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ABSTRACT

Rice is the most important crop for the majority of population across the world with sensitive behavior
toward heavy metals such as chromium (Cr) in polluted regions. Although, there is no information on the
Cr resistance phenotyping in rice. Herein, two different groups of rice cultivars (normal, and hybrid) were
used, each group with 14 different rice cultivars. Firstly, seed germination analysis was conducted by
evaluating various seed germination indices to identify the rice cultivars with greatest seed germination
vigor. Furthermore, exposure of chromium (Cr) toxicity to 28 different rice varieties (NV1-NV14, HV1-
HV14) caused noticeable plant biomass reduction. Subsequently, NV2, NV6, NV10, NV12, NV13 (normal
type), HV1, HV4, HVS8, and HV9 (hybrid types) were pragmatic as moderately sensitive varieties, while
NV3, NV4, NV9, and NV14 (normal type), HV3, HV6, HV7, and HV13 were observed as moderately toler-
ant. Although, NV7, and HV10 were ranked most sensitive cultivars, and NV11, and HV14 were consid-
ered as most tolerant varieties as compared to the other rice (both groups) genotypes. Afterward, Cr
induced reduction in chlorophyll pigments were significantly lesser in HV14 relative to NV11, NV7,
and especially HV10, and as a result HV14 modulated the total soluble sugar level as well as reduced
ROS accumulation, and MDA contents production by stimulating the antioxidant defense mechanism
conspicuously which further reduced the electrolyte leakage as well. Our outcomes provide support to
explore the Cr tolerance mechanism in cereal crops as well as knowledge about rice breeding with
increased tolerance against Cr stress.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Zhao, 2014). About 40,000 of rice varieties have been introduced
world widely, and these varieties are different in yield production,

Rice (Oryza sativa L.) an edible food crops, which is staple food
by more than half of human population world widely (Gross and

* Corresponding authors at: Hainan Research Institute, Zhejiang University,
Sanya, 572025, China (Y. Guan); International Genome Centre, Jiangsu University,
Zhenjiang 212013, China (J. Akhter Bhat).

E-mail addresses: javid.akhter69@gmail.com (J. Akhter Bhat), vcguan@zju.edu.cn
(Y. Guan).
Peer review under responsibility of King Saud University.

FLSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.sjbs.2022.02.038

toward adaptation of environmental alternations, agro-ecological
changes, tolerance mechanism toward pest, disease, and environ-
mental stresses (Chhogyell et al., 2016). Several investigations
demonstrated that the rice varieties differ across various ecological
regions, and few cultivars perform highly significant yield produc-
tion as compared to different genotypes under varying environ-
mental conditions (Moorthy et al.,, 2011; Mosavi et al., 2013). It
is considered that hybrid rice cultivars can adopt environmental
alterations, and farming systems i.e. System of Rice Intensification
(SRI) quickly as comparable to the normal rice types, and therefore,
improved rice growth, and biomass is noticed in hybrid rice culti-
vars than normal rice varieties (Thakur et al., 2015). Nevertheless,
the increasing soil contamination especially heavy metals (HMs)
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pollution is becoming a major concern for plant researcher society
(Wakeel et al., 2021). Moreover, HMs are accumulated inside edi-
ble food parts (Chen et al., 2022), and further become the risk for
humans, and animals health (Shen et al., 2017). Amongst HMs,
the chromium (Cr) is known as most persuasive pollutant inside
ecosystem (Gill et al., 2016), which comprises a particular density
7.19 g/cm?, ranked 7th inside most abundant metal as well as 21st
most abundant HMs on the earth (Economou-Eliopoulos et al.,
2014). The Cr contains different oxidative states (0O-V1), but the
Cr (I, and Cr (VI) are deliberated as the most stable form (Singh
et al., 2021). However, the Cr (VI) has more mobile, toxic, muta-
genic, and carcinogenic nature than Cr (IlII) (Ashraf et al., 2017;
Geng et al., 2019). Plants use phosphate, and Sulphur pathway to
uptake Cr through roots. Hence, it is translocated into the other
plant’s parts (Xu et al., 2018). Whereas, roots act as prime organs
to in contact with Cr contaminated soil, and play primary role in
uptake, accumulation, and translocation of Cr (Al-Hugqail et al.,
2020; Karthikeyan et al., 2020).

Cr cause severe phytotoxic effects on plants growth, and bio-
mass by decreasing the photosynthetic rate, disturbing mineral
uptake balance, and increasing Cr uptake (Singh et al., 2021). It is
noticed that Cr stress cause reduction in seed germination rate,
and disturb the antioxidative defense mechanism as well (Basit
et al.,, 2021a; Basit et al., 2021c; Basit et al., 2022). It is revealed
that Cr uptake, and translocation minimize the germination, and
growth ratio, negatively effects on chlorophyll pigments produc-
tion, and PSII system, and increase electrolyte leakage by stimulat-
ing the ROS generation (Wakeel et al., 2020), and ultimately crop
yield is compromised. Furthermore, the plants uptake Cr through
Cr contaminated nutrient solution by using roots, which resultant
numerous morpho-physiological, biochemical, and molecular
changes as well (Farid et al., 2019; Islam et al., 2019). In another
study, it is noticed that nutrient, and Cr uptake competition cause
Cr binding with carrier channels and plasma membrane, and weak-
ened the H" ATPase activity (Habiba et al., 2019). A current study
represented that Cr-induced phytotoxicity reduce plants biomass,
and photosynthetic ability by enhancing the stress markers such
as malondialdehyde (MDA), and hydrogen peroxide (H,0,), elec-
trolyte leakage (EL), and Cr uptake inside Oryza sativa (Basit
et al., 2021a), Sesbania sesban (Din et al., 2020), Brassica napus
(Ulhassan et al., 2019b), tomato (Alamri et al., 2020), Spinacia oler-
acea (Zaheer et al., 2020).

