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The experiment used a Completely Randomized Design (CRD) with the factor dose
of gamma-ray irradiation (0 Gy, 100 Gy, 200 Gy, and 300 Gy), applied in both paddy
fields and polybags to observe and compare the growth, yield, and proline content of
black rice plants with the control treatment (O Gy). Laboratory test results showed that
Boyolali and Bantul cultivars irradiated at 100 Gy and 200 Gy, had the highest proline
content, which increased under drought stress conditions in both cultivars. At 100 Gy,
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the average plant height and the number of productive tillers of black rice of Boyolali and Bantul cultivars were
the highest, and the diversity of the two local cultivars at this dose was higher than at other irradiation doses.
Applying 100 Gy and 200 Gy gamma-ray irradiation doses on the Boyolali cultivar significantly affected the panicle
length character and the number of seeds per panicle. For the Bantul cultivar, panicle length and the number of
seeds per panicle at an irradiation dose of 200 Gy showed significantly different results. The conclusion is that
a reduced amount of gamma-ray irradiation can enhance the growth, yield, and proline content of M2 black rice

Keywords: functional food; rice plant; water stress; agriculture; climate change

INTRODUCTION

Black rice (Oryza sativa L.) is a viable alternative to
white rice and holds significant economic importance.
It has gained widespread recognition due to the grow-
ing health consciousness among the public. Considered
a functional food, black rice is rich in anthocyanin, fi-
bre, and iron, making it beneficial for health (Rahim et
al., 2022). According to F.Agustia et al. (2019), black rice
contains 7.5% dietary fibre and 5.8% hemicellulose. The
fibre and hemicellulose in white rice are only 5.4% and
2.2%, respectively. Black rice has flavonoid content that
is five times higher than white rice, and the calories of
black rice are 362 kcal/100 grams lower than other rice
(Aini et al., 2023). However, local black rice still has the
characteristics of a tall plant posture (>150 cm), a long
life (>145 days), and low productivity, so farmers rare-
ly cultivate black rice. Plants that are too tall will fall
quickly. Boosting black rice productivity will become
more profitable, if these weaknesses are resolved. Black
rice M2 local cultivars Boyolali and Bantul have good
characteristics from the M1 parents, namely low plant
height and high yields seen from the weight of grain
per clump. These good traits will be passed down and
tested on M2 generation black rice, which is expected
to be more stable than the elders. M2 hopes for higher
genetic stability and will enter the advanced test stage
to serve as a superior cultivar in the future. The genetic
diversity of growth and yield characters displayed by
M2 black rice is still high. According to R. Darmawan
and D. Damanhuri (2019), plant breeding activities re-
quire a wide genetic diversity for the selection process
to be more effective.

Today, global warming and the increasing human
population pose problems in increasing water avail-
ability for agriculture. One of the effects of global
warming is drought. It is a challenge in agriculture in
maintaining plant growth and productivity in drought
conditions. Over 4 million hectares of rainfed lowland
and highland rice areas spread throughout the regions
in Indonesia including Java, Sumatra, Kalimantan, Su-
lawesi, Bali, Nusa Tenggara, Maluku, and Papua.The area
of rainfed rice fields, 2.07 million hectares, is divided
between 33.8% of Java and other regions (Erythrina et
al., 2021). Drought tolerant rice cultivars that are tol-
erant to drought are needed to deal with water short-
ages in the future. It can use mutation breeding and
selection activities to improve plant traits and main-
tain good plant traits. In addition, it is also expected
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to obtain new mutant lines that have the potential to
be drought-tolerant and have high yields. According
to Nandariyah et al. (2021), mutation breeding using
gamma-ray irradiation can enhance the characteris-
tics of black rice for the better. Mutations with gam-
ma-ray irradiation have been widely applied to various
types of plants to increase plant resistance to drought
stress, such as soybeans (Oktavianus et al., 2019), rice
(Dama et al,, 2020), peanuts (Hemon et al, 2020) and
soybean cultivar namely kipas putih.

