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EFFECTS OF DROUGHT STRESS ON GERMINATION
AND SEEDLING GROWTH OF DIFFERENT FIELD PEA
VARIETIES

ABSTRACT: Germination and seedling growth of seven genotypes of field pea (Pisum
sativum L.) were studied in PEG-6000 solution having osmotic potentials -0.1 and -0.2 MPa.
A study was undertaken to evaluate the influence of different osmotic potentials (MPa) on
seed germination percentage (GP) and mean germination time (MGT). Results show that
the percentage of germination decreased with a decrease in osmotic potential, while mean
germination time increased. Variety Javor is much more sensitive than the other varieties at
all levels of osmotic stress. By contrast, the lowest sensitivity of germination and MGT was
found in varieties Mraz and Trezor. Seed germination tests at -0.1 to -0.2 MPa have the po-
tential to be used as tests in field pea. Osmotic stress exposure and its duration significantly
affected the growth of seedlings (shoot and root) and the accumulation of biomass, while its
effect was more prominent on the growth of the shoot than on root growth, which was also
confirmed by the root tolerance index.
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INTRODUCTION

Pea (Pisum sativum) is the second most important food legume worldwide
after common beans. The increasing demand for protein-rich raw materials for
animal feed or intermediary products for human nutrition has led to a greater
interest in this crop as a protein source. Pea seeds are rich in protein (23-25%),
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slowly digestible starch (50%), soluble sugars (5%), fibre, minerals, and vitamins
(Bastianelli et al., 1998; Cervenski et al., 2017).

Nowadays, legumes provide one-third of the entire amount of protein for
human consumption, representing an important source of fodder and forage
for animals, as well as in the production of edible and industrial oils (Smykal et
al., 2012). Due to their high protein content, they can partially replace soybean
in the meal of ruminants and non-ruminants (Gruzauskas et al., 2016). One of the
most important attributes of legumes is their capacity for symbiotic nitrogen
fixation, underscoring their importance as sources of nitrogen in both natural
and agricultural ecosystems (Heldt and Piechulla, 2011; Smykal et al., 2012).

During their growth, crop plants are usually exposed to different envi-
ronmental stresses that can limit their growth and productivity (Fleury et al.,
2010; Vujakovi¢ et al., 2011). Salinity and drought are major environmental
factors limiting plant growth and productivity, causing great economic losses
(Jovici¢ et al., 2014; Petrovic et al., 2016). Field pea, like other pulses, is mode-
rately sensitive to a number of abiotic stress factors, particularly involving water
deficit, soil nutrition such as salinity and alkaline-induced boron toxicity, re-
productive frost damage, and heat stress (Dita et al., 2006; Petrovi¢ et al., 2016).

Seed germination is the first critical and the most sensitive stage in the
life cycle of plants and it can compromise the seedlings’ establishment (Kolb
and Barsch, 2010; Karagic et al., 2010). Seeds exposed to unfavorable environ-
mental conditions, like water stress, germinate with difficulties (Jovicic¢ et al.,
2014). Water stress limits plant survival and early seedling growth by delaying
its beginning or decreasing the final germinability (Okgu et al., 2005; Kaydan
and Yagmur, 2008; Silva et al., 2010). Considering that pea, like other legumes,
requires a relatively large amount of water during the germination process, it
is suggested that this is the most critical phase of development stages.

Drought tolerance testing in the initial stages of plant development is of
vital importance because the seed with more rapid germination under water
deficit conditions can be expected to achieve a rapid seedling establishment,
resulting in higher yields (Jovici¢ et al., 2014). Polyethylene glycol (PEG 6000)
is commonly used to simulate water-stress conditions in seed germination
studies. PEG 6000 is an inert osmotic agent whose molecules are too large to
penetrate the seed, thus preventing any toxic effects. Because PEG 6000 does
not enter the apoplast, water is withdrawn not only from the cell but also from
the cell wall (Verslues et al., 2006). PEG-based in vitro screening for drought
tolerance has proven to be an effective screening method for large sets of germ-
plasm (Okgu et al., 2005; Generozova et al., 2009).

Measurement of germination can provide valuable information about the
start, rate, uniformity, and final percentage of germination. However, two seed
lots can have the same germination percentage but differ in speed or unifor-
mity. Therefore, a total germination percentage after a specific period does not
give a full explanation of the dynamics of germination (Joosen et al., 2010). It
is also useful to calculate MGT. MGT is defined as a measure of the rate and
time-spread of germination (Soltani et al., 2016).
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Since researchers have paid little attention to improve the locally cultivated
pea in this area, the present study contributes to understanding the responses
under osmotic and drought stress conditions and the further improvement of
our field pea cultivars.

