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Abstract

The aim of this study was to determine the effect of hydropriming (dH20; PT1) and
osmopriming (-0.8 MPa PEG; PT2) on germination of two common bean cultivars ('Biser'
and 'Tresnjevac') under induced drought stress. The germination capacity was tested on the
germination paper soaked with dH20 (T1) and -0.6 MPa PEG (T2) for nine days. The results
showed that there was no significant difference between two common bean cultivars in terms
of germination success, but there were significant differences between pretreatments (PT1
and PT2) and treatments (T1 and T2) in terms of germination success for these cultivars.
Seeds of both cultivars germinate significantly faster on dH20 (T1) when pretreatment is
PEG -0.8.MPa (PT2), but dH20 (PT1) is a better seed priming technique to use under
induced drought stress (-0.6 MPa PEG; T2).
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Introduction

Common bean (Phaseolus vulgaris L.) is the most important grain legume for direct human
consumption worldwide and has an important role in human nutrition (Murube et al., 2021).
Drought stress is one of the abiotic stressors caused by climate change that limits the
germination, growth and productivity of crops worldwide (Nadeem et al., 2019) and has a
significant impact on food security, especially in developing countries (Hussaini et al.,
2021). Drought affects various aspects of legume growth and development, and it is well
known that rapid germination and establishment of seedlings provides competitive
advantages over weeds and improves yields (Nadeem et al., 2019; Lei et al., 2021).
Therefore, researches are focused on improving drought tolerance and production of
common bean through selection for various physiological and genetic traits (Hussaini et al.,
2021; Lei et al., 2021). Priming is one of the pre-sowing treatments that results in a
physiological state that enables the seed to germinate more efficiently (Dhal et al., 2019).
Polyethylene glycol (PEG) is a popular osmopriming agent that can mitigate the negative
effects of abiotic stress and hydropriming is a simple and economical technique useful in
areas with adverse environmental conditions including heat and drought stress (Wagqas et al.,
2019).

The aim of this study was to determine the effect of hydropriming and osmopriming on
germination of two common bean cultivars ('Biser' and 'Tresnjevac') under induced drought
stress.

Material and methods
This research was conducted at the University of Zagreb Faculty of Agriculture, Department
of Seed Science and Technology, in 2021. Seeds of two common bean cultivars 'Biser' and
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"TreS$njevac', bought on the market, were used. One hundred seeds of each cultivar were
soaked in distilled water (dH20; PT1) and 100 seeds in -0.8 MPa polyetilene glycol (PEG
8000; PT2) for eight hours. Then the seeds were taken out, washed under running water,
then under distilled water and dried between paper towels. One hundred seeds without seed
priming treatment represented the control. The laboratory test for germination of common
bean seeds was conducted as per the ISTA (1993) Rules. The seeds were germinated on
germination paper (Munktell 21/N, 580x580mm, 80g/qm) in 10-cm-diameter Petri dishes
(Steriplan®, DURAN®, DWK Life Sciences GmbH, Germany). Fifty seeds from each
pretreatment [dH20 (PT1), -0.8 MPa PEG (PT2)] and control were placed on filter paper
soaked with dH20 (T1) and -0.6 MPa PEG (T2) (Table 1) in five replicates (five Petri dishes)
with 10 seeds each. Petri dishes were placed in a germination chamber at a constant
temperature (22 °C = 1 °C) with a photoperiod of 16 h of light and 8 h of darkness. The
number of germinated seeds (seeds with root size > 2 mm) was determined every 24 h for
nine days.

