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GROWTH INHIBITION AND RECOVERY OF HOP (HUMULUS LUPULUS L.)
UNDER MANNITOL- AND SORBITOL-INDUCED OSMOTIC STRESS IN VITRO

Aim. To model water deficit in hop (Humu-
lus lupulus L.) in vitro using mannitol and sorbitol
and to evaluate genotype-dependent growth re-
sponses and recovery capacity. Methods. Six-week-
old plants of two hop genotypes were cultured on
modified Murashige and Skoog medium. Osmotic
stress was induced by mannitol or sorbitol (0.01-
1.0 M). Shoot height, callus formation, root number
and length, and tissue water content were assessed
during six weeks of cultivation. Recovery was
evaluated after transfer to standard medium. Re-
sults. Both polyols induced concentration-
dependent inhibition of shoot and root growth and
reduced tissue water content. Mannitol caused
stronger growth suppression than sorbitol at equiva-
lent concentrations. Moderate sorbitol levels had
limited effects on shoot growth and stimulated root
development in some genotypes. Growth inhibition
correlated with reduced tissue water content. Stress
induced by moderate sorbitol concentrations was
largely reversible, and transferred plants resumed
active growth, in some cases exceeding control
performance. Conclusions. Genotype-dependent
differences in osmotic stress tolerance were re-
vealed. Polyol-induced osmotic stress in vitro rep-
resents a practical approach for preliminary screen-
ing of hop genotypes for drought tolerance under
climate change conditions.

Keywords: osmotic stress, polyols, drought
tolerance, genotype response, stress recovery.

Climate change is intensifying the frequency
and severity of drought events worldwide, posing a
major threat to agricultural productivity and crop
stability (Wu et al., 2022). Water deficit is one of
the most detrimental abiotic stresses affecting plant
growth and development, leading to reduced cell
division and expansion, impaired photosynthesis,
disruption of water relations, and metabolic imbal-
ance. Prolonged drought stress ultimately decreases
biomass accumulation and yield, making the devel-
opment of drought-tolerant cultivars a priority in
modern plant breeding (Wu et al., 2022).

Hop (Humulus lupulus L.) is a perennial crop
of high economic importance for the brewing in-
dustry due to its unique secondary metabolites,
including bitter acids and essential oils. However,
hop plants are highly sensitive to water availability,
and drought stress significantly affects their vegeta-
tive growth and cone production. Considering the
increasing instability of climatic conditions in ma-
jor hop-growing regions, the identification of
stress-tolerant genotypes has become an urgent task
(Marceddu et al., 2022).

In vitro culture systems provide a controlled
and reproducible platform for modeling abiotic
stresses at early developmental stages (Claeys et al.,
2014). Osmotic stress can be simulated by adding
osmotically active compounds to the culture medi-
um, allowing evaluation of plant responses under
precisely defined conditions. Among such com-
pounds, sugar alcohols (polyols), particularly man-
nitol and sorbitol, are widely used as osmotic
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agents (Linjikao et al., 2024). Despite having the
same molecular formula, mannitol and sorbitol
differ in their physiological roles and metabolic
properties. Mannitol is frequently associated with
osmoprotection and reactive oxygen species scav-
enging, whereas sorbitol often functions as a
transport carbohydrate and carbon source in plants
(Edmond et al., 2025). Polyol accumulation plays
an important role in osmotic adjustment and inter-
acts with phytohormonal signaling pathways under
stress conditions (Singh et al., 2022).

Although polyol-induced osmotic stress has
been studied in several plant species (Linjikao et
al., 2024), comparative investigations of mannitol
and sorbitol effects on hop growth, especially con-
sidering genotype-specific responses and post-
stress recovery capacity, remain limited. Further-
more, the reversibility of growth inhibition under
moderate osmotic stress is of particular interest for
developing reliable in vitro screening approaches
for drought tolerance (Claeys et al., 2014).

The aim of this study was to evaluate geno-
type-dependent growth inhibition, water status
changes, and recovery potential of hop plants cul-
tured in vitro under osmotic stress induced by dif-
ferent concentrations of mannitol and sorbitol. The
results obtained may contribute to the development
of efficient screening strategies for drought toler-
ance in hop breeding programs under changing
climatic conditions.

Materials and methods

Plant material and culture conditions

Six-week-old in vitro-grown plants of hop
(H. lupulus) belonging to two genotypes, 12925 and
15249, were used in the experiment. Donor plants
were maintained under sterile conditions prior to
treatment.