The aim of this study was to determine whether the pea seed germination
and seedling growth of different field pea cultivars were inhibited by the osmotic
effect of water deficit, as well as to establish a simple and fast screening method
for drought tolerance in pea genotypes.

MATERIALS AND METHODS

The study was conducted using seven selected genotypes of the genus
Pisum from the collection of the Institute of Field and Vegetable Crops in Novi
Sad. Seeds were sterilized with 0.5% sodium hypochlorite solution for 1 min and
after that washed with distilled water. Pea seeds were germinated in 15 x 24 cm
plastic boxes filled with sand. For each cultivar, 4 replicates of 100 seeds were
sown for each treatment.

Drought stress was stimulated by two different osmotic potential levels
(-0.1 MPa and -0.2 MPa) using PEG 6000. Solutions of PEG 6000 were pre-
pared according to Michel and Kaufmann (1973). Distilled water served as a
control.

Plastic boxes were placed in a germination chamber at 20 °C under con-
ditions of a 12h light/dark cycle.The sand was moistened daily with distilled
water for control and the solution of PEG for treatments. Seed germination was
recorded every 24h for 10 days by evaluating normal seedlings. A seed was
considered to have germinated when the radicle was 2 mm long (Kaya et al.,
2006; Kim et al., 2006).

The germination percentage was determined by counting the number of
germinated seeds as follows: (GP) = Number of germinated seed / Total Num-
ber of seed tested x 100.

Mean germination time (MGT) was determined according to Kandil et al.
(2012): MGT= Y dn/ > n, where (n) is the number of seeds that were germinated
on the day (d), and (dn) is the number of days counted from the beginning of
germination.

The radicle and hypocotyl length (mm) and the seedling fresh and dry
weights (g) were measured on the 10th day after sowing. Dry weights of hypo-
cotyl and radicle were measured after drying samples in the oven at 80 °C for 24h,
to an accuracy of 0.1 mg using an analytical balance, until a constant weight
was achieved. The results were expressed as the total mass of ten shoots (g).

The shoot/root ratio of dry weight was calculated from the obtained re-
sults. Tolerance index (TI) was calculated for the shoot and the root according
to Maiti et al. (1994):

Tolerance index (TT) = Dry weight of plant material in the control group
(g) / Dry weight of plant material in the treated group (g).
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Data given in percentages were subjected to arcsine transformation before
statistical analysis. For all investigated parameters, the analysis of variance was
performed using the Statistical software (Sigmaplot 10.0., Systat Software Inc.,
San Jose, CA, U.S.A.). Significant differences among the mean values were
compared by Student’s t-test (*p < 0.05, **p <0.01 and ***p < 0.001). Figures
were drawn using Sigmaplot.

RESULTS AND DISCUSSION

Germination of seeds is a complex physiological process triggered by the
imbibition of water after possible dormancy mechanisms have been released
by appropriate triggers. Under favorable conditions, a rapid expansion growth of
the embryo culminates in rupture of the covering layers and emergence of the
radicle. Radicle emergence is considered the completion of germination. Water
stress can affect germination by decreasing the percentage of germination.

The results of this study show that different concentrations of PEG in
germination media significantly affect the seed germination of field pea. An
increase in osmotic stress significantly decreased germination percentage (GP) in
all the tested varieties. Increased Mean Germination Time (MGT) and decreased
total germination time occurred already at the lowest level of stress (-0.1 MPa).

Germination in controls ranged between 96.25% (Partner) and 99.75%
(Mraz), except for variety Javor where it amounted to 83.75%. In all varieties,
a decrease in germination depending on the level of stress was observed, while
this reduction differs among varieties (Figure 1a).

Variety Mraz showed the least reduction of GP (control 100%; -0.1 MPa
99%; -0.2 MPa 97%), while the largest decrease was in Javor variety (control
84%; -0.1 MPa 64; -0.2 MPa 58%). GP decreased with the increased PEG 6000
concentration, which is due to the reduction in water potential gradient betwe-
en the seed and surrounding media (Okgu et al., 2005). Obtained results are in
accordance with the results of other similar studies (Almansouri et al., 2001;
Kaydan and Yagmur, 2008; Jovici¢ et al., 2013; Petrovi¢ et al., 2016).