In addition, Cr accumulation cause cellular structure damage
which further increase the cellular oxidative damage by triggering
the ROS over-production such as MDA, H,0,, and EL (Patra et al,,
2019). Higher ROS accumulation cause membrane peroxidation
of lipids, interruption of membrane organization and function,
beside the oxidation of cellular macromolecules such DNA and pro-
teins (Farid et al., 2017; Wakeel et al., 2019; Basit et al., 2022). To
overcome the adverse effects of ROS production, and accumulation,
plants develop a specific mechanism named as antioxidative
defense system that includes both enzymatic and non-enzymatic
(Zaheer et al., 2020; Kharbech et al., 2022). Although, Cr-toxicity
also affects the antioxidant activities as well (Ulhassan et al.,
2019b; Wakeel et al., 2020). In general, Cr stress alter the biochem-
ical, and physiological attributes of rice cultivars, and consequently
lead to the growth inhibition, and crops yield loss (Singh and
Prasad, 2019; Basit et al., 2021a; Sharma et al., 2022).

A recent study was designed to observe the seed germination
ratio and various germination indices rates of different rice vari-
eties. Moreover, the determination of response differences related
to biomass between hybrid, and normal types of rice varieties
with, and without Cr toxicity at the seedling stage was hypothe-
sized. Afterward, on the basis of the above-mentioned parame-
ters, the most tolerant (H-V14, N-V11), and sensitive varieties
(H-V8, N-V7) were selected, and Cr- induced toxicity was exam-
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ined by measuring the photosynthetic pigments, electrolyte leak-
age, ROS generation, and antioxidative defense mechanism with/
without Cr exposure. Although, the selection of more tolerant cul-
tivars against Cr stress is the most sustainable solution to
improve the plants growth, and yield in Cr contaminated soils.
Herein, the main objective was to categorize the rice cultivars
on the basis of their degree of tolerance, and sensitive nature
under Cr-exposure.

2. Materials and methods
2.1. Plant materials

Current research used 14 different varieties of normal genotype,
and 14 different genotypes of hybrid (total 28 cultivars of rice)
were used to screen the sensitive, and tolerant cultivars. This all
the plant material are collected from the Zhejiang Nongke Seeds
CO., LTD. Hangzhou, China.

2.2. Seed germination analysis

Initially, the seeds were sterilized by using solution of NaOCI at
5% (w/v) for 15 min, and slightly washed through the water to
eradicate the remaining chloride. To conduct the seed germination
analysis, a box of size 12 x 18 ¢cm in which 30 seeds in four repli-
cates were germinated. Seed germination are conceded under con-
trolled conditions by maintaining the temperature of 25 °C with a
fluctuation cycle of 8 h brightness and 16 h darkness for 14 days in
a growth chamber (Zheng et al., 2006). The 100 uM Cr was dis-
closed to the incubated seeds. Concentration of the Cr used are
based on pre-experiments, which showed that the 100 uM Cr can
significantly inhibit the seed germination ratio, and plant’s growth
and biomass as well plant damage/death.

The germinated seeds were counted at day 5th, and considered
as germination energy (G.E). In addition, seeds counted on 14th
day were deliberated as germination percentage (G.P). Germina-
tion index (G.I), vigor index (V.I), and mean germination time
(MGT) are estimated by using the procedure as described in detail
by (Zheng et al., 2006).

2.3. Plant growth conditions

The 100 uM concentration of K,Cr,O; with a nutrient media
solution was exposed to the incubated seeds. Nutrient solution
contains 0.5 pM potassium nitrate (KNOs) 0.5 pM magnesium sul-
fate (MgS0,), 2.5 uM Monopotassium phosphate (KH,PO4), 0.5 uM
Calcium nitrate (Ca(NOs3),), 2.5 uM ammonium chloride (NH4CI),
100 uM ferric EDTA (Fe-K-EDTA), 30 uM H3BOs, 1 uM zinc sulfate
(ZnS04), 5 UM manganese monosulfate (MnSO4), 1 uM copper(Il)
sulfate (CuSO4), and 1 pM ammonium heptamolybdate ((NHg4)s-
Mo-0,4) per liter. The nutrient media solution was adjusted at
pH 5.0 with the assistance of HCl, and NaOH.

2.4. Experimental design

Hydroponic solution was used to perform the experiment. The
100 uM Cr concentration was treated with two-week-old seedlings,
and the seeds not treated with Cr deliberated as control (CK). The
completely randomized design (CRD) statistical method was fol-
lowed to carry out the experiment, and relocation of the in the
growth chamber was done each day. Collection of the samples
for the estimation of various growth parameters was carried out
at 21 days.
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2.5. Plant growth investigations

The plants were immersed after harvesting into the ddH,0 con-
taining bucker to eliminate the remains of disinfectant and scruti-
nize the safety of roots. The plant length (PL) was measured using
the ruler and measured the fresh weight (FW). The dry weight
(DW) of plants was calculated after drying it inside the oven at
80 °C for 24 h.

2.6. Determination of chlorophyll pigments

The chlorophyll contents i.e. chlorophyll a, b, a + b, and carote-
noids are estimated by using method of (Lichtenthaler and
Wellburn, 1983). In brief, 0.2 g fresh leaves samples were homog-
enize in 3 mL ethanol (95%, v/v), and the centrifugation of the
homogenized samples were done at 5000 x g for 10 min and, then,
supernatant was obtained. Furthermore, supplementation of 9 mL
ethanol (95%, v/v) was carried out with a 1 mL aliquot of the super-
natant. Then after, the calculations were conceded at the 665, 649,
and 470 nm through using spectrophotometer (UV-1900, Shi-
madzu, Japan).

2.7. Total soluble sugar and electrolyte leakage estimation

Estimation of soluble sugar (total), 0.5 g fresh and health tissue
of leaf were ground in pestle and mortar beside with extraction
buffer in it. Phosphate buffer (50 mM, pH 7), glycerol (10%, v/v),
ascorbate (1 mM), KCl (100 mM) and B-mercaptoethanol (5 mM)
was used for the preparation of extraction buffer. Then, the homo-
genate was assembled into the microcentrifuge tube through
15 min centrifugations at 12,000 g. Far along, precipitate are used
for quantification of soluble sugar (total) through following the
phenol-sulfuric acid assay (Dubois et al., 1951).