Fully developed shoots were divided into
single-node segments under aseptic conditions.
Each explant was transferred into a 25 cm? culture
tube containing 10 mL of prepared medium. For
each treatment, ten biological replicates were estab-
lished, each consisting of one explant per tube.

Cultures were maintained at 26 = 1 °C under
a 16 h light / 8 h dark photoperiod. The experiment
lasted six weeks and was terminated when control
plants reached the maximum height of the culture
tubes.

Preparation of culture media and osmotic
treatments

A modified Murashige and Skoog (MS) me-
dium (Murashige and Skoog, 1962) was used as the
basal medium. The medium contained a reduced

nitrogen concentration and was free of plant growth
regulators, following the protocol described by
Faltus (Faltus et al., 2007, Faltus et al., 2012). The
medium was supplemented with 20 g L™ ' glucose
and solidified with 6 g L™ ! agar.

To simulate osmotic (water) stress, mannitol
or sorbitol was added to the medium at the follow-
ing concentrations: 0.01, 0.025, 0.05, 0.075, 0.1,
and 1.0 M. Medium without added polyols served
as the control treatment.

Growth assessment

Growth parameters were recorded weekly
throughout the six-week cultivation period. The
following traits were evaluated: callus formation
(% of explants), number of roots per explant, root
length (mm), shoot formation, height of the main
shoot (mm).

Callus and root formation were assessed dur-
ing the first three weeks of cultivation. Shoot height
was measured weekly for the entire duration of the
experiment.

Growth inhibition was calculated using the
formula:

Lezlo

E =——*100,
Where E — growth inhibition (%);
Lc — mean shoot height of control plants (mm);
Lo — mean shoot height of treated plants (mm).
Determination of plant water content
At the end of the six-week cultivation period,
plant water content was determined gravimetrically.
Fresh biomass of whole plants was recorded imme-
diately after harvest. Samples were then dried in a
drying oven at 105 °C for 72 hours to obtain dry
weight.
Water content (WC) was expressed as a per-
centage of fresh mass:

we =222, 100,

where FW is fresh weight and DW is dry weight.

Post-stress recovery experiments

To evaluate the reversibility of osmotic stress
effects, recovery capacity was assessed in two ex-
perimental approaches.

1. Recovery of whole plants: After six weeks
of cultivation on sorbitol-containing media (0.05,
0.075, and 0.1 M), plants were transferred to stand-
ard basal MS medium without osmotic agents.
Shoot growth increment was measured over an
additional four-week period. The percentage of
plants resuming active growth was recorded.

2. Recovery of explants derived from stressed
plants: Single-node explants obtained from plants
previously cultivated on 0.025 and 0.05 M sorbitol
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were excised and transferred to standard basal me-
dium. Their growth performance during four weeks
was compared to explants derived from control
plants.

Statistical analysis

All experiments were conducted using ten
biological replicates per treatment. Data were ana-
lyzed using Statistica 14.0.0.15 (TIBCO Software
Inc.). Results are presented as mean + standard
deviation (SD).

Results and discussion

Effects of mannitol-induced osmotic stress on
hop growth

Mannitol supplementation resulted in a pro-
nounced, concentration-dependent inhibition of hop
growth in both genotypes (Table 1). Even the low-
est concentration tested (0.01 M) reduced shoot
height, particularly in genotype 12925, indicating
higher sensitivity compared to 15249. Increasing
mannitol concentration to 0.025 M caused severe
growth inhibition in both genotypes, exceeding
89%, accompanied by a strong reduction in root
formation and elongation.

Complete suppression of shoot and root de-
velopment was observed at 1.0 M mannitol. The
inhibitory effect of mannitol was consistently
stronger than that of sorbitol at equivalent concen-
trations.

Mannitol is widely used as an osmoticum in
in vitro experiments because it is poorly metabo-
lized by many plant species, thereby effectively
reducing medium water potential (Linjikao et al.,
2024). Its strong inhibitory effect observed in the
present study confirms its high osmotic efficiency.
Moreover, mannitol has been associated with os-
moprotective and antioxidant roles in some plant
species (Edmond et al., 2025); however, in hop
tissues, its accumulation appears to predominantly
impose osmotic stress rather than confer protection.