Mavi et al. (2010) suggest that differences in MGT or the rate of germination
between seed lots are crucial for determining the emergence performance both
in terms of the rate of emergence, final count, and seedling size and variation.
It is useful to calculate MGT because, according to Demir et al. (2008), slower
germinating lots, as indicated by MGT, with a greater spread of germination
over time, produced smaller and more variable seedlings in the laboratory.

MGT increased progressively as osmotic potential decreased (Figure 1B).
Okgu et al. (2005) also found that mean germination time was delayed by dec-
reasing water potential. MGT in controls ranged from 5.04 (Mraz) and 5.58
(Javor) days, at -0.1 MPa between 5.14 (Pionir) and 6.91 (Javor) days, while in
the solution of -0.2 MPa PEG ranged between 5.17 (Trezor) and 7.24 (Javor) days.

The trend of increasing MGT, or slowing germination, with increasing
levels of stress was observed in all varieties, except for varieties Mraz and
Trezor in the solution of -0.2 MPa when they shorten the germination compared
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Figure 1. A. The effect of different concentrations of osmoticum PEG 6000 on seed
germination in field pea genotypes; B. The effect of different concentrations of osmoticum

PEG 6000 on mean germination time of field pea genotypes.
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to -0.1 MPa. The increase of MGT in conditions of osmotic stress was parti-
cularly noticeable in variety Javor in which germination occurred later com-
pared to other varieties.

Taking into account the results of measurements of the germination per-
centage and mean germination time, it is observed that variety Javor is much
more sensitive than the other varieties at all levels of osmotic stress. On the
contrary, the lowest sensitivity of germination and MGT was found in varie-
ties Mraz and Trezor.

In order to examine the influence of different levels of osmotic stress on
morphological changes of seedlings, growth parameters were determined.

An increase in osmotic stress resulted in decreased shoot and root length,
but there were differences between the examined varieties. The Student’s t-test
showed that the decrease in shoot length compared to the control was very
significant (p <0.001), already at the lowest level of osmotic stress (-0.1 MPa)
in all tested varieties. The lowest rate of reduction in the shoot length, relative
to the control, was in the variety Dukat (73.4%, from 149.52 mm in control to
39.75 mm). On the contrary, the highest reduction (83.7%) was measured in
Junior (from 215 mm in control to 35 mm in -0.1 MPa PEG solution, respec-
tively) (Table 1).

A significant decrease in root length compared to the control was also
observed. The smallest reduction in the root length relative to the control was
in the variety Trezor (43.9%, from 200.48 mm to 112.48), while the highest
reduction (70.7%) was in the variety Javor (211.50 mm to 112.48 mm) at the
lowest level of osmotic stress (Table 1). The analysis of results showed diffe-
rences between the examined varieties.

Water stress depressed the shoot growth of the cultivars rather than their
root growth. The roots of the seedlings were longer indicating that the PEG
significantly influenced the reduction of cell division and cell elongation. The
same conclusion was made by Okcu et al. (2005) examining the effects of salt
and drought stresses at the water potentials of -2, -4, -6, and -8 bars, induced
by NaCl and PEG 6000 each, on germination and early seedling growth for
three pea cultivars. PEG-induced osmotic stress caused more growth inhibition
as compared to NaCl-induced osmotic stress (Petrovi¢ et al., 2016). The obta-
ined results are in accordance with the results of Dobranszki et al. (2006) who
analyzed the effect of PEG on 8 pea genotypes and found that osmotic stress
caused by the solution of PEG 6000 affected the development of shoots more
than the roots of the seedlings and that these changes were statistically signi-
ficant at a solution of 5%, which would correspond to a solution of the osmotic
potential of -0.1 MPa.

The average dry mass of the shoot in control ranged from 0.24 g (Pionir)
to 0.47 g (Dukat). Varieties Junior, Pionir, and Trezor had the smallest dry mass of
the shoots in the PEG solution of -0.1 MPa (0.07 g), while Dukat had a maximum
of 0.12 g. At-0.2 MPa, Javor and Pionir had the lowest dry mass (0.05 g), while
Dukat had 0.09 g. It is noticeable that the Dukat variety had the highest value
of the dry mass of the shoot in all the examined groups (Table 1). The decre-
ase of the shoot dry mass in the control was the largest in the Mraz variety
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(65.1%), and the smallest in the Dukat variety (35.8%). Results of the stress of
-0.2 MPa showed that the largest decrease in the shoot dry mass was in the
Javor variety (81.7%), and the smallest in the Dukat variety (44.3%).