To estimate the electrolyte leakage as EL (dSm™!), surface ster-
ilization was conducted by 5 g seeds with HgCl, (1%), and speckled
with ddH,0 using at least four replications. Subsequently, seed-
lings were soaked into the 25 mL ddH,O as well as incubated
(25 °C) for 24 h. The sample was moved to alternative blank beaker
and ddH,0 was added up to 25 mL volume, EL was stated in dSm™!
deliberating to the previous rule (Ista et al., 2004).

2.8. Quantification of MDA, H>0, and 05 ~ contents

Estimation of MDA contents are performed by utilizing the 2-
thiobarbituric acid (TBA), tissue extract (1.5 mL), and homogenized
in 5% TBA (2.5 mL), and diluted inside 5% C,HCl30,. Far along,
homogenized samples are boiled at 90 °C for 20 min and earlier
cooled it at ice instantaneously, and centrifuged at 5000 x g for
10 min, and the readings are taken at 532 and 600 nm wavelengths
via using UV-vis spectrophotometer (Hitachi U-2910) (Heath and
Packer, 1968). The value of MDA content was stated as nmol
mg ! protein.

The H,0, was measured by using the plant tissues (homoge-
nized) in phosphate buffer and centrifuged at 6000 g. The 0.1% tita-
nium sulfate containing 20% (v/v) H,SO4 was added into obtained
supernatant and intermixed. The yellowness intensity was
observed at 410 nm via calorimetrically (Kwasniewski et al.,
2013). The contents of H,O, were quantified by constructing the
standard curve, and for this the H,0, and reaction mixture known
concentration without plant tissue was considered as control along
with its observations subtracted from treatments. The H,O, con-
tents are estimated at at 25 # 2 °C in term of (umol g~ ! FW).

Superoxide radical (03 °) was quantified according to the proto-
col of Jiang and Zhang (2001) with minor modifications. Around
0.5 g of plant tissues were intermixed in 4 mL of 70 mM K5PO, buf-
fer, and thereafter around 12 min this mixture was centrifuged at
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5000 g. One mL supernatant was intermixed with 0.8 mL of 70 mM
K3PO,4 buffer and 0.2 mL of 10 mM HONH,-HCI. Afterward, the mix-
ture was incubated for 24 h. Then, 1 mL of sulphanilamide (17 mM)
and anaphthylamine (7 mM) were mixed for 20 min at 25 °C. The
1 mL of n-butanol was supplemented after incubation, and further
centrifuged for around 10 min at 15,000 g. The absorbance was tes-
tified at 530 nm and generation rate of superoxide radical was
measured with standard curve.

2.9. Determination of antioxidant enzyme activities

The supernatant taken from total soluble sugar was also used to
estimate activities of antioxidants. To perceive the activity of SOD
(superoxide dismutase) the protocol of El-Shabrawi et al. (2010)
was followed. The changes within the reaction mixture absorbance
counting 50 mM K3POg4 buffer, 2.24 mM C49H30Cl;N;00g, 2.36 mM
CsH4N40; and 0.1 units xanthine oxidase were testified for 2 min.
One unit of SOD activity was assayed as unit (min~! mg~! protein)
followed by enzyme quantity needed required to restrict NBT
reduction (50%). Extinction coefficient of 39.4 M~! cm™! are uti-
lized to calculate the catalase (CAT) activity according to the proto-
col of (Hossain et al.,, 2010). The POD (peroxidase) activity was
assayed followed the Change and Maehly (1955) methodology,
and enzyme activity was estimated as | M of guaiacol oxidized
g 1 FW min~! at 25 * 2 °C. Activity of APX activity are estimated
by relying on reduction taken at 290 nm absorbance, as the oxida-
tion of the as ascorbate occurs. Reaction mixture of 3 mL contain-
ing 2.7 mL, 0.1 mL, 0.1 mL and 0.1 mL of PO,>" buffer (25 mM, pH
7.0), ascorbate (7.5 mM), 0.1 H,0, (0.4%) and 0.1 mL enzyme
extract, respectively. The reaction commenced after mixing H,0,.
The activity of enzyme was deliberated as pt mol min~! mg~! pro-
tein at 25 + 2 °C (Nakano and Asada, 1981).

2.10. Statistical analysis

The One-way ANOVA was used in all experimental data, and the
least significant differences (LSD) was calculated at p < 0.05 and
p < 0.01 levels between mean values using Statistix (8.1) software.
Four replications are used in each experiment.

3. Results
3.1. Estimation of seed germination indices of different rice types

In a recent investigation, two different categories of rice types
(Normal, and hybrid), 14 various varieties of normal, and 14
different types of hybrid cultivars were selected to identify the
seed germination parameters by conducting different seed germi-
nation parameters such as G.E, G.P, V.I, G.I, and M.G.T under normal
condition. The outcomes revealed that HV3, HV5, HV10, and HV14
(hybrid varieties), and NV7, NV8, NV11, and NV14 (normal
varieties) represented the more obvious results related to
G.E, G.P. G.I, and V.I, with less M.G.T as compared to the other rice
varieties (Tables 1, 2). However, more betterment was observed in
hybrid type varieties as compared to the normal types of rice geno-
types in respect to the seed germination analysis. In addition, HV5,
HV14 and NV11 had 100% G.P and showed significantly greater G.E
as compared to the other genotypes of both rice types. However,
HV3, HV14, NV14, and NV11 demonstrated significantly lower M.
G.T (Tables 1, 2). In the control condition, the HV11, HV8, NV1,
NV5, and NV6 confirmed lower values for seed germination
indices, such as G.E, G.P, G.I, and V.I, and revealed greater M.G.T val-
ues, particularly in HV2, HV9, HV11, NV1, and NV6 (Tables 1, 2). On
the bases of seed germination parameters, our results declared that
as comparable to other varieties, NV7, NV11, NV12, NV14 from
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Seed germination analysis of 14 different cultivars of normal rice type. germination energy (%), germination percentage (%), germination index (%), mean germination time (%),

and vigor index (%) under normal condition.

