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Abstract. The pot experiment was carried out with two fragrant rice cultivars (Yuxiangyouzhan and
Xiangyaxiangzhan) grown under six experimental treatments (CK: no application of selenium, Pb(NO3), and
CdCly; Se: application of 80 mg selenium fertilizer per pot; Pb: application of 80 mg Pb(NOs), per pot; Cd:
application of 10 mg CdCl; per pot; SePb: application of 80 mg of Se fertilizer and 80 mg Pb(NOs). per pot;
SeCd: application of 80 mg of Se fertilizer and 10 mg CdCl, per pot). The results showed that selenium
application improved the yield of fragrant rice under lead and cadmium stress. The application of Se fertilizer
treatment increased the grain yield of Yuxiangyouzhan under the Pb and Cd stress by 84.55% and 22.44%,
respectively, and improved the grain yield of Xiangyaxiangzhan by 43.07% and 46.55%, respectively, as
compared to no Se fertilizer treatment. The application of selenium fertilizer treatment significantly increased
the total dry weight of fragrant rice as compared to no selenium fertilizer treatment under the Pb and Cd stress.
The application of Se fertilizer regulated the activities of SOD, POD, and CAT and the content of MDA. Under
the influence of selenium fertilizer, the variations in Cd and Pb concentration were cultivar-dependent. Our
results suggested that the application of selenium fertilizer regulated the yield formation, due to the improvement
in dry matter accumulation and the change in antioxidant response in fragrant rice.
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Introduction

Rice is one of the most important stable food crops which feeds more than half of the
world's population (Dawe, 2002). Fragrant rice is known for its flavor compounds, and the
demand for fragrant rice has gradually risen (Chen et al., 2008; Shen et al., 2015; Zhao et al.,
2020). Therefore, improvement of the grain yield and quality of fragrant rice has become a
priority for rice researchers.

Heavy metal pollution has been reported seriously threaten the agricultural production
(Chenetal., 2021; Xiang et al., 2021). Excessive heavy metal deposition in agricultural fields
affected the ecological environment, plant development, crop yield, and human health (Zhang
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et al.,, 2007; Luo et al., 2017; Etesami, 2018). Among the heavy metals, lead (Pb) and
cadmium (Cd) are the two most common pollutants in the soil which influenced the
metabolism of fragrant rice and cause grain yield and quality losses (Cheng, 2003; Duan et
al., 2013; Ashraf et al., 2017; Kanu et al., 2019; Li et al., 2021). Previous research has reported
that heavy metals in the soil affected the photosynthesis and respiration in leaves and the
antioxidant enzyme activity of rice plants (Ashraf et al., 2017; Li et al., 2021). Therefore, it
Is of great significance to investigate how to alleviate the adverse effects of Pb and Cd stress
on the grain yield and quality of fragrant rice.

Selenium (Se) is an important essential trace element (Zhou et al., 2018). Se is important
in antioxidants in repairing DNA damage, boosting immunity, and lowering the risk of cancer
(Wallace et al., 2009). Se fertilizer could improve crop yield, and the improvement of the Se
content in crop grain by applying selenium fertilizer is beneficial to human health (Farooq et
al., 2018; Xu et al., 2019; Cao et al., 2020). Many studies have shown that Se could mitigate
the toxicity of Cd to a variety of plants (Farooqg et al., 2019; Zou et al., 2020). However, there
are few studies on the mitigated effect of Se fertilizer on the heavy metal stress in fragrant rice.

Therefore, a pot experiment was conducted with two popular fragrant rice cultivars
(Yuxiangyouzhan and Xiangyaxiangzhan) to evaluate the changes in grain yield, dry matter
weight, superoxide dismutase (SOD) activity, catalase (CAT) activity, peroxidase (POD)
activity, malondialdehyde (MDA) content, Cd, and Pb content under different Se, Cd, and Pd
treatments. With this study, we hope to establish a theoretical framework for further research
into the effects of selenium fertilizer on heavy metal stress in fragrant rice.