The average value of the root dry mass in control was from 0.07 g (Pionir)
to 0.33 g (Partner), in -0.1 MPa solution from 0.04 g (Pioneer) to 0.18 g (Partner),
and in -0.2 MPa solution from 0.04 g (Pionir) to 0.13 g (Dukat). The decrease
in control was the largest in the Javor variety (61.6%) and the smallest in the
Trevor variety (43.5%). At the stress of -0.2 MPa, the largest decrease in rela-
tion to control was in the Partner (69.8%), while the smallest reduction was in
the Pionir variety (57%). Comparing to other varieties, the duration of osmotic
stress had no large effect on the change in dry weight in the Pionir variety.

In the Dukat variety, only the ratio of dry matter of the shoot and root
dropped below 1.00 already at -0.1 MPa, which indicates that this variety, in
the first stages of plant exposure to stress, assimilated referring to the root.

Jaleel et al. (2009) pointed out that dry mass accumulation is a desirable
characteristic in the case of water deficiency, while Sakthivelu et al. (2008)
claim that the dry mass is in correlation with tolerance to drought.

Table 2. Tolerance index (TT) of the shoot and root of the seedlings of field pea at different
levels of osmotic stress.

Variety Treatment (PEG) Shoot T1 Root T1
Mraz Control 1.00 1.00
-0.1 MPa 0.35" 0.47"
-0.2 MPa 0.24" 0.47
Junior Control 1.00 1.00
-0.1 MPa 0.20" 0.49"
-0.2 MPa 0.20" 0.38"
Javor Control 1.00 1.00
-0.1 MPa 0.23" 0.38"
-0.2 MPa 0.14" 0.33"
Dukat Control 1.00 1.00
-0.1 MPa 0.26" 0.52"
-0.2 MPa 0.19" 0.42"
Pionir Control 1.00 1.00
-0.1 MPa 0.29" 0.57"
-0.2 MPa 0.21" 0.57"
Partner Control 1.00 1.00
-0.1 MPa 0.27" 0.41"
-0.2 MPa 0.22" 0.26"
Trezor Control 1.00 1.00
-0.1 MPa 0.19" 0.43"
-0.2 MPa 0.19 0.32"
* p<0.05
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Based on dry mass data of shoot and root of the seedlings in the control
and treated group, values of tolerance index on drought, as well as other stress
factors, could be calculated (Maiti et al., 1994). The tolerance index (TI) in this
study is calculated for shoot and root separately, for each level of stress (Table 2).

There was a statistically significant downward trend in the value of TT of
the shoot, which points to the reduced tolerance of the tested varieties to en-
hanced and prolonged osmotic stress (Table 2). TI at the lowest level of osmo-
tic stress was from 0.56 (Trezor) to 0.47 (Mraz). At -0.2 MPa T1 was between
0.14 (Javor) and 0.24 (Mraz). The largest decrease in TI of the shoot at osmotic
stress of -0.1 MPa was in the Mraz variety (65%) and the smallest in the Dukat
variety (35.5%). In stress conditions of -0.2 MPa, the largest decrease was found
in the Javor variety (82%) and the smallest in the Dukat variety (44%).

The values of TI of the seedling roots (Table 2) also showed a downward
trend like in the shoot. In the -0.1 MP solution, the TI was between 0.38 (Javor)
and 0.56 (Trezor), while in osmotic stress of -0.2 MPa it was between 0.30
(Partner) and 0.57 (Pionir). The largest decrease in the TI at the osmotic stress
of -0.1 MPa was in the Javor variety (62%) and the smallest in the Trezor va-
riety (43.8%). In the case of the stress of -0.2 MPa, the largest decrease was
observed in the varieties Pionir and Partner (70%) and the smallest in the Tre-
zor variety (47.8%).

Maiti et al. (1994) concluded that the stress conditions have a greater impact
on the IT of the shoot of the plant than on the roots. The decrease in tolerance
index, under the influence of osmotic stress caused by NaCl, was determined
by Dang et al. (2011).