Plants undergo various metabolic adjustments to
regulate morphological adaptations and physiology
to environmental changes (Zaib et al, 2023). Proline
accumulation is an indicator of a plant’s physiologi-
cal response to drought. Proline acts as an osmolyte
and maintains osmotic regulation in plant organs so
plants remain protected when water potential is low
(Ozturk et al., 2020). M. Meena et al. (2019) added that
proline contributes to counteracting ROS and sustain-
ing the structure of membranes and proteins. The re-
sponse of the cempo ireng rice line to drought stress by
increasing the leaf proline content (Patmi et al., 2020).
Drought tolerant plants will accumulate more proline
than sensitive plants.According to A. Furlan et al. (2020),
the elevated levels of proline content in plants indi-
cate a relationship with drought tolerance. The growth,
yield, and proline content information of Boyolali and
Bantul M2 black rice cultivars are limited. It must know
the research on the tolerance level of local cultivars
of black rice Boyolali and Bantul M2 before selecting
individual drought-tolerant plants. The proline content
in each black rice cultivar indicates the tolerance level
to drought stress. Therefore, it is necessary to research
to examine more deeply the growth performance, yield,
and proline content of local cultivars of black rice Boy-
olali and Bantul M2 that are irradiated at various doses
of gamma-ray irradiation. This study aimed to determine
the growth and yield performance and the proline con-
tent of black rice local cultivars of Boyolali and Bantul
M2 due to gamma irradiation. Furthermore, observation
of M3 blackrice proline content at various doses of gam-
ma rays when subjected to drought stress treatment.

MATERIALS AND METHODS

The research was conducted in 2023 and carried out
in two places, namely the planting of M2 black rice in
the rice fields of Jati Village, Jaten District, Karanganyar




Regency, and M3 black rice planting in Kaloran Village,
Wonogiri District, Wonogiri Regency in polybags. The
proline content test was carried out at the Biochemis-
try Laboratory, Universitas Gadjah Mada. Implementa-
tion in the rice fields of Jaten Karanganyar used a single
factor completely randomized design (CRD), namely the
dose of gamma-ray irradiation (0 Gy, 100 Gy, 200 Gy, and
300 Gy) without replication because the experimental
unit is homogeneous. The materials used were black
rice seeds selected by M1 from Boyolali and Bantul ir-
radiated with 100 Gy, 200 Gy, and 300 Gy gamma rays
and control (O Gy). Other materials used were urea fer-
tilizer, ponskha, SP-36, pesticides, and chemicals to test
the leaf proline content. In this study, the growth, yield,
and proline content of individual black rice irradiated
by gamma rays were observed and compared with the
control treatment (0 Gy).

The second experiment was carried out in poly-
bags with drought stress treatment. The material used
was black rice produced by local cultivars M3 Boyolali
and Bantul irradiated by gamma rays. The study used a
completely randomized design (CRD) with gamma-ray
irradiation factors (irradiation levels of 100 Gy, 200 Gy,
and 300 Gy) subjected to drought stress and without
drought. This second experiment tests the proline con-
tent of local cultivars of black rice Boyolali and Bantul
due to gamma-ray irradiation.According to T. Handayani
and H. Kurniawan (2018), the procedure for analyzing
leaf proline content is to smooth black rice leaf sam-
ples of each black rice cultivar irradiated with gamma
rays and without irradiation with 3% sulfosalicylic acid.
The smooth leaves were filtered with Whatman #2 fil-
ter paper, then the filtrate was added with ninhydrin
acid and glacial acetic acid at 100°C. One hour later, it
was extracted with toluene to form two phases. It took
the upper phase (chromophore) and measured it at an
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absorbance of 520 nm - calculation of proline concen-
tration with a standard curve.