Table 1. Seed priming treatments (pretreatments) and treatments used in reserch

Pretreatment Treatment
T1 50 seeds on dH20
PT1 100 seeds dH20
T2 50 seeds on PEG -0.6 MPa
T1 50 seeds on dH20
PT2 100 seeds PEG -0.8 MPa
T2 50 seeds on PEG -0.6 MPa

PT1 — hydropriming (dH20); PT2 — osmopriming (-0.8 MPa PEG); T1 —germination —
(dH20); T2 — drought stress (-0.6 MPa PEG);

Statistical analysis

The differences among cultivars, seed priming treatments (pretreatments) and treatments in
terms of seed germination were tested by survival analysis using Kaplan-Meier method with
log-rank test (Kaplan and Meier, 1958) as implemented in R package 'survival’ (Therneau
and Grambsch, 2000; Therneau, 2015). Mean germination time was estimated as restricted
mean survival time with upper limit equals 9. The impact of cultivars, seed priming
treatments (pretreatments) and treatments on germination success was tested by Cox
proportional-hazards model (Cox, 1972) using ‘coxph’ function from R package 'survival’
(Therneau and Grambsch, 2000; Therneau, 2015).

Results and discussion

The results of Kaplan-Meier analysis with log-rank test showed that there was no significant
difference between two common bean cultivars ('Biser' and '"Tre$njevac') in germination
success, but there were significant differences (P < 0.05) between seed priming treatments
in germination success for these cultivars.

Seed from control treatment (K; without seed priming treatment) had the longest mean
germination time (4.83 days), while seed in PT2 (-0.8 MPa PEG) had a mean germination
time of 4.30 days, whereas seed in PT1 (dH20) had the shortest mean germination time (3.72
days). According to the Cox regression model for germination success, there were significant
differences (P < 0.01) between seed priming treatment PT1 (dH20), which resulted in a
relatively higher germination success of 40% compared to the control (K), and there were
no significant differences between PT2 (-0.8 MPa PEG) and the control (K). In the T2 (-0.6
MPa PEQG) treatment, germination time was 71% significantly (P <0.001) longer than in T1
(dH20), unless the seed was previously primed with dH20 (PT1 + T2). Germination is
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generally slower with T1 (dH20) compared to T2 (-0.6 MPa PEG), except in combination
with PT1 (dH20) when there is almost no difference between the treatments (Graph 1).

This study provides useful information on seed germination of common bean cultivars
(‘Biser' and 'Tresnjevac') under hydropriming (dH20) and osmopriming (-0.8 MPa PEG).
Although osmopriming has more advantages than hydropriming, especially better response
to stress (Marthandan et al., 2020), hydropriming improved germination of common bean
cultivars under drought stress in our study. In agreement with studies on other crop species,
seed hydropriming improved germination parameters of chickpea (Kuar et al., 2002) and
Malaysian Indica rice (Kalhori et al., 2018) under drought stress and of sunflower under salt
and drought stress conditions (Moghanibashi et al., 2012). Hydropriming is a simple, cheap
and environmentally friendly technique and therefore can be used to improve seed
performance of common beans under different conditions and in field trials.
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Graph 1. Cumulative proportion of germinated seeds by category (pretreatment-treatment
combinations) and days (over two cultivars).

K — control; PT1 — hydropriming (dH20); PT2 — osmopriming (-0.8 MPa PEG); T1 —
treatment 1 — (dH20); T2 — treatment 2 (-0.6 MPa PEG).

Conclusion

It can be concluded that there was no significant difference between two common bean
cultivars ('Biser' and '"TreSnjevac') in terms of germination success and that seeds of both
cultivars germinate significantly faster on dH20 (T1) when seed priming treatment is PEG -
0.8.MPa (PT2), but dH20 (PT1) is a better seed priming treatment under induced drought
stress (T2; -0.6 MPa PEG).

Acknowledgement

This research was supported by the project KK.01.1.1.01.0005 Biodiversity and Molecular
Plant Breeding, Centre of Excellence for Biodiversity and Molecular Plant Breeding (CoE
CroPBioDiv), Zagreb, Croatia.

57t Croatian & 17" International Symposium on Agriculture | June 19 - 24, 2022, Vodice, Croatia 233



03 | Genetika, oplemenjivanje bilja i sjemenarstvo

Literature

Cox D.R. (1972). Regression Models and Life-Tables. Journal of the Royal Statistical
Society. Series B (Methodological). 34 (2): 187-220.