Comparison of the values of the tolerance index of the shoot and root in-
dicates that the values of the root tolerance index are significantly higher than
the values for the shoot, at all levels of stress. The values obtained for the root
under the influence of stress are closer to the control values compared to the
values for the shoot, which indicates a lesser impact of osmotic stress on the
dry mass accumulation in the root comparing to the shoot. Taking into account
the obtained values of the index of tolerance of the shoot and root at all levels of
stress and mutual comparison of varieties, it can be said that the Mraz variety
is in the group of tolerant varieties, along with the Dukat and Pionir varieties.
Trezor and Partner belong to a group of medium tolerant varieties, while Junior
and Javor are the least tolerant varieties.

CONCLUSION

The obtained results show that the reaction to osmotic stress at low osmotic
potential can be tested in different pea plants, based on simple methods such
as germination percentage and seedling growth rate. Seed germination at -0.1
to -0.2 MPa appears to be a good selection criterion for field pea varieties to
be planted in arid or semi-arid areas.

67



ACKNOWLEDGEMENT

This research was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia, grant number: 451-03-68/
2020-14/200032.

REFERENCES

Almansouri M, Kinet J, Lutts S (2001): Effect of salt and osmotic stresses on germination in
durum wheat (Triticum durum Dest.). Plant Soil 231: 243-254.

Bastianelli D, Grosjean F, Peyronnet C, Duparque M, Régnier JM (1998): Feeding value of pea
(Pisum sativum, L.) 1. Chemical composition of different categories of pea. Anim. Sci. 67:
609-619. [DOI: 10.1017/s1357729800033051]

Cervenski J, Danojevié¢ D, Savi¢ A (2017): Chemical composition of selected winter green pea
(Pisum sativum L.) genotypes. J. Serbian Chem. Soc. 82: 1237-1246. [10.2298/JSC170323094C]

Dang HQ, Tran NQ, Gill S, Tuteja R (2011): A single subunit MCM6 from pea promotes salinity
stress tolerance without affecting yield. Plant Molec. Biol. 76: 19-34.

Dita MA, Rispail N, Prats E, Rubiales D, Singh KB (2006): Biotechnology approaches to over-
come biotic and abiotic stress constraints in legumes. Euphytica 147: 1-24.

Demir I, Ermis S, Mavi K, Matthews S (2008): Mean germination time of pepper seed lots
(Capsicum annuum L.) predicts size and uniformity of seedlings in germination tests and
transplant modules. Seed Sci. Technol. 36: 21-30.

Dobranszki J, Iszaly-Toth J, Magyar-Tabori K (2006): Inhibition recovery of germination and
growing ability of seedlings under and after osmotic stress induced by polyethylene
glycol in 8 pea genotypes. Int. J. Hortic. Sci. 12: 53-59.

Fleury D, Jefferies S, Kuchel H, Langridge P (2010): Genetic and genomic tools to improve
drought tolerance in wheat. J. Exp. Bot. 61: 3211-3222.

Generozova IP, Maevskaya SN, Shugaev AG (2009): The inhibition of mitochondrial metabolic
activity in etiolated pea seedlings under water stress. Russ. J. Plant Physiol. 56: 38—44.

Gruzauskas R, Kudlinskiené I, Stanyté G, Alijosius S, Stankevicius R, gaéy‘[é V, Bliznikas S,
Kliseviciate V, Raceviciaté-Stupeliené A (2016): The Potential of Native Raw Materials
in the Animal Nutrition and its effects on the Production Quality: A review. Vet. Zoot.
73: 42-50.

Heldt H, Piechulla B (2011): Nitrogen fixation enables plants to use the nitrogen of the air for
growth. Plant Biochemistry, 307-322. [DOI: 10.1016/B978-0-12-384986-1.00011-9]
Jaleel CA, Manivannan P, Wahid A, Farooq M, Somasundaram R, Panneerselvam R (2009):
Drought stress in plants:a review on morphological characteristics and pigments compo-

sition. Int. J. Agric. Biol. 11: 100-105.

Jovici¢ D, Nikoli¢ Z, Zori¢ M, Marjanovi¢-Jeromela A, Petrovi¢ G, Milosevi¢ D, Ignjatov M
(2014): Viability of oilseed rape (Brasicca napus L.) seed under salt stress. Genetika 46:
137-148. [DOI: 10.2298/GENSR1401137J]

Jovici¢ D, Zdjelar G, Nikoli¢ Z, Ignjatov M, Milosevi¢ D, Karagi¢ B, Milosevi¢ B (2013): Effect of
drought and salinity stress on pea (Pisum sativum L.) germination and seedlings. I*' Inter-
national Conference on Plant Biology, 20th Symposium of the Serbian Plant Physiology

68



Society, Beograd: Serbian Plant Physiology Society, Institute for Biological Research
“Sini8a Stankovi¢”, June 4-7, Subotica, Serbia, 127.