Material and methods
Experimental site and materials

A pot experiment was carried out on the teaching experimental farm of South China
Agricultural University from July to November 2018. This region has an annual average
temperature of 20.3°C. Two fragrant rice varieties, Yuxiangyouzhan and Xiangyaxiangzhan,
were used in this experiment, which are popular fragrant rice cultivars in South China. The
seeds of the two fragrant rice cultivars were obtained from the College of Agriculture, South
China Agricultural University. The specifications of the pot are 30 cm in diameter and 25 cm
in height, containing 10 kg of dry paddy soil. The soil was sandy loam, consisting of 15.06 g
kg organic matter, 0.83 g kg total nitrogen (N), 1.10 g kg total phosphorus (P), 20.10 g
kg total potassium (K), with a pH value of 6.56. The selenium (Se) fertilizer used in this
experiment was a Se ore powder, which is a powder of shale containing 80 mg kg* Se and
was exploited from Se deposits in Enshi, a well-known selenium-rich region (Zhu et al.,
2008), in Hubei Province, China.

Experimental design and crop management

This experiment used a randomized block design with 6 treatments. The six experimental
treatments were CK: no application of any chemical; Se: application of 80 mg selenium
fertilizer per pot; Pb: 80 mg Pb(NOz3)> was applied to per pot; Cd: 10 mg CdCl, was applied
to per pot; SePb: each pot was applied with 80 mg of Se fertilizer and Pb(NO3).; SeCd: 80
mg selenium fertilizer and 10 mg CdCl. were applied to each pot. The seeds were disinfected
with 3% NaClO solution for 15 minutes and immersed for 12 h. Seeds are seeded in a
substrate by direct seeding and then transplanted into the pot at the two-leaf stage. Five hills
of rice seedlings were transplanted in each pot, with five rice seedlings per hill. There were 8
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pots in total for each treatment. Irrigation and pest management were carried out in
accordance with conventional management methods. Maintain a water layer of 2-4 cm from
transplanting until 7 days before harvest, and then allow the soil to dry naturally.

Sampling and measurements
Determination of yield and yield-related traits

The determination of yield and yield-related traits was performed according to a
previously reported method (Li et al., 2020). At the maturity stage (MS), three hills of rice
plants were randomly selected from each pot. After manual threshing, the grain yield of each
pot was measured, and the effective panicle number, grain number per panicle, seed-setting
rate, and 1000-grain weight were investigated.

Determine the weight of dry matter in different parts

At the heading stage (HS) and MS, representative rice plants were randomly selected from
each pot. The plant is divided into leaf, stem, and panicle, then dried at a constant temperature
of 80 °C and weighed for measurement of dry weight.

Determination of MDA content and antioxidant activities in leaves

The flag leaves from the represent rice plants were sampled under HS and MS, and stored
at -80 °C pending biochemical analysis.

The activity of antioxidant enzymes and the content of MDA were measured following
the previously reported method (Li et al., 2020). The fresh leaf sample (0.3 g) was
homogenized with 3 mL of 100 mM phosphate buffered saline (PBS) solution and
centrifuged at 14000 g and 4 °C for 15 min. The supernatant was used for measuring the
activity of SOD, CAT, POD, and the content of MDA.

For SOD activity, the nitro-blue tetrazolium (NBT) method was employed. The
absorbance was measured by using a spectrophotometer at 560 nm. The SOD activity was
defined in the unit U g* mint FW. For POD activity, a spectrophotometer was used to
measure the absorbance at 470 nm with five replicates at an interval of 30 s, and the POD
activity was expressed as U g min™t FW. For CAT activity, a spectrophotometer was used
to measure the absorbance at 470 nm, and the absorbance was recorded every 30 s, with four
replicates. The CAT activity was defined as U g* min? FW. For MDA content, the
absorbance was recorded by a spectrophotometer at 450, 600, and 532 nm. The MDA content
was defined as pmol gt FW.

Determination of Pb and Cd contents in different parts

The Cd and Pb contents in plant tissues were determined according to Liu (2008).
Approximately 0.5 g of the dry sample was soaked in 4 mL of nitric acid and 3 mL of
perchloric acid for 12 h and heated in a graphite furnace (HYP-340, Shanghai, China). The
heating process consisted of four stages: 90 °C for 30 min, 140°C for 40 min, 195°C for 120
min, and 220 °C for 240 min. The filtered digesting solution was then placed in a 25-mL
volumetric flask with a constant volume of 25 mL. Absorbent values were then determined
by an atomic absorption spectrophotometer (GFA-EX7i), and the Cd and Pb contents were
expressed as mg kg™
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Data analysis

Analysis of variance (ANOVA) and correlation analysis were performed using Statistics
version 8 (Analytical, Tallahassee, Florida, USA). The differences amongst means were
separated by using the least significant difference (LSD) test at a 5% significance level.

