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Abstract: Selenium is an essential trace element in the human body, mainly obtained from the daily diet. Producing 
selenium-rich agricultural products through selenium-rich cultivation is an important cultivation method. Selenium-rich 
agricultural products can effectively supplement the selenium element needed by the human body in daily life. In this 
study, we conducted research on selenium-rich cultivation techniques for garlic, and different concentrations of sodium 
selenite solutions were used for garlic field treatment. We tested the related agronomic traits, nutritional indicators, and 
selenium content of garlic sprouts and garlic bulbs. The yield of garlic sprouts (37.08 t/ha) and garlic bulbs (25.31 t/ha) 
and total selenium content of garlic sprouts (61.00 μg/kg) and garlic bulbs (2 930.00 μg/kg) of T3 treatment (120 mg/L 
Na2SeO3) were significantly increased, compared with the yield of garlic sprouts (30.66 t/ha) and garlic bulbs (20.90 t/ha) 
and total selenium content of garlic sprouts (6.33 μg/kg) and garlic bulbs (75.00 μg/kg) of the control (CK). Further-
more, selenium treatment improved the activity of antioxidant enzymes and reduced the accumulation of reactive 
oxygen species (ROS) in garlic sprouts during winter, and promoted the absorption of soil nutrients by garlic. Taken 
together, our research indicates that garlic, especially garlic bulbs, has strong selenium-rich ability, and selenium-rich 
cultivation techniques could significantly improve the yield and quality of garlic products.
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Garlic (Allium sativum L.) originated in  the pla-
teau of Western Asia. It has been planted in China 
for more than 2 000 years. At  present, the annual 
output of garlic in China is about 16 million t, ac-
counting for more than 75% of the world’s total out-
put. Garlic is rich in allicin, protein, sugar, ascorbic 
acid, and many reducing sulphides, and has very 

high nutritional value. Medical research shows that 
garlic has good disinfection and bacteriostatic ef-
fects (Subramanian et al. 2020). Daily consumption 
of an appropriate amount of garlic can prevent and 
cure basic diseases such as hyperglycaemia (Parvin 
et al. 2019) and hyperlipidaemia (Ried et al. 2013), 
and can also reduce the risk of  upper respiratory 
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tract cancer (Guercio et al. 2016), gastric cancer (Tu-
rati et al. 2014; Li et al. 2018) and colorectal cancer 
(Turati et al. 2015).

Selenium is  one of  the essential trace elements 
in  the human body, which has many benefits such 
as  antioxidant activity and maintaining normal 
physiological functions of  the immune system 
(D’Amato et al. 2020; Zhao et al. 2021). The human 
body must intake sufficient selenium from external 
food to maintain physical health (Zhu et al. 2009). 
Many countries and regions worldwide lack sele-
nium in  their natural environment (Winkel et  al. 
2012). Especially in  China, the scope and extent 
of selenium deficiency in the geographical environ-
ment are relatively severe, with about 72% of  cit-
ies (counties) being in a severe selenium deficiency 
or  low selenium state (Wu et  al. 2015). Therefore, 
it  is  of  great significance to  improve the selenium 
content in crops through selenium-rich cultivation 
techniques in areas with selenium deficiency.

In recent years, research on  plant selenium-rich 
cultivation techniques has been one of the hot top-
ics. There are relevant reports on the research of se-
lenium-rich cultivation techniques for agricultural 
products such as grain crops (Wang et al. 2013; Duc-
say et al. 2016; Liang et al. 2019; Skalnaya et al. 2019), 
vegetables (Tian et al. 2016; Hegedűsová et al. 2017; 
Zhu et  al. 2017; Poggi et  al. 2000; Jia et  al. 2023), 
fruits (Zahedi et  al. 2019), and edible fungi (Fa-
landysz 2008). In  plants, selenium contributes 
to  various functions, including promoting growth, 
enhancing antioxidant capacity, and delaying senes-
cence (Kuznetsov et  al. 2003). Rice can absorb  se-
lenium in  the form of  selenite from its roots, and 
selenium-rich cultivation enhances the antioxidant 
activity of rice plants, increasing the content of nu-
trients such as amino acids, phenols, anthocyanins, 
and sugars (Liang et al. 2019). In  lettuce, selenium 
treatment reduced the nitrate content in the leaves, 
improved the quality and yield (Hawrylak-Nowak, 
Matraszek-Gawron 2020). Selenium treatment can 
delay the ripening of tomato fruits, which is benefi-
cial for their post-harvest preservation and affects 
the post-harvest shelf life of  tomatoes (Zhu et  al. 
2017). In  mung bean sprouts after 72  h of  sowing 
with a temperature cycle of 26 °C (day)/16 °C (night), 
the growth indices, including plant weight and plant 
height, were investigated with sodium selenite treat-
ment (Cao et al. 2022).