The greater sensitivity of genotype 12925
suggests genotype-specific differences in osmotic
adjustment capacity, which is consistent with re-
ports indicating that drought tolerance is highly
genotype-dependent and linked to differential regu-
lation of water balance and stress-related pathways
(Wu et al., 2022).

Sorbitol also induced growth inhibition in a
concentration-dependent manner, but its effect was
more gradual compared to mannitol (Table 2). At
moderate concentrations (0.025-0.05 M), partial
inhibition of shoot growth and root elongation was
observed, particularly in genotype 12925, while
genotype 15249 maintained comparatively higher
growth rates.

Table 1. Biometric growth parameters of hop (H. lupulus) explants cultured on medium supplemented
with different concentrations of mannitol after six weeks of in vitro cultivation

Concentration Ca(!lus, Number of Root length, mm Number of Shoot length, mm
O roots shoot
Genotype 12925
Control 100 3.13+1.73 10.87 + 7.64 2+0.0 104.73 +1.94
0.01 100 3.67+2.38 9.13+6.13 2+0.0 64.93 + 47.51
0.025 100 25+221 3.89+3.52 2+0.0 7.39+12.09
0.05 100 0.47 £ 0,64 1.30+1.71 2+0.0 1.63+1.19
0.075 100 0,33+ 0.49 1.13+1.68 1.80+0.56 1.03+£1.45
0.1 100 0,47 £0.74 1.27+2.02 1.73+£0.59 0.57+0.42
1.0 0 0+ 0.0 0+£0.0 0+0.0 0+0.0
Genotype 15249
Control 100 5.00+1.51 22.67+£10.1 1.87+0.35 111.3+3.51
0.01 100 3.67+1.15 24.67 £ 9.78 1.93+£0.27 91.13 + 14.49
0.025 100 2.60+1.18 5.43+4.15 2+0.0 11.53 + 10.98
0.05 100 1.87+1.19 270+ 1.46 1.9+ 30.26 1.50+1.50
0.075 100 1.67+0.98 2.77+1.43 1.53+0.74 1.07+£1.55
0.1 20 0.93+0.88 1.80+1.66 1.4+0.91 0.47 £ 0.48
1.0 0 0+0.0 0+0.0 0+0.0 0+0.0

Note. Data represent mean £ SD (n = 10).
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Table 2. Biometric growth parameters of hop (H. lupulus) explants cultured on medium supplemented
with different concentrations of sorbitol after six weeks of in vitro cultivation

Concentration Ca(!'us' Number of Root length, mm Number of Shoot length, mm
% roots shoots
12925
Control 100 3.93+1.58 28.13+7.74 2+0.0 114.47 + 3.0
0.01 100 3.80+£2.13 24.07 + 8.86 2+0.0 96.63 + 36.76
0.025 100 493+1.62 12.53+6.88 2+0.0 88.27 + 36.39
0.05 100 3.93+£2.37 6.40 £ 2.03 1.93+0.26 13.77 £ 12.41
0.075 100 1.13+1.36 2.93+3.97 2+0.0 3.77+1.89
0.1 100 0.73+0.96 1.87+2.20 1.93+0.26 2.10+1.80
1.0 0 0+0.0 0+£0.0 0+0.0 0+£0.0
15249
Control 100 5.13+1.55 20.20 + 10.26 2+0.0 108.87 + 9.66
0.01 100 4.67 +1.45 22.60+10.17 1.8+70.35 101.53 +11.45
0.025 93.3 5.60+2.13 20.60 +9.30 2+0.0 91.33+28.51
0.05 100 3.07+1.83 9.27 +£5.28 1.73+0.46 53.67 +21.12
0.075 100 0.53+0.92 1.20+2.21 1.73+0.46 7.73+3.90
0.1 93.3 1.00+£0.85 2.13+1.85 1.53 +0.64 6.90 + 6.35
1.0 0 0+0.0 0+0.0 0+0.0 0+£0.0

Notes. Data represent mean = SD (n = 10).

Unlike mannitol, sorbitol may serve as a
transport carbohydrate and can be partially metabo-
lized in certain plant systems. Polyols such as sorbi-
tol contribute to osmotic adjustment and cellular
protection under water deficit conditions (Linjikao
et al., 2024). The milder inhibitory effect of sorbitol
observed here may reflect partial metabolic utiliza-
tion or improved osmotic balance compared to
mannitol.