Results
Grain yield and yield components

The application of Se significantly affected the grain yield. Compared to the CK, the Pb
and Cd treatment significantly reduced the grain yield in Yuxiangyouzhan (37.55% reduction
by Pb) and Xiangyaxiangzhan (23.97% reduction by Pb; 23.09% reduction by Cd),
respectively. Compared with Pb and Cd treatments, the yields of Yuxiangyouzhan and
Xiangyaxiangzhan were increased by 84.55% and 43.07% under SePb treatment,
respectively, and increased by 22.44% and 46.55% under SeCd treatment, respectively.

Moreover, compared with CK, for Yuxiangyouzhan, the panicle per pot, grain number per
panicle, seed-setting rate, and 1000-grain weight were reduced under Pb treatment, and the
seed-setting rate, and 1000-grain weight were reduced under Cd treatment; for
Xiangyaxiangzhan, both Pb and Cd treatments reduced the panicle per pot. The SePb
treatment significantly increased the panicle per pot, grain number per panicle, seed-setting
rate in Yuxiangyouzhan, and the seed-setting rate and 1000-grain weight in
Xiangyaxiangzhan as compared to the Pb treatment. The SeCd treatment significantly
increased the panicle number per pot and 1000-grain weight in both cultivars and the seed-
setting rate, in Xiangyaxiangzhan as compared to the Cd treatment. The improvement in the
yield components after the Se application under Pb and Cd contributed to the grain yield
improvement (Table 1).

Table 1. Effects of selenium on yield and yield components of fragrant rice under Pb and Cd
conditions

. Panicle Grain number| Seed-setting | 1000-grain | Grain yield
Cultivars Treatments| number per . . 1
pot per panicle rate (%) weight (g) (g pot™)
CK 22.254+1.03c | 90.99+4.08c | 71.80+1.97a |22.61+0.43ab|27.22+2.84ab
Se 24.50+0.65ab(103.98+3.21ab| 71.20+0.78a | 23.24+0.22a | 31.89+1.64a
) Pb 18.00+0.41d | 71.88+2.40d | 58.13+0.83¢ | 21.94+0.24¢ | 17.02+0.25¢
Yuxiangyouzhan
Cd 22.50+0.65bc| 90.33+2.81c [61.22+2.00bc| 21.80+0.18¢c | 22.95+1.32b
SePb  |24.50+0.87ab| 106.15+1.15a | 72.18+1.56a (22.36+0.28bc| 31.41£1.34a
SeCd 25.254+0.63a | 96.56+3.50bc | 62.84+1.08b [22.92+0.38ab|28.10+1.69ab
CK 29.75+0.95a | 85.09+£3.36a |[61.15+2.29bc| 18.22+0.10c | 26.20+1.40a
Se 29.75+1.11a | 87.25+1.58a [67.93+2.13ab|18.62+0.13bc| 28.83+2.80a
: . Pb 25.00+0.71cd| 88.55+1.64a | 53.56+3.75c | 18.22+0.13¢c | 19.92+0.87b
Xiangyaxiangzhan
Cd 22.75+0.85d | 84.234+2.55a |59.20+2.73bc| 18.96+0.39b | 20.15+0.74b
SePb  |27.00+0.41bc| 87.02+1.55a |64.41+4.92ab| 20.20+0.18a | 28.50+2.01a
SeCd |28.75+0.48ab| 87.89+1.52a | 73.43+1.78a | 20.60+0.27a | 29.53+1.47a

The different low case letters following the mean value of each variety in the same column was significant
according to LSD test (p<<0.05). CK: control; Se: applied Se fertilizer; Pb: applied Pb(NO3),; Cd: applied
CdCly; SePb: applied Se fertilizer and Pb(NO3),; SeCd: applied Se fertilizer and CdCl».
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Dry weight accumulation