Garlic is  an  important fragrant vegetable with 
health benefits and excellent medicinal value. Cur-

rently, there are limited research reports on  the 
cultivation techniques of  selenium-rich garlic. 
In  garlic, leaf spray had a  better effect than soil 
application of  selenium enrichment (Shafiq et  al. 
2019). In  this study, we  treated garlic plants with 
exogenous spraying of  different concentrations 
of  sodium selenite solution. By  observing the 
growth of garlic plants under different treatments, 
measuring relevant agronomic traits, physiological 
indicators, and plant selenium content, this study 
planned to screen the optimal selenium treatment 
concentration and comprehensively evaluate the 
effects of exogenous selenium treatment on garlic 
growth and nutritional indicators.

MATERIAL AND METHODS

Plant materials. The experimental material for this 
study is the ‘Er Shui Zao’ garlic variety, which is the 
main variety for green garlic production in  Hubei 
Province in  China. The garlic variety is  provided 
by the Economic Crop Research Institute of Hubei 
Academy of Agricultural Sciences.

Site description and experimental design. The 
field experiment was conducted at the vegetable base 
of Hubei Academy of Agricultural Sciences in Chi-
na. The experimental site was located at  30.48°N, 
114.32°E, with an altitude of 28 meters. Garlic was 
planted on  September 22, 2021 (22–33  °C), with 
a  spacing of  15  cm  between plants and 20  cm  be-
tween rows. The community area was 20  m2, with 
three replicates and a  random block setting. The 
experiment used a  sodium selenite solution for 
external spraying treatment. Five treatment con-
centrations were set, namely control (CK) (double-
distilled water – ddH2O), T1 (40  mg/L Na2SeO3), 
T2 (80 mg/L Na2SeO3), T3 (120 mg/L Na2SeO3), and 
T4  (160  mg/L Na2SeO3). A  total of  two treatments 
were carried out, with 1 L of solution sprayed on each 
community (20 m2) during each treatment. The first 
treatment date is November 17, 2021 (6–18 °C), when 
the garlic plants had three leaves and a plant height 
of 12–15 cm. The second treatment date is Decem-
ber 2, 2021 (1–15 °C), when the garlic plants had four 
leaves and a plant height of 18–22 cm.

Observation of  agronomic traits of  garlic 
sprouts. A total of nine quantitative trait indicators 
of  garlic sprouts were investigated, including plant 
height, plant breadth, leaf length, leaf width, num-
ber of leaves per plant, cauloid height, cauloid width, 
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weight per plant, and yield per unit. A field random 
sampling survey was conducted to measure five bio-
logical replicates, and the average value was calculat-
ed after measurement. The trait indicators of garlic 
seedlings were measured during harvesting on Janu-
ary 5, 2022 (4–10 °C), after 105 days of growth.

Observation of agronomic traits of garlic bulbs. 
A total of seven quantitative trait indicators of garlic 
bulbs were investigated, including garlic bulb height, 
garlic bulb width, scaly bud height, scaly bud width, 
scaly bud number of garlic bulb, garlic bulb weight, 
and yield per unit. A field random sampling survey 
was conducted to measure five biological replicates, 
and the average value was calculated after meas-
urement. The trait indicators of  garlic seedlings 
were measured during harvesting on  May 3, 2022 
(13–28 °C), after 223 days of growth.

Analysis of dry matter, vitamin C, soluble pro-
tein, and soluble sugar content. The analysis of nu-
tritional quality indicators, including dry matter, vi-
tamin C, soluble protein, and soluble sugar content, 
was conducted in  five mixed fresh samples, with 
one biological replicate and a  total of  three repli-
cates (Zhang et al. 2009). The dry matter content (%) 
was determined by  the vacuum drying method. 
The molybdenum blue colourimetry determined the 
content of  vitamin C (mg/g). The soluble protein 
content (mg/g) was determined by  the Coomassie 
brilliant blue staining method. The soluble sugar 
content (%) was measured using the anthrone col-
ourimetric method. These kits for rapid detection 
of nutritional indicators were produced by Beijing 
TransGen Biotech, China.