Notably, growth inhibition closely correlated
with reductions in plant water content. A decrease
in tissue water content exceeding 10% resulted in
approximately 90% shoot growth suppression, de-
pending on genotype. This relationship supports the
central role of cellular water status in determining
growth performance under osmotic stress. Similar
correlations between water potential decline and
growth inhibition have been documented in
drought-stressed plants (Wu et al., 2022).

Genotype 15249 demonstrated lower sensi-
tivity to sorbitol-induced osmotic stress, suggesting
more efficient water retention or osmotic adjust-
ment mechanisms. Such genotype-dependent varia-
tion is critical for developing reliable screening
systems for drought tolerance.

Relationship between water content and
growth inhibition

The data indicate a strong association be-
tween shoot height reduction and decreased water
content in plant tissues (Figure 1). Mannitol at
0.025 M caused severe shoot growth inhibition (>
90%) accompanied by significant water loss in both
genotypes. In contrast, sorbitol at equivalent con-
centrations resulted in more moderate water loss
and correspondingly lower growth inhibition in
genotype 15249,

100 100 100 100
90 g0 * o 90 s0 &
R 80 80 o = 80 80 O
£ 70 703 8 70 70 2
Z 60 1 0 = 3 e 60 %
= 80 f} 50 § £ 50 50 $
£ a0 0 5 2 40 40 5
£ 30 30 © S 30 30 2
g 20 20 & &2 20 &
o 10 L 10 2 10 10 2
0 0 0 0

Control 001M 0,025M 005M 0075M 01M 10M
Concentration of manitol

——aWC, % 12925 == WC, % 15249
e [N [DItION, % 12025 wm == Inhibition, % 15249 a

Control 001M 0025M 005M 0075M 01M 10M
Concentration of sorbitol

—WC, % 12925 WG, % 15249
e | hiibitiON, % 12925 == == Inhibition, % 15249 b

Fig. 1. Effects of mannitol and sorbitol on shoot height and tissue water content of hop (H. lupulus) plants under
in vitro conditions. (a) Mannitol treatment; (b) sorbitol treatment. Values are presented as mean (n = 10).
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These findings support the concept that os-
motic stress primarily restricts cell expansion due to
reduced turgor pressure, which is a key determinant
of plant growth under drought conditions (Wu et
al., 2022). The stronger dehydration effect of man-
nitol likely explains its greater inhibitory impact on
hop explants.

Recovery capacity after sorbitol-induced
stress

A major finding of this study is the reversi-
bility of growth inhibition following moderate sor-
bitol treatments (Figure 2). After transfer to stand-
ard medium, 70-90% of plants resumed active
growth, depending on genotype and prior sorbitol
concentration. Recovery was faster and more pro-
nounced in genotype 15249.

Shoot elongation during the four-week re-
covery period demonstrated that plants previously
exposed to 0.075 M sorbitol showed substantial
regrowth, indicating that the stress effect was not
lethal but primarily osmotic and reversible.

Interestingly, explants derived from plants
previously cultured on 0.025-0.05 M sorbitol ex-
hibited enhanced growth performance compared to
control-derived explants. This suggests a possible
priming effect induced by moderate osmotic stress.
Stress priming has been described as a phenomenon
where prior exposure to sublethal stress enhances
subsequent growth or tolerance through physiologi-
cal and metabolic adjustments (Edmond et al.,
2025).

The improved post-stress growth may be
associated with osmolyte accumulation or activa-

Plant height, mm
w
o

fn.mwn.ﬁ_hrﬁﬂfﬁﬂ

vveeks

OTusham 0,1M ®Tusham 0,075 MOTusham 0,05M
OEmma 0,1M  OEmma 0,075M a

Explant height, mm

tion of stress-responsive pathways that persist after
stress removal. Such responses may enhance adap-
tive capacity and could be exploited in breeding
programs.

Implications for in vitro drought screening

The comparative evaluation of mannitol
and sorbitol indicates that these osmotic agents
differ substantially in their physiological impact on
hop tissues. Mannitol provides strong and rapid
growth suppression, making it suitable for high-
stringency screening. Sorbitol, on the other hand,
allows differentiation between genotypes under
moderate stress conditions and enables assessment
of recovery potential.

The clear genotype-dependent differences
observed in both growth inhibition and recovery
suggest that the described in vitro system may serve
as an effective preliminary screening tool for
drought tolerance in hop breeding programs.

