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Abstract 
Cold stress has a significant effect on plant physiology inducing growth hindrance and reduced yields. This study 
was aimed to evaluate the effect of mammalian sex hormones (progesterone and β-estradiol), abscisic acid (ABA), 
and salicylic acid (SA) on plant growth, chlorophyll, malondialdehyde (MDA), hydrogen peroxide (H2O2) and the 
activities of anti-oxidative and nitrate assimilation enzymes in common bean (Phaseolus vulgaris L.) seedlings 
under cold stress. For this purpose, cold stress was conducted to 11-day-old seedlings in a climate chamber at 
9/5°C (day/night), but for control, the temperature was set at 25/20°C (day/night). Progesterone (Pro) 10-9 M, β-
oestradiol (ES) 10-6 M, ABA 10-4 M, and SA 10-4 M were applied to 11-day-old seedlings using a handheld sprayer. 
The results of this experiment showed that cold stress significantly decreased plant growth, and it was followed 
by an increase in MDA and H2O2 content in common bean seedlings. However, the exogenous application of 
Pro, ES, ABA, and SA mitigated the adverse effect of cold stress in common bean seedlings. In this respect, cold 
stress decreased the activities of nitrate reductase (NR), nitrite reductase (NiR), and glutamine synthetase (GS) by 
41.03%, 35.20%, and 47.54%, respectively, compared to control. However, under cold stress, Pro, ES, ABA, and 
SA treatments significantly increased NR, NiR, and GS activities by 41.87%, 14.80%, 33.87%, and 64.82 % for 
NR, 3.4%, 30.10%, 12.75%, and 33.12% for NiR, and 83.00%, 50.10%, 83.14%, and 9.34% for GS, respectively, 
compared to the plants treated with cold stress. These results suggest that exogenous application of Pro 10-9 M, ES 
10-6 M, ABA 10-4 M, and SA 10-4 M after three days mitigate the unfavourable impact of cold stress in common 
bean seedlings by enhancing nitrate metabolism and antioxidant enzyme activities; their spraying on the leaves is 
beneficial for plant recovery and growth under cold stress. 
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Introduction
In nature, plants are daily exposed to many 

environmental stresses such as drought and cold stress, 
extreme heat, and excessive acidity (pH) (Boubakri et al., 
2021; Shams, Yildirim, 2021). Nonetheless, cold stress can 
be considered as one of the most significant limiting agents 
for the cultivation, productivity, and durability of plants, 
as it drastically modifies various biological and molecular 
mechanisms (Janská et al., 2010; Tiryaki et al., 2019). 

Low (0–15°C) temperature is a serious threat to 
the sustainability of crop yields, and the agricultural loss 
induced by low temperature runs hundreds of billions 
of dollars worldwide every year. However, the injury to 
crops largely occurs in physiological and biochemical 
systems of plants through a disruption in the cytoplasmic 
membrane and the injury to the structure and activity of 
protective enzymes. Also, by limiting electron transport 
and enzyme activities, it can decrease photosynthesis 