Varieties GE (%) GP (%) Gl MGT i

NV1 7625+4.79 g 76.25 £ 2.50d 429+015g 3.77 £ 0.13a 0.40 + 0.02 g
NV2 83.75 + 4.79ef 85.00 + 4.08bc 6.54 + 0.26f 3.19 + 0.08bc 0.88 + 0.03f

NV3 88.75 + 6.29bcde 96.55 + 4.79b 6.89 + 0.22f 2.85 +0.11d 1.04 £ 0.11e

NV4 93.75 + 4.79ab 97.50 + 5.00b 6.94 + 0.14f 272 +0.12d 1.13 £ 0.04e

NV5 77.50 + 2.89 fg 81.25 + 2,50 cd 7.34 + 0.68f 3.10 £ 0.12¢ 0.80 + 0.03f

NV6 77.50 + 5.00 fg 88.75 + 4.79b 6.82 + 0.59f 3.39 £ 0.20b 0.86 + 0.07f

NV7 94.75 + 7.50ab 98.75 + 2.50ab 13.90 + 0.37bc 2.19 + 0.3ef 1.78 + 0.05¢

NV8 92.50 + 6.45abc 96.75 + 4.79b 13.83 £ 1.24c 2.00 £ 0.19 fg 1.26 +0.01d
NV9 92.50 + 2.89abc 97.50 + 2.89b 9.32 + 0.42de 2.80 + 0.07d 1.09 * 0.05¢

NV10 86.25 + 2.50cde 87.50 + 2.89b 8.69 + 0.39¢ 2.66 +0.15d 1.02 + 0.04e

NV11 96.25 + 4.79 100.00 + 0.00a 15.66 + 0.58a 1.85+0.17 g 2.25 + 0.20a

NV12 91.25 + 4.79abcd 95.90 + 4.08b 13.60 + 0.52¢ 2.38 + 0.19e 1.03 £ 0.07e

NV13 85.00 + 4.08de 97.50 + 2.89b 9.60 + 0.26d 2.10 + 0.26f 0.38 +0.02 g
NV14 95.00 + 4.08ab 98.75 + 2.50ab 14.68 £ 1.11b 1.91+0.10 fg 2.10 £ 0.14b

The same letters within a column designate there was no significant difference at a 95% probability level at the p < 0.05 level, correspondingly.

Table 2

Seed germination analysis of 14 different cultivars of hybrid rice type. germination energy (%), germination percentage (%), germination index (%), mean germination time (%), and

vigor index (%) under normal condition.

Varieties GE (%) GP (%) Gl MGT VI

HV1 91.25 +2.50 cd 95.00 + 4.08bc 8.22 + 0.36e 2.55 +0.11 fg 0.56 + 0.02 fg
HV2 96.25 + 4.79abc 97.50 + 2.89abc 729+030¢g 3.06 + 0.09bc 0.68 + 0.02e
HV3 95.00 + 5.77abc 98.50 + 2.89ab 15.39 + 0.71b 1.87+0.17 h 2.26 £ 0.10b
HV4 78.75 + 2.50f 81.25 £ 2.50d 6.43 +0.08 h 2.81 + 0.17cde 0.56 + 0.02 fg
HV5 98.75 + 2.50a 100.00 + 0.00a 10.02 + 0.43¢ 2.21+0.09 h 0.94 * 0.03¢
HV6 92.50 + 2.89bcd 93.75 + 4.79¢ 7.65 + 0.41efg 2.74 + 0.18def 0.84 + 0.06d
HV7 88.75 + 2.50de 95.00 + 4.08bc 8.01 + 0.43ef 2.77 + 0.23def 0.82 +0.05d
HVS 81.25 + 6.29f 85.00 + 5.77d 7.35 + 0.66 fg 2.70 + 0.27ef 0.58 + 0.05f
HV9 93.75 + 2.50abcd 97.50 + 2.89abc 726+0.15¢g 3.08 + 0.15b 0.82 +0.04d
HV10 97.50 + 2.89ab 98.75 + 2.50ab 9.28 + 0.31d 228 +0.11 h 0.79 + 0.04d
HV11 6875250 g 76.25 + 2.50e 5.12 + 0.74i 3.62 + 0.34a 049 +0.07 g
HV12 93.75 + 4.79abcd 97.50 + 5.00abc 7.69 + 0.54efg 2.95 + 0.09bcde 0.67 + 0.05e
HV13 83.75 + 2.50ef 83.75 + 2.50d 6.40 + 0.46 h 2.99 + 0.15bed 0.55 + 0.03 fg
HV14 98.75 + 2.89a 100.00 + 2.50a 17.32 + 0.86a 1.73+0.19 h 2.37 £0.12a

The same letters within a column designate there was no significant difference at a 95% probability level at the p < 0.05 level, correspondingly.

group of normal rice type, and HV3, HV5, HV10, and HV14 from
hybrid rice cultivars showed maximum germination ratio, with
higher germination vigor as well as minimum germination time.

3.2. Effect of chromium toxicity on biomass of different rice types

Under control environment, NV4, NV6, NV7, NV8, NV9, NV11,
and NV14 declared the higher plant biomass fresh, and dry weight
(FW, DW), plant shoot, and root length (SL, RL) as comparable to
the other genotypes. Though, NV7, NV8, NV11, and NV14 showed
maximum plant growth, and biomass than NV4, NV6, and NV9
without Cr exposure. Even so, NV7 and NV8 displayed a higher
reduction in biomass of plants by FW (69.9/58.3%), DW
(78.3/71.8%), SL (72.7/67.5%), RL (75.9/73.1%), correspondingly.
However, the genotypes NV11, and NV14 showed a minimum
reduction in plant biomass attributes by FW (43.6/48.3%), DW
(25.1/31.4%), SL (39/2/40.7%), RL (33.9/37.5%), individually. More-
over, other genotypes represented modest responses against Cr
disclosure.

