKS

The activity of the 2°Ra, *’Th and *K
radionuclides was determined for the most
availablefoodproductsconsumedintheRepublic
of North Macedonia. It was determined that the
measured values are within the world range as
published in this literature. The mean activity
values of the #*Ra, 2?Th and *K radionuclides in
66 food products were identified as 2.85+1.15
Bq kg, 2.48+0.84 Bq kg and 83.52+5.46 Bq
kg', respectively. All calculated values for
radiological hazard assessment are lower than
the global average values. The dose of different

components reduces in the following order
corn>wheat>rice>vegetables>milk It should
be noted that the geology of the region and
the food processing methods have a major
impact on the *K concentration. This study
established a map of basic information about
the future studies on radiation levels and the
distribution of radionuclides in food products
in the Republic of North Macedonia. The results
of the study will also be used as a reference for
future assessment.
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OLIEHKA HA PAOUOAKTUBHATA OMACHOCT o1 PA3JINYHA XPAHA KOJA E HAJHECTO
KOPUCTEHA BO PEMYBJINKA CEBEPHA MAKEJOHWJA

AnekcaHppa AHrenecka', Ennsa6era lumntpunecka-Crojkouk’, 3expa Xajpynaun-Mycnny’,
BbunjaHna CtojaHoBcKa-Aumsocka', Pagmuna YpueBa-Hukonoscka',
Urop EcmepoB’, AHa AHrenoBckKa'
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Pesume

KoHcymupareTo xpaHa LWTO cofpXu pagvoHyKnuan e ocobeHo onacHo. AKO HEKOj BHeCe Wv BAULLM
paAmnoaKTMBHA YeCcTrYKa, Taa NPOAOSIXKYBa [1a ro 3payun TeJloTo Cé fofieka OCTaHyBa Pafil0aKTUBHA U OCTaHyBa
B0 Tenoto. Cenak, CTygmmTe 3a pagnoakTMBHOCTA Ha NOTPOLLHATa XpaHa UMaaT 3Hauehe 6raejku e HeonxoaHo
[la ce NpoLieHn fo3aTa 3a ronTame Ha jaBHocTa. [lopagn ceTo oBa, GOKYCOT Ha OBa UCTpaxyBahe Gelle Ha
ofpenyBahe Ha KOHLEeHTpaLunTe Ha akTUBHOCT Ha **°Ra, “°K 1 22Th. YeTupureceT n geBeT nprmMepoLm Bo Tpu
KaTeropuu 3eneHuyK, XXUTapku (opurs, NueHnLa, NYeHKa) 1 mneko 6ea cobpaHu of nokanHute nasapwu (fpag
Ckonje) Bo Peny6nuvka CeBepHa MakefoHuja 1 6ea aHann3mpaHm co ynotpeba Ha repMaHUyM CO BUCOKA YNCTOTa
(HPGe) peTeKkTOp 3a NpoLEHKa Ha NPUPOAHA 1 BellTauka PagnoakTMBHOCT. [TpoceyHnTe KOHLUEeHTpaLmmn Ha
aKTUBHOCT Ha 2**Ra, “K n *?Th op TecTnpaHnTe npumepoun 6ea 2,85+1,15, 2,48+0,85 n 80,64+5,45 Bqg kg™,
coofBeTHO. Bo HUTY efieH ofy oBUe MprMepoLmn He Oelle MPOHajieH BelTauku paguoHyknua. MpoceyHata
BPELHOCT Ha aKTUBHOCTA Ha EKBMBANIEHT Ha paAnyM BO cuTe npumepoum 6ewwe 12,56 Bq kg-1, wro 6elue nomano
o[l MaKcrMMarsHaTa lo3BonieHa BpefHocT o 370 Bq kg™'. BpegHocTrTe Ha HaiBOpeLUHMTE UHAEKCM Ha OMacHOCT
3a NpuMepounTe 0f 3efIeHUYK, XUTapKN 1 MIEKO BapupaaT co npoceyHa BpegHocT of 0,11, WTo e nomanky
o[l eiHa BO C/Te NPUMepOLM LUTO YKaXXyBa Ha HELUTETHOCTa Ha npuMepoLmTe. [poceyHnTe KOHLEHTpaLUun Ha
aKTUBHOCT Ha **Ra, “°K 1 #2Th (Bq kg') Bo npumepouuTe 6ea NCKOPUCTEHM 3a NPecMeTyBakbe Ha CTankaTta Ha
ancopbuvpaHa 103a Ymnja cpefHa BPeQHOCT 3a C1MTe NpUMepoLn Ha XxpaHa belue 6,16 Bq kg™'. YTBpaeHo e geka
N3MepeHnTe BPeAHOCTM Ce BO PaMKuTe Ha rnobanHo npudateHnTe BPefHOCTM, OQHOCHO Ce [0CTa NOHUCKU
of nopartouuTe Bo nuTepatypata. OBre nogatoum 6u 6une KOpUcHM 3a yTBpAYyBakbe Ha OCHOBHATa JIMHMWja
3a KOHLIeHTpaLuunTe Ha NPYPOAHa PaaMoaKTUBHOCT BO NpexpaHbeHnTe Npou3BoaM LWITO Ce KOHCYMUpaaT BO
Peny6nuka CeBepHa MakenoHuja.

KnyuHun 36opoBu: npupodHa paduoakmusHocm, XpaHa, 2amMma chekmpomempujd, pusuk 00 3payerbe
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Abstract

Although chemical pesticides play a vital role in controlling the number of harmful insects, they also
contribute to accelerate pollution of soil, air and water. Due to the frequent use, insects become resistant to
active ingredients very quickly; they destroy the natural enemies of the pests and have a harmful effect on
humans. Accordingly, the application of biological protection, that is, the use of living organisms (predators
and parasites) in plant protection programmes in protected areas, takes on a larger scale worldwide rather
than the use of chemical pesticides.

The aim of our research was determining the effectiveness of pirate bug Orius laevigatus (Hemiptera:
Anthocoridae) on reducing the population of Western flower thrips (Frankliniella occidentalis). The experiment
was set in commercial greenhouses (3 unheated plastic tunnels, ca. 125 m?, each), located in the area of Dabilje,

Republic of Macedonia, during 2019 and 2020.

The results obtained correspond to our expectation in controlling the population of the trips. Predator
proved to be effective in reducing the number of thrips population.

Key words: predators, biological control, western flower thrips, pirate bug

INTRODUCTION

Western  flower thrips,  Frankliniella
occidentalis Pergande (Thysanoptera: Thripidae)
is an important pest of pepper, and a broad
range of vegetable and ornamental crops in
greenhouses and fields (Tavella et al., 1991;
Tommasini and Maini, 1995; Kirk and Terry,
2003). That very small insect, commonly hides
in flowers, buds and leaf axils, and often go
unnoticed until damage appears. Both larval
and adult thrips have rasping mouthparts
that they use to puncture the plant surface.
They feed on the sap that is exuded from the
resulting wound. Plants are also injured when
female thrips lay their eggs in the plant tissue.
Western flower thrips is of special importance
because it transmits the tomato spotted wilt
virus (TSWV) and impatiens necrotic spot virus
(INSV), that are most epidemic on a wide range
of the agricultural crops (Jones, 2005; Rotenberg
etal., 2009).

Controlling greenhouse pests by chemical
pesticides results with many problems, such
as development of resistance in pests and
rising environmental and health concerns
(Arnaouty et al., 2020). Indeed, greenhouse
crops are harvested frequently, at short
intervals, and thus intensive use of chemicals
becomes questionable because of the possible
contamination of products with chemical
residues. Furthermore, greenhouse vegetables
are consumed fresh, which isanother motivation
for farmers to reduce intensive chemical control
and to meet the consumers demands for
offering products of high quality.

The possibility to apply biological control
programmes against greenhouse pests is highly
needed. It can overcome the abovementioned
problems, and at the same time can provide an
adequate pest control. They will not completely
eliminate pest problems but can reduce pest
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population, and damage to an acceptable level
(under the economical threshold). Biological
control generally requires more time than
pesticides to bring a pest population under an
acceptable control level (Arnaouty et al., 2020).

The aim of the present study was to

determine the effectiveness of the pirate bug
O. laevigatus (Hemiptera: Anthocoridae) on
reducing the population of Western flower
thrips (Frankliniella occidentalis) at peppers,
grown for commercial production in plastic,
unheated tunnels, during 2019 and 2020.

MATERIAL AND METHODS

The study was conducted in commercial greenhouses (3 unheated plastic tunnels, ca. 125 m?,
each), located in the area of Dabilje, Republic of North Macedonia, during 2019 and 2020. One of
the tunnels was used for biological control, one for chemical control and one was untreated tunnel
(control). Each tunnel included 9 rows of 75 pepper plants (675 plants/tunnel) of Kurtovska kapija
type.The transplanting of pepper started at the beginning of May, and the growing season extended
to the end of September, 2019 and 2020, respectively.