rates and modify chloroplasts (Janská et al., 2010; 
Sharma, 2000; Ding et al., 2019; Araz et al., 2021). In 
addition, cold stress targets the cell wall. It causes a 
significant reduction in pectin levels and enzyme activity 
(Bilska-Kos et al., 2018; Soliman et al., 2018). Cold stress 
induces thickening of the cell wall in the leaf, which is 
linked with modifications in the content of specific cell 
wall sugars (Lanna et al., 2018; Azarfam et al., 2021). 
It is correlated with a rapid collapse of photosynthetic 
pigments such as chlorophylls, which consequently 
causes a reduction in photosynthetic rates. Also, cold 
stress can induce over-accumulation of reactive oxygen 
species (ROS), and this increased production promotes 
the oxidation and decomposition of lipids, proteins, 
pigments, and DNA as well as the inactivation of the 
enzymes of the photosystems; consequently, it leads to 
cell death (Liu et al., 2019; Pasbani et al., 2020; Saleem 
et al., 2020; Yu et al., 2020). 
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One of the main components in plant regulatory 
system is phytohormones, which perform a crucial role 
in controlling the growth and development of plants 
and actively cooperates in protective and adaptive 
reactions (Ding et al., 2019). Exogenous application of 
phytohormones such as salicylic and abscisic acids can 
increase plant tolerance and mitigate the toxic impacts 
of abiotic stress such as stresses of heavy metals and 
salinity on the germination of seedlings and the growth 
and development of plants (Saleem et al., 2020; Yu et al., 
2020). It was shown that salicylic acid can decrease the 
permeability of the cell membrane, enhance proline 
concentration to maintain cell water content, decrease lipid 
peroxidation (MDA content), and significantly increase the 
cold tolerance of crops. In addition, salicylic acid can help 
the crops to eliminate the accumulation of reactive oxygen 
species by enhancing the activity of protective enzymes 
(Mutlu et al., 2016; Ghanbari, Sayyari, 2018; He et al., 
2020). Many studies have shown that exogenous treatment 
of abscisic acid enhanced soluble sugar and proline content 
and decreased the malondialdehyde content (Kim et al., 
2016; Huang et al., 2017; Yu et al., 2020). 

Nonetheless, progesterone, oestrogen (oestrone, 
oestriol and oestradiol), and androsterone belong to 
mammalian sex hormones (MSHs). They naturally 
exist in the roots, leaves, and flowers of plants and have 
a certain impact on the differentiation, growth, and 
homeostasis of higher eukaryotes. Exogenous application 
of oestradiol significantly mitigated the genotoxicity of 
2,4-dichlorophenoxyacetic acid (2,4-D) in the common 
bean genome (Aydin, Nalbantoğlu, 2011). Genisel et al. 
(2013) found that progesterone treatment protected 
chickpea seedlings against the hazardous effect of cold 
stress and decreased the content of malondialdehyde and 
hydrogen peroxide. In addition, the positive impact of 
MSHs on the growth and development of plants under 
non-stress conditions was demonstrated in maize by Erdal 
and Genisel (2016). However, their effect on common 
bean seedlings under cold stress are not clear. 

Common bean (Phaseolus vulgaris L.) belongs 
to the Fabaceae family; its growth is seriously hindered 
by temperature below about 20°C and stops altogether 
at a temperature around 10°C. Turkey has the highest 
common bean production after the USA and China, but 
due to cold stress in some parts of Turkey such as Erzurum 
its cultivation is limited (Tekin, Ceyhan, 2020). 

Therefore, in the present study, the effect of 
progesterone, β-oestradiol, abscisic acid, and salicylic 
acid on the physiological and biochemical response of 
common bean seedlings under cold stress conditions was 
investigated. 

Materials and methods 
Plant growth and treatment conditions. 

The experiment was carried out in 2020 at Ataturk 
University using a completely randomized design with 
four replications. Firstly, the common bean (Phaseolus 
vulgaris L.) seeds were rinsed with 96% alcohol, then 
exposed to surface sterilisation in 5% NaClO (sodium 
hypochlorite) for 5 min. Later, the seeds were rinsed with 
distilled water, left to swell in distilled water at room 
conditions, and planted into the prepared sand-filled pots 
(2 L, 13 × 13 × 16.5 cm). For seedling growth, a climate 
chamber was prepared under control conditions: 24/20°C 
temperature (day/night), 14/10-hour light-dark period, 
20,000 lux, and 70% humidity. 

