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GERMINATION AND SEEDLINGS GROWTH
OF DOMESTIC POPPY (Papaver somniferum L.)
REGARDING SALINITY AND TEMPERATURES

KLIJAVOST I POCETNI PORAST DOMACEG MAKA
(Papaver somniferum L.) OVISNO O SALINITETU I TEMPERATURI

Ivana Varga, Mirta Rastija, M. Pospisil, D. Iljki¢, Manda Antunovié

ABSTRACT

In this research there were studied the effects of NaCl-induced salinity and
environment temperatures on germination and seedlings growth of domestic
poppy. The study was conducted in the controlled conditions in the plant growth
chamber. There were applied different concentrations of NaCl (0 mM (control),
50 mM, 100 mM and 150 mM) and environment temperatures (10°C, 15°C
and 20°C). The 50 seeds of domestic poppy cultivar (Detkovac) were sown in
4 replicates on the filter paper. The germination energy was determined on the
Sth day and total germination rate and seedlings morphological characteristic
were determined on the 10th day. At the 5th day germination energy was on
average 28%. It was interesting to note that at the 10°C there were no
germinated seeds after 5 days at all salinity treatments and also, at the salinity
level of 150 mM NaCl at every temperature. The average germination rate
(on 10™ day) of domestic poppy seeds were 52% and it varied from 30%
(150 mM NacCl and 20°C) to 90% (0 mM NacCl and 15°C). Different salinity of
water solution had a very significant (p<0.01) influence on stem, root and total
length (cm) of seedlings. The average root length was 1.3 cm and it varied from
0.9 cm (100 mM NaCl) to 1.8 cm (0 NaCl). The average stem length was
1.8 cm. The longest stem was found at control (2.7 cm), and between 50 and
100 mM of NaCl the difference was not significant and stem length averaged
1.4 to 1.3 cm depending on the temperature. Average total poppy seedlings
length of this study was 3.0 cm and it varied from 4.5 cm at the control to
2.3 cm at 100 mM NaCl. With regard to temperatures, there was no significant
differences found in root and total length of poppy seedlings, but the differences
were very significant (p<0.01) for stem length. The longest poppy seedlings
were measured at 20°C and 0 mM NaCl (4.9 cm), while at 10°C and at 0 or
50 mM NaCl, seedlings were less than 0.1 cm. Seeds were not germinating
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at all on 10°C on both, 100 and 150 mM NaCl. Generally, salinity reduced
germination energy and germination rate and seedlings length. Results may
indicate that seeds are mainly affected by osmotic stress and therefore it is not
recommended to cultivate poppies on soils with excess salts.

