2018

Isparta Uygulamal Bilimler Universitesi

Research Article/Arastirma Makalesi

Ziraat Fakiiltesi Dergisi
ISSN 1304-9984
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Abstract: The non-essential heavy metal cadmium (Cd) prevents rice seed
germination and seedling growth when it is present in micromolar concentrations. To
mitigate the effects of Cd toxicity on rice, seed priming, a pre-germinated seedling
approach, may improve seed and seedling performance. In 2019, an experiment was
conducted in Turkey to evaluate seed germination and seedling growth of rice. The
experiment was comprised of five concentrations of Cd stress (0, 50, 100, 200 and
400 ppm) on three rice cultivars (Osmancik 97, Halilbey, and Kiziltan) and three seed
priming techniques such as hydropriming, priming using 2% KNOs (potassium nitrate),
and priming using 100 mg/L salicylic acid. The complete randomized design was
arranged to be conducted with three replications in this investigation. The findings
demonstrated that each Cd dose had detrimental effects on seed germination and
seedling growth in all rice varieties. All varieties showed different reactions to priming
treatments. Hydropriming showed the most positive impact on germination, while
priming with KNOs exhibited negative effects for all rice varieties. The Cd content of
plant roots were higher than the shoots. It was observed that the lowest Cd content
was detected in the shoots and roots of plants which were pre-treated with SA as
compared to other priming applications. More than 50 ppm of cadmium was harmful
because it lowered morphological features. However, seed hydropriming partially
corrected these effects. For Cd stress resistance, the rice genotype Kiziltan continued
to outperform the other cultivars studied.
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Kadmiyum Stres Kosullarinda Farkli Priming Uygulamalarinda Celtigin
Cimlenme ve Fide Gelisimi

Oz: Bir agir metal olan kadmiyum (Cd), cok diisiik konsantrasyonlarda celtigin
¢imlenme ve fide gelisimini engeller. Kadmiyumun c¢eltigin Gzerine olan etkilerini
azaltmak igin, priming uygulamalari, tohum ve fide performansini iyilestirebilir. 2019
yilinda yapilan bu galismada ¢eltigin cimlenme ve fide gelisiminin degerlendirilmistir.
Deneme, tesdif parselleri deneme deseninde (g faktorli olarak (lic celtik ¢esidi
(Osmancik 97, Halilbey ve Kiziltan), bes Cd konsantrasyonu (0, 50, 100, 200 ve 400
ppm) ve ¢ priming farkh uygulamasi (hidropriming, %2 KNOs, salisilik asit)
yuritilmastir. Arastirma sonuglari, her bir Cd dozunun tiim geltik cesitlerinde tohum
¢imlenmesi ve fide buyimesi lzerinde zararl etkileri oldugunu gostermistir. Tim
cesitler, priming uygulamasina farkh tepkiler géstermistir. Hidropriming; ¢imlenme
Uzerinde en olumlu etkiyi gosterirken, KNOs3 uygulamasi tiim celtik cesitleri igin
olumsuz etkiler gostermistir. Bitki koklerinin Cd igerigi surglinlerden daha yilksek
bulunmustur. Salisilik asit uygulamasinda koklerdeki kadmiyum igerikleri diger
priming uygulamalarina goére daha dusiik bulunmustur. 50 ppm'den fazla kadmiyum
dozlarinda morfolojik 6zellikler daha fazla etkilenmistir. Bununla birlikte,
hidropriming bu etkileri kismen dlzeltmistir. Cd stresi altinda, Kiziltan celtik ¢esidini
en iyi performans gostermistir.
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1. Introduction

Rice (Oryza sativa L.) is one of the most essential cereal
crops, and it is a staple food for more than half of the
world’s population. Around 90% of the world’s rice is
grown in Asian countries (Al-Ashkar et al., 2016; Das et al.,
2018; Anis et al., 2019; Hossain et al., 2021). Worldwide,
rice fulfils around 80% of the requisite calories for its
people (Monsur et al., 2020). Worldwide rice production
is significantly impacted by abiotic and biotic stressors.
(Jamshidian and Talat, 2017; Wasaya et al., 2022).
Drought, salinity, cold, flooding, high temperatures, and
heavy metal contamination are the main abiotic stress
factors for rice (Datta et al., 2021). Fe, Cu, Mn, Co, Ni, Zn,
Cd, Hg, and arsenic are considered to be the major heavy
metals found in soil, and some of these metals are
essential micronutrients responsible for many regular
processes in plants. The common detrimental influences
of heavy metals are distorted nutrient assimilation,
chlorosis, and reduction in growth and photosynthesis.
These result in lower biomass accumulation and
senescence, and finally lead to the death of plants (Ali et
al., 2011).