Eleven-day-old common bean seedlings, in 
which third leave from the base of plants appeared, 
were classified into ten groups: (1) control, (2) cold, (3) 
progesterone (Pro) 10-9 M, (4) β-oestradiol (ES) 10-6 M, 
(5) abscisic acid (ABA) 10-4 M, (6) salicylic acid (SA) 

10-4 M, (7) cold + Pro, (8) cold + ES, (9) cold + ABA, 
and (10) cold + SA. At the age of eleven days, distilled 
water was sprayed on the seedlings of groups 1 and 2, 
while the seedlings of other groups were sprayed with 
Pro, ES, ABA, and SA with a handheld sprayer, and then 
the seedlings were transferred to the climate chamber. In 
the climate chamber, seedlings of groups 1, 3, 4, 5, and 6 
were grown at 25/20°C (day/night), and seedlings of other 
groups (2 and 7–10) were grown at 9/5°C (day/night) 
temperatures. The seedlings were irrigated daily with an 
equal amount of half-strength Hoagland solution until 
the day of sampling. For physiological and biochemical 
analysis, sampling was done at the age of 14 days. 

Dry weight. To determine root and shoot dry 
weight, the common bean seedlings were sampled at 14-
day old, then the samples were placed in a hot-air oven at 
65°C temperature until a constant weight was reached. 

Detection of malondialdehyde (MDA), 
chlorophyll (Chl) and hydrogen peroxide (H2O2) 
content. The level of MDA was determined by using 
the 2-thiobarbituric acid (TBA) test. Chl pigments 
were determined from the leaves in 80% acetone and 
colorimetrically using a spectrophotometer (Turk et al., 
2019; 2020). In leaves, determination of H2O2 was done 
according to Shams et al. (2020). First, leaf samples (0.3 g) 
were ground in liquid nitrogen, and homogenisation was 
done in 3 mL of 5% (w/v) TCA (trichloroacetic acid) 
solution. After centrifugation of the samples at 12 000 × g 
for 15 min, supernatants were collected and H2O2 content 
was determined by using a reaction mixture: 10 mM 
potassium phosphate buffer, pH 7.0 and 1 ml 1 M 
potassium iodide. Sample absorbance was read at 390 nm 
with a spectrophotometer Multiskan™ GO Microplate 
(Thermo Scientific, Japan). 

Assay of antioxidant enzyme activity. Leaf 
samples (0.2 g) were homogenised in line with the method 
of Shams et al. (2019) and Dadasoglu et al. (2021). The 
ascorbate peroxidase (APX) activity was determined by 
the reduction of ascorbate in the reaction mixture and 
measuring the decrease in absorbance at 290 nm for 1 min. 
The activity of peroxidase (POD) was calculated to base its 
capability to change guaiacol to tetra guaiacol at 436 nm. 
The superoxide dismutase (SOD) activity was measured 
by considering the restriction of the depletion of P-nitro-
blue tetrazolium chloride (NBT) (Shams et al., 2016). 

Nitrogen assimilation-related parameters. The 
activity of nitrate reductase (NR) was assayed in leaf extracts 
by measuring the production of nitrite. The production of 
1 μmol h-1 of nitrite was represented as one unit of NR activity 
(Turk et al., 2020). The nitrite reductase (NiR) activity was 
also determined according to Choudhary and Agrawal (2014) 
method. The activity of glutamine synthetase (GS) was 
measured using the method of Kaya (2020). The production 
of 1 μmol min-1 of y-glutamyl hydroxamate was assumed as 
one unit of GS activity. 

Statistical analysis. The experiment was 
conducted following a completely randomised design 
with three replications. The software package SPSS 
Statistics, version 20 (IBM Inc., USA) was used for the 
analysis of variance (ANOVA) and Duncan’s multiple 
range test at 0.01 significance level. 