Observation variables included number of produc-
tive tillers, plant height, panicle length, number of seeds
per panicle, the weight of 100 seeds, and proline con-
tent of black rice planted in paddy fields and polybags.
The growth and yield components of local cultivars of
black rice from Boyolali and Bantul that were exposed
to gamma-ray irradiation at levels of 100 Gy, 200 Gy,
and 300 Gy were compared descriptively with those of
black rice that was not irradiated. The growth and yield
data were further analyzed using a T-test to determine
the significance of the differences between the two cul-
tivars of gamma-irradiated with black rice (0 Gy). The
proline content data were analyzed descriptively by
comparing the proline content of each cultivar under
different doses of gamma-ray irradiation and a control
group (not exposed to gamma-ray irradiation). Data
were presented in tabular form. The authors adhered
to the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The T-test indicated that the mean height of rice plants
(Table 1) and the number of productive tillers (Table 2)
were significantly different between black rice cultivars
from Boyolali and Bantul irradiated with 100 Gy gam-
ma rays compared to non-irradiated control black rice
(0 Gy). The average plant height of Boyolali and Ban-
tul cultivars has the highest dose of 100 Gy, with the
highest standard deviation in each black rice cultivar. It
showed that the black rice’s two local cultivars exhibit-
ed greater diversity in plant height and number of pro-
ductive tillers at a irradiation dose of 100 Gy compared
to other doses.

Table 1. Plant height of M2 mutant black rice cultivars Boyolali
and Bantul irradiated by gamma rays with various doses of irradiation

Lowest Highest
Cultivars Doses (Gy) Range Average (cm)
Plant Code Height (cm) Plant Code Height (cm)

0 Control 104.5 Control 139 104.5-139 122.5£8.47
. 100 M2-BY1-1-40 112 M2-BY1-1-12 155.5 112-155.5 132.6%13.29"
Poyolal 200 M2-BY2-2-35 109 M2-BY2-2-03 149 109-149 125.6%11.40
300 M2-BY3-7-07 96.5 M2-BY3-7-17 1215 96.5-121.5 117.7%£10.66

0 Control 104 Control 144 104-144 117.6*10.76

100 M2-BT1-4-10 112.2 M2-BT1-4-17 160.3 112.2-160.3 135.5%12.8*

pantl 200 M2-BT2-5-21 106 M2-BT2-5-06 1535 106.5-153.5 123.3+11.37
300 M2-BT3-8-22 101 M2-BT3-8-20 168 101-168 119.7+11.96

Note: the numbers are followed by sign (%) were significantly different from the control based on the T-test a.=0.05

Source: laboratory test results
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Table 2. Number of productive tillers of M2 mutant black rice Boyolali
and Bantul cultivars irradiated with gamma rays with various doses of irradiation

. The Lowest The Most Average
Cultivars Doses (Gy) Range
Plant Code Total (Stem) Plant Code Total (Stem) (Stem)
0 Control 8 Control 21 8-21 12.2+3.28
Boyolali 100 M2-BY1-1-35 9 M2-BY1-1-1 23 9-23 15.3+3.79*
200 M2-BY2-2-36 7 M2-BY2-2-30 21 7-21 11.9+3.79
300 M2-BY3-7-09 9 M2-BY3-7-13 20 9-20 13.5%#3.15
0 Control 6 Control 21 6-21 13.8+4.15
Bantul 100 M2-BT1-4-06 10 M2-BT1-4-08 28 10-28 16.6%4.66*
200 M2-BT2-5-06 5 M2-BT2-5-17 26 5-26 13.9%4.32
300 M2-BT3-8-14 8 M2-BT3-8-08 21 8-21 15.0£3.40

Note: the numbers are followed by sign (%) were significantly different from the control based on the T-test a.=0.05