Population density of F. occidentalis was estimated in intervals od 15 days throughout the
growing season of pepper, counting nymphs and adults. Fifty randomized plants from each tunnel
were chosen and the thrips were sampled from 50 plant flowers. The number of thrips was directly
inspected on the plant using a special magnifying hand lens (x 10).

In the tunnel used for biological control, a blend of nymphs and adults of O. laevigatus were
released at rate of 1 predator per m?, when thrips appeared on the plants. Three following releases
were carried out in the both 2019 and 2020 years of research (Table 1). O. laevigatus applied, came
from Bioline Agrosciences Ltd., United Kingdom.

Table 1. Releasing rates and dates of tested O.laevigatus against F. occidentalis on pepper plants
during 2019 and 2020.

2019 2020
Rate of Date Date of Date of Date Date of Date of
S of first second third of first second third
. . application . . . . . .
Oriuslaevigatus releasing releasing releasing releasing releasing releasing
! '”dx'zd”a'/ 18V 8.Vl 1.Vl 17V 7.V 5Vl

pesticides were determined by the grower,
based on his assessment of pest populations
(Table 2).

In the chemical treated tunnel, 3 pesticides
were applied against F. occidentalis and the
timing and rate of applications of different

Table 2. A list of pesticides applied to control F.occidentalis on sweet pepper pests in the chemical
treated tunnel during 2019 and 2020.

Application time

Active ingridient Application rate/100 L

2019
18V Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
27V Abamectin 18 g/L 100 ml
5.Vi Pyrethrin 50 g/L 100 ml
14.VI Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
23.VI Abamectin 18 g/L 100 ml
PAYI Pyrethrin 50 g/L 100 ml
11V Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
20Vl Abamectin 18 g/L 100 ml
30.vil Pyrethrin 50 g/L 100 ml
8.Vl Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
17.VIN Abamectin 18 g/L 100 ml
27.VI Pyrethrin 50 g/L 100 ml
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2020
17.V Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
26.V Abamectin 18 g/L 100 ml
4.VI Pyrethrin 50 g/L 100 ml
13.VI Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
22.VI Abamectin 18 g/L 100 ml
1.Vl Pyrethrin 50 g/L 100 ml
10Vl Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
19.vil Abamectin 18 g/L 100 ml
290V Pyrethrin 50 g/L 100 ml
7.V Acrinathrin 22,5 g/L +abamectn 12,6 g/L 100 ml
16.VII Abamectin 18 g/L 100 ml
26.VIII Pyrethrin 50 g/L 100 ml

The number of thrips for each treatment
was subjected to analysis of variance (ANOVA)
(SPSS). The significance of differences among

the number of thrips in different treatments was
tested with LSD test at P<0.05 significance level.

RESULTS AND DISCUSSION

The first thrips were found on the plants
during second half of May, in both 2019 and
2020. Most of the thrips were found on pepper
flowers and occasionally on the leaves. Berlinger
et al. (1997) found that F. occidentalis is mainly
attracted by the flowers than leaves. Higgins
(1992) found that, in British Columbia (Canada),
more than 85% of F. occidentalis larvae were
found on leaves, and the majority (84-95%) of
adults in flowers was females.

The mean number of thrips/flowers is

presented in Table 3. The numbers of thrips/
flowers in the biological controlled tunnel
and in chemical treated tunnel were lower
than in the untreated greenhouse (control).
Thrips infestation started in May, in both years
of research 2019 and 2020, when the number
of thrips/flowers was similar in the three
experimental greenhouses. In the control, the
population density of the thrips increased and
continued to grow until the end of the season
to reach the highest number of thrips/flower

(31.34in 2019 and 32.16 in 2020) at the last week of the growing season (Table 3).

Table 3. Number of thrips/50 flowers in the sweet pepper tunnels during 2019/2020.

Biologically controlled Chemically controlled

Days of inspection Control tunnel tunnel
2019
17.V 9.04 8.66 8.48
31.V 13.16 7.72 6.50
7.VI 16.90 412 5.50
21.VI 19.56 6.10 4.26
5.Vl 22.18 5.16 3.68
19.Vil 24.12 3.88 3.16
2.V 27.56 4.56 2.26
16.VII 28.64 3.08 1.94
30.VIll 31.34 2.16 1.48
2020
16.V 12.98 12.58 12.68
30.V 14.68 9.94 10.26
6.VI 18.70 8.08 9.38
20.VI 22.86 11.36 7.50
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4.Vl 25.30 8.34 5.26
18.VI 26.46 6.50 4.46
1.V 28.36 7.74 3.56
15.Vill 30.62 4.20 2.04
290.Vill 32.16 2.50 1.70

O. laevigatus proved to be an efficient
predator in maintaining the number of thrips
under the economic threshold. According to
Ramchandra and Chang (2013) the number
of thrips under the economic threshold is
49 individuals/flower. In our research, the
lowest number of thrips/flowers, recorded in
the biologically controlled tunnel was 2.16
thrips/flower in 2019 and 2.50 thrips/flower
in 2020. In the chemically controlled tunnel,
the lowest number of thrips/flowers was 1.48
thrips/flower and 1.70 thrips/flower in 2020,
what was expected after the application of the
insecticides.

In the biologically controlled tunnel,
the number of thrips/flower reduced to the
economic threshold in the third week after
the first release of O.laevigatus, at the rate of 1
adult/m?in 2019. After the second and the third
release of O.laevigatus, the number of thrips/
flower continued declines. (Graph. 1). In 2020
the number of thrips/flower reached 4.20, which
is below the economic threshold according to
Ramchandra and Chang (2013), after the third
release of 1 adult/m? of O.laevigatus (Graph.2).
Similar results were obtained by Kececi and
Gurkan, in 2013 Arné etal. (2008) reported
that Orius species could serve as an important
biological control agent for use in sweet pepper.

35
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10

17V 31V 7.V 21.VI
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16.VIll 30V

Figure 1. Mean number of thrips/50 flowers for different treatments in 2019
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Figure 2. Mean number of thrips/50 flowers for different treatments in 2020

Statistically, insignificant differences were  control and the chemically controlled tunnel
found between the biologically and chemically ~ and between control and biologically controlled
controlled tunnels in both years of research.  tunnel in years of research, 2019 and 2020
There was significant difference between the (Table 4).

Table 4. Analysis of variance (SPSS) and multiple comparisons between the treatments and the
number of thrips/50 flowers in 2019 and 2020.

ANOVA
Sum of Mean
Squares df Square F Sig.
Number of thrips/50  Between Groups 1696.150 2 848.075 39.108 <.001
flowers for different  Within Groups 520.449 24 21.685
treatmentsin 2019 Total 2216.598 26
Number of thrips/50  Between Groups 2039.879 2 1019.940 38.172 <.001
flowers for different  Within Groups 641.264 24 26.719
treatments in 2020 Total 2681.143 26
MULTIPLE COMPARISONS
LSD
Dependent
Variable (I) Treatments (J) Treatments Mean Difference (I-J) Std. Error Sig.
Number of Control BCT 16.34056" 2.19521 <.001
thrips/50 flowers ccT 17.24944' 2.19521 <.001
for different BCT Control -16.34056' 219521 <.001
tzrgf;me”ts n ccT 90889 2.19521 683
ccT Control -17.24944° 2.19521 <.001
BCT -.90889 2.19521 .683
Number of Control BCT 18.77333" 2.43672 <.001
thrips/50 flowers cCT 18.08444" 2.43672 <.001
for different BCT Control -18.77333" 243672 <001
tzr(‘;’;(t)me”ts n ccT ~68889 243672 780
ccT Control -18.08444" 2.43672 <.001
BCT .68889 243672 .780

*The mean difference is significant at the 0.05 level



Biljana Atanasova, Dusan Spasov1, Dragica Spasova, Mite llievski

CONCLUDING REMARKS

In the present study releasing O. laevigatus
showed to be effective and safe compared
to the chemical control program under the
same circumstances. The pirate bug reduced
F. occidentalis individuals below the economic
threshold and can be used effectively to
decrease or even to completely replace the
chemical treatments in pepper production in
plastic tunnels.

The results showed that there are
statistically significant differences between
the population of F. occidentalis in the tunnel

with performed biological control using O.
leavigatus and the control, as well as between
the population of F. occidentalis in the tunnel
with performed chemical treatments and the
control. No statistically significant differences
were observed between the population of
F. occidentalis in tunnels with biological and
chemical control.