Results 
Fresh (FW) and dry (DW) weight. The effect of 

animal sex hormones, ABA and SA, on the FW and DW 
of common bean seedlings under cold stress is presented 
in Figure 1. Cold stress significantly decreased the FW 
and DW of the plants. However, application of ABA, SA, 
and sex hormones mitigated the adverse effect of cold 
stress in seedlings. In this regard, cold stress decreased 
the FW and DW of the seedlings by −27.37% and 
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−27.48%, respectively, but the simultaneous application 
of Pro, ES, ABA, and SA with cold stress significantly 
increased FW by 80.01%, 52.09%, 91.88%, and 78.53% 
compared to the plants treated with cold stress; also, they 
increased DW by 60.00%, 26.31%, 89.47%, and 44.21%, 
respectively. Moreover, separate application of Pro, ES, 
ABA, and SA significantly increased the FW and DW of 
the seedlings compared to control. 

Note. Letters above and below the bars indicate differences by 
Duncan multiple range test, p < 0.01 at each treatment; vertical 
bars indicate the mean ± standard error. 

Figure 1. Effect of progesterone (Pro), β-oestradiol (ES), 
abscisic acid (ABA) and salicylic acid (SA) treatments 
on fold changes in fresh (FW) and dry (DW) weight of 
14-day-old common bean seedlings under cold stress 

Chlorophyll (Chl) content. As shown in 
Figure 2, cold stress significantly affected the Chl 
content in common bean seedlings, but the simultaneous 
application of Pro, ES, ABA, and SA with cold stress 
decreased the adverse effect of cold stress compared to the 
plants treated with cold alone. In this respect, cold stress 
decreased Chl a and b content by −15.77% and −15.03%, 
but the combined application of Pro, ES, ABA, and SA 

Note. Letters above the bars indicate differences by Duncan 
multiple range test, p < 0.01 at each treatment; vertical bars 
indicate the mean ± standard error. 

Figure 2. Effect of progesterone (Pro), β-oestradiol (ES), 
abscisic acid (ABA), and salicylic acid (SA) treatments 
on the chlorophyll (Chl) content of 14-day-old common 
bean seedlings under cold stress 

Explanation under Figure 2 

Figure 3. Effect of progesterone (Pro), β-oestradiol (ES), abscisic acid (ABA), and salicylic acid (SA) treatments on 
the ascorbate peroxidase (APX), catalase (CAT), peroxidase (POD), and superoxide dismutase (SOD) activities of 
14-day-old common bean seedlings under cold stress 

with cold stress increased Chl b content by 17.70%, 
25.77%, 11.16%, and 11.04%, respectively, compared 
to the plants treated with cold stress. Regarding Chl a 
content, it was increased by 14.22%, 12.31%, 3.26%, and 
4.21%, respectively. Furthermore, separate application of 
Pro and SA increased the Chl a and b content in seedlings 
compared to control, but ABA decreased their content. 

Enzyme activity. Based on the results, SOD, 
catalase (CAT), and POD activities were significantly 
boosted by cold stress in common bean seedlings. 
However, the concomitant application of Pro, ES ABA, 
and SA with cold stress caused a re-increase in their 
activities compared to the plants treated with cold alone. 

Regarding the APX activity, cold stress 
significantly increased its activity by 62.84%. As 

presented in Figure 3, under cold stress, the APX activity 
increased significantly in seedlings subjected to cold 
stress, but the combined treatment of Pro, ES, ABA, 
and SA with cold stress did not affect its activity. Also, 
their separate application had no significant effect. The 
POD activity was significantly affected by cold stress 
and phytohormones. In this respect, the CAT activity 
increased by 13.17% in cold-treated common bean 
seedlings. The CAT activity was impacted significantly 
by the simultaneous application of phytohormones with 
cold stress compared to the plants treated with cold 
alone. In this regard, Pro, ES, ABA, and SA application 
increased the CAT activity by 63.66%, 74.58%, 81.67%, 
and 78.32%, respectively, compared to the plants treated 
by cold alone. However, the combined effect of Pro, ES, 
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ABA, and SA with cold stress significantly increased 
POD activity by 37.06%, 32.45%, 28.72%, and 21.71% 
compared to the plants exposed to cold alone. In this 
respect, by exposing the seedlings to cold stress, the SOD 
activity was increased by 26.95% compared to control, 
while the application of Pro, ES, ABA and SA on the cold-
treated seedlings caused a re-increase in the SOD activity 
of 63.54%, 58.17%, 40.64%, and 47.06%, respectively, 
compared to the plants treated with cold alone. 