Cadmium (Cd) is considered to be one of the major heavy
metal toxic pollutants (Jarup and Akesson, 2009). It finds
its way to the environment through waste produced as a
result of industrial processes, urban activities,
indiscriminate use of fertilizers, and sewage sludge (Liu et
al., 2007; Parlakova Karag6z and Dursun, 2020). Generally,
the concentration of Cd in the natural environment is very
low, but even at low concentrations, it may cause toxicity
because of its non-essential role in plants (White and
Brown 2010; Farah et al., 2020). Cd in soil interferes with
germination and has a detrimental effect on cereal
seedling growth (Gozubenli, 2010). Ultimately, this leads
to poor seedling establishment which results in lower
grain yields and reduced efficacy in the utilization of farm
resources. The main causes for the rise in Cd
concentrations in soils are a variety of human activities,
such as zinc mining and smelting as well as the use of
chemical fertilizers and pesticides (Li et al., 2006). The
natural protective responses for plants under heavy metal
toxicity stress include activation of several antioxidative
defence mechanisms and a decrease in absorption
(Shahid et al., 2015).

Seed priming is a straightforward method for pre-
germinating seeds. It can be used to boost seed and
seedling performance and alleviate various abiotic
stresses, such as heavy metal exposure (lgbal et al.,
2015a,b; Akar and Atis, 2018; Akar and Atis, 2019). It is a
low-cost hydration technique in which seeds are soaked in
a priming solution followed by drying the seeds. This
initiates germination related processes without radicle
emergence (Igbal et al., 2015c; Nyoni et al., 2020;
Choudhary et al., 2021). Different priming agents such as
potassium nitrate (KNOs3) and ascorbic acid (AsA) and
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hormones like salicylic acid (SA) and gibberellic acid (GA3)
are used as priming agents in seed priming techniques
which can greatly promote better germination and
establishment of field crops such as rice, wheat, and maize
under different stress conditions (Igbal, 2015). Among
priming agents, SA is a phytohormone that is effective
against various stresses in plants (Arfan, 2009).

Seed priming works by regulating the amount of hydration
in seeds. In turn, this controls the metabolic activity
required for radical emergence. (Igbal et al., 2015b; Anwar
et al., 2021). The initiation of radical emergence usually
takes place in the presence of high seed water content. To
meet this requirement, seeds sown in field conditions
usually take time to absorb a sufficient amount of water
from the soil (Igbal, 2015a). Hence, priming agents,
especially hydropriming (soaking seeds in sterilized
water), are supposed to reduce the time taken to
germination (Igbal et al., 2015a; Ali et al., 2016; Mamum
et al, 2018). Nawaz et al., (2013) found that the
promotion of pre-germination metabolic activity prior to
the emergence of the radicle and plumule is the
underlying mechanism behind priming and imparting
tolerance against stress. Even in normal conditions, seed
priming led to robust seedling growth, and ideal seedling
establishment increased the grain yield of transplanted
rice, as reported by Mamun et al., (2018); Igbal (2015a),
and Waraich et al.,, (2021). In wheat, Shakirova et al.,
(2016) reported that seed priming with SA decreased the
negative effect of Cd toxicity.

The world's population is growing, and this increases the
need for industrial products. It is anticipated that the
problem of heavy metal toxicity will worsen in the future
and have a significant impact on crop output, especially
rice. Zhao et al.,, (2018) reported that the area of
agricultural soil in China that is polluted by heavy metals
through sewage irrigation was nearly 20% of the total
agricultural land, and the area of agricultural soil polluted
by cadmium was 1.133x107 hm? . Shao et al., (2004)
observed that Cd stress greatly affects the seedling
growth of rice, and there were significant differences in
seedling growth and antioxidant enzyme activities among
different Cd tolerance rice genotypes. Jun-yu et al., (2008)
found that higher Cd concentration damages humans
through the food chain, in addition to having negative
impacts on crop output and quality. Additionally, they
stated that different rice cultivars responded differently to
various Cd stress levels.

Turkey's Cd concentration is rising steadily. Data on how
Turkish rice cultivars fare under various levels of Cd stress
and which cultivars respond best to seed priming
techniques are not yet available. The goal of the current
study is to evaluate the effectiveness of various priming
agents on seed germination of rice varieties and seedling
growth under Cd stress.
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2. Materials and Methods
2.1. Location and duration

The investigation was carried out in 2019 under controlled
circumstances at the Field Crops Laboratory of Mustafa
Kemal University in Hatay, Turkey.