Compared with CK treatment, Pb and Cd treatment significantly decreased the total
dry weight of Yuxiangyouzhan and Xiangyaxiangzhan at HS and MS. The Se treatment
significantly increased the total dry weight in Yuxiangyouzhan at MS which was
attributed to the increment in panicle dry weight at MS. Significant decrement in leaf dry
weight at HS under Cd treatment and at MS under Pb, Cd, SePb, and SeCd treatment for
Yuxiangyouzhan and at HS under Se, Pb, Cd, SePb, and SeCd treatment and at MS udner
Cd and SeCd treatment for Xiangyaxiangzhan were detected as compared with CK. The
Cd treatment significantly decreased the stem and sheath dry weight at HS and the Pb and
Cd treatment significantly decreased the stem and sheath dry weight at MS for
Yuxiangyouzhan when compared to CK. The Pb and Cd treatment significantly decreased
the panicle dry weight at MS for Yuxiangyouzhan and the Pb and Cd treatment
significantly decreased the panicle dry weight at MS for Xiangyaxiangzhan as compared
with CK. The SePb (compared to Pb) and SeCd treatment (compared to Cd) significantly
increased the panicle dry weight at MS in Yuxiangyouzhan and Xiangyaxiangzhan,
respectively (Table 2).

Table 2. Effects of selenium on dry weight (g pot -1) of different parts of fragrant rice under
Pb and Cd conditions

Cultivar Treatment Leaf dry Stem and §heath Panic.le dry Tota.l dry
weight dry weigh weight weight
HS

Yuxiangyouzhan CK 11.01+0.56ab 42.96+2.74ab 7.17+0.60ab 61.13+2.81ab
Se 11.24+1.02a 49.36+4.08a 6.19+0.62ab 66.79+4.47a
Pb 8.13+0.54bc 32.04+0.61bc 7.71+£0.46a 47.88+0.55¢cd
Cd 7.18+0.29¢ 32.15+1.59¢ 5.37+0.61b 44.70+0.76d
SePb 11.03+1.58ab 36.65+1.88bc 7.15+1.05ab 54.84+2.94bc
SeCd 9.19+1.24abc 36.92+2.77bc 6.47+0.53ab 52.58+2.49¢d
Xiangyaxiangzhan CK 11.95+0.74a 38.06+1.65abc 5.00+0.02ab 55.01£1.70a

Se 11.07+0.84¢ 43.61+1.14a 4.72+0.28ab 59.4+1.88a
Pb 7.96+0.86¢ 33.55+3.34c¢ 4.37+0.88ab 45.87+4.35b

Cd 7.39+0.48bc 34.18+1.30bc 3.32+40.60b 44.9+0.74b
SePb 9.1940.45bc 38.47+1.33abc 5.39+0.33a 53.06+1.58a
SeCd 9.24+0.45¢ 39.66+1.80ab 4.58+1.15ab 53.48+2.30a

MS

Yuxiangyouzhan CK 8.42+0.57a 34.75+0.58ab 28.18+0.69b 71.34+1.56bc
Se 8.25+0.59a 39.14+2.53a 38.98+2.24a 86.36+2.50a
Pb 6.36+0.35b 27.95+2.07¢ 17.81+1.84c¢ 52.12+2.24e
Cd 4.23+0.46¢ 27.73+1.24c 28.18+1.01b 60.14+1.22d
SePb 6.50+0.57b 31.16+2.17bc 38.26+2.03a 75.92+3.69b
SeCd 5.37+0.49bc 29.95+2.95bc 32.71£1.73b 68.03£2.09¢
Xiangyaxiangzhan CK 8.30+0.87a 32.47+4.58ab 27.85+1.06b 68.62+5.21a
Se 8.64+0.87a 34.54+1.31a 28.64+0.92ab 71.82+1.60a
Pb 6.92+0.56abc 25.99+2.41b 22.64+1.13c 55.55+1.82b

Cd 5.03+0.38c 27.82+2.03ab 22.354+0.88¢ 55.242.27b
SePb 7.73+0.63ab 30.71£2.81ab 28.21£1.07ab 66.66+3.01a
SeCd 6.27+0.33bc 31.19£1.03ab 31.18+1.48a 68.63+2.34a

The different low case letters following the mean value of each variety in the same column was significant
according to LSD test (p<0.05). CK: control; Se: applied Se fertilizer; Pb: applied Pb(NOs),; Cd: applied
CdCly; SePb: applied Se fertilizer and Pb(NOs),; SeCd: applied Se fertilizer and CdCl,,
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Besides, compared with the Pb treatment, the SePb treatment significantly increased
the total dry weight at MS in Yuxiangyouzhan and Xiangyaxiangzhan by 45.66% and
20.00%, respectively. Compared with the Cd treatment, the SeCd treatment significantly
increased the total dry weight at MS in Yuxiangyouzhan and Xiangyaxiangzhan by
13.12% and 24.33%, respectively. The total dry weight at HS in Xiangyaxiangzhan was
improved after Se application under Cd and Pb when compared to that without Se
application under Cd and Pb. Compared with Cd, the SeCd treatment significantly
increased the panicle dry weight at MS for Xiangyaxiangzhan. The SePb significantly
increased the panicle dry weight at MS for both Yuxiangyouzhan and Xiangyaxiangzhan
(Table 2).