So, we can recommend O. laevigatus for
controlling F. occidentalis on pepper plantations
in the greenhouses.
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YNOTPEBA HA Orius laevigatus 3A KOHTPOJIA HA NMONYJIAUWUJATA HA Frankliniella occidentalis
(THYSANOPTERA: THRIPIDAE) KAJ MUMNEPKA BO 3ALUTUTEH MPOCTOP

Bunjana AtaHacoBa'’, flywaH Cnacos’, fiparuua CnacoBa’, Mute Unuescku'
'3emjooesncku hakynmem, YHusepaumem ,foye [lenyes” - Limun, yn. ,Kpcme Mucupkog” 10-A,
2000 LImun, Peny6nuka CesepHa MakedoHuja
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Pe3snme

Mako xemMuckute necTuumpmn urpaat BuTalHa Yynora BO KOHTPONMPareTo Ha OpojoT Ha LTeTHM
WNHCEKTM, TMe NCTO Taka NpuioHecyBaaT 3a 3abp3yBare Ha 3aragyBaheTo Ha NnousaTa, BO34yXOT M BoAaTa.
Mopaaun yectata ynotpeba MHCEKTUTE MHOTY O6p30 CTaHyBaaT OTMOPHU Ha akKTVBHY MaTepuu, MM YHULLTYBaaT
NPUPOAHUTE HeNpujaTenn Ha WTETHULWTE, a LUTETHO BAKjaaT 1 Bp3 nyreto. COo4BETHO Ha TOa, MpYMeHaTa Ha
6uonoLlKaTa 3alTnTa, OGHOCHO yrnoTpebaTta Ha XMBW opraHn3MKM (MpeJaTtopy U NapasnTv) BO NporpammTe
3a 3alITWTa Ha pacTeHMWjaTa BO 3alUITUTEHUTE Mojpadyja, 3a3eMa noroneM obem BO CBETCKM PaMKM OTKOJIKY
ynoTpebaTta Ha XeMUCKU NecTuumau.

Llenta Ha HaweTo umcTpaxyBare bewe aa ce ytBpan edukacHocta Ha npepatopotOrius laevigatus
(Hemiptera: Anthocoridae) 3a HamanyBarbe Ha nonynaumjaTa Ha 3anagHWOT uBeTeH Tpunc (Frankliniella
occidentalis). EkcnepumeHTOT Gelle NOCTaBeH BO KOMepPLMjaiHN opaHXepun (Tpy TyHenu 6e3 rpeerbe, oKosy
125 m?, cekoj), nounpaHu Bo obnacta [laburbe, Penybnrnka MakegoHuja, Bo TekoT Ha 2019 1 2020 roguHa.

[lobreHnTe pesyntati ofroBapaaTt Ha HallMTe OYeKyBarba BO KOHTPOMMPAHETO Ha Monynauujata Ha
natyBatbaTa. [lpefaTopoT ce NoKaxa Kako edrikaceH Bo HamasyBarbeTo Ha 6p0joT Ha monynalujaTa Ha TPUMCOT.

KnyuHu 36opoBu: npedamopu, buosowka KOHMposa, 3anadeH ygemeH mpunc, nupamcka 6ybayka

Journal of Agriculture and Plant Sciences,
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Abstract

The feed costs are the major expenses for the farmers and the main input that influenced the economics
of livestock production. The physical form of diet is one of the main drivers for better digestibility of feed and
improved growth performance of farm animals. This study aimed to evaluate the effect of using two different
physical forms of diet (ground feed mixtures and pelleted feed mixtures) on the growth performance of
fattening lambs. Seventy-two fattening lambs were randomly assigned to two groups with 36 fattening lambs
to assess the effects of feeding with pelleted (test group) and ground feed mixtures (control group) on growth
performance. Two physical forms (pelleted vs. ground) were equal in ingredient and chemical composition.
The duration of the experiment was 42 days. At the beginning of the trial, the lambs in the test group had
lower average live body weight and daily gain compared with the lambs in the control group. However, at the
end of the feeding trial, the lambs feeding with a pelleted feed mixture had achieved a higher average live
body weight and better daily gain. The results from the ANOVA for growth performance of lambs depending
from the physical form of diet indicate that there was a statistically significant difference (p<0.05) between
the test and control groups of lambs in the 5™ and the 6™ week of the feeding trial. These results support
the possibility of using pelleted feeds in intensive fattening of lambs for improving the growth performance,
increasing average daily gain and reducing the duration of the fattening period.

Keywords: fattening lambs, diet, growth performance

INTRODUCTION

Sheep breeding and fattening of lambs
for export have a long tradition in North
Macedonia. It is an essential source of income
for sheep farmers that require minimum
investment, care and management. According
to data from the Statistical Yearbook of the
Republic of North Macedonia (2021), the sheep
population in North Macedonia is around
700.000 sheep with the production of around
3.183 tons of sheep meat. Several factors affect
the economy of sheep husbandry. One of them
is nutrition, which in the total production costs
per unit of livestock product contributes up to
80%. The healthy breeding of livestock and the
production of high-quality animal products
require a stable supply of complete feed (Xu et

al.,,2017).In the current intensive rearing system
for lambs in many countries are usually fed
ground concentrates and roughages in separate
or a loose total mixed ration (TMR) (Joy et al.,
2008; Rodriguez et al., 2008). The productivity of
lambs can be increased by improving nutrition
through supplementation of concentrates or
compound feed. Complete pelleted feed is a
good option in this regard to ensure balanced
nutritionforthelambsinintensiverearingsystem
since pellet feeding gives nutrition to lambsin a
balanced form (Islam et al., 2017; Zhong et al.,
2018). Additionally, seasonal oscillations and
climatic variability also affected forage quality,
quantity and availability. Moreover, low-quality
feed supply has hindered lambs’ capacity to
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achieve their productivity potential (Nardone
et al,, 2010; Sultana et al.,, 2011). The ration’s
characteristics, such as ingredients, shape,
smell, taste, and particle size, could affect the
palatability and animals’feed intake. In addition,
the physical form of rations is extremely
important for efficiency and can affect rumen
fermentation. Compared with ground feed,
pelleted feed has been regarded as an efficient
form for improving the intake, digestibility, feed
conversion, and reducing animal ingredient
selection. Thus, better digestion and usability
of nutrients enhance animal growth and lead
to better conversion into animal products
(Blanco et al., 2014). Pelletized feed is defined
as “agglomerated feedstuff” formed by
grinding and extruding individual feed or
mixtures (Zimonja et al., 2007), by compaction
and passing through sieve openings in a
mechanical process. Mechanical pressure can
partly break down complicated fibre structures
and promote starch gelatinization resulting
in increases of feed voluntary intake and
nutritional digestibility. These pellet products

are easier to handle, tastier, more digestible and
usually result in improved feeding results when
compared to non-pelleted animal feed (Zhao
et al.,, 2011). Long-term conditioning of pellets
(85°C, for 3 minutes) has a positive effect on
their physical quality, reducing power fraction
(Svihus and Zimonija, 2011), and improving the
hygienic quality of pelleted feeds (Peisker, 2006;
Jones, 2011).

Due to the limited natural resources in
North Macedonia, and in order to achieve the
benefit of the produced compound feed, the
present experiment was designed to develop a
total mixed ration based on complete pelleted
feed and evaluate its utilization for commercial
lamb fattening under intensive or stall-fed
condition. It was hypothesized that feeding the
lambs with complete pelleted feed (pelleted
Total Mixed Ratio - PTMR) can enhance growth
performance by improving the daily feed
intake, average daily gain and feed conversion
ratio compared to feeding lambs with ground
fodder mixtures (unpelleted Total Mixed Ratio -
UPTMR).

MATERIALS AND METHODS

After the total mixing of ingredients, the
preparation of the pelleted feed was done in the
pelleting machine. The two dietary treatments
were PTMR and UPTMR. Both diets had the
same chemical and ingredient composition. The
approximate diameter of the complete pellet
was 6-8 mm.

The feed chemical analysis was done at
the Faculty of Agricultural Sciences and Food,
Ss. Cyril and Methodius University in Skopje,
Republic of North Macedonia. Before the
chemical analysis pellet and other feed samples
of the experimental diets were dried and ground
in a grinding mill through 2-mm sieve. The
crude protein (CP) content of the experimental
diet was determined using the Kjeldahl method
(MKC EN ISO 5983- 1:2010 corrigendum). The
moisture content of the feed was determined
by drying the samples at 105°C overnight (MKC
ISO 6496:2012), while ash was measured by
burning further at 500°C for 4 hours (MKC ISO
5984:2012). Solvent extraction methods were
used for crude fat analysis (MKC ISO 6492:2012).
Crude fibre determination in animal feed was
done according to the standard MKC EN ISO
6865:2010.