Source: laboratory test results

The panicle length and the number of seeds per
panicle were significantly affected by the application
of gamma-ray irradiation doses of 100 Gy and 200 Gy
on the Boyolali cultivar, as shown in Table 3 and Ta-
ble 4. Meanwhile, black rice of the Bantul cultivar
shown significantly different in panicle length (Ta-
ble 3) and the number of seeds per panicle (Table 4)
when subjected to an irradiation dose of 200 Gy. The
mean value and standard deviation indicated the

highest diversity in panicle length for the Boyolali
cultivar at a dose of 200 Gy (Table 3). The Bantul cul-
tivar, plant code M2-BT1-4-17 (Table 4), produced the
greatest number of seeds per panicle whe exposed
to 100 Gy gamma-ray irradiation. The Boyolali culti-
var treated with 100 Gy irradiation showed significant
differences from the control plants on the 100-grain
weight, while the Bantul cultivar treated with 200 Gy
irradiation (Table 4).

Table 3. Panicle length of mutant black rice M2 Boyolali
and Bantul cultivars irradiated by gamma rays with various doses of irradiation

Cultivars Doses (Gy) The Shortest The Length Range Average
Plant Code  Panicle Lenght Plant Code Panicle Lenght
0 Control 20.96 Control 26.48 20.96-26.48 23.4%1.61
Boyolali 100 M2-BY1-2-29 22.52 M2-BY1-1-43 26.78 22.52-26.78 24.7£1.17*
200 M2-BY2-2-28 20.6 M2-BY2-2-02 27.68 20.6-27.68 24.7%1.67*
300 M2-BY3-7-03 19.7 M2-BY3-7-05 26 19.7-26 22.8%1.39
0 Control 20.3 Control 26.42 20.3-26.42 22.9%1.38
100 M2-BT1-4-07 20.8 M2-BT1-4-28 274 20.8-27.4 23.8+1.82
Bantul 200 M2-BT2-5-12 17.85 M2-BT2-5-06 2456 17.85-2456  22.2%1.63°
300 M2-BT3-8-11 18.56 M2-BT3-8-20 26.68 18.56-26.68 23.4%1.77

Note: the numbers are followed by sign (%) were significantly different from the control based on the T-test o.=0.05

Source: laboratory test results

Table 4. Weight of 100 grains of mutant black rice M2 Boyolali
and Bantul cultivars irradiated with gamma rays with various doses of irradiation

The Lowest The Highest
Cultivars Doses (Gy) - - Range Average (g)
Plant Code Weight (g) Plant Code Weight (g)
0 Control 2.17 Control 3.04 2.17-3.04 2.6%0.20
Boyolall 100 M2-BY1-2-07 2.45 M2-BY1-1-35 3.18 2.45-3.18 2.8+0.16"
200 M2-BY2-2-13 2.08 M2-BY2-2-30 3.2 2.08-3.2 2.8%0.25
300 M2-BY3-7-19 2.1 M2-BY3-7-15 271 21-2.71 2.7%0.19
0 Control 1.9 Control 3.29 1.9-3.29 2.6%0.22
— 100 M2-BT1-4-06 2 M2-BT143-02 3.35 2-3.35 2.6%0.37
200 M2-BT2-5-05 2.25 M2-BT2-5-19 3.08 2.25-3.08 2.7+0.23*
300 M2-BT3-8-16 243 M2-BT3-8-12 3.08 2.43-3.08 2.7¥0.12

Note: the numbers are followed by sign (%) were significantly different from the control based on the T-test o.=0.05

Source: laboratory test results
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Laboratory test results showed that Boyolali
100 Gy and Bantul 200 Gy cultivars had the high-
est proline content (Table 5). The proline content
increased under drought stress conditions in both
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Boyolali and Bantul cultivars (Table 6). The highest
proline accumulation was in Boyolali and Bantul cul-
tivars when exposed to 100 Gy gamma rays in dry
conditions (Table 6).