In the case of hybrid varieties, HV3, HV5, HV6, HV9, HV10, and
HV14 signified the greater plant biomass i.e., FW, DW, SL, and RL as
compared to the other cultivars. Whereas, the HV1 and HV8
showed significantly lowered plant biomass under normal condi-
tions. Under Cr disclosure, HV3, and HV14 cultivars demonstrated
the lower reduction in plant biomass by FW (32.9/27.5%), DW
(31.2/21.0%), SL (37.2/33.6%), RL (35.4/26.9%), respectively
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(Table 3). Nonetheless, HV5, and HV10 cultivars showed conspicu-
ous reduction inside plant biomass such as FW (73.5/66.6%), DW
(81.3/79.2%), SL (72.3/73.9%), RL (83.4/86.9%), respectively
(Table 3). However, other varieties represented a moderate reduc-
tion than these above-mentioned cultivars. Our outcomes revealed
that the maximum plant biomass was reduced in NV7, NV8 (nor-
mal type), and HV5, HV10 (hybrid type) varieties, although mini-
mum biomass reduction was noticed in NV11, NV14 (normal
varieties), and HV3, HV14 (hybrid type) cultivars.

3.3. Effect of chromium stress on phenotypic observation

Relying on seed germination indices, and plant biomass attri-
butes, total 4 varieties such as 2 from each rice type as per normal
varieties (NV7; sensitive, NV11; tolerant), and hybrid cultivars
(HV5; sensitive, HV14; tolerant) were selected to measure the fur-
ther physiological traits. In the current study, no phenotypic
changes were observed under control conditions. The visible
length of all four varieties (shoot, and roots) were virtually similar,
and plants were healthier. In contrast, significant phenotypical
changes were observed under the Cr stress treatment relative to
the plants without Cr stress (Fig. S1). The higher reduction in plant
height was noticed visually inside HV10, and NV7 rice varieties,
especially HV10 being more affected. Although, NV11 and HV14
rice cultivars were noticed with greater height when compared



F. Basit, J. Akhter Bhat, J. Han et al.

Saudi Journal of Biological Sciences 29 (2022) 3918-3928

Table 3

Effect of chromium toxicity on biomass of 14 normal rice types. Fresh weight (g), dry weight (g), shoot length (SL), and root length (RL).
Varieties FW DW RL SL
NV1-CK 0.90 £ 0.01efg 0.09 £ 0.00 h 14.15 £ 0.06 1 19.98 £ 0.15e
NV1-Cr 0.33+0.01m 0.04 + 0.00n 9.83 £ 0.100 7.40 £0.14 m
NV2-CK 0.80 +0.46 g 0.13 + 0.00d 1643 +0.10 g 1853 +0.17 g
NV2-Cr 0.42 £ 0.01jklm 0.06 + 0.00 k 9.43 + 0.10p 6.30 + 0.080
NV3-CK 0.88 + 0.02efg 0.07 £ 0.00 k 16.13 £ 0.10i 19.13 £ 0.05f
NV3-Cr 0.51 £ 0.01jk 0.05 + 0.00 Im 13.30+0.14 m 8.58 £ 0.21 k
NV4-CK 1.08 + 0.01bc 0.12 £ 0.00 fg 19.13 £ 0.05d 20.18 £ 0.13d
NV4-Cr 0.50 £ 0.01jk 0.05 £ 0.00 Im 13.20 £ 0.08 m 7.73 £0.13 1
NV5-CK 0.98 + 0.02cde 0.12 £ 0.00ef 17.23 £ 0.10f 17.38 £ 0.15i
NV5-Cr 0.49 £ 0.01jk 0.05 + 0.00kl 14.40 £ 0.18 k 7.35 £ 0.06 m
NV6-CK 0.98 + 0.01cde 0.15 £+ 0.00b 18.13 £ 0.10e 20.08 + 0.10de
NV6-Cr 033+001m 0.05 + 0.00 Im 12.35 £0.13n 833+0.17k
NV7-CK 1.03 + 0.01bcd 0.14 £ 0.00c 20.13 + 0.05¢ 20.25 + 0.13c
NV7-Cr 0.31 £ 0.00n 0.03 + 0.00n 6.20 £ 0.08 s 5.23 £0.10q
NV8-CK 0.92 + 0.01def 0.14 £ 0.00c 19.23 £ 0.10d 20.43 + 0.10c
NV8-Cr 0.41 £ 0.01klm 0.04 + 0.000p 7.73 £ 0.17r 6.35 £ 0.13p
NV9-CK 1.15 + 0.01b 0.12 £ 0.00ef 24.28 + 0.05a 21.30 + 0.08b
NV9-Cr 0.54 + 0.02ij 0.06 + 0.00j 16.18 £ 0.13i 7.13 £0.17n
NV10-CK 0.84 £ 0.01 fg 0.09 + 0.00 h 20.65 + 0.13b 18.15+0.10 h
NV10-Cr 0.42 £ 0.02jklm 0.04 + 0.000p 12.35 £ 0.13n 7.70 £ 0.14 1
NV11-CK 1.33 £ 0.02a 0.16 £ 0.00a 15.25 £ 0.10j 22.20 + 0.08a
NV11-Cr 0.69 £ 0.01 h 0.12 + 0.00ef 12.20 + 0.08n 17.43 + 0.17i
NV12-CK 0.83 £ 0.01 fg 0.08 + 0.00i 20.13 + 0.10c 17.23 £0.10 m
NV12-Cr 0.35 £ 0.02 Im 0.04 + 0.000p 9.68 £ 0.170 7.35+0.13 m
NV13-CK 0.99 £ 0.01cde 0.11+000¢g 16.40 + 0.08gh 18.65 +0.06 g
NV13-Cr 0.48 + 0.01jkl 0.04 + 0.000p 9.23 £ 0.17q 733+017m
NV14-CK 1.33 £ 0.01a 0.15 £+ 0.00b 20.25 + 0.13c 19.23 + 0.10f
NV14-Cr 0.67 £0.02 h 0.09 £ 0.00 k 16.25 + 0.06hi 13.78 £ 0.10j

The same letters within a column designate there was no significant difference at a 95% probability level at the p < 0.05 level, correspondingly.

to the HV10, and NV7, but the cultivar HV14 represented maxi-
mum height s compared to the NV11 (Fig. S1).