Analysis of  selenium content. The total sele-
nium content and organic selenium content of gar-
lic sprouts and garlic bulbs were detected by Hubei 
Qipu Detection Technology Co., Ltd., Wuhan City, 
Hubei Province, China. Five mixed samples were 
used as  biological replicates, with a  total of  three 
replicates for each treatment. The method of induc-
tively coupled plasma mass spectrometry (ICP-MS, 
iCAP7400, Thermo Fisher Scientific, USA) was used 
for detecting selenium content (Romanovskiy et al. 
2018; Cao et al. 2022).

Analysis of  malondialdehyde (MDA), proline, 
reactive oxygen species (ROS) accumulation, and 
antioxidant enzyme activities. The MDA content 
and proline content were analysed as described pre-
viously (Zhang et  al. 2014). The content of  super-
oxide (O2

−) and hydrogen peroxide (H2O2), as  well 
as  the activities of  superoxide dismutase (SOD), 

peroxidase (POD), ascorbate peroxidase (APX), and 
catalase (CAT) were measured as  described previ-
ously (Li et al. 2020).

Analysis of  soil physicochemical indices. The 
soil pH value was measured using a glass electrode 
with a 1 : 2.5 (wt/vol) soil/deionised water ratio. Soil 
electrical conductivity was measured using a  con-
ductivity meter (DDS-307, Shanghai Rex, China) 
with a  1 : 5 (wt/vol) soil/deionised water ratio. 
The  soil available nitrogen, available phosphorus, 
available potassium, and organic matter content 
were measured as  described previously (Cui et  al. 
2005; Lall et  al. 2018; Lemanowicz et  al. 2020; Pi-
otrowska-Dlugosz et al. 2021).

Statistical analysis. All data were analysed 
by  Duncan’s multiple range tests (P  < 0.05) using 
SPSS version 18.0  software (IBM Corp. Armonk, 
NY, USA).

RESULTS

A  certain concentration of  selenium treatment 
significantly promoted the growth of  garlic 
sprouts. In this study, we sprayed different concen-
trations of sodium selenite on garlic sprouts grown 
in  the field and determined the related phenotyp-
ic and yield characteristics of  the garlic sprouts. 
The results showed that the T2 (80 mg/L Na2SeO3) 
and T3 (120 mg/L Na2SeO3) treatments significantly 
promoted the growth of garlic seedlings compared 
with CK (Figure 1). Furthermore, a higher concen-
tration of  selenium, T4 (160  mg/L Na2SeO3) treat-
ment, could inhibit the growth of  garlic sprouts. 
The height, leaf length, leaf width, number of leaves 
per plant, cauloid width, and plant weight of  gar-
lic sprouts were significantly higher than those 
of  the CK. The yield per unit of  T3  treatment was 
37.08 t/ha, which increased by 20.9% compared with 
the 30.66 t/ha of CK (Tables 1 and 2). These results 
suggest that a  specific concentration of  selenium 
treatment significantly promotes the growth of gar-
lic sprouts, with the optimum selenium concentra-
tion being 120 mg/L Na2SeO3.

A  certain concentration of  selenium treat-
ment significantly improved the yield of  garlic 
bulbs. We  also determined the related phenotypic 
and yield characteristics of garlic bulbs under sele-
nium concentration treatment. The results showed 
that the T3 (120  mg/L Na2SeO3) treatment sig-
nificantly improved the yield of  garlic bulbs com-
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pared with CK (Figure 2). The height, width, and 
weight of garlic bulbs were significantly higher than 
those of the CK. The yield per unit of T3 treatment 
was 25.31 t/ha, which increased by 21.1% compared 
with the 20.90  t/ha of  CK  (Tables 3 and 4). These 
results showed that 120  mg/L Na2SeO3 treatment 
significantly improved the yield of garlic bulbs.