2.2. Experimental treatments and design

The experimental design was a three factorial design
arranged in a completely randomized design with three
replications. The  experiments examined five
concentrations of Cadmium (Cd) stress (0, 50, 100, 200
and 400 ppm) on three rice cultivars (Osmancik 97,
Halilbey and Kiziltan) and three seed priming techniques,
such as priming using fresh water (hydropriming), priming
using 2% potassium nitrate (2% KNOs), and priming using
100 mg/L salicylic acid, to evaluate seed priming efficacy
on germination and seedling growth under different Cd
stress conditions. Cadmium stress was imposed using
cadmium sulphate hydrate (3 Cd SOs. 8H20). The seeds of
three rice cultivars were primed in a beher glass for 48
hours at 25 °C. Twenty-five seeds from each priming
technique for each cultivar were placed in petri dishes
containing three layers of filter paper (Anchor Paper Co.,
St. Paul, Minn.). The tests were performed by following
the protocols suggested by ISTA (ISTA 1996). The papers
were rolled, placed in a plastic container (21.5x32.5x 5.5
cm), and incubated in a dark germinator at 25 °C for 10
days.

2.3. Data collection

Seed germination was measured every 24 hours up until
the tenth day of incubation. A seed was considered
germinated when the emerging radicle was at least 2 mm
long. At the final count, seedlings were classified as either
normal or abnormal.

Germination percentage was calculated using the
following formula 1 (ISTA, 1996):

Number of normal seedlings at final count
£ x100 (1)

Germination percentage =
p g Number of seeds placed for germination

The Germination Index (Gl) was measured according to
Ellis and Roberts (1980) using the following formula 2:

Gl = ¥ (Gt/Tt) (2)

where Gt is the number of seeds germinated on the tt"
day, and Tt is the number of days up to the t™ day.

Mean germination time (MGT) was measured according
to the formula of Wang et al., (2004), formula 3:

MGT =Y, (Dxn)/Zn (3)
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where n is the number of seeds germinated on each day,
and D is the day of counting. The tolerance index (Tl) was
measured by using the formula of Carpici et al., (2009), as
shown formula 4:

TI = ¥ (Gt/Tt) (4)

where Gt is the number of seeds germinated on the tt"
day, and Tt is the number of days up to the t*" day.

The isolated roots and the shoots were washed in distilled
water, dried, and ground (€05 mm). The Cd content was
determined with inductively coupled plasma optic
emission spectrometry (ICP-OES Agilent 5110) after dry-
ashing (Wang et al., 2007).

2.4. Statistical analysis

All of the data were thoroughly examined for
homogeneity before being divided into parts with the use
of a computer for analysis using the MSTAT-C statistical
program. The treatment means were compared using the
least significant difference (LSD) test at the 5% probability
level (Gomez and Gomez, 1984).

3. Results and Discussion

The findings showed that different priming techniques
had diverse effects on crop development at various Cd
concentrations (Table 1,2,3,4). In all of the conditions, the
maximum values of germination and crop growth traits
were recorded for Kiziltan with hydropriming (Table 5-9).
The present study's findings unmistakably showed that
priming improved the seedling growth metrics for rice
root and shoot weights.

The findings showed that all rice germination features, as
well as the interactions among varieties, priming
methods, and Cd concentrations, were strongly impacted
by the treatments (Table 1). The highest performance for
germination rate, germination index, mean germination
time, etc. was recorded by hydropriming as compared to
rest of the priming treatments. Among rice cultivars,
Kiziltan outperformed the rest of the cultivars, especially
under the controlled conditions for germination indices,
while increasing the level of Cd stress hampered
germination related parameters. It might be inferred that
superior genetic potential and seed invigoration with
hydropriming enabled rice seeds to perform better in
terms of germination indices under various Cd stress
levels. Increased amylase activity, which is favourably
connected with reserve mobilization and MGT in rice, may
have contributed to the notable improvement in
germination (Lee and Kim, 2000). Our results indicated
that primed seeds emerged faster and decreased the
MGT. Similar results were also found by Harris et al.,
(2001). The positive effect of priming treatments was
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most likely a result of the stimulatory effects of priming in
the early stage of germination processes by the mediation
of cell division in germinating seeds (Khafagy et al., 2017).
These results are in line with those of Igbal (2015) who
concluded that hydropriming was successful in increasing
cereal germination indices. It has also been revealed that
priming seeds slowly provided water, and this allowed for
a slow and controlled imbibition, prompting rehydration
cell membrane repair mechanisms to operate efficiently
and adequately (Mercado and Fernandez, 2002).
According to several studies, hydropriming increases the
rate of seedling emergence, seedling establishment, and
early vigour (Igbal et al., 2015a; Khafagy et al., 2017).