Key words: germination, NaCl, poppy, morphology, temperature

SAZETAK

U ovom istrazivanju analizirani su uéinci saliniteta (NaCl) 1 temperatura na
klijavost i rast klijanaca domaceg maka. Postojale su razli¢ite koncentracije
NaCl (0 mM (kontrola), 50 mM, 100 mM i 150 mM) i provedene temperature
(10 °C, 15 °C i 20 °C). Istrazivanje je provedeno u kontroliranim uvjetima u
fitotronu. U 4 ponavljanja posijano je po 50 sjemenki domacée sorte maka
(Detkovac) na filter papir. Energija klijanja utvrdena je 5. dan, a ukupna
klijavost i morfoloSka karakteristika klijanaca maka nakon 10. dana. Peti dan
energija klijanja bila je u prosjeku 28%. Bilo je zanimljivo ustanoviti da na
10 °C nije bilo klijavog sjemena nakon 5 dana na svim tretmanima
zaslanjenosti, a takoder i na razini 150 mM NaCl pri svakoj temperaturi.
Prosje¢na ukupna klijavost (10. dan) domaceg sjemena maka iznosila je 52% i
varirala je od 30% (150 mM NaCl i 20 °C) do 90% (0 mM NaCl i 15 °C).
Razli¢ita zaslanjenost vodene otopine imala je vrlo znacajan utjecaj (p <0,01)
na porast stabljike, korijena i ukupnu duljinu (cm) klijanaca. Prosje¢na duljina
kroijena iznosila je 1,3 c¢cm i varirala je od 0,9 cm (100 mM NaCl) do 1,8 cm
(0 NaCl). Prosjecna duljina stabljike bila je 1,8 cm. Najdulja stabljika izmjerena
je na kontroli (2,7 cm), dok izmedu 50 i 100 mM NaCl razlike nisu bile
znacajne. Ukupna duljina klijanaca maka u ovom istrazivanju iznosila je 3,0 cm
i varirala je od 4,5 cm na kontroli do 2,3 cm pri 100 mM NaCl. S obzirom na
temperature, nisu utvrdene znacajne razlike u korijenu i ukupnoj duljini
klijanaca maka, ali razlike su bile vrlo zna¢ajne (p <0,01) za duljinu stabljike.
Najduzi klijanci maka izmjereni su na 20 °C i 0 mM NacCl (4,9 cm), dok su na
10 °C i na 0 ili 50 mM NacCl klijanci bili manji od 0,1 cm. Sjeme uopce nije
klijalo na 10 °C, a ovisno o salinitetu pri 100 i 150 mM NaCl. Opcenito,
zaslanjenost je smanjila energiju klijanja, brzinu klijanja i duljinu klijanaca. Ova
domaca sorta maka bila je vrlo osjetljiva na relativno visoke koncentracije soli,
Sto ukazuje na to da sjeme uglavnom utjece na osmotski stres te se ne preporuca
uzgajati na tlima s viskom soli.

Kljucne rijeci: klijavost, NaCl, mak, morfologija, temperatura
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INTRODUCTION

There is an increasing interest in poppy cultivation for culinary purposes,
especially in old domestic varieties in the Republic of Croatia. Zemanek et al.
(2009) states that garden poppy (Papaver somniferum L.), probably originating
from Asia Minor, is planted as a medicinal and decorative plant, and provides
edible seeds for human consumption. Prochazka et al. (2012) states that poppy
is grown mainly for its content of opium and oil seed, and in Europe, poppy
seeds are mostly used for confectionary. Oil contents change considerably
depending on the origins of varieties and on the color of the seeds. The reported
values of oil contents of the seeds are between 41.4-49.1% in India and 44.0—
57.0% in Turkey (Azcan et al., 2004). Worldwide, poppy seed is harvested on
average of 121,003 ha and average seed yield was 0.71 t ha” from 2015 to 2017
(FAOStat, 2019). In the Europe, during the period from 2015 to 2017 the
average poppy harvested area was 82 368 ha and the seed yield was 0.63 t ha™.
The large producers are Czech Republic, France, Spain, Hungary, Germany and
Netherlands (FAOStat, 2019). Losak et al. (2009) constate that among the EU,
the Czech Republic has a long tradition of poppy seed production for
pharmaceutical purposes and ranks among the most important producers and
exporters of poppy seed in Europe.

According to Pospisil (2018) during the last few years, the Republic of
Croatia has shown an interest in growing oil poppies on larger areas. According
to Agronet (2021) there was about 90 ha of poppy areas in 2020 in conventional
farming and around 10 ha in organic farming.

In the Republic of Croatia for the spring sowing period, the sowing must be
done in early spring, no later than April 1, or when the soil is heated to 5°C
(Pospisil, 2013). According to Cope and Drost (2012) the seedbed should
remain moist until plants emerge, which takes 7 to 28 days depending on soil
temperature. Br¢ic et al. (2016) stated that cultivars (Opal, Lazur, Major, Matis,
Gornji Bogic¢evei and Beli Manastir) of spring sowing had the average seed
yield about 850 kg ha™. Poppy seeds for household use are mostly imported (for
cakes making), but poppy seeds used in the bakery and confectionery industries
and for culinary purposes are also increasingly imported.