Joosen RVL, Kodde J, Willems LAJ, Ligterink W, Van der Plas LHW, Hilhorst HVM (2010):
GERMINATOR: a software package for high-throughput scoring and curve fitting of
Arabidopsis seed germination. Plant J. 62: 148—159.

Kandil AA, Sharief AE, Ahmed SRH (2012): Germination and Seedling Growth of Some Chickpea
Cultivars (Cicer arietinum L.) under Salinity Stress. J. Basic Appl. Sci. 8: 561-571.
Karagi¢ b, Kati¢ S, Miki¢ A, Vujakovi¢ M, Mili¢ D, Vasiljevi¢ S, Milosevi¢ B (2010): Effects
of genotype and mechanical damage during harvest on field pea (Pisum sativum L.) seed

quality. Genetika 42: 425-434.

Kaya MD, Oke¢u G, Atak M, Cikili Y, Kolsarici O (2006): Seed treatments to overcome salt and
drought stress during germination in sunflower (Helianthus annuus L.). Eur. J. Agron.
24:291-295.

Kaydan D, Yagmur M (2008): Germination, seedling growth and relative water content of shoot
in different seed sizes of triticale under osmotic stress of water and NaCl. Afr. J. Biotechnol.
7: 2862-2868. [DOLI: 10.5897/AJB08.512]

Kim HJ, Feng H, Kushad MM, Fan X (2006): Effects of Ultrasound, Irradiation, and Acidic
Electrolyzed Water on Germination of Alfalfa and Broccoli Seeds and Escherichia Coli
O157:H7. J. Food Sci. 71: M168-M173. [DOI: 10.1111/§.1750-3841.2006.00064.x]

Kolb A, Barsch K (2010): Environmental factors and seed abundance influence seedling emer-
gence of a perennial forest herb. Acta Oecol. 36: 507-513. [10.1016/j.acta0.2010.07.003]

Maiti RK, De La Rosa-Ibarra M, Sandoval ND (1994): Genotypic Variability in Glossy Sorg-
hum Lines for Resistance to Drought, Salinity and Temperature Stress at the Seedling
Stage. J. Plant Physiol. 143: 241-244. [DOI: 10.1016/S0176-1617(11)81694-9]

Mavi K, Demir I, Matthews S (2010): Mean germination time estimates the relative emergence
of seed lots of three cucurbit crops under stress conditions. Seed Sci. Technol. 38: 14-25.
[DOI: 10.15258/s5t.2010.38.1.02]

Michel BE, Kaufmann MR (1973): The Osmotic Potential of Polyethylene Glycol 6000. Plant
Physiol. 51: 914-916. [DOL: 10.1104/pp.51.5.914]

Okeu G, Kaya MD, Atak M (2005): Effects of Salt and Drought Stresses on Germination and
Seedling Growth of Pea (Pisum sativum L.). Turk. J. Agric. For. 29: 237-242.

Petrovi¢ G, Jovici¢ D, Nikoli¢ Z, Tamindzi¢ G, Ignjatov M, Milosevi¢ D, Milosevi¢ B (2016):
Comparative study of drought and salt stress effects on germination and seedling growth
of pea. Genetika 48: 373-381. [DOI: 10.2298/GENSR1601373P]

Sakthivelu G, Devi MK A, Giridhar P, Rajasekaran T, Ravishankar GA, Nedev T, Kosturkova
G (2008): Drought-induced alterations in growth, osmotic potential and in vitro regene-
ration of soybean cultivars. Gen. Appl. Plant Physiol. 34 (Special Issue): 103—112.