Table 5. Proline content of mutant black rice M2 in Boyolali
and Bantul cultivars irradiated with gamma rays with various doses of irradiation in an experiment in paddy fields

Proline Content

Dose (Gy) Repetition Boyolali Bantul
0 9.57 6.14
100 20.14 8.70
200 17.64 17.24
300 1.33 2.36

0 15.63 8.703
100 I 19.42 10.11
200 16.61 10.16
300 1.62 2.03

Source: laboratory test results

Table 6. Proline content of mutant black rice M3 in Boyolali
and Bantul cultivars irradiated by gamma rays with various doses of irradiation under drought stress

Proline Content

Dose (Gy) Treatment .
Boyolali Bantul
0 4.15 3.99
100 9.49 7.74
200 Control 591 6.14
300 3.81 3.70
0 5.13 4.33
;gg Drought Stress 161..3762 zgg
300 4.21 4.33

Source: laboratory test results

The shortest plant heights in Boyolali and Bantul
cultivars are 112 cm and 112.2 cm, respectively. Plant
codes M2-BY1-1-40 and M2-BT-1-4-10 (Table 1). The
mean value and standard deviation of black rice plant
height of Boyolali cultivar irradiated with 100 Gy gam-
ma rays were the highest, namely 132.6 cm and 13.29,
respectively, as well as the Bantul cultivar with an aver-
age plant height of 135.5 cm and a standard deviation of
12.18 (Table 3).It is in line with the statement A. Gaur et
al. (2018), that exposure to higher doses of gamma rays
is inhibitory, while lower doses of radiation are some-
times stimulants. Free radicals produced by gamma
rays can be destructive to affect the morphophysiology,
anatomy, and biochemistry of plants depending on the
level of radiation. Co-60 gamma-ray irradiation changes
and increases genetic diversity so that the success rate
of plant breeding is greater (Riviello-Flores et al., 2022).

The number of productive tillers directly affects
grain yield. Productive tillers produce panicles that pro-
duce grain so that which is associated with increased
rice productivity. Gamma-ray radiation of 100 Gy led
greater number of productive tillers in Boyolali and

Bantul black rice cultivars with wider genetic diversi-
ty compared to other treatments (Table 2). The value
of high genetic diversity in the number of productive
tillers during the M2 generation allows selection for
that generation. M. Shabani et al. (2022), also report-
ed gamma-ray irradiation led to an increase in genetic
diversity, resulting in higher number of productive till-
ers and yields per wheat plant. The greatest amount
of productive tillers was in Bantul 100 Gy is 28 with
code M2-BT1-4-8, while Boyolali 100 Gy had the great-
est amount of productive tillers 23 at M2-BY1-1-11
(Table 2). These findings align with research W. Hani-
fah et al. (2020), that exposure to 100 Gy gamma-ray
irradiation resulted in an increase in productive tillers.
However, it depends on the individual plant because
the results of irradiation in plants occur randomly.
Panicle length of M2 mutant black rice Boyola-
li cultivar at irradiation doses of 100 Gy and 200 Gy,
respectively 22.52-26.78 ¢m and 20.6-27.68 cm longer
than the control (20.96-26.48 cm) (Table 3). The plant
M2-BY2-2-02 had the longest panicle among individu-
als measuring an average of 24.7 cm, compared to the
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control plants, which had an average panicle length of
23.4 cm. According to M. Huang et al. (2020), long pani-
cles allow higher yield per unit area because more grain
is produced. Even though the dose of gamma-ray irradi-
ation was consistent, the observed growth and yield of
each plant varied. Each plant is affected uniquely by its
environmental adaptability as it grows. The genetic po-
tential of each plant is different. T. Begna (2021), added
that different genetic potentials cause growth diversity
and individual yields to be different.