Antioxidant response

Compared with CK treatment, the Pb treatment significantly decreased the SOD
activity in leaves of Yuxiangyouzhan and Xiangyaxiangzhan at HS by 50.80% and
53.35%, respectively (Figure 14), and significantly increased the SOD activity in leaves
of Xiangyaxiangzhan at MS by 56.08% (Figure 1B). Compared with the Pb treatment,
the SePb treatment significantly increased the SOD activity in leaves of Yuxiangyouzhan
and Xiangyaxiangzhan at HS by 107.41% and 76.99%, respectively (Figure 1A4).
Compared with the Cd treatment, the SeCd treatment significantly increased the activity
of SOD in leaves of Yuxiangyouzhan and Xiangyaxiangzhan at MS by 101.65% and
67.66%, respectively (Figure 1B).
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Figure 1. Effects of selenium on the activities of SOD in leaves at HS (4) and MS (B) under Pb
and Cd conditions. The different low case letters following the mean value of each variety was
significant according to LSD test (p<0.05). CK: control; Se: applied Se fertilizer, Pb: applied
Pb(NO:3),, Cd: applied CdCly; SePb: applied Se fertilizer and Pb(NO3),, SeCd: applied Se
fertilizer and CdCl;

A significantly decreased in the POD activity in leaves at HS for Yuxiangyouzhan
under Se and SeCd treatment and for Xiangyaxiangzhan under Pb treatment was detected
as compared to CK (Figure 24). The Cd treatment significantly decreased the POD
activities in leaves of Xiangyaxiangzhan at HS as compared to CK. Compared with CK
treatment, the POD activity in leaves at MS for Yuxiangyouzhan under Se, Pb, Cd and
SePb treatment significantly decreased, whilst the SeCd treatment significantly increased
the POD activity in leaves at MS for Xiangyaxiangzhan (Figure 2B). Compared with the
Pb treatment, the SePb treatment significantly decreased POD activity in leaves of
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Yuxiangyouzhan at HS by 30.22%, but increased POD activity in leaves of
Xiangyaxiangzhan at HS by 23.28%. Compared with Cd treatment, the POD activities in
leaves of Yuxiangyouzhan and Xiangyaxiangzhan were increased at MS but decreased at
HS (Figure 24).
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Figure 2. Effects of selenium on the activities of POD in leaves at HS (A) and MS (B) under Pb
and Cd conditions. The different low case letters following the mean value of each variety was
significant according to LSD test (p<0.05). CK: control; Se: applied Se fertilizer; Pb: applied
Pb(NO;3)z; Cd: applied CdCl,; SePb: applied Se fertilizer and Pb(NO3); SeCd: applied Se
fertilizer and CdCl>

Compared with CK treatment, the Se treatment resulted in a decrease in CAT activity
in leaves of Yuxiangyouzhan at MS; the Pb treatment significantly increased the CAT
activity in leaves of Yuxiangyouzhan and Xiangyaxiangzhan at HS and MS; the Cd
treatment significantly increased the CAT activity in leaves of Xiangyaxiangzhan at HS
but decreased the CAT activity in leaves of Yuxiangyouzhan at MS; the SeCd treatment
decreased the CAT activity in leaves of Yuxiangyouzhan at HS; the SeCd and Se Pd
treatment significantly increased the CAT activity in leaves of Xiangyaxiangzhan at HS
and MS (Figure 34, B).
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Figure 3. Effects of selenium on the activities of CAT in leaves at HS (4) and MS (B) under Pb
and Cd conditions. The different low case letters following the mean value of each variety was
significant according to LSD test (p<0.05). CK: control; Se: applied Se fertilizer; Pb: applied
Pb(NO;3):, Cd: applied CdCl,; SePb: applied Se fertilizer and Pb(NO3),; SeCd: applied Se
fertilizer and CdCl,
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Compared with the Pb treatment, the SePb treatment significantly decreased the CAT
activity in leaves of Yuxiangyouzhan but increased the CAT activity in leaves of
Xiangyaxiangzhan at HS and increased the CAT activity in leaves of Yuxiangyozuhan at MS.
Compared with Cd treatment, the SeCd treatment significantly decreased the CAT activity in
leaves of Yuxiangyouzhan at HS but significantly increased the CAT activity in leaves of
Xiangyaxiangzhan at MS (Figure 3A, B).