Seventy-two healthy lambs from the
indigenous Ovchepolian breed atapproximately
15 to 20 days of age with similar body live
weights were randomly allocated into two
pens with 36 lambs in each pen. The pens were
randomly assigned to two dietary treatments.
The control treatment group was fed with un-
pelleted feed while the test treatment group
received a pelleted feed. This experiment
consisted of a 42 days fattening period for data
collection. Experimental diets were formulated
to meet the lambs’ nutrient requirements for
growing and fattening lambs (Feeding Standard
for lambs in growing and fattening according to
the Rule book for feed quality in the Republic
of North Macedonia, Official Gazette 54/2014).
The diet compositions and nutritional contents
are shown in Table 1. Sufficient diets were
made in one batch to make sure there was no
batch effect on dietary treatments. During the
whole experimental period, all lambs had free
access to the assigned diets. Diets were offered
ad libitum. All the animals had free access to
fresh tap water. During the whole experimental
period, all lambs in a pen were individually
measured on days 0, 7, 14, 21, 28, 35 and 42.
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Average daily gain (ADG) was calculated for day
0-7 (week 1); 7-14 (week 2); 14-21 (week 3); 21-
28 (week 4); 28-35 (week 5) and 35-42 (week 6)
by dividing the difference of measured weights
by the period interval. The consumed feed by
groups were calculated to determine average
daily feed intake ADFI. Feed conversion ratio

(FCR) was calculated by dividing ADFI with ADG.

Using one-way analysis of variance
(ANOVA), the statistically significant differences
were tested in the growth performance of lambs
in test and control group, depending from the
physical form of diet.

RESULTS AND DISCUSSION

Table 1 shows the diet compositions and
nutritional contents that were used for fattening

lambs during the trial. The pelleted and ground
feed had the same ingredient composition.

Table 1. Ingredient composition of experimental mixtures.

Diet Ingredients (% or gr/100gr) Diet for growing and fattening Diet for growing and
lambs under 15 kg live weight | fattening lambs from 15-30
kg live weight

Maize 37.00 36.00

Barley 30.00 42.00
Soybean meal 23.00 12.00

Alfalfa hay 8.00 8.00
Vitamin-mineral premix 2.00 2.00

Total (%) 100.00 100.00
Metabolizable energy, OU/kg DM 1.33 1.31

Crude protein 18.11 14.13

Table 2. Chemical composition of experimental mixtures

Chemical composition of mixture

Feed Moisture, Ash, % Crude proteins, | Crude fat,% | Crude fiber, %
% %

Un-pelleted ground feed 12.71 4.17 18.16 4.02 4.93

Pelleted feed 12.65 7.37 18.11 4.10 5.08

The lambs in the test group were included
in the experiment at the approximate age
of 15.80 days, while the lambs in the control
group were older 5 days in average (20.68 days).

Respectively, the lambs in the control group
at the start of the experiment were a little bit
heavier than the lambs in the test group (Table
3 and Table 4).

Table 3. Structure of the lamb population involved in the trial.

Period Groups N Days of age Days in feeding

Initial point Test 36 15.80 0
Control 36 20.68

week 1 Test 36 22.80 7
Control 36 27.68

week 2 Test 36 31.80 14
Control 36 36.68

week 3 Test 36 38.80 21
Control 36 43,68

week 4 Test 36 45.80 28
Control 36 50.68

week 5 Test 36 52.80 35
Control 36 57.68

week 6 Test 36 59.80 42
Control 36 64.68
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Table 4. Growth performance of lambs.

Period Group of lambs Average lamb live Weekly weight gain of | Daily weight gain of
weight (kg) group (kg) lamb (kg)
Initial point Test 13.30+1.79
Control 13.76+2.21
week 1 Test 14.90+2.35 57.46 0.32
Control 14.98+2.28 58.32 0.34
week 2 Test 16.98+2.50 75.02 0.30
Control 17.27+2.39 82.37 0.33
week 3 Test 19.28+2.03 82.94 0.33
Control 19.24+1.89 76.61 0.28
week 4 Test 21.59+3.01 82.94 0.33
Control 21.55+2.71 77.43 0.33
week 5 Test 24.73+2.06 98.71 0.39
Control 24.17+1.97 92.04 0.37
week 6 Test 27.87+£3.34 118.87 0.47
Control 27.14+3.50 111.94 0.42

However, at the end of the experiment, observed in the pelleted-fed group indicating
the lambs in the test group achieved a higher  that pelleting increased the digestibility and
daily weight gain and better feed conversion non-selectivity in feed intake. A similar result
rate than the lambs in the control group (Table  was also found by Roy et al. (2010) and Ahmed
4 and Table 5). Higher daily weight gain was et al. (2020).

Table 5. Feed intake and feed conversion rate in groups of lambs.

Period | Groupof | Total weekly feed | Total daily feed intake | Daily feed intake | Feed conversion
lambs intake by group (kg) by group (kg) by lamb (kg) rate (kg)

Start|Test 88.20 12.60 0.35

point | Control 100.80 14.40 0.40

week 1 |Test 88.20 12.60 0.35 1.54
Control 100.80 14.40 0.40 1.73

week 2 | Test 88.20 12.60 0.35 1.18
Control 100.80 14.40 0.40 1.22

week 3 |Test 141.75 20.25 0.56 1.71
Control 148.68 21.24 0.59 1.94

week 4 |Test 141.75 23.46 0.65 1.98
Control 153.72 25.66 0.71 2.32

week 5 |Test 166.95 34.27 0.95 2.43
Control 181.44 36.29 1.01 2.76

week 6 | Test 177.03 49.08 1.36 2.89
Control 189.00 49.89 1.38 3.12

The results from the ANOVA for the growth between the test and control group of lambs
performance of lambs depending from the in the 5" and the 6™ week of the feeding trial
physical form of diet indicate that there was (Table 6).

a statistically significant difference (p<0.05)
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Table 6. Effects of feeding treatment on growth performance of fattening lambs.

Dependent variable: Groups of lambs related to the type of diet

Source of variation df between groups df in groups F-value
Initial control 1 70 0.428N
Control week 1 1 70 0.896"°
Control week 2 1 70 0.681M
Control week 3 1 70 0.955M
Control week 4 1 70 0.651M
Control week 5 1 70 0.046*
Control week 6 1 70 0.045*

Ruminants are able to select rations
according to their needs or preferences (Askar
et al.,, 2006). Feeding PTMR is a great method
to prevent lambs selecting rations when
comparing to traditional feeding systems
(feeding concentrate and long fibre separately).
Although pelleting increases feed production
costs by at least 10% (Jahan et al., 2006), it
greatly expands potential sources of fibrous
feedstuff, saves storage space and labour costs,
which promotes development of a precision
animal feeding industry. The farmer can choose
locally available, cheaper roughage for pelleting
according to season, region, and market to
reduce production costs.

Feeding PTMR increased growth rate of
fattening lambs in the present study, largely
attributed to better FCR. The increased ADG (50

g/d) was consistent with the findings of Coufal-
Majewski et al. (2017) and Zhang et al. (2019),
in which they found that fattening lambs fed
completely pelleted mixtures had around 60
g/d greater ADG than those fed mash diets.
Consistent with the results of Blanco et al.
(2014, 2015) obtained from fattening lambs,
the increased ADG and daily feed consumption
could reduce the duration of the fattening
period, the most direct way toimprove efficiency
of sheep production in an extensive system.The
results of this study demonstrated that feeding
fattening lambs PTMR enhanced their growth
performance in terms of ADG and better FCR.
Zhong et al. (2018) found that feeding PTMR
increased the feed consumption and growth
rate of fattening lambs.