The clear genotype-dependent differences
observed in both growth inhibition and recovery
suggest that the described in vitro system may serve
as an effective preliminary screening tool for
drought tolerance in hop breeding programs.

Given the increasing frequency of drought
events under climate change scenarios, reliable and
reproducible in vitro screening approaches are es-
sential for accelerating the identification of tolerant
genotypes. The results of this study demonstrate
that polyol-induced osmotic stress can be effective-
ly applied for this purpose in hop.

Weeks
212925 control 812925 0,025 M 012925 0,05 M
= 15249 control 015249 0,025 M 015249 0,05M

Fig. 2. Growth dynamics of whole hop plants after six weeks of cultivation on sorbitol-containing medium fol-
lowed by transfer to standard basal medium (a) and growth dynamics of explants derived from hop plants previously
cultured on sorbitol-supplemented medium after transfer to standard basal medium (b).
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Conclusions

1. Mannitol and sorbitol effectively induced
osmotic stress in hop (H. lupulus) under in vitro
conditions, causing concentration-dependent inhibi-
tion of shoot and root growth as well as reductions
in tissue water content.

2. Mannitol exerted a stronger inhibitory ef-
fect than sorbitol at equivalent concentrations, lead-
ing to more rapid and severe suppression of mor-
phogenetic processes, indicating its higher osmotic
efficiency in hop tissues.

3. A strong relationship was observed be-
tween decreased tissue water content and shoot
growth inhibition, confirming the critical role of
cellular water status in regulating growth under
osmotic stress conditions.

4. Growth inhibition induced by moderate

majority of plants resumed active growth, demon-
strating the non-lethal and adaptive nature of mod-
erate osmotic stress.

5. Explants derived from sorbitol-treated
plants showed enhanced post-stress growth under
standard conditions, indicating a possible stress-
priming effect that may improve subsequent devel-
opmental performance.

6. The described in vitro system provides a
reproducible and efficient tool for preliminary
screening of hop genotypes for drought tolerance,
which is particularly relevant under ongoing cli-
mate change.
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References

1. Claeys H., Van Landeghem S., Dubois M., Maleux K., Inzé D. What is stress? Dose-response effects in commonly used
in vitro stress assays. Plant Physiology. 2014. Vol. 165 (2). P. 519-527. https://doi.org/10.1104/pp.113.234641.

2. Edmond V. d. V., Hong Z., Nelson A. S. Sugar alcohols in plants: implications for enhancing tree seedlings drought tolerance
and production strategies. BMC Plant Biology. 2025. VVol. 25. 891. https://doi.org/10.1186/s12870-025-06860-9.

3. Faltus M., Bilavcik A., Zamecnik J., Svoboda P. Effect of phytohormone composition of nutrient medium on in vitro plant
regeneration in hop clones with different sensitivity to indole-3-butyric acid. Advances in horticultural science. 2007. Vol. 21.
P. 219-224.

4. Faltus M., Zame¢nik J., Svoboda P. Use of cryotherapy method for the treatment of hops from viral pathogens. Certified meth-
odology. Prague : Crop research institute, 2012. 18 p. [in Czech]

5. Linjikao J., Inthima P., Limmongkon A., Kongbangkerd A. Mannitol and sorbitol concentration optimization for effective
Epipactis flava Seidenf. in vitro slow growth storage. In Vitro Cellular & Developmental Biology — Plant. 2024. Vol. 60.
P. 496-507. https://doi.org/10.1007/s11627-024-10437-w.

6. Marceddu R., Carrubba A., Sarno M. Resilience of hop (Humulus lupulus L.) to salinity, heat and drought stresses: A mini-
review. Frontiers in Plant Science. 2022. VVol. 13. 1064922. https://doi.org/10.3389/fpls.2022.

7. Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiologia plantarum.
1962. Vol. 15 (3). P. 473-497.

8.  Singh P., Choudhary K. K., Chaudhary N., Gupta S., Sahu M., Tejaswini B., Sarkar S. Salt stress resilience in plants mediated
through osmolyte accumulation and its crosstalk mechanism with phytohormones. Frontiers in Plant Science. 2022. Vol. 13.
1006617. https://doi.org/10.3389/fpls.2022.1006617.

9.  WulJ, Wang J.,, Hui W., Zhao F., Wang P., Su C., Gong W. Physiology of plant responses to water stress and related genes:
A review. Forests. 2022. VVol. 13 (2). P. 324. https://doi.org/10.3390/f13020324.