Production of poppy in the Republic of Croatia, due to its alkaloid content,
is subject to special government control and must be reported to the Ministry of
Agriculture (OG 80/2013 and 39/2018). The person who grows the poppy is
obliged to report the poppy cultivation to the Ministry of Agriculture of the
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Republic of Croatia or the agricultural inspection no later than 30 days from the
date of sowing.

The global problem of soils salinization is increasing, what leads to decrease
of average yields for most major crops (Cuevas et al., 2019). Soil salinity is a
common problem especially in irrigated areas with low rainfalls (Holik et al.
2017). Salt and osmotic stresses are responsible for growth under salinity
conditions through both inhibition or delayed seed germination and seedling
establishment. Soil liquid phase or soil solution plays an important role in soil
formation and development (Zebec et al., 2017), its dynamics and specific soil
characteristics. It is important that the liquid soil phase is neither high nor low
in salts, as most crop plants prefer moderate salt concentration. The uses of
nitrogen and potassium fertilizers causes an infrequent increase in salt
concentrations in soil, which is detrimental to plant growth and development.
The form of the N in fertilizers is important for potential salinization, so some
studies indicate that increased nitrate in nutrient solution would decrease
chloride uptake and its accumulation (Esmaili et al., 2008). According to
Nachshon (2018) the major sources of solutes in agricultural environments are
the soil itself, and the parent geological material, shallow and salt rich
groundwater and salt rich irrigation water.

The mechanisms of the salt tolerance in seeds are relatively poorly
understood. Salt tolerance is mostly associated with high intracellular
concentrations of both Na” and CI” ions which can inhibit critical metabolism of
the plant cells (Lisjak et al., 2015; Wu et al., 2015). Also, secondary effects of
salinity are oxidative damage due to generation of ROS — reactive oxygen
species (Purty et al., 2008; Isayenkov et al., 2019).

Successful germination is crucial in the life cycle of the plants. Especially,
the emergence under field conditions is influenced by several abiotic factors such
as salt stress, temperature, moisture, pH, seedbed preparation, allelopathic effect
etc. (Tucak et al., 2016; Lisjak et al., 2015; Bukvi¢ et al., 2015; Saraf et al.,
2017; Bukvi¢ et al., 2018; Andeli¢ et al., 2018; Balicevic et al., 2018; Rojnica et
al., 2019; Sytykiewicz et al., 2019), which can decrease the number of plants per
unit area. The NaCl salinity stress consistently decreased the rate of germination
of most field crops (Al-Tawaha et al., 2018; Rysbekova et al. 2019).

There are no reported seed germination tests of Croatian domestic poppy
cultivars under saline conditions. In the Republic of Croatia, the poppy can be
sown as winter or spring crop.
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The aim of this research was to study the effects of different constant
temperatures (10°C, 15°C and 20°C) and different water solution salinity
induced by NaCl: 0 mM (control), 50 mM, 100 mM and 150 mM), on domestic
poppy cultivar from Detkovac.

MATERIALS AND METHODS

In this study the domestic cultivar of poppy was used. The name of the
cultivar was given according to the place where the cultivar was found. The
cultivar originates form the middle part of continental area of the Republic of
Croatia from the place named Detkovac (45°88' North and 17°59' East).
Cultivar was entered in the CPGRD database at code IND00069.

The effects of NaCl salinity and temperatures on germination and seedlings
growth of domestic poppy cultivar were studied. There were applied different
concentrations of NaCl (0 mM (control), 50 mM, 100 mM and 150 mM) and
different but constant temperatures of environment (10°C, 15°C and 20°C)
during the germination test. This temperatures were chosen to found the
minimum temperature for cultivar Detkovac germination.

The germination test was done according to the International Seed Testing
Association — ISTA (ISTA, 2006). The 50 seeds of domestic poppy cultivar
were sown in 4 replicates on the filter paper. The filter paper (Munktell,
80 g/qm) was moistened with 25 ml water solution. Afterwards the 50 seeds of
domestic poppy cultivar per replication was sown on each filter paper and then
rolled and put into plastic bag. The seeds were sown in 4 replicates. The study
was conducted in the controlled conditions in the plant growth chamber
(Fitoclima, Aralab). There were three different temperatures: 10, 15 and 20°C
for 10 days. The germination test was done in 24 h dark conditions.