Cultivar, seed priming, and Cd stress all interacted to
significantly affect rice seedling and root growth.
Hydropriming remained effective in boosting root length
and fresh weight along with seedling length and fresh
weight compared to all other priming treatments,
especially up to 100 ppm Cd stress, while higher levels of
Cd stress reduced root and seedling growth of all rice
cultivars. It was possible to conclude that the rice variety
Kiziltan cultivar had greater genetic potential and
responded favourably to water-soaked seed treatment
when exposed to Cd stress. Similarly, following the trend,
the greatest root and seedling dry weights were also
recorded by Kiziltan cultivar seeds treated with
hydropriming. In terms of the seedling and root growth
parameters under study, the Osmancik-97 cultivar could
not perform on par with the other cultivars, while priming
with KNOs remained inferior compared to hydropriming.
Our findings also depicted that increased Cd stress
reduced root and seedling growth of all rice cultivars
under investigation. Cd had detrimental consequences
that were visible at the molecular, physiological, and
biochemical levels. It led to amend structures and ultra-
structures of photosynthetic apparatus, and thus the
photosynthetic rate was reduced (Xue et al., 2013). The
ability of seed priming to induce abiotic stress, such as
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metal toxicity tolerance in plants, was not diminished.
(Farooq et al., 2019). Using different chemicals for seed
priming improved the seedling growth of cereals (Farooq
et al., 2019). Probably due to hormonal imbalance,
priming therapy on seed germination increased fresh and
dry weights of rice roots and seedlings and decreased the
amount of growth-inhibiting chemicals such abscisic acid
(Demir et al., 1999). Similar results were reported by Ruan
et al., (2002) who reported significant improvement on
seedling growth of hydroprimed seeds of cereals. The
faster emergence rate after priming may be due to an
increased rate of cell division in the root tips of seedlings
from primed seeds, as reported in wheat (Basra et al.,,
2006). This result agrees with that of Tongma et al., (2001)
and Faroogq et al., (2006). It has been noted that priming
has positive impacts on repairing and accumulating
nucleic acids, triggering the creation of proteins, and
repairing damaged membranes (Moradi et al., 2008).

In order to prevent the hazardous effects of Cd,
determining the Cd concentrations in roots and seedlings
is of great importance, in addition to rice cultivar
performance in terms of root and seedling growth. The
results showed that hydropriming remained effective in
ameliorating Cd stress by reducing Cd uptake in both roots
as well as seedlings. Hydroprimed seeds of Kiziltan
recorded the least Cd contents in roots and seedlings, and
less Cd was observed in the shoots as compared to the
roots. The lowest Cd content was recorded in Kiziltan
roots and shoots (Figure 1). The optimum availability of
nutrients to seedlings following their emergence, which
improved the early growth and consequently led to
improved barley fresh and dry weight within the nutrient
primed seed treatments, could also be responsible for the
improvement in barley seedling fresh and dry weight.
(Khafagy et al.,, 2017). In terms of the interactions
between rice varieties and priming agents, the findings
showed that nearly all interactions considerably improved
rice germination and early seedling growth parameters.

Table 1. Seed priming alleviates cadmium stress during germination and early seedling growth stages of rice

Cd (ppm) Priming GR (%) Gl MGT (day) Tl RL (cm) SL (cm)
H,O 78.67 b 9.88d 4.02 b-e 100.00d 15.88 e 3491e
0 KNO3 14.831 1.42 2.73 f 27.931 3.34j 11.65k
SA 77.66 b 10.06 cd 4.25 ad 100.00d 12.87f 32.09f
H,0 82.50 a 11.39a 3.40 ef 168.24 a 2294 c 4594 3
50 KNO; 21.161 2.38 k 3.69 c-e 34.00g 6.39h 15.84
SA 83.33a 11.73 a 3.56 de 136.44 c 24.22 a 43.71b
H,O 71.00 ¢ 10.84 b 3.56 de 153.06 b 21.87d 42.21c
100 KNO; 16.671 1.86 jk 4.03 a-e 29.16 h 4.24 12.14j
SA 65.00d 8.10f 3.99 b-e 137.26 ¢ 23.45b 36.06 d
H,0 71.33c 10.47 cb 3.99 b-e 95.19e 1145¢ 27.67 h
200 KNO; 17.161 1.931 4.34 a-c 21.87j 3.30j 7.291
SA 59.83 e 8.87e 4.04 a-c 95.55e 12.47 f 28.68 g
H,0 4516 g 6.16 h 4.43 ab 0.00 k 0.00 k 12.29j
400 KNO; 3.50j 0.37 -1 4.75a 0.00 k 0.00 k 0.00 m
SA 48.33 f 6.81g 3.82 b-e 0.00 k 0.00 k 12.54j
LSD 2.50 0.441 0.727 0.890 0.209 0.414