CONCLUDING REMARKS

In the intensive feedlot rearing system,
providing stable and high-quality rations
is necessary for improving animal growth
performance and producing high-quality
animal products. The use of ground feed
mixtures in animal nutrition is associated with
certain weaknesses that reduce the profitability
of livestock breeders. The production of pelleted
feed mixtures increases the competitiveness of
both the feed producer and the animal breeder.
Non-floury (pellets, flakes, popcorn forms)
products have advantages in homogeneity,

density-hectolitre mass, and also have a longer
shelf life, due to the reduced initial number of
microorganisms (saprophytic and pathogenic)
as a result of the technological process of
pelleting, but also the smaller surface of the
pellets which is exposed to contamination.
Feeding pelleted instead of mash diet increased
dry matter intake and average daily gain of
fattening lambs without causing any health
issues, consequently reducing the duration
of the fattening period. This feeding regime is
beneficial to increase profitability.
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MUCXPAHA HA JATHUHBA CO NOAOBPEHU NMEJIETUPAHUN KPMHU CMECH
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Pesnme

MNcxpaHaTta Ha dapMcKuTe XXMBOTHM NPETCTaByBa HajronemMnoT TPOLWOK 3a dapmMepuTe 1 rnaBeH dpakTop
KOj BNMjae Bp3 eKOHOMMKaTa Ha CTOYapCKOTO nNpon3BoacTeo. Pusnykata dopma Ha foOMTOUHATa XpaHa 1Ma
3HauajHo BNMjaHKe BP3 UCKOPUCTMBOCTA Ha XPaHIMBUTE MaTePUX 1 MOCTUTHYyBake Ha Ao6pY NPOU3BOAHN
pe3ynTaTi BO CTOYAPCKOTO MPOM3BOACTBO. [MaBHa Lien Ha UCTpaxyBareTo belle BOBeflyBatbe Ha nofobpeHa
1 n3banaHcupaHa neneTrpaHa KPMHa CMeca 3a roerbe Ha jarHuma. 3a cnefere Ha NPoON3BOAHNUTE pe3ynTaTu
BO rOemeTo Ha jarHunmata 6ea popmmpaHm ase rpynu no 36 jarHura. JarHumara Bo TecT rpynaTa 6ea xpaHeTun
CO MeneTmpaHa KpMHa CMeca, a jarHuMmaTta BO KOHTpOJiHaTa rpyna co GpalHecta KpMHa cmeca. TOBOT Ha
jarHyMaTa Bo eKCcnepumeHTOT Tpaelle 42 feHoBU. 3abenexunTenHo Helle eKa Ha MOYETOK Ha eKCneprMEHTOT
jarHMMaTa BO TecT rpynaTta MmMaa nomasa npoceyHa mMaca 1 noman npuMpacTt Bo cnopefba co jarHumarta Bo
KOHTpoOJiHaTa rpyna. MeryToa, Ha KpajoT off eKCNepMMEHTOT jarHMHbaTa BO TeCT rpynarta nocTurHaa noronema
npoceyHa TenecHa TexknHa 1 nogobap npupacT Bo cnopepba co jarHMbaTa BO KOHTPOHaTa rpyna. AHanu3arta
Ha BapujaHca (ANOVA) 3a npon3BogHUTE NoKasaTenun Ha jarHubarta, 3aBUCHO Of UCXpaHaTa Co neneTupaHu
unu 6palHecT KPMHU CMecK, NMoKarka fleka MoCToM CTaTUCTUMYKM 3HavajHa pasnuvka (p<0,05) Bo cpefHuTe
BPEeLHOCTM ofi NPOV3BOAHNMTE NOKasaTeny Mery rpynute jarHukba Npv HanpaBeHaTa KOHTPONa BO neTTata u
LecTaTa Heflena O eKCNepuMeHTOT. YnoTpebaTta Ha neneTrpaHy KPMHU CMeCH BO OBYAPCKOTO NPOM3BOACTBO,
BO WHTEH3VBHY YCJIOBY Ha OArNeflyBatbe 1 TOB Ha jarHUHa, OBO3MOXYBa MoAobpyBare Ha Mpou3BOAHMTE
nepdopmaHcy, 3ronemyBarbe Ha AHEBHUOT NPUPACT 1 CKPaTyBakbe Ha BPEMETO Ha roehe Ha jarHumbarTa.

KnyuHun 360poBuU: UCXPaHad, 20erbe HA jazHUkd, NPOU3BOOHU pe3ysimamu

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 20, No. 2, pp. 23 - 29






JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 20, No. 2, 2022
In print: ISSN 2545-4447

On line: ISSN 2545-4455
doi: https://doi.org/10.46763/JAPS22202031i

\t_\n.r'-lke'.»\,\,

' _ $X II,‘;/OQ,_i_
Manuscript received: 04.12.2022 S =R

Accepted: 21.12.2022

Original scientific paper

CONDITIONS AND CHALLENGES IN WHEAT, BARLEY AND CORN PRODUCTION IN REPUBLIC OF
NORTH MACEDONIA IN THE PERIOD DURING THE
NEW WORLD ECONOMIC CRISIS

Mite llievski', Dusan Spasov', Dragica Spasova’, Biljana Atanasova’', Verica llieva’
'Faculty of Agriculture, Goce Delcev University — Stip, Krste Misirkov 10-A, 2000 Stip,
Republic of North Macedonia
*Corresponding author: mite.ilievski@ugd.edu.mk

Abstract

Wheat, barley and corn are the most common cereals in crop production in Republic of North Macedonia.
In 2021, 243,676 tons of wheat, 151,600 tons of barley and 130,769 tons of corn were produced. The other
cereal species, like rye, rice and oats are produced in much smaller quantities. The total production of wheat,
barley and corn grain in 2021 was 526,045 tons. The average production for the three-year period (2019/21) of
grain from these crops was 529 956 tons.

The production obtained from these grains does not satisfy the domestic need and demand. Wheat is
dominant and strategic cereal crop, followed by barley and corn. The domestic production meets about 55 to
60% of needs. The remaining amount is still provided by imports. In order to overcome these conditions and
become import-independent for wheat, barley and corn grain, it is necessary to take certain bolder stepsin the

organizational part of production.

Key words: production, cereals, yield, crops, grain, measures

INTRODUCTION

Cereal crops are very important group
of agricultural crops (Vasilevski, 2004). Cereal
plants have many uses for human nutrition,
domestic animals and the processing industry
(Ilievski, 2014). The production of wheat, barley
and corn grain does not meet the need in
Republic of North Macedonia, although they
have a strategic importance in production
and are the most common crops grown in our
country. These conditions are the result of a
number of inconsistencies in production, such
as:
— using uncertified seed material,
inappropriate fertilization according to the
requirements of cereal crops,
fertilization with insufficient amounts of
fertilizers;
impossibility of interventional irrigation
in critical phenophases of the growth and
development of cereal plants as a result
of outdated or non-functional irrigation

systems;
use of old and inappropriate machinery in
production;
poor application of plant protection
products during production, etc.
The soil and climate conditions of the
region, as well as the degree of the agricultural
technology used, greatly affect the achievement
of high and stable production.

Of the total agricultural area in Republic
of North Macedonia (1,263,000 ha), 40.46%
is arable land (511,579 ha). Almost 81% of the
arable land is used for agricultural production,
of which 38.98% or 160,988 ha are with cereal
crops.There are small differencesin the achieved
average yields of wheat, barley and maize
between agricultural enterprises and family
farms (State statistics office of the Republic of
Macedonia (2012/07)). Wheat is in first place by
area of all cereal crops.
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Natural conditions for cereal
production

The natural conditions in Republic of North
Macedonia provide the opportunity for the
cultivation of all cereal crops. At the same time,
winter forms of grain withstand much lower
temperatures compared to spring ones (llievski,
2014). In the case of winter forms, the optimum
for spending the first vegetation period is from
0 to 15°C. In the later period of development,
and especially in the phase of formation of the
generative organs and flowering, they need
higher temperatures, with an optimum of 16
to 22°C (Jevti¢, 1992). The most resistant cereal
crops to low temperatures are rye and wheat.
They tolerate from -20 to -25°C without a snow
cover, and maybe more (llievski, 2014). The most
resistant to low temperatures are the winter
forms of grain in the tillering phenophase.
Millet, sorghum, rice and buckwheat can hardly
tolerate temperatures below 0°C, while corn
in the phenophase of germination tolerates
negative temperatures from -2 to -3°C. Cereal

plant

crops have a great need for water and can
hardly bear the lack of it (Ilievski, 2014). One of
the main problems in the production of cereal
crops is precisely this factor. The most sensitive
to lack of water are oats and rye, followed by
wheat and barley, in the phenophases of grain
filling and milk maturity.

Cereals are mostly grown on all soil types.
According to the reaction of the soil solution,
the cereals are divided into two groups: cereals
that normally grow and vegetate at a neutral or
slightly acidic reaction (pH 6-7): wheat, barley
and corn; and cereals that tolerate a wider pH
interval value: rye, oats, millet and buckwheat
(Jevti¢, 1992).

Wheat production in Republic of North
Macedonia

Table 1 providesdataontherepresentation,
yield and realized production of wheat in the
2019, 2020 and 2021 production years and the
average for the three-year period.

Table 1. Wheat production on agricultural arable land in Republic of North Macedonia 2019-2021.

Year Area (ha) Yield (kg/ha) Production (t)
2019 68 959 3485 239916
2020 69 902 3527 246 031
2021 70 515 3463 243 676
Average 2019/21 69 702 3492 243 208

Data in Table 1 show that the areas with
wheat are constant, with small oscillations from
year to year, but the data on the average yield
per unit area show a tendency to increase.