The germination energy (%) was determined on the 5th day and total
germination rate (%) and was determined on the 10th day. Also, after 10 days
the shares of normal, abnormal and non-sprouted seeds were determined.
Afterwards, the length of root, stem and total length (cm) of 10 normally
developed seedlings, were measured.

The ANOVA was performed using SAS 9.4 Software-a (SAS Institute Inc.).
The LSD test was used to calculate the differences between the means at p<0.05
and P<0.01. Simple linear regression was done to show relationship between
length of root and stem of seedlings. For average total length of domestic poppy
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seedlings, the total length of root and stem the seedlings less than 0.1 ¢cm and
treatments of non-sprouted seeds (at 10°C for 100 and 150 mM) was not taking
into ANOVA procedure and LSD test for calculation the differences between

means (Table 1).

Table 1 Total length and the length of root and stem of domestic poppy seedlings (cm) at
different salinity and temperatures

Tablica 1. Ukupna duljina, duljina korijena i stabljike klijanaca domacdeg maka (cm) pri
razli¢itom salinitetu i temperature

Total length (cm)
Temperature NaCl (A) Average
B) 0 mM 50 mM 100 mM
15°C 4.1 24 23 2.9
20°C 4.9 2.4 2.3 3.2
Average 4.5 2.4 2.3 3.0
LSDg s (A) =0.21 LSDg s (B) =ns LSDg s (A x B) =0.28
LSDg 0 (A)=0.28 LSDg o (B) =ns LSDyo (AxB)=0.37
Root length (cm)
Temperature NaCl (A) Average
B) 0 mM 50 mM 100 mM
15°C 1.6 1.2 1.1 1.3
20°C 2.1 0.9 0.8 1.2
Average 1.8 1.0 0.9 13
LSDg s (A)=0.16 LSDg s (B) =ns LSDy s (A x B)=0.22
LSDg 0 (A)=0.21 LSDg o (B) =ns LSDg 0 (A xB)=0.29
Stem length (cm)
Temperature NaCl (A) Average
B) 0 mM 50 mM 100 mM
15°C 2.5 1.2 1.2 1.9
20°C 2.8 1.5 1.5 1.6
Average 2.7 14 1.3 1.8
LSDg s (A)=0.16 LSDg s (B)=0.20 | LSDgs(AxB)=0.21
LSDg 0 (A)=0.21 LSDg o (B)=0.26 | LSDg; (AxB)=0.28
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RESULTS AND DISCUSSION

Germination energy and germination rate (Figure 1) was the highest at
control treatment (0 mM NaCl) and it averaged 55% and 77%, respectively. The
seeds were not sprouted after 5 days at 150 mM NaCl and at 10°C (0%). With
increase of salinity, the germination energy decreased and it was 14% at 50 mM
NaCl and 8% at 100 mM NaCl. Germination rate with regard to salinity was
also decreased with higher salt concentration. At 150 mM NaCl the total
germination rate was 20%, but the seedlings developed were less than 0.1 cm.
Seeds were not germinated at all on 10°C on both, 100 and 150 mM NaCl.

O Germination energy (%)  BEGermination rate (%)

100
30
60
40
20
0 —
0 (control) 50mM 100 mM 150 mM 10°C 15°C 20°C

NaCl NaCl NaCl

Fig. I Germination energy (%) and germination rate (%) of domestic poppy cultivar
regard to salinity and temperature (error bars show confidence intervals of the 5%)

Grafikon 1. Energija klijanja (%) i ukupna klijavost (%) domace sorte maka ovisno
salinitetu i temperaturi (stupici oznacavaju intervale pouzdanosti od 5%,)