Selenium treatment significantly improved 
the nutrient content in garlic sprouts and garlic 
bulbs. To investigate the impact of selenium treat-

ment on the quality of garlic products, we analysed 
the dry matter, vitamin C, soluble protein, and solu-
ble sugar content in garlic sprouts and garlic bulbs. 
The results showed that there was no  significant 
difference in  dry matter content between different 
selenium concentration treatments. The vitamin C, 
soluble protein, and soluble sugar content in garlic 
sprouts and garlic bulbs of T3 treatment were signifi-
cantly higher than those of the CK (Tables 5 and 6). 
These results indicated that 120  mg/L Na2SeO3 

Table 2. The related yield indexes of garlic sprouts

Treatment Cauloid height (cm) Cauloid width (mm) Plant weight (g) Yield per unit (t/ha)
CK 4.9 ± 0.58 7.56 ± 0.84b 12.39 ± 3.07c 30.66 ± 0.67c

T1 5.6 ± 0.66 8.41±0.72b 15.10 ± 1.88bc 31.58 ± 0.72bc

T2 5.3 ± 0.51 9.31 ± 1.29ab 17.36 ± 1.54ab 33.19 ± 0.93b

T3 5.3 ± 0.40 9.34 ± 0.21a 17.84 ± 0.54a 37.08 ± 0.85a

T4 5.3 ± 0.51 6.61 ± 0.43c 11.68 ± 1.18c 32.22 ± 0.65bc

Each value is the average of five repetitions; data are means (± SD) of five independent experiments
For treatment detail (CK–T4), see Figure 1
a,b,cdifferent letters above the columns indicate significant differences (P < 0.05)

Figure 1. The growth condition of garlic sprouts treated with different concentrations of exogenous selenium (CK–T4)
CK – control (double-distilled water – ddH2O); T1 – 40 mg/L Na2SeO3; T2 – 80 mg/L Na2SeO3; T3 – 120 mg/L Na2SeO3; 
T4 – 160 mg/L Na2SeO3

Table 1. The related physiological phenotypes of garlic sprouts

Treatment Height 
(cm)

Breadth 
(cm)

Leaf length 
(cm)

Leaf width 
(cm)

Number of leaves 
per plant

CK 31.6 ± 1.74b 16.0 ± 3.41ab 38.6 ± 2.42b 1.52 ± 0.26b 4.4 ± 0.49b

T1 31.4 ± 1.85b 15.8 ± 1.72ab 42.2 ± 2.32b 1.72 ± 0.15b 4.6 ± 0.49b

T2 36.0 ± 2.28a 17.8 ± 1.47a 47.0 ± 4.05a 2.20 ± 0.23a 5.2 ± 0.40ab

T3 35.0 ± 1.79a 16.2 ± 2.14ab 49.6 ± 2.73a 2.18 ± 0.22a 5.4 ± 0.49a

T4 30.8 ± 1.47b 15.2 ± 1.17b 41.2 ± 2.32b 1.80 ± 0.20b 4.6 ± 0.49b

Each value is the average of five repetitions; data are means (± SD) of five independent experiments
For treatment detail (CK–T4), see Figure 1
a,bdifferent letters above the columns indicate significant differences (P < 0.05)

CK T1 T2 T3 T4
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treatment significantly improved the nutrient con-
tent in garlic sprouts and garlic bulbs.

Selenium treatment significantly increased 
the selenium content in  garlic sprouts and gar-
lic bulbs. To  study the change in  selenium con-
tent of  different treatment garlic products, the to-
tal selenium content and organic selenium content 

in garlic sprouts and garlic bulbs were determined. 
The results showed that selenium treatment could 
significantly increase the selenium content in  gar-
lic sprouts and garlic bulbs. In  garlic sprouts, the 
total selenium content (61.00  μg/kg) and organic 
selenium content (40.67  μg/kg) of  T3  treatment 
were the highest, which increased 9.6-fold and 

Figure 2. The growth condition of garlic bulbs treated with different concentrations of exogenous selenium
For treatment detail (CK–T4), see Figure 1

Table 3. The related physiological phenotypes of garlic bulbs

Treatment Garlic bulb height (mm) Garlic bulb width (mm) Scaly bud height (mm) Scaly bud width (mm)
CK 28.66 ± 1.68b 32.02 ± 3.34b 23.83 ± 1.21b 11.79 ± 0.93
T1 29.29 ± 1.55ab 34.72 ± 0.64b 25.04 ± 2.21ab 12.45 ± 1.82
T2 30.67 ± 1.13ab 35.59 ± 3.32ab 24.81 ± 2.50ab 12.72 ± 1.04
T3 33.20 ± 2.61a 39.12 ± 3.04a 27.81 ± 1.53a 13.52 ± 1.92
T4 31.86 ± 2.34ab 35.84 ± 2.58ab 25.68 ± 0.95ab 13.42 ± 2.15