3.4. Effect of chromium stress on photosynthetic attributes of rice
plants

Under control conditions, there was no more significant differ-
ence between chlorophyll contents (Chlorophyll a, b, a + b, carote-
noids) of four different rice cultivars, but HV10 and HV14 showed a
significantly higher level of chlorophyll a, and a + b by 9.7/10.2%,
and 10.6/11.2%, respectively than NV7 genotype (Fig. 1a-d). Under
stressed conditions, the HV14 cultivar represented significantly
greater chlorophyll contents as compared to the other genotypes,
and more reduction in photosynthetic pigments was noticed in
HV10 cultivars (Fig. 1a-d). HV10 cultivar demonstrated the Chloro-
phyll a, b, a + b, carotenoids contents reduction by 57.6%, 79.8%,
58.8%, and 52.7%, NV7 by 49.9%, 71.6%, 47.9%, and 46.7%, NV11
by 18.2%, 32.5%, 19.6%, and 35.8% as well as HV14 by 13.2%,
24.6%, 13.5%, and 27.7%, respectively relative to their controls
under Cr-induced toxicity (Fig. 1a-d). Our results displayed that
the HV14 cultivar was less affected through the Cr disclosure,
and more decrease in chlorophyll contents levels was observed
in HV10.

3.5. Effect of chromium stress on total soluble sugar, and electrolyte
leakage of rice plants

In untreated plants, the significant difference was not noticed
inside the values of total soluble sugar (TSS) amongst all four cul-
tivars of rice. Related to the stressed environment, total soluble
sugar was reduced 6.34%, 50.4%, 33.3%, and 25.4% in HV10, NV7,
NV11, and NV14, respectively. In contrast, the reverse trend was
noticed in the case of electrolyte leakage. The electrolyte leakage
(EL) was observed minor in the case of NV14 cultivar by 14.1%.
Conversely, the level of EL was markedly higher in the case of
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HV10, and NV7 by 69.2%, and 57.8%, correspondingly than NV11
(34.7%). Our outcomes revealed that HV14 was lower affected by
the Cr-induced toxicity, while HV10 was affected the most under
Cr disclosure.

3.6. Quantification of MDA, H>0,, and 05 - contents

The assay was conducted out to observe the oxidative damage
caused inside rice cultivars. There was no significant difference
inside the values of MDA contents, H,0,, and O3~ production under
normal conditions (Fig. 3a-c). Relative to the Cr treated plants, the
enhancement inside the values of MDA contents were noticed in
HV10, NV7, NV11, and NV14 cultivars by 79.1%, 76.2%, 63.7%, and
43.5%, H,0, by 71.9%, 67.5%, 51.5%, and 49.3%, and O3 ~ by 53.8%,
49.2%, 34.6%, and 27.8%, correspondingly (Fig. 3a-c). Our results
verified that the significant increase in the values of MDA contents,
H,0,, and O3 ~ were observed in Cr-sensitive varieties (HV10, NV7),
although this increment was slightly low inside the Cr-tolerant
cultivars (HV14, NV11) of rice, especially in HV14 being more tol-
erant (Fig. 3a-c).

3.7. Determination of antioxidant enzymatic activities in rice cultivars
under Cr stress

The antioxidative activities of enzymes viz., SOD, CAT, POD, and
APX were also affected in rice cultivars due to the exposure to Cr
stress. The increase was noticed inside the enzymatic activities of
rice cultivars. This increment was more obvious inside the values
SOD, CAT, POD, and APX in high Cr-tolerant cultivars HV14, and
NV11 by 51.2/45.6%, 67.4/61.8%, 75.7/72.5%, and 47.9/42.6%,
respectively. Whereas, this increase was slightly lower in less Cr-
tolerant cultivars i.e.,, HV10, and NV7 by 32.5/37.8%, 45.9/51.3%,
53.2/61.4%, and 34.1/39.8%, correspondingly under Cr disclosure
(Fig. 4a-c). Our findings indicated that the antioxidative activities
(SOD, CAT, POD, and APX) were enhanced under Cr-induced stress,
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Fig. 1. Photosynthetic pigments of four different rice cultivars with, and without Cr stress. a Chlorophyll-a, b chlorophyll-b, ¢ chlorophyll-a + b, d carotenoids. The values
shown are the mean standard deviation (n = 4). Treatments with different letters have statistically different values (P < 0.05).
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Fig. 2. Determination of total soluble sugar, and electrolyte leakage of four different rice cultivars with, and without Cr stress. a total soluble sugar, and b electrolyte leakage.
The values shown are the mean standard deviation (n = 4). Treatments with different letters have statistically different values (P < 0.05).

but this increase was clearer in Cr-tolerant cultivars, especially in
HV14 as compared to the Cr-sensitive cultivars, particularly in
HV10. Although, no significant difference in the values of SOD,
CAT, POD was noticed inside the plants of all cultivars under con-
trol conditions (Fig. 4a-c).

4. Discussion

The increasing level of heavy metal contamination, specifically
chromium (Cr), in air, soil, and water is a major source of concern
for scientists these days. Plants show various symptoms against Cr
toxicity including inhibition of plant growth, leaves color turning
yellow, and reduction in biomass of plants, etc. (Singh et al,,
2013; Basit et al., 2021a). Rice is a valuable crop that is susceptible
to Cr toxicity (Mukta et al., 2019; Basit et al., 2021b: Sharma et al,,
2022). Screening rice cultivars by seed germination ratio and Cr-
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tolerant cultivars based on morpho-physiological traits, and plant
biomass under Cr stress would help us better understand the Cr
tolerance mechanism in rice, which is yet unclear.