Dhal P., Sahu G.S., Mohanty S., Dhal A. (2019). Effect of priming on seed characters,
disease incidence & yield in french bean (Phaseolus vulgaris L.). Journal of
Pharmacognosy and Phytochemistry. 9 (1): 1028-1032.

Hussaini S.M.B., Sidle R.C., Kazimi Z., Khan A.A., Rezaei A.Q., Ghulami Z., Buda T.,
Rastagar R., Fatimi A.A., Muhmmadi Z. (2021). Drought Tolerant Varieties of Common
Beans (Phaseolus vulgaris) in Central Afghanistan. Agronomy. 11 (11): 2181.

ISTA (1993.). International Rules for Seed Testing. International Seed Testing Association,
Ziirich, Switzerland.

Kaplan E.L., Meier P. (1958). Nonparametric Estimation from Incomplete Observations.
Journal of the American Statistical Association. 53 (282): 457-481.

Kalhori N., Nulit R., Azizi P., Abiri R., Atabki N. (2018). Hydro priming stimulates seedling
growth and establishment of Malaysian Indica rice (MR219) under drought stress. Acta
Scientific Agriculture. 2 (11): 9-16.

Kaur S., Gupta A.K., Kaur, N. (2002). Effect of osmo- and hydropriming of chickpea seeds
on seedling growth and carbohydrate metabolism under water deficit stress. Plant Growth
Regulation. 37: 17-22.

Lei C., Bagavathiannan M., Wang H., Sharpe S.M., Meng W., Yu J. (2021). Osmopriming
with Polyethylene Glycol (PEG) for Abiotic Stress Tolerance in Germinating Crop Seeds:
A Review. Agronomy. 11 (11): 2194.

Marthandan V., Geetha R., Kumutha K., Renganathan V.G., Karthikeyan A., Ramalingam,
J. (2020). Seed Priming: A Feasible Strategy to Enhance Drought Tolerance in Crop
Plants. International Journal of Molecular Sciences. 21 (21): 8258.

Moghanibashi M., Karimmojeni H., Nikneshan P., Behrozi D. (2012). Effect of
hydropriming on seed germination indices of sunflower (Helianthus annuus L.) under salt
and drought conditions. Plant Knowledge Journal. 1 (1): 10-15.

Murube E., Beleggia R., Pacetti D., Nartea A., Frascarelli G., Lanzavecchia G., Bellucci E.,
Nanni L., Gioia T., Marciello U., Esposito S., Foresi G., Logozzo G., Frega G.N., Bitocchi
E., Papa R. (2021). Characterization of Nutritional Quality Traits of a Common Bean
Germplasm Collection. Foods. 10 (7):1572.

Nadeem M., Li J., Yahya M., Sher A., Ma C., Wang X., Qui L. (2019). Research Progress
and Perspective on Drought Stress in Legumes: A Review. International Journal of
Molecular Sciences. 20: 2541.

Therneau. T.M. (2015). Mixed Effects Cox Models. BMC Genetics. 6: S127.

Therneau T.M., Grambsch P.M. (2000). Modeling Survival Data: Extending the Cox Model.
Springer, Berlin.

Wagas M., Korres N.E., Khan M.D., Nizami A.-S., Deeba F., Ali 1., Hussain H. (2019).
Advances in the Concept and Methods of Seed Priming. In: Priming and Pretreatment of
Seeds and Seedlings. Implication in Plant Stress Tolerance and Enhancing Productivity
in Crop Plants. Hasanuzzaman M., Fotopoulos V. (eds.), 11-41. Singapore, Singapore:
Springer Nature Singapore Pte Ltd.

234 57. hrvatski i 17. medunarodni simpozij agronoma | Od 19. do 24. lipnja 2022., Vodice, Hrvatska