The Se treatment resulted in a decrease in the MDA content in leaves of Xiangyaxiangzhan
but an increase in the MDA content in leaves of Yuxiangyouzhan at MS as compared to CK.
Compared with CK, the Pb treatment significantly increased the MDA content in leaves of
Yuxiangyouzhan at HS by 25.60%, and significantly decreased the MDA content in leaves of
Xiangyaxiangzhan at MS by 48.78%. Compared with CK, the Cd treatment significantly
reduced the MDA content in leaves of Yuxiangyouzhan and Xiangyaxiangzhan at MS by
22.89% and 23.29%, respectively. The content of MDA in leaves of Xiangyaxiangzhan at HS
under Cd and SePb treatments were increased as compared with CK. The SePb treatment
significantly increased the MDA in leaves of Yuxiangyouzhan but decreased the MDA in
leaves of Xiangyaxiangzhan at MS, whilst the SeCd treatment significantly decreased the
MDA in leaves of Yuxiangyouzhan but increased the MDA in leaves of Xiangyaxiangzhan at
MS. Compared with Pb treatment, the SePb treatment significantly reduced the MDA content
in leaves of Yuxiangyouzhan at HS by 28.78%, significantly increased the MDA content of
in leaves of Xiangyaxiangzhan at HS. Compared with Cd, the MDA content in leaves of
Xiangyaxiangzhan at HS was decreased but the MDA content in leaves of Xiangyaxiangzhan
at MS was increased (Figure 4).
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Figure 4. Effects of selenium on the MDA content in leaves at HS (A) and MS (B) under Pb and Cd

conditions. The different low case letters following the mean value of each variety was significant

according to LSD test (p<0.05). CK: control; Se: applied Se fertilizer; Pb: applied Pb(NOs),; Cd:
applied CdCl,; SePb: applied Se fertilizer and Pb(NOs),; SeCd: applied Se fertilizer and CdCl..

Pb and Cd content

Compared with the Cd treatment, the content of Cd in the brown rice, rice husk, and
grain of Yuxiangyouzhan was significantly increased under the SeCd treatment, and the
content of Cd in the brown rice, husk, and grain of Xiangyaxiangzhan was significantly
decreased under SeCd treatment. Compared with the Pb treatment, the SePb treatment
significantly increased the Pb content in brown rice, rice husk, and grain of
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Yuxiangyouzhan and in the husk and grain of Xiangyaxiangzhan but decreased the Pb
content in the brown rice and straw in Xiangyaxiangzhan (7able 3).

Table 3. Effects of selenium on Cd and Pb content in fragrant rice under Pb and Cd conditions

Cultivar | Treatment | Brown rice | Husk | Grain | Straw

Cd content (mg kg™)
Yuxiangyouzhan SeCd 0.143+£0.003a | 0.196+0.008a | 0.338+0.011a | 0.829+0.024a
Cd 0.134+0.002b | 0.175+0.004b | 0.309+0.005b | 0.785+0.023a
Xiangyaxiangzhan SeCd 0.162+0.001b | 0.217+0.019b | 0.379+0.02b | 0.989+0.028a
Cd 0.172+0.00a | 0.278+0.008a | 0.45+0.008a | 1.041+0.009a

Pb content (mg kg!)
Yuxiangyouzhan SePb 0.094+0.004a | 0.061+0.002a | 0.156+0.003a | 1.72+0.026b
Pb 0.022+0.001b | 0.052+0.002b | 0.073£0.002b | 2.609+0.148a
Xiangyaxiangzhan SePb 0.035+0.002b | 0.3224+0.008a | 0.357+0.01a | 3.13340.114b
Pb 0.076+0.000a | 0.159+0.004b | 0.235+0.004b | 3.442+0.019a

The different low case letters following the mean value of each variety in the same column was significant
according to LSD test (p<0.05). CK: control; Se: applied Se fertilizer; Pb: applied Pb(NO3),; Cd: applied
CdCly; SePb: applied Se fertilizer and Pb(NOs),; SeCd: applied Se fertilizer and CdCl,.