Cr (100 uM) stress exposure caused the inhibition of plants
growth, and biomass. The plants roots were inhibited under Cr tox-
icity, especially in the HV10 cultivar (Tables 3 and 4). It might have
happened because the roots are the primary source that comes in
contact with the heavy metal contamination (Ganesh et al., 2008;
Basit et al., 2022). First, plants uptake Cr contents through the
nutrient solution, it accumulates inside roots, and it may decrease
the polysaccharide inside the roots cell wall which further causes
cellular elongation restriction and later-stage plant growth and
development damage (Alam et al., 2021; Terzi and Yildiz, 2021;
Ao et al., 2022). The reduction in plant height was clearer in culti-
var HV10, and NV7 (Tables 3 and 4). The varieties NV11 and HV14
were represented less inhibition in plant growth, especially HV14
variety was being more tolerant with less reduction in plant
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Fig. 3. MDA contents, and ROS accumulation of four different rice cultivars with, and without Cr stress. a MDA contents in 4 different rice cultivars. b H,O, production in 4
different rice cultivars, and ¢ O3 contents in 4 different rice cultivars. The values shown are the mean standard deviation (n = 4). Treatments with different letters have

statistically different values (P < 0.05).

growth, and biomass reduction. The biomass reduction was more
noticeable inside HV10, and NV7 cultivars particularly were more
in HV10 as compared to NV7. Probably, Cr-induced damage caused
a reduction in cell elongation, and affected the membrane perme-
ability which further imbalanced the nutrient uptake by fluctuat-
ing the osmotic balance, and consequently compromised the
photosynthetic levels, and plants growth, biomass was also
deprived (Naz et al.,, 2021). The same outcomes were observed
inside the Zea mays (Naz et al., 2021), Lycopersicon esculentum
(Alam et al., 2021), and Vigna radiata (Husain et al., 2021), and
Brassica nigra (Akhtar et al., 2021).

It is also reported that the reduction in plant biomass and
growth attributes are also directly related to the impairment in
the photosynthetic system (Ulhassan et al., 2019a; Ao et al,,
2022; Kharbech et al., 2022). As expected, the Cr stress caused
the reduction in chlorophyll contents (chlorophyll-a, b, a + b, and
carotenoids) of all rice cultivars (Fig. 1a-d), especially HV10 was
being more affected. The reduction in chlorophyll contents may
be instigated by minimizing the biosynthetic enzyme capability
under Cr toxicity (Ulhassan et al., 2019b; Chen et al., 2022). This
inhibition of photosynthetic pigments was relatively low inside
cultivar HV14, possibly it regulated the chlorophyll pigments
related biosynthetic pathways, and activities of heme-based
enzymes which are involved in the biosynthesis of chlorophyll
contents (Dixit et al., 2002). It is observed that photosynthetic effi-
ciency is known to regulate the quantities of total soluble protein
and soluble sugar under stressed conditions (Rizwan et al., 2019).
Likewise, the decrease in photosynthesis reduced the total soluble
sugar level under Cr stress (Fig. 2a), especially in the HV10 cultivar.
Nevertheless, the cultivar HV14 built a specific mechanism to
maintain the level of photosynthetic pigments, and total soluble
sugar under Cr-induced damage (Fig. 2). It might be occurred by
modulating the energy, and transduction mechanism which fur-

ther upsurged the level of total soluble sugar via improving photo-
synthetic attributes (Handa et al., 2019; Mukta et al., 2019;
Ulhassan et al., 2019a).

In a recent study, the exposure of Cr caused higher production
of ROS (H,0,, O35 7), and MDA contents, and electrolyte leakage as
well in rice cultivars, especially in HV10 than NV7, and NV11. It
verified that Cr-induced damage caused higher cellular oxidative
damage, exaggerated the membrane damage, and lipid peroxida-
tion in plants. Several studies demonstrated similar results related
to Cr caused above-mentioned oxidative markers inside rapeseed
(Ulhassan et al., 2019a), Oryza sativa (Basit et al., 2021a), Brassica
juncea (Handa et al., 2019), Camellia sinensis (Barman et al.,
2020), and Zea mays (Kharbech et al., 2020). However, NV14
showed a lower accumulation of ROS and MDA contents (Fig. 3a-
¢) with a minimum level of electrolyte leakage (Fig. 2b). Most prob-
ably, it built a Cr-detoxification mechanism, which reduced oxida-
tive stress and ultimately improved the photosynthetic
capabilities. It further lowered the electrolyte leakage and provided
membrane stability, and production by reducing the ROS extra-
generation, and accumulation (Adhikari et al., 2020; Devi and
Kumar, 2020; Basit et al., 2022). Earlier investigations also sup-
ported the outcomes obtained from a recent study that plants build
some mechanism to uphold the cellular metabolism by lowering
the generation of free radicals that eventually reduce the ROS,
and MDA levels as well as electrolyte leakage.

To reduce the effect of oxidative damage caused by ROS, and
MDA contents higher accumulation under Cr toxicity, plants
develop a particular mechanism known as the antioxidative
defense mechanism. In the present research, rice cultivars up-
surged the enzymatic antioxidative activities against Cr-induced
oxidative damage (Fig. 4a-c). It revealed that plants stimulated
the antioxidative mechanism to scavenge the extra-accumulated
ROS inside plant tissues, which was further increasing MDA con-
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Fig. 4. Antioxidative enzyme activities of four different rice cultivars with, and without Cr stress. a SOD 4 different rice cultivars, b CAT in 4 different rice cultivars, ¢ POD in 4
different rice cultivars, and d APX in 4 different rice cultivars. The values shown are the mean standard deviation (n = 4). Treatments with different letters have statistically
different values (P < 0.05).