Representation of high-yielding varieties
and sowing quality seed material is one of the
main factors for achieving high wheat yields
(Georgievski et al., 2004/2005).

The average production of wheat grain
for the three-year period is 243 208 tons. This

amount meets about 55 to 60% of needs. The
remaining quantity is still provided by imports.

Barley production in Republic of North
Macedonia

Table 2 providesdataontherepresentation,
yield and realized production of barley in the
production years 2019, 2020 and 2021 and the
average for the three-year period.

Table 2. Barley production on agricultural arable land in Republic of North Macedonia 2019-2021.

Year Area (ha) Yield (kg/ha) Production (t)
2019 44098 3151 138453
2020 45011 3283 147 711
2021 47 890 3179 151 600
Average 2019/21 45 667 3204 145 835

Data in Table 2 show that the areas
with barley and the total production tend to
increase slightly from year to year. The average

production of barley is 145 835 tons for the
three-year period (2019/21).
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Corn production in Republic of North
Macedonia
Table 3 providesdataontherepresentation,

yield and realized production of corn in the
production years 2019, 2020 and 2021 and the
average for the three-year period.

Table 3. Corn production on agricultural arable land in Republic of North Macedonia 2019-2021.

Year Area (ha) Yield (kg/ha) Production (t)
2019 34123 4277 145528
2020 32013 4589 146 434
2021 30425 4327 130769
Average 2019/21 32187 4398 140910

The data show that the areas under corn
are decreasing from year to year, but the data
for the average yield per unit area is constantly
above 4000 kg/ha. The average corn grain
production for the three-year period is 140,910
tons. Maize is produced on an area of 32 187
hectares with an average yield of about 4 398
kg/ha.

Total grain production of wheat, barley
and corn

Table 4 provides data on the total
production in tons of wheat, barley and corn for
the years 2019, 2020 and 2021 and the three-
year average.

Table 4. Total production of wheat, barley and corn in Republic of North Macedonia 2019-2021.

Year Wheat (t) Barley (t) Corn (t) Total (t)
2019 239916 138453 145 278 523 647
2020 246 031 147 711 146 434 540176
2021 243 676 151 600 130 769 526 045
Average 2019/21 243207 145 835 140910 529956

From the data in Table 4, it can be stated
that Republic of North Macedonia produced an
average of 243,208 tons of wheat, 145,835 tons
of barley and 140,910 tons of corn for the period
2019/2021. The largest total grain production
of these three cereal crops in the year 2020,
amounts to 540,176 tons. In 2021, there is a
slight decrease in the amount of production
achieved, compared to the previous year.

Recommendations and measures for
the improvement of cereal crops production
Republic of Macedonia

Cereal crops production in the period
of the new world economic crisis does not
satisfy the domestic demand, although they
have a strategic importance and are the most
represented crops in plant production in our
country. Domestic production meets about 55
to 60% of needs. The remaining quantity is still
provided by imports.

In order to overcome these conditions
and become market independent for cereal
grains, it is necessary to take certain bolder
steps in the organization of production. One

of the possibilities is to increase the areas with

cereal crops. But in such market conditions,

realistically, it is more difficult to do. Another

possibility is to increase the average yield per

unit area of all cereal crops. The realization of

the second possibility requires a series of steps

that must be followed and implemented.
Those steps are as follows:

1. Use of certified seed material by all
producers;

2. Timely and sufficient amount of fertilizers
for plant nutrition according to the needs
of the crops and the soil conditions of the
agricultural plots;

3. Precise nutrition of the crops in appropriate
organogenetic stages to increase the
generative organs in the grain, and thus
the yield;

4. Alleviation of dry periods in the critical
phenophases of the growth and
development of cereal plants with
interevent irrigation, especially in the
phenophases of filling and ripening of the
grain;
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State investments in the improvement
of obsolete and ineffective irrigation
systems and the construction of new agro-
ameliorative systems;

Support and investment in small and
medium-sized farms and family producers
for the purchase of new and appropriate
machinery;

Increased and improved use of plant
protection products;

Increased support in the area of subsidies
for strategic cereal crops;

Agrotechnical measures, with which
application higher yields can be achieved,
among others, are: correct selection of the

pre-crop; growing in crop rotation; avoiding
cultivation in monoculture and pre-crops that
are harvested late and make it impossible to
adhere to the optimal sowing dates; correct
selection of varieties; quality tillage; use of
optimal amounts of seed per sowing unit;
harmonizing additional plant nutrition with
natural soil fertility; breeding genotypes
resistant to pests, diseases and weeds etc
(Glemodlija, 2004).

These moments are not fully observed
in the production of cereal crops in Republic
of North Macedonia, which leads to a direct
decrease in average yields per unit area.

CONCLUDING REMARKS

Based on the above, the following
conclusions and findings can be drawn:
The cereal crops production in Republic of
North Macedonia (2019/21) is realized with
the production of wheat grain (243 207t),
barley (145 835 t) and corn (140910 t).
Rye, rice and oats are produced in much
smaller quantities.
Of the total agricultural area in Republic of
North Macedonia (1,263,000 ha), 40.46%
is arable land (511,579 ha). Almost 81%
of the arable land is used for agricultural
production, of which 38.98% or 160,988 ha
are with cereal crops.
The differences in average yields achieved
between agricultural enterprises and
cooperatives and family farms are small.
The cereal crops production in the period

of economic crisis does not satisfy the
domestic demand, although they have
a strategic importance and are the most
represented crops in plant production in
our country.

Domestic production meets about 55 to
60% of needs. The remaining quantity is
still provided by imports.

To achieve a higher and stable production
to a large extent in addition to the soil
and climate conditions of the region, it is
necessary toimprove the degree of applied
agricultural technology.

In order to overcome the dependence on
wheat, barley and corn grain imports, all
efforts and measures should be aimed at
increasing the average yield per unit area.
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COCTOJBU U NPEAN3BMLIN BO NPON3BOACTBOTO HA MYEHMLUA, JAYMMEH U MYEHKA BO
PENYBJINKA MAKEAOHWJA BO NEPUOAOT HA HOBATA CBETCKA EKOHOMCKA KPU3A

MuTe Ununesckn™, flywan Cnacos', iparuya CnacoBa', bunjaHa AtaHacoBa', Bepuua Unuea'
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Pesnme

MNMueHuMuUaTa, jauMEeHOT 1 NYeHKaTa Ce Haj3acTaneHu XXUTHU KyITYpy BO PacTUTENHOTO NPOM3BOACTBO BO
Peny6nvka MakegoHuja. Bo 2021 rogrHa ce npoussefeHun 243 676 ToHU nueHunya, 151 600 ToHW jaumeH 1 130
769 ToHM NYyeHKa. Of ocTaHaTUTe BUAOBY XUTapKK, KaKo Ha MpUMep 'pxTa, OpM30T 1 OBECOT, Ce Npoun3BeyBaaT
BO MHOTY NOMasnu KONNYMHU. BKYnHOTO Npon3BOACTBO Ha 3PHO O NYeHULa, jaumeH 1 nyeHkKa Bo 2021 rognHa
n3HecyBa 526 045 ToHW. [IPOCEYHOTO NPOU3BOACTBO 3a TPUTOAULIHMOT nepuog (2019-2021 roguHa) Ha 3pHO
o[l oBue Kyntypu e 529 956 ToHw.

[JobreHoTo MPOM3BOACTBO Off OBME XWTa He ja 3aJ0BONyBa AoMallHaTa mnoTpeba m nobapysauka.
MNyeHnuaTa e JOMMHAHTHA M CTpaTellka XUTHa KynTypa, NoToa cfedaT jauMeHOT U nyeHkaTa. [JomalHoTo
NMPOW3BOACTBO 33J0BONyBa 0Kony 55 Ao 60% op notpebute. OcTaHaTaTa KONMUYMHA Cé ylwTe ce 06e3beayBa co
yBO3. 3a fla ce HAMUHAT OBMeE COCTOjOU 1 ja CTaHeMe YBO3HO HE3aBWCHY 33 3PHO Off MYEHMLA, jauMEH M MYeHKa,
noTpebHo e Aa ce HanpaBaT OgpPeAeHN MOCMENN YEKOPU BO OPraHn3aLMCKUOT fen Ha MPOW3BOACTBOTO.