Correlation analysis

The correlation analysis suggested that the grain yield was significantly correlated with
the total dry weight at HS and MS (Figure 5).

MDA-HS 0

Grain yield I -0.5

Total dry weight-HS

Total dry weight MS

MDA-MS

SOD-HS

CAT-MS

POD-MS

SOD-MS

Grai
Total dry weight-HS
Total dry weight-MS

Figure 5. Correlation analyses of the investigated parameters.* and ** represents significance
at 0.05 and 0.01 level. Total dry weight-HS. total dry weight at heading stage, Total dry weight-
MS: total dry weight at maturity stage, SOD-HS: SOD activity at heading stage, SOD-MS.: SOD
activity at maturity stage, POD-HS: POD activity at heading stage, POD-MS: POD activity at
maturity stage, CAT-HS: CAT activity at heading stage, CAT-MS: CATD activity at maturity
stage, MDA-HS: MDA content at heading stage, MDA-MS: MDA content at maturity stage
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Discussion

Compared to the Pb treatment, the SePb treatment improved the effective panicles, grains
per panicle, and seed setting rate of fragrant rice, influenced the yield of Yuxiangyouzhan.
Compared with the Pb treatment, the SePb treatment improved the effective panicle number,
seed setting rate, and 1000-grain weight, affected the grain yield of Xiangyaxiangzhan.
Compared with the Cd treatment, the SeCd treatment affected the effective panicles, grains
per panicle, seed setting rate, and the grain yield of the two fragrant rice cultivars. The Se
treatment increased the grain yield of fragrant rice. It can be seen that selenium can mitigate
the inhibition of lead and cadmium on the grain yield formation of fragrant rice.

Study have shown that rice yield is highly related to dry weight (Fageria et al., 2011). As
shown in Table 2, Pb and Cd stress reduced the total dry weight of the two fragrant rice
cultivars, while the application of Se fertilizer increased the total dry weight of fragrant rice
under heavy metal stress. Further analysis suggested that the grain yield was significantly
correlated with the total dry weight at HS and MS. Those results indicated that selenium
application could significantly alleviate the stress of Pb and Cd on aboveground dry matter
accumulation of fragrant rice which finally improves the grain yield of fragrant rice.

Studies have reported that the accumulation and transportation of the heavy metals in
different plant tissues (Hu et al., 2014; Wan et al., 2016; Zhang et al., 2020). Compared with
the Cd treatment, the contents of Pb in stems and leaves of two fragrant rice varieties were
not significantly affected by Se fertilizer. The Se fertilizer significantly reduced the Cd
content in the grain of Yuxiangyouzhan but increased the Cd content in the grain of
Xiangyaxiangzhan. Therefore, the Se fertilizer effects on the Cd content in grain of fragrant
rice was cultivar-dependent. The selenium fertilizer reduced the Pb content in straw but
increased the Pb content in the grain of the two fragrant rice cultivars. The selenium fertilizer
may promote the transport of lead from the stems and leaves to the grains. It suggested that
selenium application effects on the content of Cd and Pb in grains of fragrant rice were
different, so the appropriate application rate of selenium fertilizer is important when the field
soil contains different heavy metals.

Oxidative damage is generally found when the plant is exposed to environmental stress
(Zandi and Schnug, 2022). Studies have shown that the antioxidant response, like the
protective enzyme system (SOD, POD, and CAT) is important for plant growth (Singh et al.,
2015; Ahmad et al., 2022). Because the antioxidant enzymes such as SOD, POD and CAT in
the plant can remove excessive active oxygen in the plant (Sattar et al., 2022). The increase
of malondialdenyde (MDA) content is an important marker of plant cell membrane
permeability under stress (Mittler, 2002; Du et al., 2019). The results showed that the
antioxidant response was affected by cultivars, Se application, and heavy metal types. The
activities of SOD, POD, CAT, and the content of MDA were regulated by the selenium
fertilizer application which finally affected the growth and grain yield.

Conclusion

The pot experiment showed that the application of selenium fertilizer could significantly
alleviate the inhibition effect of lead and cadmium on fragrant rice. Compared with lead and
cadmium treatment, the application of selenium fertilizer affected the physiological and
biochemical attributes of fragrant rice and significantly improved the grain yield and dry
weight of fragrant rice. Therefore, an appropriate amount of selenium fertilizer can be applied
in rice fields polluted by lead and cadmium to reduce the harm caused by heavy metal
pollution.
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