Malondialdehyde (MDA) and hydrogen 
peroxide (H2O2) content. As presented in Figure 4, cold 
stress significantly increased the MDA and H2O2 content 
in common bean seedlings: an increase of 19.96% and 
26.6% was identified in the MDA and H2O2 content, 
respectively, compared to control. However, the application 
of phytohormones significantly decreased their content in 
the plants treated with cold stress. In this regard, Pro, ES, 
ABA, and SA application on the plants treated with cold 

Explanation under Figure 2 

Figure 4. Effect of progesterone (Pro), β-oestradiol (ES), abscisic acid (ABA) and salicylic acid (SA) treatments on the 
malondialdehyde (MDA) and hydrogen peroxide (H2O2) content in 14-day old common bean seedlings under cold stress 

stress decreased the MDA content by −8.73%, −22.57%, 
−11.36%, and −14.66%, respectively, compared to the 
plants treated with cold alone. In the absence of cold 
stress, they also decreased the MDA content by −8.3%, 
−7.5%, −5.92%, and −14.62%, respectively, compared to 
the plants grown under control conditions. 

In respect to the H2O2 content, cold stress 
significantly increased it by 26.60% compared to control. 
However, simultaneous application of Pro, ES, ABA, and 
SA with cold stress significantly decreased H2O2 content 
by −16.34%, −22.42%, −16.56%, and −20.54% compared 
to the plants treated with cold stress. Separate application 
of plant phytohormones also decreased the H2O2 content 
compared to control. 

Nitrogen assimilation-related parameters. 
The activities of NR, NiR, GS, and cold stress-induced 
substantial declines in their activity are shown in the 
Table. The cold stress decreased the activities of NR, NiR, 
and GS by 41.03%, 35.20%, and 47.54%, respectively, 
compared to control. However, simultaneous application 
of Pro, ES, ABA, and SA with cold stress significantly 
mitigated the adverse effect of cold stress. In this respect, 
application of Pro on the plants treated with cold stress 
resulted in an increase of 41.78%, 32.99%, and 82.35% 
in NR, NiR and GS activities, respectively, in common 
bean seedlings. 

Moreover, by application of ES on the plants 
treated with cold stress, an increase of 16.66%, 30.1%, 

Table. Effect of progesterone, β-oestradiol, abscisic acid, and salicylic acid on nitrate reductase (NR), nitrite reductase 
(NiR), and glutamine synthetase (GS) activities in 14-day-old common bean seedlings under cold stress 

Treatment NR
µmol NO2 g

-1 FW
NiR

µmol NO2 g
-1 FW

GS
µmol y-glutamyl 

hydroxamate
min-1 mg-1 FW

Control 31.29 ± 0.35 a 24.55 ± 0.42a 204.63 ± 0.32 a
Cold stress 18.45 ± 0.31 f 15.91 ± 0.29 e 107.89 ± 0.28 f
Progesterone (Pro) 26.90 ± 0.28 c 18.94 ± 0.36 c 190.60 ± 0.26 b
β-estradiol (ES) 25.14 ± 0.19 d 21.85 ± 0.43 b 151.90 ± 0.25 d
Abscisic acid (ABA) 29.97 ± 0.38 b 20.69 ± 0.26 b 194.72 ± 0.35 b
Salicylic acid (SA) 26.46 ± 0.24 c 20.31 ± 0.15 b 197.74 ± 0.35 b
Pro + cold 26.16 ± 0.35 c 16.45 ± 0.21 de 196.74 ± 0.33 b
ES + cold 21.18 ± 0.25 e 20.84 ± 0.38 b 161.52 ± 0.29 a
ABA + cold 24.70 ± 0.18 d 17.94 ± 0.25 d 197.91 ± 0.36 b
SA + cold 30.41 ± 0.32 a 21.18 ± 0.43 b 116.99 ± 0.32 e