GR: Germination rate, Gl: germination index, MGT: Mean germination time, TI: Tolarance index, RL: Root length, SL: Seedling length
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Table 2. Seed priming alleviates cadmium stress during germination and early seedling growth stages of rice
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Cd (ppm) Priming RFW (mg) SFW (mg) RDW (mg) SDW (mg) RCdC (ppm) SCdC (ppm)
H,O 14.85e 22.12d 14.80d 21.58 e 0.00 h 0.00j
0 KNO3 3.90 k 6.721 3.571 6.721 0.00 h 0.00j
SA 10.79 h 22.17d 10.37¢g 21.82 e 0.00 h 0.00j
H,O 19.70 b 29.49 a 19.70 b 28.62 a 15.39e 11.21°f
50 KNO3 4,45 8.47 h 434 h 8.24 h 550g 3.811
SA 15.14d 25.50 b 15.06 d 25.12b 12.28 f 10.24 ¢
H,0 20.71a 25.25b 20.30a 24.07 c 28.37c 22.63d
100 KNO3 4.26] 6.811 4,00 h 6.541 11.67 f 8.35h
SA 18.26 ¢ 2292 c 18.23 ¢ 22.58 d 21.76 d 18.58 e
H,0 1147 g 16.12 f 11.13f 16.19 f 76.54 a 48.27 a
200 KNO3 2.84 1 5.47 k 2.93]j 5.29 k 22.34d 11.54f
SA 12.75f 16.99 e 1294 e 15.89 f 59.68 b 38.73 e
H,O 0.00 m 6.19] 0.00 k 5.73j 0.00 h 48.07 a
400 KNOs3 0.00 m 0.001 0.00 k 0.001 0.00 h 0.00j
SA 0.00 m 9.56¢g 0.00 k 9.34¢g 0.00 h 41.16b
LSD 0.148 0.289 0.382 0.419 0.996 0.940

RFW: Root fresh weigth, SFW: Seedling fresh weigth, RDW: Root dry weigth, SDW: Seedling dry weigth, RCdC: Root cadmium, SCd C: Seedling cadmium

Table 3. Seed priming alleviates cadmium stress during germination and early seedling growth stages of rice

Cd (ppm) Variety GR (%) Gl MGT (day) Tl RL (cm) SL (cm)
Osmancik-97 49.67 a 5.63g 3.23 e-f 66.67 1 7.16 k 14.171
0 Halilbey 4533 ¢ 5.60g 3.91c-e 66.67 | 1343 e 33.40d
Kiziltan 76.16 b 10.12 e 4.26 ad 84.56 g 10.10g 31.08 e
Osmancik-97 54.17 d 7.32f 491a 94.69 e 8.771 15.90 h
50 Halilbey 48.83 ef 5.83¢g 3.06 f 133.01a 18.56 ¢ 3394 e
Kiziltan 84.0a 12.35a 3.70 c-f 110.99d 26.22 a 55.64
Osmancik-97 47.0fg 6.98 f 3.97 cd 8498¢g 7.61 12.45k
100 Halilbey 32.5h 4.42h 3.85c-e 118.63 b 16.93 3142 e
Kiziltan 73.17 ¢ 9.02d 4.42 a-c 115.86 ¢ 25.06 46.54 b
Osmancik-97  48.67 ef 6.91f 4.17 b-d 49.76 j 5.301 10.24 m
200 Halilbey 26.331 3.921 3.19 ef 85.91f 10.37h 23.48¢g
Kiziltan 73.33¢ 10.80 b 3.61d-f 76.93 h 11.57f 29.90f
Osmancik-97  20.33j 2.38k 4.83 ab 0.00 k 0.00 m 0.00 n
400 Halilbey 21.16j 3.02p 3.74 cf 0.00 k 0.00 m 13.56
Kiziltan 55.5d 8.03c¢c 4.03cd 0.00 k 0.00 m 11.271
LSD 2.5 0.441 0.727 0.890 0.209 0.414
GR: Germination rate, Gl: germination index, MGT: Mean germination time, TI: Tolarance index, RL: Root length, SL: Seedling length
Table 4. Seed priming alleviates cadmium stress during germination and early seedling growth stages of rice
Cd (ppm) Variety RFW (mg) SFW (mg) RDW (mg) SDW (mg) RCdC (ppm) SCdC (ppm)
Osmancik-97 6.68 ] 9.311 5.94 8.87] 0.00g 0.001
0 Halilbey 13.31d 19.01e 13.32¢ 18.88 e 0.00g 0.001
Kiziltan 9.54¢g 22.68c 9.48 f 5.801 0.00g 0.001
Osmancik-97 9.31h 13.42 8.99¢g 12.61h 8.84f 6.81h
50 Halilbey 16.54 c 21.33.d 16.51b 21.23d 8.15f 5.99 h
Kiziltan 13.45d 28.71a 13.60c 28.14 a 16.18 de 12.46¢g
Osmancik-97 8.621 11.77 h 8.05h 11.351 15.23 e 13.77 f
100 Halilbey 17.07 b 16.74 f 17.08 a 16.24 g 16.97d 13.34 fg
Kiziltan 17.54a 26.49b 17.40 a 25.61b 29.60 ¢ 12.46¢g
Osmancik-97 5.43k 6.51]j 5.12j 6.34 k 47.34 b 41.08b
200 Halilbey 11.25e 13.23 g 11.30d 12.84 h 47.84 b 22.64e
Kiziltan 10.39f 18.84 e 10.48 e 18.11f 63.38 a 22.47d
Osmancik-97  0.001 0.00| 0.00 k 0.00 m 0.00g 41.08 b
400 Halilbey 0.001 6.21 k 0.00 k 5.801 0.00g 37.36¢
Kiziltan 0.001 9.54 0.00 k 9.28 ] 0.00g 51.87 a
LSD 0.148 0.248 0.382 0.419 0.996 0.940