KnyuHu 360poBu: npou3800cmeo, Xuma, NpUHOC, NOBPLWIUHA, KyImypu, 3pHO, MepKU
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MICROPROPAGATION OF POTATO SEED TUBERS (Solanum tuberosum L.)
UNDER IN VITRO CONDITIONS

Irena Petrova™, Liljana Koleva Gudeva'
Faculty of Agriculture, Goce Delcev University, Stip, Republic of North Macedonia’
*Corresponding author: irena_stojkova 7@hotmail.com

Abstract

In this paper the results of influence of phytohormone gibberellic acid GA, on sprout formation in in vivo
conditions and in vitro microtuberization of the potato varieties Agria, Agata, Sunshine, Ultra and Marabel are
presented. The tubers from all varieties utilized in the experiment were certified potato seed tuber material.

The experiment in in vitro conditions was established on sprout explants and nodal segment explants on
the MS medium (Murashige & Skoog, 1962) with addition of different combination and concentration of auxins
and cytokines. Microtuberization was stimulated by rising the concentration of sucrose in MS medium from

40g/1 to 60 g/l and 80g/Il, respectively.

The in vivo tuber treatment with 30mg/l GA, was the most effective treatment for all potato varieties in
proliferation of sprouts. All tubers that were treated with GA, resulted in de novo sprouting of tubers.

The variety Agata resulted with 100% of microtuberization from nodal segment explants on MS medium
supplied with 40g/l and 80g/l sucrose. Microtuberization of the variety Sunshine was stimulated with addition

of 80 g/l sucrose in MS medium.

The developed microtubers were detached from the nodal segments and subcultured on new MS
medium supplied with BAP 4mg/I, KIN 4mg/I and 8% of sucrose to increase their weight.

Key words: phytohormones, microtuberization, gibberellic acid, sucrose, variety of seed potatoes

INTRODUCTION

Potato (Solanum tuberosum L.) is widely
grown worldwide because of its rich nutrition,
easiness of cultivation and high Yyield
performance (Wang et al., 2020). Nowadays it
is the fourth most important food crop in the
world, after wheat, rice and maize, cultivated on
19.3 million hectares with yield of 388.2 million
tons of potato tubers (Waqas et al., 2021). Potato
(Solanum tuberosum L.) is grown in more than
100 countries and feeds more than a billion
people worldwide (Islam et al., 2020).

The formation of the tubers is a very
complex process, but it can be stimulated
in in vitro conditions, process known as
microtuberization (Abbott and Belcher, 1986;
Apichai, 1988; Dodds et al., 1992; Coleman et al.,
2001).

Previous studies have shown that
micropropagation of potato seed tubers
depends on the biological value of cultivars,

explant type (leaf, nodal segments, shoot tip),
type of culture medium, season, temperature,
photoperiod and balanced combination of
plant growth regulators (PGRs) in the culture
media (Akhtar et al., 2006; Dhital et al., 2010).
GA, participates in cell elongation and GA,
addition in MS medium enhances shoot growth
(Camara et al., 2018; Rizza et al., 2017).
Osmotically active solutes have shown that
sucrose acts as a carbon source and osmotic
regulator. Sucrose and sucrose concentrationare
important factors for potato microtuberization
and they have a profound effect on tuber
growth (Azar et al,, 2013). It acts as an energy
for growth and biosynthetic processes and may
influence growth in in vitro conditions (Ferreira
et al.,, 2011). Sucrose is also closely related to
stomatal density and photosynthetic pigment
content, as well as development induction in
some plant tissues, such as vascular and support
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tissues (Mohamed and Alsadon, 2010; larema
et al.,, 2012). The rise of sucrose concentration
in medium can enhance the microtuber
production to some extent (Khan et al., 2018).
However, high concentration of sucrose in the
medium may decrease the photosynthetic
ability of in vitro potato plants (Fuentes et al.,
2005).

Potato starch has some unique
physicochemical characteristics compared to
starches from other sources as high phosphate
content, absence of internal lipids and proteins
in granules (Burlingame et al., 2009; Romano et
al., 2016).

MATERIAL AND METHODS

The research was conducted in the
Laboratory of Plant Biotechnology, Faculty
of Agriculture, Goce Delcev University - Stip,
Republic of North Macedonia. As starting
material seed tubers from the potato varieties
Agata, Marabel, Ultra, Sunshine and Agria were
used.

In vivo treatment of potato seed tubers
with GA,

The tubers from different varieties were
treated with GA, with concentration of 10, 20

-

Control

and 30 ppm. Control treatment, where the
tubers were not treated with GA, was used
to determinate whether GA, had effect on
emergence of sprouts (Fig. 1).

The GA, treatment was used for induction
of germination and rapid emergence of sprouts.
After GA, treatment, one week old sprouts were
detached from the potato tubers, and they were
used as starting explants for further in vitro
cultivation on MS medium supplemented with
different concentrations of phytohormones.

30 mg/l GAs
seed potato cv.Agata

Figure 1. The effect of 30 mg/l GA, treatment for rapid sprouting and de novo proliferation of sprouts
in variety Agata compared to the control.

Sterilization of initial explants (sprouts)
The sprouts were surface cleaned by
washing them under tap running water for 10-
15 minutes and rinsing them in distilled water
several times followed by surface sterilization of
sprouts surface by immersion in:
- 70% C,H,OH for 2 minutes.
- 0.5% HgCl, for 3-5 minutes or 0.1% NaClO
for 10 minutes and
- several times rinsing with sterile water.

Initial explants - sprouts cultivated in in
vitro conditions

The sprouts as initial explants were
cultivated in MS medium supplemented with
30 g/l sucrose, 0.7% agar, 100 g/I myoinozitol,
200 g/l casein enzymatic hydrolysate, 0.1mg/I
thiamine, 1.0 mg/l pyridoxine and 0.5 mg/I
nicotinic acid. The MS medium pH was adjusted
to 5.8.

The MS media supplemented with
different concentration of cytokinins and/or
auxins were used for induction of shoots culture
from different potato varieties:
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» Sprouts > MS + 2mg/I BAP

o Sprouts > MS + 2mg/I KIN

« Sprouts > MS + 2mg/l BAP + Tmg/I
NAA

e Sprouts > MS +2mg/I KIN + Tmg/I NAA

The sprouts developed into shoots with
different number of nodes within a month. The
shoots were divided into nodal segments and
subcultured on:

« Shoot nodal segments > MS + 3mg/I
BAP + Tmg/I NAA

» Shoot nodal segments > MS + 3 mg/I
KIN + Tmg/l NAA

These media were used for stimulation of
nodal segments growth.

When the explants have reached 15-20 mm
length, they were divided into nodal segments
and subcultured on MS supplemented with
different concentration of BAP, NAA, and sucrose
for induction of microtubers. The following
media were used for induction of microtubers

in different potato varieties:
» Nodal segments > MS + 2mg/l BAP +
2mg/I NAA + 4% sucrose
» Nodal segments > MS + 4mg/l BAP +
2mg/lI NAA + 6% sucrose
o Nodal segments > MS + 6mg/l BAP +
2mg/lI NAA + 8% sucrose

Maintenance of cultures in the climate
chamber

All explants, sprouts and nodal segments,
were incubated in a climate chamber under the
following conditions: temperature 25 + 10°C;
relative humidity 50%; photoperiod: 16/8 hours
light/dark; illumination of 50 cd.

Data analysis

All data were subjected to statistical
analysis with statistical package IBM SPSS
Statistical 29, one-way ANOVA and Duncan post
hoc test, with the level of significance 0.05%.

RESULTS AND DISCUSSION

All tubers treated with gibberellic acid
GA, resulted in de novo germination of sprouts
from the tuber eyelets. The treatment with 30
ppm GA, was the most effective for all potato
varieties. The application of 30 ppm GA, as the
highest dose of gibberellic acid resulted in
100% formation of sprouts from the tubers of
potato varieties Ultra, Sunshine and Agria. The
results presented in Table 1 show that all potato
varieties have good response to gibberellic acid
treatments, regardless of applied concentration.
The variety Sunshine has shown 100% of
formation of sprouts when treated with 10, 20
and 30 ppm GA..

The initiation of sprouts was the key factor
to induce microtuberization. The subcultured
sprouts on MS medium supplied with different
concentrations and combinations of auxins and
cytokinins proliferated into shoots. The nodal
segments from regenerated shoots were used
for induction of microtubers (Fig. 2a).

The nodal segments from shoots were
subject of subcultivation on MS medium
supplied with cytokinins and auxins and
sucrose in concentration of 4, 6 and 8%. The
sucrose was added in order to initiate higher
rate of formation of microtubers. The results of
microtuberization of seed potatoes are shown
in Table 2.

Different researchers agreed that higher
percent of sucrose in the medium had
positive results on microtuberization process
and increased the number and quality of
microtubers (Farran and Mingo-Castel, 2006;
Motallebi-Azar and Kazemiani, 2012; Ahmed et
al., 2013). This confirms our findings during this
research.