The highest share of normally developed poppy seedlings (Figure 2) was at
control (54%), and with increased level of salinity the normal developed
seedlings decreased to about 20% at 50 mM NaCl and 13% at 100 mM NaCl,
whereas at 150 mM NaCl there was no normally developed seedlings at all.
With regard to temperature, the highest share of normal seedlings was at 20°C
(42%), and the highest share of non-sprouted seeds were at 10°C (75%). The
highest share of abnormal domestic poppy seedlings was at 100 mM NaCl and
15°C (80%) and the lowest at control, both for 15°C and 20°C (7%). Kumar et
al. (2010) for 6 genotypes of poppy at 20°C in-situ (Petri dish) and ex-situ (soil
of earthen pot) after 10 days found that the average percentage of germination
for opium poppy genotype Sanchita was 93.50 and 66.25%, genotype
Vivek was 93.20% and 65.75%, genotype Sampada was 92.40 and 55.20%,
genotype Sujata 85.75% and 49.47% and of genotype Sweta was 77.05 and
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39.00%, respectively. Karlsson et al. (2007) found that for Papaver species
(P. argemone, P. rhoeas, P. dubium ssp. dubium and P. dubium ssp. lecogii) in
warmer climate the more germination occurred in autumn instead of spring.
According to Pospisil (2013) a minimum temperature for poppy germination is
2 to 3°C and the optimum is 20°C. Author stated that poppy is very sensitive to
low temperatures and that in the field conditions the poppy seed will emerge at
10-11°C after 4 or 6 days. But in this study after 10 days the seeds were not
sprouted at all on the filter paper, even at the control treatment without NaCl.
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Fig. 2 The share of normal, abnormal domestic poppy seedlings and non sprouted seed
regard to temperature and NaCl salinity

Grafikon 2. Udio normalnih, abnormalnih klijanaca maka i neklijalog sjemena
s obzirom na temperaturu i salinitet NaCl

On the temperature treatment of 10°C and at 0 and 50 mM NaCl, the length
of seedlings roots and stems were not measured because they were less than
0.1 cm of total length. Also, at 100 and 150 mM water solution of NaCl and
at 10°C, the seeds were not germinated at all. At higher temperatures, of 15°C
and 20°C, and at the highest salinity level (150 mM NaCl), seedlings were also
less than 0.1 cm, and therefore not including into measurements.
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The average length of domestic poppy seedlings was 3.0 cm. Different
salinity had very significant influence (p<0.01) on total seedlings length and
the length of root and seedlings stem (Table 1). The longest seedlings were
developed at the control treatment (4.5 cm) and the smallest at 100 mM NaCl
(2.3 cm). Similar was with root and stem length. Thus, on the 10th day,
the longest roots and stems had the seedlings at control (1.8 cm and 2.7 cm,
respectively) and the smallest seedlings roots and stems were developed at
100 mM NacCl (0.9 cm and 1.3 cm, respectively).

Single linear regression showed very significant relationship between stem
and root length only at 100 mM NaCl (Figure 3). Generally, in the unique
salinity and similar temperature conditions there were poor regressions between
the seedlings roots and stems lengths. Even though the R* was small, according
to simple regression analysis for every centimeter increment of root length, the
stem length decreases for 0.25 cm at 100 mM NaCl (y = - 0.25x + 1.57. Losak
et al. (2009) reported that the poppy crop has short vegetation period and weak
root system.

Despite the importance of germination under salt stress, the mechanisms of
salt tolerance in seeds are relatively poorly understood (Zhang et al., 2012).
In this study, high salinity treatments at low temperatures were associated with
lower germination. This, unfortunately, makes it impossible to know whether, at
low temperatures, salt decreased the final germination percentage in these cases,
or merely delayed germination. In either case, salt seemed to have no toxic effects
for domestic poppy at concentrations up to 50 mM NaCl. For the oilseeds,
Matthees et al. (2018) state that alternative oilseeds as winter camelina (Camelina
sativa) and cuphea (Cuphea viscosissima x Cuphea lanceolata) were tolerant to
salinity (8.0 and 3.1dS m™"), whereas winter pennycress (Thlaspi arvense L.) and
calendula (Calendula officinalis) were moderately tolerant to salinity (5.9 and
2.7dSm™") and that these oilseeds show potential for adoption in saline soils.