RFW: Root fresh weigth, SFW: Seedling fresh weigth, RDW: Root dry weigth, SDW: Seedling dry weigth, RCdC: Root cadmium content, SCd C: Seedling

cadmium content
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Table 5. Interaction effects between priming and varieties
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RFW (mg) SFW (mg) RDW (mg)
H,0 KNO3 SA H,0 KNO3 SA H,0 KNO3 SA

Osmancik-97  9.05e 0.00g 8.98 e 15.46 e 0.00g 10.15f 8.57 ef 0.00g 8.29 f
Halilbey 19.03 a 0.00g 16.87 b 22.97b 0.00g 22.94b 17.89 a 0.00g 16.99 b
Kiziltan 1296 ¢ 9.27d 8.33f 22.60c 16.49d 24.68 a 13.02 ¢ 8.91d 8.65 cd
LSD 0.115 0.1928 0.296

SDW (mg) RCdC (ppm) SCdC (ppm)
Osmancik-97  13.79e 0.00g 9.73 f 24.10ab  0.00e 18.74d 20.60d 0.00g 16.38 ¢
Halilbey 22.34b 0.00g 22.66b 24.77 a 0.00e 19.01d 26.53 ¢ 0.00g 21.07d
Kiziltan 21.59¢c 16.1d 2444 a 23.31e 23.70 be 18.48 d 30.98 a 14.22 f 22.78 b
LSD 0.325 0.771 0.728

RFW: Root fresh weigth, SFW: Seedling fresh weigth, RDW: Root dry weigth, FRW: Fresh root length, RCdC: Root cadmium content, SCdC: Seedling cadmium