The culture of nodal segments was
incubated in controlled climate chamber
under dark conditions to initiate formation of
microtubers. (Fig. 2b).



Irena Petrova, Liljana Koleva Gudeva

Figure 2. a) Culture of shoots b) Culture of nodal segments.

Table 1. Varieties of potato tubers treated with GA, and control.

Production of sprouts
£
Z 5 |53 |58 |.£ e |5z |38
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5. |tE g2z E3E|®2 (B3 |52% (5%
© g < 55 S X5 35.3 CIJE. '_E. 35_>\ o =
> = zZ2 |z02 |za2 |23 =5 Z a0 R a
Agata Control 20 1.89a 0.93ab [2.31b 2.04b 1.37ab 85
10 ppm 22 1.47a 1.00a 2.41b 2.02a 1.40bc 100
20 ppm 22 1.66a 1.00a 2.49b 2.00b 1.35a 100
30 ppm 22 1.52b 0.96a 2.64bc 2.15ab 1.27ab 90.90
Marabel Control 18 1.45a 0.94ab [2.50a 2.09b 1.52a 83.33
10 ppm 18 1.67a 1.00a 2.40b 2.05a 1.50a 55.55
20ppm |18 134b  [0.89b  [2.64b 2.02b 1.30a 77.77
30 ppm 18 1.32b 0.95a 2.65bc 2.02b 1.22ab 94.44
Ultra Control 17 1.47a 1.00a 3.37a 2.23a 1.08b 100
10 ppm 18 1.47a 0.94a 3.38a 2.14a 1.13bc 88.88
20 ppm 18 1.45ab 1.00a 3.47a 2.33a 1.13ab 100
30 ppm 18 1.24b 1.00a 3.28a 2.24a 1.32a 100
Sunshine Control 15 1.81a 0.97ab |2.57a 2.00b 1.18ab 93.33
10 ppm 15 1.45a 1.00a 2.71b 2.07a 1.05b 100
20 ppm 15 146ab  |1.00a 2.60b 2.02b 1.04b 100
30 ppm 15 1.31b 1.00a 2.97ab 2.09ab 1.04b 100
Agria Control 17 1.87a 0.87b 2.22b 2.00b 1.40ab 88.23
10 ppm 17 1.50a 0.94a 2.62b 2.09a 1.14bc 88.23
20 ppm 16 1.42ab 0.96a 2.57b 2.27a 1.28a 93.75
30 ppm 16 2.00a 1.00a 2.35c¢ 2.10ab 1.27ab 100

Means within each column having different letters
at p<0,05.

The rise of sucrose concentration in MS
medium from 40g/l to 80 g/l increased the
percentage of formation microtubers from
42.85% (4% sucrose) to 58.33% (8% sucrose) in
the variety Ultra (Fig. 3a).

are significantly different according to Duncan’s test

The variety Agata resulted with 100%
microtuberization of nodal segments when
cultivated on MS medium with 40g/l and 80
g/l sucrose. Higher microtuberization rate of
the variety Sunshine was achieved with 80 g/I
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sucrose in MS medium (33.33%) as compared to
40 g/1 (16.16%).

The developed microtubers were detached
from nodal segments and subcultured on the

new MS medium enriched with BAP 4mg/I, KIN
4mg/l and 8% of sucrose in order to increase
their weight (Fig. 3b).

Table 2. Effect of different concentration of BAP, NAA, and sucrose on microtuberization in potato

nodal segments.

Explants — nodal segments Formation of microtubers
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Agata 2mg/| BAP + 4% 4 7.50b 1.62a 4 3.50a 3.25a 100
2mg/I NAA
Agata 6mg/l BAP + 8% 3 13.33a 1.50a 3 5.00a 3.00a 100
2mg/I NAA
Ultra 2mg/| BAP + 4% 7 13.00a 1.07b 3 2.14a 1.42ab | 42.85
2mg/I NAA
Ultra 6mg/I BAP + 8% 36 11.21a 1.14a 21 1.94b 1.44b | 58.33
2mg/I NAA
Sunshine 2mg/| BAP + 4% 6 12.50a 1.16b 1 1.00a 0.33a 16.66
2mg/I NAA
Sunshine | MS+6mg/I BAP | 8% 24 11.91a 1.43ab 8 1.33b 0.75b | 33.33
+2mg/I NAA

Means within each column having different letters are significantly different according to Duncan’s test

at p<0,05.

Figure 3. a) Microtuberization b) Culture of microtubers.

CONCLUDING REMARKS

Micropropagation is an alternative method
for conventional breeding of potatoes. Methods
of in vitro propagation using sprouts and nodal
segments are more reliable to maintain the
integrity of the genetic and breeding material.

Microtuberization is an important process
for the production and storage of potatoes.

Microtubers obtained by in vitro culture of nodal
segments are suitable for manipulation, storage
and distribution of healthy germplasm.

The results presented in this paper
have proven that potato seed tubers have
regenerative power and good potential for
microtuberization.
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Nodal segments of the variety Agata
cultured on medium MS+6mg/l BAP + 2mg/I
NAA+8% sucrose responded with 100%
microtuberization.

The high concentration of sucrose acts as a
stimulation signal leading to the accumulation
of starch in microtubers.

The nodal segment culture of the variety
Ultra resulted with 42.85% microtuberization
when cultured on MS medium supplemented

with 40 g/l sucrose, while rising the
concentration of sucrose from 40 g/l to 80 g/I
resulted in increase of microtuberization from
42.85% to 58.33%.

Microtuberization of the variety Sunshine
was stimulated with higher concentration of
sucrose 80 g/l in the medium and it resulted in
microtuberization response of 33.33% of nodal
segments.
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MUKPOIMPOMNATALUIJA HA CEMEHCKU KOMMNWP (Solanum tuberosum L.)
BO IN VITRO YCJIOBU

UpeHna MNetposa™, Jlunjana Koneea-f'ypesa'’
'3emjooesncku ¢pakynmem, YHusepaumem ,loue [lenyes - LLImun’; Penybnuka CesepHa MakedoHuja
*KoHmakm-asmop: irena_stojkova 7@hotmail.com

Pesnme

Bo 0BOj TpyA ce NpuKakaHu pesynTaTuTe Of BINjaHNETO Ha GUTOXOPMOHOT rrbepeninHcKa KrucennHa GA,
Bp3 popMmpatse Ha ‘pPTynLm BO in vivo yCNoBU 1 in vitro MuKpoTybepusaLjata Ha HEKOJKY FeHOTUMOBY KOMMANP
Agria, Agata, Sunshine, Ultra n Marabel. Kny6eHuTe o cute reHOTUMOBY KOPUCTEHNY BO OBOj eKCeprMeHT bea

cepuTdULMPaH CEMEHCKN KOMMKP.

EkcnepumeHTOT BO in vitro ycnoBu 6Gelue nocTaBeH CO ‘pTynum u Hogun Ha MS megumym (Murashige
& Skoog, 1962) co popaBame Ha PasfIMYHU KOHLEHTPaLUMM U KOMOMHALMM Ha ayKCVHU UM LUTOKUHUHN.
MukpoTybepu3auumjaTa belle CTMynMpaHa Cco 3rofieMyBakbe Ha NPOLIEHTOT Ha caxapo3a Bo MS meanymoT of

40 g/l caxapo3a Ha 60 1 80 g/I.

TpeTnparbeTo Ha KiybeHuTe BO in vivo ycnosu co 30mg/l GA,; ce nokaxa Kako HajedurkaceH 3a cute
NCMUTYBaHN CEMEHCKW reHoTMNoBM 3a AobuBarbe Ha ‘pTynumn. Kaj cute reHoTnnosu Tpetupanu co GA,
pe3ynTupalle co de novo ‘pTynuu of oKLaTa Ha KnybeHuTe.

leHoTnoT Agata pesyntupalue co 100% mukpoTtybepusauuja og Hogunte Ha MS meguym co 40 g/l n
80g/| caxapo3a. MukpoTybepu3auujata Kaj reHOTMNOT Sunshine Gelwe cTMynupaHa co fgopaBatbe Ha 80 g/l

caxaposa Bo MS megnymor.

DMopmmpaHnTe MUKPOKTybeHr 6ea opaeneHn of HoJaNHWUTE CerMeHTH U NacaXxmpaHu Ha HoB MS meauym
36orateH co BAP 4mg/|, KIN 4mg/I n 8% caxapo3a 3a 3ronemyBare Ha H/BHaTa TeXMHa.

KnyuHu 36opoBu: humoxopmMoH, Mukpomybepusayuja, 2ubepesiuHCcKa KUCesuHa, caxapo3d, 2eHomunosu

Ha ceMeHCKU Komnup
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