Note. FW – fresh weight; data in columns followed by different letters are significantly different (p ≤ 0.01) by Duncan’s multiple 
range test; values are means ± standard deviation. 

and 50.46%, and regarding ABA application an increase 
of 33.33%, 12.75%, and 84.11%, and regarding SA 
application an increase of 66.66%, 33.12%, and 8.43% was 
observed in the NR, NiR and GS activities, respectively, in 
common bean seedlings treated with cold stress. 

Discussion
Cold stress is generally known for imposing 

a reduction in crop productivity, largely by extreme 
disturbances in plant growth, chlorophyll biosynthesis, 
photosynthesis and enzyme activities. In the present 
experiment, cold stress negatively impacted the overall 

performance of common bean seedlings. As identified 
during the experiment, a decrease in growth due to cold 
stress has clearly been shown in many plant species at 
various developmental stages (Esim, Atici, 2015; Turk et 
al., 2019; 2020). However, in this experiment, exogenous 
application of sexual hormones and ABA as well as SA 
significantly alleviated the adverse effect of cold stress 
by improving the growth and physiology of the plants. 
Results of our experiment have been consistent with the 
earlier studies on Pro, ES ABA and SA induced alleviation 
of the inhibitory impact of cold stress on plants (Gharib, 
Hegazi, 2010; Erdal, Genisel, 2016; Leng et al., 2021). 
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The enzyme activities, MDA and H2O2 content 
in plant tissues are essential markers to assess the adverse 
effect of cold stress on plants. In this experiment, cold stress 
markedly increased the MDA and H2O2 content, but the 
exogenous application of Pro, ES ABA and SA significantly 
decreased the MDA and H2O2 content in common bean 
seedlings treated by cold stress. The decrease in MDA 
and H2O2 content can be associated with the stimulation 
of enzymatic activity by spraying phytohormones on 
the plants; therefore, results of our experiment have 
been consistent with the earlier findings as a decrease in 
oxidative stress under colds stress by exogenous treatment 
of ABA and SA (Ignatenko et al., 2019; Yu et al., 2020). 
However, this is the first report on the effect of Pro and ES 
in reducing the adverse effect of cold stress in common 
bean seedlings. Nonetheless, by comparing the effect of 
hormones on cold tolerance, it was concluded that ES had 
a strong effect in reducing oxidative stress. 

In higher plants, NR catalyses NO3
− to NO2

− 
and many environmental factors as well as endogenous 
factors such as metabolites and plant phytohormones 
can regulate NR activity. NiR catalyses NO2

− to NH4
+ 

and subsequently NH4
+ is incorporated into carbon 

skeletons by rendering glutamate via the glutamine 
synthetase/glutamine oxoglutarate aminotransferase 
or glutamate synthase (Sharma, Shanker Dubey, 2005; 
Sanz-Luque et al., 2015). In this experiment, lower levels 
of NR, NiR and GS were observed in the cold-treated 
common bean seedlings. Results of our experiment have 
been consistent with the earlier findings as a reduction 
in the activity of nitrate assimilation enzymes (Aydin, 
Nalbantoğlu, 2011; Zhao et al., 2021). It seems that cold 
stress significantly affected the enzymes of the nitrate 
assimilation pathway, and this can be associated with 
a reduction in nitrate availability in plants under cold 
stress, which subsequently could inhibit NR and NiR 
gene transcription and decrease the mRNA stability of 
NR and NiR (Sharma, Shanker Dubey, 2005). 

However, exogenous application of Pro, ES 
ABA and SA participated in an increase in NR, NiR and 
GS activities in common bean seedlings under cold stress. 
This can be related to the influence of phytohormones in 
improving cold tolerance in seedlings suggesting that those 
phytohormones can stimulate biochemical and physiological 
mechanisms to withstand hazardous effect of cold stress. 