Even though there was observed negative effect of salinity on poppy
seedlings growth, for other species Na' can have a positive effect. Michalak et
al. (2016) in the research of algal compost extract (originating from sea) on
Lepidium sativum germination, found the positive effect on plant cultivation.

In this study, germination of domestic poppy seeds was significantly
affected (p<0.01) by salinity and interaction of salinity and temperatures (Table
1) for the morphological characteristic of seedlings (total length, root and stem
length).
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Fig. 3 Scatterplot diagram of poppy stem and root length at different salinity
for 15°C and 20°C

Grafikon 3. Dijagram rasipanja duljine stabljike i korijena domaceg maka
pri razlicitim salinitetima za 15 ° Ci 20 ° C
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Although species from families Solanaceae and Brassicaceae are not
typical halophytes, Bojovi¢ et al. (2010) found that seeds of Capsicum annum,
Solanum lycopersicum, Brasica oleracea and Sinapis alba germinate only
in the lowest concentration of NaCl (200 mM), while at higher concentrations
of salt (400, 600 and 800 mM of NaCl) seeds germination were inhibited.
But for some other oilseed species, (Miyamoto et al., 2012) found that
Canola (Brassica napus) and safflower (Carthamus tinctorius) were salt-
tolerant during germination, but emergence was curtailed owing to soil
crusting. Further, author found that Camelina (C. sativa) germinated well,
but probably due to weak hypocotyl the emergence was poor and for the
authors found Field pennycress (Thlaspi arvense) and Lesquerella (L. fendleri)
salt sensitive because they could not germinate in NaCl solutions higher than
50 mM. For increase the resistance of oilseed rape (Brassica napus L.) plants to
salt stress, (Efimova et al. 2014) use the brassinosteroids (24-epibrassinolide,
EBL) and the authors have found that after 3 weeks salinization inhibited
plant height by 33-35% compared to the control, but also reduced leaf area
and plant fresh and dry weight. For the brassinosteroides, authors found
involvement of brassinosteroids increment in the development of salt
tolerance (24-epibrassinosteroids (24-epibrassinolide and 24-epicastasterone),
24S-methyl-brassinosteroids (brassinolide and castasterone), and
28-homobrassinosteroids (28-homobrassinolide and 28-homocastasterone).

Other species like legumes have also shown the low tolerance for the salt
stress (Kaya et al., 2008; Rady et al., 2017). Kaymakanova (2009) in the study
of NaCl and Na,SO, salinity at germination and early seedling growth of
(Phaseolus vulgaris L.), found the inhibiting effect of Na,SO, is by 20%
stronger than that of NaCl.

In cereals, Panuccio et al. (2014) found that for quinoa lower concentrations
(25, 50, 75 and 100 %) of salts (NaCl, CaCl,, KCl and MgCl,), increased the
germination rate but not the germination percentages, compared with control
(pure water). In horticulture production, Montana et al. (2014) found that
different NaCl concentrations (0, 30, 60, 90, and 120 mM) affected the
accumulated germination and the percentage of germination of purple passion
fruit seeds (Passiflora edulis Sims.). For greenhouse grown eggplant (Solanum
melongena, L.), Chartzoulakis and Loupassaki (1997) found that plant height
and leaf area were reduced significantly (P = 0.05) at salinities of 25, 50, 100
and 150 mmol NaCl and that CI in leaf was always present at higher tissue
concentrations than Na".
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CONCLUSIONS

The investigated domestic poppy cultivar was very sensitive to increase of
salt concentrations, indicating that seeds are mainly affected by osmotic stress
and therefore we can not recommended to cultivate it on soils with excess salts.
Even though this study was based only on the morphological parameters,
further studies are needed to unravel the details of Na’, and especially CI,
uptake mechanisms for the domestic poppy cultivars. Even though the longest
seedlings were developed at 20°C (4.9 cm), there was no significant difference
in total length of seedlings at 15°C (4.1 cm).
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