content

Table 6. Interaction effects between priming and varieties

cd GR (%) Gl MGT (day)
PM Osmancik  Halilbey Kiziltan Osmancik  Halilbey Kiziltan Osmancik  Halilbey Kiziltan
(ppm) -97 -97 97
H,O 73h-j 69 j-I 95 a-b 6.97 n 8.80 k 13.44 e 5.54 ab 4.09 dk 3.65 f-m
0 KNOs; Ov 2 uv 43 op 0.00u 0.13u 4.12f 0.00n 2.751-m 5.43 abc
SA 77fu 66 | 91 bc 9.94 ij 7.44 In 12.81 ef 4.16 d-k 4.89 b-f 3.70 e-m
H,0 78 eg 74 g1 97 a 10.101 7.75 km 15.28 a 4.23 c-k 4.53 b-j 3.22 k-m
50 KNO; 5u 2 uv 59 m 0.00u 0.00u 412f 6.50 a 0.00 n 4.58 b-1
SA 81 e-f 73 h-j 97 a 11.49gh 8.69k 15.01ab  4.00d-l 4.66 b-h 3.31j-m
H,0 70 1-k 54 n 90c 1096 h 7.75 k-m 12.69e 3.341-m 3.66e-m 3.68 e-m
100 KNOs;  4uv 2 uv 450 0.37u 0.16 u 6.77b 4.92 b-e 3.50h-m  4.61b-h
SA 68 ki 43 op 85d 9.611j 5340 9.35 1k 3.67e-m  4.38 b-k 4.98 b-d
H,0 71t 47 o 97 a 11.06 h 7.09 mn 14.38 ¢ 3.32j-m 3.42h-m 3.45h-m
200 KNO; 19t 1luv 32r 1.80t 0.10u 3.88 gh 5.50 ab 2.50m 4.08 d-k
SA 56 mn 31r 92 bc 7.911 457 p 14.14 cd 3.70e-m  3.65f-m 3.331-m
H,O0 17v 37q 82 de 1.87t 5.340 11.58 f 4.65 b-h 3.7le-m 3.71e-m
400 KNO3; 5u 2 uv 4 uv 0.44u 0.21u 0.47 g-s 5.50 ab 3.88 d-I 4.88 b-g
SA 40 p-q 25s 81lde 4.84 op 3.53q 12.06 ef 4.32 b-k 3.63g-m  3.50 h-m
LSD 4.345 0.764 1.259
Table 7. Interaction effects of Cd, priming, and varieties of some germination parameters
cd Tl RL (cm) SL (cm)
(ppm) %s7manuk Halilbey Kiziltan _C;s7manC|k Halilbey Kiziltan f)gs7manC|k Halilbey Kiziltan
H,0 100.000 100.000 100.000 9.97 pq 21.29f 16.371 20.72 t 52.26 e 31.77 n
0 KNO; 0.00v 0.00v 83.78r 0.00u 0.00u 10.02pg 0.00y 0.00y 34.96 |
SA 100.000 100.000 69.88t 11.52 n 18.99 h 6.60 t 21.80r 47.95¢g 26.51p
H,O0 163.54e 224.29a 116.88k 10.19p 34.84b 23.78 e 25.78 q 53.29d 58.74 b
50 KNO; 0.00v 0.00v 102.00n  0.00u 0.00u 19.18 h 0.00y 0.00y 47.52¢g
SA 120.51j 174.73 ¢ 114.091 16.11] 20.83g 35.71a 21.92r 48.55f 60.66 a
H,0 147.20f 167.94d 144.03g 11.230 21.47f 32.90c 21.22s 47.85¢g 57.54 ¢
100 KNO3 0.00 v 0.00 v 87.47 p 0.00u 0.00u 12.721 0.00y 0.00y 47.52¢
SA 107.75m 187.95b  116.09k  11.59n 29.32d 29.55d 16.14 v 46.41h 45.64 1
H,0 78.83s 126.991 79.750 747 s 14.66 k 12.23 m 16.42 v 36.12 k 30.450
200 KNO3 0.00 v 0.00 v 7045t 0.00u 0.00u 9.91q 0.00y 0.00y 21.86r
SA 107.75 130.76 85.43 q 8.41r 16.44 12.581 14.32 x 3433 m 37.37]j
H,0 0.00v 0.00v 0.00v 0.00u 0.00u 0.00u 0.00y 21.67rs 15.22 w
400 KNO3 0.00 v 0.00 v 0.00v 0.00u 0.00u 0.00u 0.00y 0.00y 0.00y
SA 0.00 v 0.00 v 0.00v 0.00u 0.00u 0.00u 0.00y 19.02 u 18.601
LSD 1.028 0.241 0.478