Each value is the average of five repetitions; data are means (± SD) of five independent experiments
For treatment detail (CK–T4), see Figure 1
a,bdifferent letters above the columns indicate significant differences (P < 0.05)

Table 4. Yield-related indices of garlic bulbs

Treatment Scaly bud number of garlic bulb Garlic bulb weight (g) Yield per unit (t/ha)
CK 9.2 ± 1.72 21.48 ± 2.05b 20.90 ± 0.87b

T1 8.8 ± 0.98 21.58 ± 2.16b 22.27 ± 1.58b

T2 9.2 ± 0.75 23.98 ± 1.05ab 25.24 ± 0.83a

T3 9.6 ± 0.80 25.30 ± 1.12a 25.31 ± 1.21a

T4 8.6 ± 0.49 22.46 ± 1.27ab 21.94 ± 0.82b

Each value is the average of five repetitions; data are means (± SD) of five independent experiments
For treatment detail (CK–T4), see Figure 1
a,bdifferent letters above the columns indicate significant differences (P < 0.05)

CK T1 T2 T3 T4
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26.1-fold, respectively, relative to the total selenium 
content (6.33  μg/kg) and organic selenium con-
tent (1.50 μg/kg) of CK (Table 7). In garlic bulbs, the 
total selenium content (2 930.00 μg/kg) and organic 
selenium content (1 166.67 μg/kg) of T3 treatment in-
creased 39.1-fold and 20.6-fold, respectively, relative 
to  the total selenium content (75.00  μg/kg) and or-
ganic selenium content (54.00 μg/kg) of CK (Table 8).

Selenium treatment improved the antioxidant 
enzyme activity and reduced the accumulation 
of  ROS in  garlic sprouts. Low temperature stress 
in winter leads to ROS accumulation in garlic sprouts. 
The proline content in garlic sprouts was significant-
ly higher in the T3 treatment compared to CK. The 

MDA, O2
−, and H2O2 content of the T3 treatment was 

significantly lower than that  of  the CK (Figure  3). 
These results indicated that a  120  mg/L  Na2SeO3 
treatment significantly reduced ROS accumulation 
and damage to  the photosynthetic system in garlic 
sprouts. Additionally, we detected the activity of an-
tioxidant enzymes in garlic sprouts treated with var-
ying concentrations of selenium. The results showed 
that the enzyme activity of  SOD, POD, and CAT 
of  T3  treatment was significantly improved com-
pared to CK (Figure 4). These results suggested that 
a 120 mg/L Na2SeO3 treatment improved the activ-
ity of antioxidant enzymes and reduced ROS accu-
mulation in garlic sprouts.

Table 5. The nutritional indices of garlic sprouts in fresh matter (FM)

Treatment Dry matter content (%) Vitamin C (mg/kg) Soluble protein (mg/kg) Soluble sugar (%)
CK 14.59 ± 0.18 695 ± 3d 2 539 ± 59d 2.114 ± 0.034d

T1 14.68 ± 0.11 747 ± 27c 3 342 ± 178c 2.309 ± 0.059c

T2 14.65 ± 0.13 889 ± 25b 4 017 ± 128a 2.707 ± 0.026b

T3 15.06 ± 0.64 1 128 ± 13a 4 242 ± 225a 2.931 ± 0.104a

T4 14.66 ± 0.21 872 ± 8b 3 686 ± 53b 2.156 ± 0.198cd

Each treatment included three seedlings; data are means (± SD) of three independent experiments
For treatment detail (CK–T4), see Figure 1
a–ddifferent letters above the columns indicate significant differences (P < 0.05)

Table 6. The nutritional indices of garlic bulbs in fresh matter (FM)

Treatment Dry matter content (%) Vitamin C (mg/kg) Soluble protein (mg/kg) Soluble sugar (%)
CK 39.35 ± 0.36 142 ± 11d 10 152 ± 353e 17.330 ± 0.245cd