Table 4

Effect of chromium toxicity on biomass of 14 hybrid rice types. Fresh weight (g), dry weight (g), shoot length (SL), and root length (RL).
Varieties FW DW RL SL
HV1-CK 0.90 + 0.01efg 0.09 £ 0.00 h 14.15 £ 0.06 1 19.98 + 0.15e
HV1-Cr 0.33+0.01m 0.04 + 0.00n 9.83 + 0.100 7.40 £0.14 m
HV2-CK 0.80 + 046 g 0.13 £ 0.00d 1643 +0.10 g 1853 +0.17 g
HV2-Cr 0.42 £ 0.01jklm 0.06 + 0.00 k 9.43 £+ 0.10p 6.30 + 0.080
HV3-CK 0.88 + 0.02efg 0.07 £ 0.00 k 16.13 £ 0.10i 19.13 £ 0.05f
HV3-Cr 0.51 + 0.01jk 0.05 £ 0.00 Im 1330+0.14m 8.58 £0.21 k
HV4-CK 1.08 + 0.01bc 0.12 £ 0.00 fg 19.13 + 0.05d 20.18 £ 0.13d
HV4-Cr 0.50 £ 0.01jk 0.05 £ 0.00 Im 13.20 £ 0.08 m 7.73 £0.13 1
HV5-CK 0.98 + 0.02cde 0.12 + 0.00ef 17.23 £ 0.10f 17.38 £ 0.15i
HV5-Cr 0.49 £ 0.01jk 0.05 + 0.00kl 14.40 + 0.18 k 7.35+0.06 m
HV6-CK 0.98 + 0.01cde 0.15 + 0.00b 18.13 £ 0.10e 20.08 + 0.10de
HV6-Cr 0.33+0.01m 0.05 £ 0.00 Im 12.35 £0.13n 8331017k
HV7-CK 1.03 + 0.01bcd 0.14 £ 0.00c 20.13 + 0.05¢ 20.25 + 0.13c
HV7-Cr 0.31 £ 0.00n 0.03 + 0.00n 6.20 £ 0.08 s 5.23 £ 0.10q
HV8-CK 0.92 + 0.01def 0.14 £ 0.00c 19.23 £ 0.10d 20.43 + 0.10c
HV8-Cr 0.41 £ 0.01klm 0.04 + 0.000p 7.73 £0.17r 6.35+0.13p
HV9-CK 1.15 + 0.01b 0.12 £ 0.00ef 24.28 + 0.05a 21.30 + 0.08b
HV9-Cr 0.54 + 0.02ij 0.06 + 0.00j 16.18 £ 0.13i 7.13 £0.17n
HV10-CK 0.84 £ 0.01 fg 0.09 £ 0.00 h 20.65 + 0.13b 18.15+0.10 h
HV10-Cr 0.42 + 0.02jklm 0.04 + 0.000p 12.35 +0.13n 7.70£0.14 1
HV11-CK 1.33 + 0.02a 0.16 + 0.00a 15.25 £ 0.10j 22.20 + 0.08a
HV11-Cr 0.69 £ 0.01 h 0.12 £ 0.00ef 12.20 £ 0.08n 17.43 £ 0.17i
HV12-CK 0.83 £ 0.01 fg 0.08 + 0.00i 20.13 + 0.10c 17.23+0.10 m
HV12-Cr 0.35+ 0.02 Im 0.04 + 0.000p 9.68 £ 0.170 7.35+0.13 m
HV13-CK 0.99 + 0.01cde 0.11+£000¢g 16.40 + 0.08gh 18.65 +0.06 g
HV13-Cr 0.48 £ 0.01jkl 0.04 + 0.000p 9.23 £ 0.17q 733+017m
HV14-CK 133 £ 0.01a 0.15 + 0.00b 20.25 + 0.13c 19.23 + 0.10f
HV14-Cr 0.67 £ 0.02 h 0.09 £ 0.00 k 16.25 £ 0.06hi 13.78 £ 0.10j

The same letters within a column designate there was no significant difference at a 95% probability level at the p < 0.05 level, correspondingly.
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tents (Fig. 3a-c, 4a-d). The greater stimulation inside the above-
mentioned antioxidative markers was also documented in Oryza
sativa (Basit et al.,, 2021a; Yang et al., 2021), Zea mays (Anjum
et al., 2016; Danish et al.,, 2019), and Triticum aestivum (Anjum
et al.,, 2016). The level of enzymatic activities was prominently
enhanced by the HV14 cultivar as compared to the NV7, NV11,
and specifically HV10. Possibly, it maintained the redox balance
which further reduce the excessive accumulation of ROS inside cel-
lular compartments of plants under Cr contaminated environment.
The suggested mechanism illustrates a crucial strategy of a Cr-
tolerant cultivar (HV14), used to eradicate the Cr stress in plants.

5. Conclusion

Our outcomes revealed that NV4, NV7, NV8, NV9, NV11, and
NV14 (normal type) cultivars as well as HV2, HV3, HV5, HV9,
HV10, and HV14 (hybrid type) varieties showed maximum germi-
nation vigor under control conditions. Whereas 28 different rice
cultivars (NV1-NV14, HV1-HV14) were exposed to chromium
(Cr) toxicity, plant biomass was significantly reduced. NV2, NV6,
NV10, NV12, NV13 (normal varieties), HV1, HV4, HV8, and HV9
(hybrid types) were identified as moderately sensitive varieties,
whereas NV3, NV4, NV9, and NV14 (normal types), HV3, HV6,
HV7, and HV13 were identified as moderately tolerant varieties.
While, compared to the other rice genotypes (both groups; normal,
and hybrid), the most susceptible cultivars were NV7 and HV10,
even though the most tolerant cultivars were NV11 and HV14.
Moreover, the tolerant cultivars demonstrated the tolerant mecha-
nism in contrast to Cr-sensitive cultivars. In addition, Cr-tolerant
varieties improved the chlorophyll contents by lowering the ROS
accumulation, and MDA production via stimulating the antioxida-
tive enzyme activities, which further enhanced the total soluble
sugar, and minimized the electrolyte leakage in rice Cr-tolerant
cultivars. Resultantly, plant biomass and growth were improved
in Cr-tolerant varieties as compared to the Cr-sensitive cultivars.
By getting an understanding of the Cr-tolerant mechanism,
researchers would be able to build a systematic strategy to over-
come the heavy metal stress in agricultural soil.
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