Longer panicles tend to increase the number of
seeds per panicle, indicating a positive correlation be-
tween panicle length and seed yield (Mai et al,, 2021).
The Boyolali 200 Gy cultivar, specifically plant code
M2-BY2-2-09, had the greatest seeds number per pani-
cle, reaching 166.2 seeds (Table 4), although it was still
lower than the control. The number of productive tillers
also affects the number of seeds per panicle. The great-
er the productivity of tillers, the higher the number
of panicles per unit area, leading to the formation of
grains in the panicles (Asis et al., 2021) also added that
the grain yield was high in long panicles if accompa-
nied by many secondary panicle branches. The weight
of 100 grains determines the yield potential of a rice
cultivar. The weight of 100 grain in the Boyolali cul-
tivar was highest at gamma-ray irradiation of 200 Gy,
which was 3.2 g, while in the Bantul cultivar at a dose
of 100 Gy, the highest weight of 100 grain reached
3.35 g (Table 4). According to M. Syafi'ie and D. Daman-
huri (2018), the weight of grain can be influenced by
the shape and size of the grain so that the weight value
of each plant will be different. The process of panicle
formation and environmental conditions related to nu-
trient uptake significantly affect grain weight. D. Novi-
tasari et al. (2021) also added that the value of seed
mass is determined by the dry matter content of the
assimilate used in filling rice seeds.

Exposing Boyolali cultivar black rice to gamma-ray
irradiation at a dose of 100 Gy resulted in an increase in
proline content, reaching an average of 19.78. In Ban-
tul cultivar, the highest was in gamma-ray irradiation
of 200 Gy with an average proline content of 13.70 (Ta-
ble 5).A.Aly et al. food sterilization and medicinal heal-
ing. In the present study irradiation techniques were
applied to investigate the effect of gamma irradiation
on germination and physiological aspects of pigeon
pea seedlings. Pigeon pea (Var. BSMR 736(2018) also
reported that exposure to gamma radiation alone, sig-
nificantly increased proline accumulation. Gamma-rays,
a form of ionizing radiation, create free radicals within
cells, which impact the structure and metabolic pro-
cesses of plant cells. This includes expanding thylakoid
membranes, influencing photosynthesis, regulating
antioxidant systems, and increasing the accumulation
of phenolic compounds (Hong et al,, 2022). Gamma ir-
radiation causes an increase in the proline content of
black rice under drought stress. The highest increase
in proline content in Boyolali and Bantul cultivars at
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an irradiation dose of 100 Gy was 10.5% and 7.85%, re-
spectively (Table 6). An increase in significant proline
also occurred in seedlings Arabidopsis irradiated at a
dose of 50 Gy under heat stress conditions, in contrast
to those without irradiation (Wang et al,, 2022).

This study investigated the effects of gamma-ray
irradiation on various traits of black rice cultivars from
Boyolali and Bantul. Results indicate significant differ-
ences in plant height, number of productive tillers, pan-
icle length, seed yield, and proline content in response
to different doses of irradiation, with implications for
genetic diversity and plant productivity. These find-
ings underscore the complex interplay between gam-
ma-ray exposure, genetic variability, and physiological
responses in black rice, contributing to a nuanced un-
derstanding of its potential for crop improvement and
stress tolerance.

CONCLUSIONS

Gamma-ray irradiation increased the average number
of productive tillers, plant height, panicle length, num-
ber of seeds per panicle, the weight of 100 M2 black rice
grains of both Boyolali and Bantul cultivars. It showed
that the genetic diversity of M2 black rice exposed to
gamma rays is broader compared to those not exposed.
Gamma-ray irradiation at 100 Gy resulted in a greater
number of productive tillers in both cultivars. The M2
mutant black rice Boyolali cultivar showed longer pani-
cle length and higher number of seeds per panicle at ir-
radiation doses of 100 Gy and 200 Gy. The weight of 100
grains was highest in Boyolali at 200 Gy and in Bantul
at 100 Gy. The highest proline content on black rice was
planted in paddy fields, namely Boyolali cultivars pro-
duced by gamma-ray irradiation of 100 Gy and Bantul
cultivars of 200 Gy during drought stress, the proline
content in Boyolali and Bantul black rice cultivars in-
creased following irradiation with 100 Gy gamma rays.
A reduced dose of gamma-ray irradiation can enhance
the growth, yield, and proline content of M2 black rice.