I'OJIOCHA J1." 2, BOBPOBA 0O." 3, TYHKJIOBA B.', PAJITYC M.
"Yecvkuti azponpo0o8oabyuti 00CIIOHUYbKUL YEHMD,

Yecvra Pecnybnixa, 16100, m. Ilpaza, eyn. [pnoscoka, 507/73

2 [ncmumym 3axucmy pocaun HAAH,

Yxpaina, 03022, m. Kuis, 6yn. Bacunvkiecvka, 33

3 [ncmumym npobnem kpiobionoeii i kpiomeouyurnu HAHY,

Yxpaina, 61016, m. Xapxis, éyn. Ilepescnascoka 23

MHNPUTHIYEHHS POCTY TA BIZIHOBJIEHHS POCJIMH XMEJIIO (HUMULUS LUPULUS L.) 3A YMOB
OCMOTHUYHOTI' O CTPECY, IHIYKOBAHOI'O MAHITOJIOM I COPBITOJIOM, IN VITRO

Mema. 3monentoatu nedinut Boan y xmemo (Humulus lupulus L.) in vitro 3a momomororo manitony Tta copbitony i
OLIHUTH T'CHOTHII-3aJIe)KHI peakuil pocTy Ta 3JaTHICTh A0 BifgHOBIeHHS. Memoou. 11leCTUTHIKHEBI POCIHMHE XMEJIO
JIBOX T€HOTHITIB KYJIbTUBYBaIIK Ha MoAN(iKoBaHOMY cepenoBuili Mypamtire Ta Ckyra. OCMOTHYHHI CTpeC iHAYKYBaIn
MaHitosiom abo copbitoiom (0,01-1,0 M). Bucorty narosis, yrBOpeHHsI KaJIIOCy, KiJIbKICTb 1 JOBXKUHY KOPEHIB, a TAKOX
BMICT BOAM y TKaHHMHAX OL[HIOBAJM MPOTACOM IIECTH THXXKHIB KYJIbTHBYBaHHs;. BiIHOBJEHHS OLIHIOBAIM IiCJis
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NIEpeHECCHHs] Ha CTaHIapTHe cepepoBuiie. Pezyarsmamu. OOuaBa TONIONM IHAYKYBaJM KOHLEHTPALIHHO-3aJ]I€XKHE
NPUTHIYEHHS POCTY MAaroHiB 1 KOPEHIB Ta 3HIKYBAIW BMICT BOJAM y TKaHWHAaX. MaHITOJN BHKJIMKaB CHIIBHIIIE
MIPUTHIYEHHS POCTY, HI’K COpOITON B €KBIBaJEHTHHUX KOHICHTpanigax. [ToMmipHi piBHI copOiToy Maan 0OMeKeHHU BIUTHB
Ha PICT MaroHiB i CTHMYIIOBAJIM PO3BHUTOK KOPEHIB y NESIKUX TeHOTHNAX. IIpUTHIYEHHS pOCTy KOPENIOBajo 3i
3HIKCHUM BMICTOM BOJAM y TKaHUHaX. CTpec, BUKIMKAHWH MOMIPpHIMH KOHIIEHTpAIisIMHU copbiToiy, OyB 31e011b110T0
00OpOTHHUM 1 TIEpEeHECEeHi POCIWMHH BiTHOBWIM aKTUBHHHA pICT, Y HESKAX BHIAJKAaX IIEPEBUIYIOYN KOHTPOJIBHI
MOKAa3HUKHN. Bucnoeéxku. BUABICHO TEHOTHII-3aJIe)KHI BiAMIHHOCTI Y TOJEPAaHTHOCTI JO OCMOTHYHOTO CTpECy.
OcMmoTtuaHHUii cTpec N Vitro, iHAYKOBaHWi TOJONAMH, € MPAKTHYHUM ITiIXOJOM 0 IOMEePEIHBOTO CKPHHIHTY
TEHOTHITIB XMEJTI0 Ha TIOCYXOCTIMKICTh B yMOBaX 3MiHH KJIiMaTy.

Kniouosi cnosa. ocMOTHYHME CTpec, MOJNIONH, MOCYXOCTIHKICTh, I'€HOTHII-CIEUM]iUyHa peakiis, BiIHOBICHHS BiX
cTpecy.
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