TI: Tolarance index, RL: Root length, SL: Seedling length
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Table 8. Interaction effects of Cd, priming, and varieties of some germination parameters
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RFW (mg) SFW (mg) RDW (mg)
Cd PM Osmancik Osmancik Osmancik
(ppm) 97 Halilbey Kiziltan 97 Halilbey Kiziltan 97 Halilbey Kiziltan
H,0 8.57t 20.46 e 15.511 24.71h 28.10e 22.77j 8.25s 20.15e 15.98 h
0 KNO3 0.00 w 0.00 w 11.69¢q 0.00y 0.00y 20.15m 0.00v 0.00v 10.70 p
SA 11.47r 1947 f 1.42v 15.54r 28.92c 2514 g 9.550 19.80 e 14.75 k
H,0 14.54 k 30.07 a 14.50 k 24.71h 33.86a 29.89 e 14.03 k 30.28 q 14.80]
50 KNO3 0.00 w 0.00 w 13.35m 0.00y 0.00y 2540¢g 0.00v 0.00v 13.03 1m
SA 13.39m 19.55r 12510 13.72s 30.12c 30.84b 12.951m 19.25f 12.98 Im
H,0 13.73 1 23.72d 24.68 ¢ 21.60 k 24.151 30.05c¢ 12.90 m 28.25d 24.95c
100 KNO3 0.00 w 0.00 w 12.78 n 0.00y 0.00y 20.451 0.00v 0.00v 12.00 n
SA 12.13p 27.49b 15.15] 13.72s 26.08 f 28.96 d 11.45n 26.98 b 15.251
H,0 8.40t 15.92 h 10.12s 10.52u 20.28 1im 20.181-n  7.38 st 16.13 h 9.38q
200 KNO3 0.00 w 0.00 w 851t 0.00y 0.00y 16.42 q 0.00v 0.00v 8.80r
SA 7.89u 17.84¢g 12.54 0 9.02 w 19.43 0 19.92n 8.48t 17.78 g 13.281
H,0 0.00 w 0.00 w 0.00 w 0.00y 8.47 x 10.11v 0.00v 0.00 v 0.00 v
400 KNO; 0.00 w 0.00 w 0.00 w 0.00y 0.00y 0.00y 0.00v 0.00 v 0.00 v
SA 0.00 w 0.00 w 0.00 w 0.00y 10.17 v 18.52p 0.00v 0.00v 0.00v
LSD 0.171 0.287 0.441
RFW: Root fresh weigth, SFW: Seedling fresh weigth, RDW: Root dry weigth
Table 9. Interaction effects of Cd, priming, and varieties of some germination parameters
cd SDW (mg) RCdC (ppm) SCdC (ppm)
(ppm) PM -095,7manuk Halilbey Kiziltan _C;.;mancnk Halilbey Kiziltan _C;s7manuk Halilbey Kiziltan
H,0 14.550 27.83 e 22.351 0.00 p 0.00 p 0.00 p 0.00t 0.00t 0.00t
0 KNO; 0.00 v 0.00 v 20.15 k 0.00 p 0.00 p 0.00 p 0.00t 0.00t 0.00t
SA 12.05¢ 28.83d 2458 g 0.00p 0.00 p 0.00 p 0.00t 0.00t 0.00t
H,0 23.23b 33.80a 28.83d 13.76n 13.68 n 18.74 | 10.69pg 9.50rs 13440
50 KNO; 0.00 v 0.00 v 28.83d 0.00 p 0.00 p 16.49m 0.00t 0.00t 12.52 0
SA 14.60 o 29.89 ¢ 30.88 b 12.75n 10.78 o 1331n 9.73 qr 0.00t 12.52 0
H,0 20.97j 22.501 28.75d 26.961 28.77 h 29.37 h 22.331 22.62 1| 22.951
100 KNO; 0.00 v 0.00 v 19.63 1 0.00 p 0.00 p 35.00¢g 0.00t 0.00t 25.05 k
SA 13.08 p 26.23 f 28.45d 18.73 1 22.13k 24.43j 18.97 m 17.39n 19.39 ni
H,0 10.20n 19.351 18.73 m 79.79b 81.40a 68.44 c 70.00 ¢ 35.95h 38.87¢g
200 KNO; 0.00 v 0.00 v 15.88 n 0.00 p 0.00 p 67.02d 0.00t 0.00t 34.621
SA 9.90t 19.98 m 19.83 kl 62.23 e 62.12 e 54,59 f 53.24 e 31.96j 31.01j
H,O 0.00 v 7.53u 8.28 st 0.00 p 0.00 p 0.00 p 0.00t 64.58 d 79.63 a
400 KNO; 0.00 v 0.00 v 0.00v 0.00 p 0.00 p 0.00 p 0.00t 0.00t 0.00t
SA 0.00 v 9.88s 18.55m 0.00 p 0.00 p 0.00 p 0.00t 47.50 f 75.99b
LSD 0.484 1.151 1.086
SDW: Seedling
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Figure 1. Cadmium content of shoots and roots of the three rice cultivars
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4. Conclusions

The results of the current study supported the suggested
hypothesis because different rice cultivars responded
differently to seed priming agents when exposed to varied
levels of Cd stress. It was established that, compared to
other pre-treatments, the amount of cadmium found was
much lower in the roots and shoots of plants made up of
seeds pre-treated with salicylic acid. According to the
results of the current study, the most Cd-sensitive variety
is osmancik, whereas the most Cd-resistant variety is
Kiziltan. Additionally, rice growers can be advised to use
hydropriming, which was found to be the most successful
method of increasing germination indices and seedling
growth parameters. Nevertheless, more synthetic and
natural growth regulators need to be tested because they
might perform better in terms of rice germination and
seedling growth, resulting in increased rice productivity.
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