T1 39.90 ± 1.15 193 ± 5c 12 234 ± 66c 17.838 ± 0.332c

T2 39.21 ± 0.94 228 ± 31b 12 853 ± 106b 19.390 ± 0.317b

T3 39.41 ± 0.64 267 ± 11a 17 446 ± 576a 20.957 ± 0.091a

T4 40.23 ± 1.70 184 ± 3c 11 442 ± 181d 16.836 ± 0.197d

Each treatment included three seedlings; data are means (± SD) of three independent experiments
For treatment detail (CK–T4), see Figure 1
a–edifferent letters above the columns indicate significant differences (P < 0.05)

Table 7. The selenium content of garlic sprouts in fresh matter (FM)

Treatment Total selenium content 
(μg/kg)

Organic selenium content 
(μg/kg)

Proportion of organic 
selenium (%)

CK 6.33 ± 1.25e 1.50 ± 0.41e 23.33 ± 2.36c

T1 25.33 ± 2.05d 13.00 ± 0.82d 51.51 ± 3.64b

T2 39.67 ± 2.05c 22.67 ± 0.94c 57.28 ± 3.47b

T3 61.00 ± 2.94a 40.67 ± 0.94a 66.81 ± 3.20a

T4 48.33 ± 2.62b 31.33 ± 2.87b 64.71 ± 2.77a

Each treatment included three seedlings; data are means (± SD) of three independent experiments
For treatment detail (CK–T4), see Figure 1
a–edifferent letters above the columns indicate significant differences (P < 0.05)
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Selenium treatment promoted the absorption 
of soil nutrients by garlic plants. The soil physico-
chemical indices were analysed before garlic seed-
ing and after garlic harvest. The results showed that 
there was no significant difference in  the pH value 

of  soil, soil electrical conductivity, available nitro-
gen, available phosphorus, available potassium, and 
organic matter content before garlic seeding. The 
soil electrical conductivity, available nitrogen, avail-
able phosphorus, available potassium, and organic 

Table 8. The selenium content of garlic bulbs in fresh matter (FM)

Treatment Total selenium content 
(μg/kg)

Organic selenium content 
(μg/kg)

Proportion of organic 
selenium (%)

CK 75.00 ± 2.94e 54.00 ± 0.82d 72.08 ± 2.22a

T1 1 373.00 ± 20.05d 502.67 ± 15.69c 36.61 ± 0.96c

T2 2 161.00 ± 87.19c 764.67 ± 6.60b 35.43 ± 1.21c

T3 2 930.00 ± 45.46a 1 166.67 ± 18.86a 39.82 ± 0.23b

T4 2 343.33 ± 69.44b 770.00 ± 21.60b 32.87 ± 0.96d

Each treatment included three seedlings; data are means (± SD) of three independent experiments
For treatment detail (CK–T4), see Figure 1
a–edifferent letters above the columns indicate significant differences (P < 0.05)

Figure 3. Exogenous selenium treat-
ment positively regulates the resist-
ance of garlic sprouts to cold stress. 
(A) Proline content, (B) malondial-
dehyde (MDA) content, (C) hydro-
gen peroxide (H2O2) content and 
(D) superoxide (O2

−) content
Data are the mean (± SD) of three 
independent biological experiments
For treatment detail (CK–T4), see 
Figure 1
a–ddif ferent letters above each 
column indicate significant differ-
ences (P < 0.05)

Figure 4. Exogenous selenium treat-
ment activated antioxidant enzymes 
of garlic sprouts. (A) superoxide 
dismutase (SOD), (B) peroxi-
dase (POD), (C) catalase (CAT) and 
(D) ascorbate peroxidase (APX) 
activities
Data are the mean (± SD) of three 
independent biological experiments
For treatment detail (CK–T4), see 
Figure 1
a–ddif ferent letters above each 
column indicate significant differ-
ences (P < 0.05)
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matter content of the T3 treatment were significantly 
lower than those of the CK (Figure 5). These results 
indicated that 120  mg/L Na2SeO3 treatment effec-
tively promoted the absorption of  nutrients in  the 
soil, thereby increasing garlic yield.