These findings highlight the potential of gam-
ma-ray irradiation to induce genetic variability and
enhance traits associated with crop productivity and
stress tolerance. Additionally, the study underscores the
importance of understanding the complex interactions
between radiation, genetic diversity, and physiological
responses in plants. Further research in this area could
explore the specific genetic changes responsible for
these observed effects, contribute to the development
of novel breeding strategies for improving crop resil-
ience and yield in the face of environmental challenges.
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PocToBi NOKa3HUKU, BPOXXaMHICTb Ta BMICT NponiHy ABOX MiCLLIeBUX COPTiB
YOPHOIro pUcy, ONPOMiHEHMX raMMa-NPOMEeHAMU AN NiABULLIEHHS MOCYXOCTIMKOCTI
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Anotauif. OoHUM i3 KPUTUYHMX HACNIAKIB 3MiHM KNiMATy 419 CiIbCbKOrOCNoAapCbKOro cepefoBMLLa € CTpec Bif
nocyxu. Metot gocnigxkeHHs Oyno BM3HAUMTK PICT, YPOXKAMHICTb Ta BMICT NPOAiHY Y YOPHOrO pPUCY MiCLLEBOTO
copty baHTyn, MyTaHTa boronani M2 3a pi3HMX 403 raMMa-onpOMIHEHHS Ta BMICT NpONiHY Yy MyTaHTa M3 nig yac
NoCyLAMBOro CTpecy. B ekcnepnMeHTi BUKOPUCTOBYBABCS NOBHICTIO paHAoMi3oBaHui am3aiH (CRD) 3 dakTopHo
[030t0 ramMma-onpoMiHeHHs (0 p, 100 Tp, 200 Tp i 300 [p), wo 3acToCcoBYBABCS K HAa PUCOBMX MONSAX, TaK i B
nonieTUNEHOBMX MilllKaX AN CNOCTEPEXEHHS | NOPIBHAHHS POCTY, BPOXaMHOCTI Ta BMICTy MPONiHY B pOCAMHAX
YOpHOro pucy 3 KOHTposibHOt 06pobkoto (O Ip). Pesynbtati nabopaTopHUX AOCAIAXKEHb MOKA3anu, WO COpTU
Boronani i banTtyn, onpomineHi B no3ax 100 p i 200 Ip, Manu HaMBULLMIA BMICT NPONiHY, KM 36iNbLLIMBCS B yMOBAX
CTPEeCcoBOro BNAMBY nocyxu B 06ox coptax. MNpu po3i 100 [p cepenHs BMCOTa POCAMH i KiNbKiCTb NPOLYKTUBHUX
cteben yopHoro pucy coptie boionani i baHTyn 6ynu HaMBULWLMMM, @ PISHOMAHITHICTb ABOX MiCLLEBUX COPTIB NPU LN
[03i 6yna BUMLLOH, HIXX NP iHWMX [,03aX ONPOMIHEHHS. 3aCTOCYBaHHS 403 raMma-onpomiHeHHa 100 Ip i 200 Ip Ha
copTi boronani cyTTeBO BNAMHYNO Ha XapakTep OOBXWHM BONOTI Ta KiNbKiCTb HaCiHWH y BoNOTI. ng copTy baHTyn
[LOBXMHA BOJIOTI Ta KiNbKiCTb HACiHWMH y BONOTI nNpu f03i onpoMiHeHHs 200 p cyTTeBO Bigpi3Hsanucs. 3pobneHo
BMCHOBOK, L0 3MEeHLIEeHa KifIbKiCTb raMMa-oOnpOMIHEHHS MOXe MOKPALLMUTK PICT, BPOXAMHICTb Ta BMICT NPOAiHY B
4YOpHOMY puci copTy M2

Kntouosi cnoBa: QyHKLiOHANbHI NPOAYKTU XapyyBaHHS; POCIMHA PUC; BOAHUI CTPEC; CiibCbKe roCnoAapcTBo; 3MiHa
KnimMaty
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