Silva EN, Ribeiro RV, Ferreira-Silva SL, Viégas RA, Silveira JAG (2010): Comparative effects
of salinity and water stress on photosynthesis, water relations and growth of Jatropha
curcas plants. J. Arid Environ. 74: 1130—1137. [10.1016/j.jaridenv.2010.05.036]

Smykal P, Aubert G, Burstin J, Coyne CJ, Ellis NTH, Flavell AJ, Ford R, Hybl M, Macas J,
Neumann P, McPhee KE, Redden RJ, Rubiales D, Weller JL, Warkentin TD (2012): Pea
(Pisum sativum L.) in the genomic era. Agron. 2: 74—115. [10.3390/agronomy2020074]

Soltani E, Ghaderi-Far F, Baskin CC, Baskin JM (2016): Problems with using mean germination
time to calculate rate of seed germination. Aust. J. Bot. 63: 631-635. [DOI: 10.1071/BT15133]

69



Verslues PE, Agarwal M, Katiyar-Agarwal S, Zhu J, Zhu JK (2006): Methods and concepts in
quantifying resistance to drought, salt and freezing, abiotic stresses that affect plant water
status. Plant J. 45: 523-539. [10.1111/j.1365-313X.2005.02593.x]

Vujakovi¢ M, Balesevi¢-Tubic S, Jovici¢ D, Taski-Ajdukovi¢ K, Petrovi¢ D, Nikoli¢ Z, Pordevi¢
V (2011): Viability of soybean seed produced under different agro-meteorological condi-
tions in Vojvodina. Genetika 43: 625—-638. [DOI: 10.2298/GENSR1103625V]

YTULAJ CTPECA CVYIUE HA KJIMJABE U IIOPACT [TIOHUKA
PA3JIMUNTUX 'EHOTHUIIOBA CTOYHOI I'PAILIKA

T'opnana P. [IETPOBUR', Tomucnas T. XUBAHOBUR?,
Pagmuna M. CTUKUR?, 3opuna T. HUKOJIUR', Iymuna JI. JOBUUWR',
Topnana JI. TAMUHIIMER', Jiparana H. MUJIOILEBUR!

' MHcTuTyT 32 paTapcTBo M NOBpTapcTBO, JIaGopaTopHja 3a MCTIUTHBAKE CEMEHA,
Maxcuma I'opkor 30, Hoeu Cax 21000, Cpouja
2 Vuusepsutet y beorpany, [lossonpuspennu daxyirer,
Karenpa 3a arpoxemujy u pu3noI0rHjy Onsbaxa,
Hemamuna 6, Beorpaa-3emyn 11080, Cpouja

PE3UME: V¥ pany je npoyuaBaHO KJIMjame U IOPACT IOHUKA CelaM FeHOTHIIOBa
crouHor rpamka (Pisum sativum L.) y pactBopy PEG-6000 ca BpeqHOCTHMa OCMOT-
ckux norennujana ox -0,1 u -0,2 MPa. cniutupame je U3BpIIEHO KaKo OU Ce YTBPAHO
YTHIA] pa3IMYUTUX OCMOTCKUX moTeHujana (MPa) Ha mporieHaT KITHjaBOCTH CeMeHa
(GP) u mpoceuno Bpeme kinjamba (MGT). Pesynraru nmoka3zyjy 1a ce mporeHaT Kiuja-
BOCTH CMambHBAO0 YTIOPEIO Ca CMAKEHEM OCMOTCKOT MOTEHIIN]jANa, 0K C€ IPOCCUHO
BpeMe Kiujama nosehasano. Copra ,,JaBop” MHOTO je OCEeT/bHBH]ja O OCTATINX COPTH
[PU CBUM HUBOMMA OCMOTCKOT cTpeca. CynpoTHO TOME, HajMabhH YTHIIA] Ha KIIHjakhe
u MGT yTtBphen je kon coptu ,,Mpa3” u ,,Tpe3op”. OnpehuBame kinjaBocTH ceMeHa
y pactBopuma PEG ox -0,1 1o -0,2 MPa mMoxe ce KOpUCTUTH 32 TECTUPAHE CTOYHOT
rpamka. M310:KeHOCT 0CMOTCKOM CTPECY U Ber0BO TPajarhe 3Ha4ajHO Cy yTULAIH Ha
pacT NOHUKa (M34aHAK ¥ KOPEH) U aKyMyJalnujy Ouomace, Ipu 4eMy je BberoB yTHULAj
010 M3paKEHUJH Ha pacT M3AaHKa HETO Ha pacT KOpeHa, IITO je MOTBPIAHO W MHCKC
TOJIEPAaHTHOCTHU KOPEHa.

KJbYUHE PEUU: Pisum sativum, ceme, KJljaHall, COpTE, HHJIEKC TOJIEPAHTHOCTH
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