DISCUSSION

Low concentrations of  selenium play a  crucial 
role in  promoting plant growth, improving qual-
ity, enhancing photosynthesis, delaying ageing, 
and increasing tolerance to  various abiotic stress-
es (Huang et  al. 2021; Lanza, Reis 2021; Khanna 

et  al. 2022). High concentrations of  selenium had 
toxic effects on plants (Pilon-Smits 2019). Soaking 
rice seeds in sodium selenite solution significantly 
increased the chlorophyll content, height, spike 
length, and thousand-grain weight of rice seedlings 
(Moulick et al. 2018). Under drought stress, exog-
enous selenium treatment increased the activities 
of  SOD, POD, APX, and CAT in  cucumber, re-
duced the accumulation of  ROS in  the roots, and 
enhanced its drought tolerance (Jozwiak, Politycka 
2019). This study indicates that low-concentration 
sodium selenite treatment effectively promotes the 
growth of garlic plants, improving yield and quality. 
The optimal treatment concentration is 120 mg/L, 

Figure 5. The analysis of soil physicochemical indices before garlic seeding and after garlic harvest. (A) The pH value 
of soil, (B) soil electrical conductivity, (C) available nitrogen, (D) available phosphorus, (E) available potassium and 
(F) organic matter content
Each value is the average of three repetitions; data are means (± SD) of three independent experiments
For treatment detail (CK–T4), see Figure 1
a–edifferent letters above each column indicate significant differences (P < 0.05)
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and excessive concentration of sodium selenite had 
a  toxic effect on  garlic plants (Tables 1–4). Dur-
ing the low-temperature period in  winter, when 
the air temperature is 0–5 °C, exogenous selenium 
treatment increased the activity of SOD, POD, and 
CAT in garlic seedlings, reduced the accumulation 
of ROS in the body, and enhanced low-temperature 
resistance (Figures 3 and 4). In  addition, the de-
tection results of  soil physicochemical indicators 
before garlic planting and after harvesting also in-
dicated that selenium treatment promotes the ab-
sorption of nutrients in the soil, which was closely 
related to the yield growth of garlic sprouts and gar-
lic bulbs (Figure 5). In summary, the exogenous ap-
plication of 120 mg/L Na2SeO3 treatment effectively 
promoted garlic growth, improved plant resistance 
to oxidative stress, and increased product yield and 
quality, which was consistent with previous research 
results on other crops.

There were significant differences in selenium en-
richment ability among various crops (Beladel et al. 
2013; de Vasconcelos et  al. 2023). The selenium 
content in  most selenium-rich vegetables is  main-
tained at  a  relatively low level. The total selenium 
concentrations were 29.3–48.0  μg/kg for cucum-
ber fruits, 22.7–53.4  μg/kg for lettuce leaves, and 
15.2–19.9  μg/kg for tomato fruits (D’Amato et  al. 
2020). This research showed that the highest total se-
lenium content and organic selenium content in gar-
lic sprouts reached 61.00 μg/kg and 40.67 μg/kg, re-
spectively, which is similar to the selenium content 
in most selenium-rich fresh vegetables. It was grati-
fying that garlic bulbs had a very strong selenium-
rich ability. The highest total selenium content and 
organic selenium content in garlic sprouts reached 
2 930.00 μg/kg and 1 166.67 μg/kg, respectively (Ta-
bles 7 and 8). The Chinese Nutrition Society recom-
mends a daily selenium intake of 50–250 μg for nor-
mal adults. Long-term exposure to  less than 50 μg 
is prone to endemic diseases such as Kaschin-Beck 
disease, as well as tumours, liver diseases, cardiovas-
cular and cerebrovascular diseases (Shi et al. 2017). 
Garlic, as a type of spicy seasoning, was an essential 
characteristic vegetable in people’s daily diet. The av-
erage daily intake of garlic bulbs per person in China 
is 5–10 grams. The selenium-rich garlic bulbs could 
supplement the daily selenium intake of the human 
body by about 15–30 μg. Therefore, conducting re-
search on  selenium-rich cultivation techniques for 
garlic and producing selenium-rich garlic products 
was of great importance.

CONCLUSION

This study found that exogenous selenium spray-
ing on  garlic effectively improved the antioxidant 
enzyme activity and reduced the accumulation 
of ROS in  the plant under low temperature condi-
tions in  winter. In  addition, selenium treatment 
promoted the absorption of  nutrients in  the soil 
by  garlic, thereby increasing garlic yield. Through 
selenium-rich cultivation, the total and organic se-
lenium content in garlic sprouts and garlic bulbs in-
creased significantly, thereby improving the quality 
of  garlic products. We  will further investigate the 
selenium enrichment ability of  different garlic va-
rieties and study the optimal selenium enrichment 
treatment conditions and concentrations for differ-
ent varieties, in order to provide a theoretical basis 
for the application of selenium enrichment cultiva-
tion techniques in garlic.
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