Conclusion 
The findings of this experiment revealed that 

cold stress markedly decreased plant growth and enzymes 
activities and increased the malondialdehyde (MDA) and 
hydrogen peroxide (H2O2) content. However, exogenous 
application of progesterone (Pro), β-oestradiol (ES), 
abscisic acid (ABA) and salicylic acid (SA) enhanced 
tolerance of common bean seedlings to cold stress by 
increasing the growth, antioxidative enzyme activities, 
chlorophyll (Chl) content and activities of nitrate (NR) 
assimilation enzymes. Therefore, it can be concluded 
that mammalian sex hormones (Pro and ES) same as 
ABA and SA mitigated the adverse effect of cold stress 
in common bean seedlings, and their spraying on the 
leaves is beneficial for plant recovery and growth under 
cold stress. However, their effect on nitrate metabolism 
is unknown and needs to be studied further to find their 
significance in enhancing the NR and nitrite reductase 
(NiR) activities under cold stress. 
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Progesteronu, β-estradioliu, abscizo ir salicilo rūgštimis 
apdoroti pupelių daigai yra atsparesni vėsioms temperatūroms 
B. S. Didani, R. Dumlupinar 
Atatiurko universiteto Gamtos mokslų fakultetas, Turkija 

Santrauka 
Vėsios temperatūros (0–15° C) arba šaltis (<0° C) sukelia augalų įtampą, lėtina augimą ir mažina derlių. Tyrimo 
tikslas – nustatyti, kaip abscizo rūgštis (ABA) bei salicilo rūgštis (SA) ir žinduolių lytiniai hormonai (progesteronas 
ir β-estradiolis) veikia vėsiose temperatūrose auginamų paprastosios pupelės (Phaseolus vulgaris L.) daigų masę, 
chlorofilo, malondialdehido (MDA) bei vandenilio peroksido (H2O2) koncentracijas ir antioksidacinių bei nitratų 
asimiliacijos fermentų aktyvumą. Šalčio įtampa klimato kamerose buvo sukurta temperatūrą mažinant iki 9/5° 
C (diena/naktis) ir lyginant su įprastinėje temperatūroje 25/20° C (diena/naktis) augintais daigais. Rankiniu 
purkštuvu 11 dienų amžiaus daigai buvo apipurkšti progesteronu (Pro) 10-9 M, β-estradioliu (ES) 10-6 M, ABA 10-4 
M ir SA 10-4 M. Vienuolikos dienų daigus išoriškai apdorojus Pro, ES, ABA ir SA, po trijų dienų vėsių temperatūrų 
nepalankus poveikis sumažėjo. Vėsi temperatūra nitratų reduktazės (NR), nitritų reduktazės (NiR) ir glutamino 
sintezės (GS) aktyvumą sumažino atitinkamai 41,03, 35,20 ir 47,54 %. Tačiau vėsiose temperatūrose augintų 
daigų apdorojimas Pro, ES, ABA ir SA reikšmingai padidino NR, NiR ir GS aktyvumą: NR – 41,87, 14,80, 33,87 
ir 64,82 %, NiR – 3,4, 30,10, 12,75 ir 33,12 %, GS – 83,00, 50,10, 83,14 ir 9,34 %, lyginant su nepurkštais vėsioje 
temperatūroje augintais daigais. Taigi, daigų purškimas Pro 10-9 M, ES 10-6 M, ABA 10-4 M ir SA 10-4 M tirpalais 
po trijų dienų sušvelnina nepalankų vėsių temperatūrų poveikį pupelių daigams, nes pagerėja nitratų apykaita ir 
antioksidacinių fermentų aktyvumas. 

Reikšminiai žodžiai: šalčio stresas, fermentų aktyvumas, nitratų apykaita, Phaseolus vulgaris. 
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