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Abstract

[ Objectives ] In this experiment, wheat seeds were treated with different concentrations of gibberellin and different concentrations

of salt solution to study the change of germination index of wheat seeds. [ Methods] The germination rate, germination potential and germina-

tion index of wheat seeds were measured by routine methods, and the effect of exogenous gibberellin on germination of wheat seeds under salt

stress was observed. [ Results] The germination rate, germination potential and germination index of wheat seeds under salt stress were signifi-

cantly increased after exogenous treatment of 0.25 and 0.50 g/L gibberellin within the range of salt concentration gradient. However, when the

concentration of gibberellin was too high, it would inhibit the germination of seeds. [ Conclusions] Appropriate concentration of gibberellin

can effectively alleviate the stress caused by salt on wheat seed germination. In this experiment, the best concentration of gibberellin to alleviate

salt stress was 0.25 g/L.
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1 Introduction

Soil salinization is one of the main abiotic stresses in agricul-
tural production, having a serious impact on the growth cycle of
crops and hindering the normal growth and development of
plants"’. High concentration of salt will reduce the environmental
water potential, and the water potential, osmotic potential, pres-
sure potential and relative water content of seedling leaves will ob-
viously decrease, resulting in physiological drought and osmotic
stress to cells””'. Studies have shown that seed germination is the
initial process of plant life, and it is also the earliest growth stage
that can receive stress signals””’ . Compared with other growth sta-
ges, seed germination is more susceptible to adverse effects of ad-
versity stress. In order to adapt to salt stress, plants need to main-
tain the balance between their developmental signals and responses
to stress. Chemical plant hormones have specific effects on regula-
ting seed germination, and play different roles in different growth

(241 Therefore, it is of

stages, tissues or environmental conditions
great significance to deeply understand the functions of plant hor-
mones for improving the salt tolerance of plants.

GA, is a compound that can promote cell division and elonga-
tion, and plays a vital role in the growth and development of
plants. Its most significant physiological effect is to promote plant
growth™. External application of GA, can accelerate the release
of seed dormancy and promote seed germination, but excessive use
will have adverse effects on the normal growth of seeds'® . It has
been reported that GA; at a certain concentration can significantly

improve the germination rate of soybean ( Glycine max L.
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Merr. )| rice (Oryza sativa L. )% and corn (Zea mays L. )
under salt stress, and the effect is remarkable. Taking wheat seeds
as the object of study, the purpose of this study was to investigate
the germination and seedling growth of wheat seeds by applying
GA, to wheat seeds under salt stress, and to provide a theoretical
support for producing high-quality wheat varieties in protected soil

under severe salt stress.

2 Materials and methods
2.1 Materials
Hongheyuan Agriculture Co. , Lid.

Seeds; Wheat seeds are provided by Xinjiang

2.2 Pre-treatment The seeds of full wheat varieties were se-
lected, washed with distilled water for 2 — 3 times, and finally
placed in a culture dish, wrapped with sealing glue, and placed in
a constant temperature incubator at 28 °C. Wheat seeds were di-
vided into different groups (Table 1), each group containing 20
seeds. Seeds were placed in culture dishes covered with double-
layer filter paper, and different treatment solutions were added.
The control group was treated with distilled water, and the treat-
ment group was treated with 2.5 mL of salt solutions and 2.5 mL
of different concentrations of GA,, and wheat seeds were treated at
the same time. Each process was repeated twice. The germination
of wheat seeds was observed and recorded every 24 h in a culture
dish in an incubator at 28 °C, and half of the seed length was
taken as the standard to judge the germination. The number of
buds was recorded every 24 h, and the germination rate, germina-
tion potential and germination index were calculated. The length
of radicle and the fresh weight of germ and radicle of wheat seeds
were measured on the 7" d.

2.3 Determination of index The germination rate, germina-
tion potential, and germination index were calculated as follows:

Germination rate (% ) = ( Number of germinated seeds/Total
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number of tested seeds) x 100% """
Germination potential (% ) = ( Number of germinated seeds
on the fourth d/Total number of tested seeds) x 100% "
Germination index = ,G,/D,
where G, is the number of germinated seeds per day during the ger-
mination test period; D, is the number of the corresponding seed

germination days'’.

Table 1 Wheat seed treatment

After the wheat seeds germinated to the end of the 10" d, the
seedlings were cleaned with distilled water, and then the residual
water on the surface was carefully absorbed with filter paper.

The length of radicle and germ was measured with 0. 01 mm
vernier caliper, and the weight of radicle and germ was measured
with electronic analytical balance, repeated three times, and the

average value was recorded.

Treatment NaCl GA; Treatment NaCl GA; Treatment NaCl GA; Treatment NaCl GA;
group /L ¢/L group /L ¢/L group g/L ¢/L group /L /L
1 (CK) 0 0 6 6.25 1.50 11 12.5 1.50 16 25 1.50
2 6.25 0 7 12.5 0 12 25 0 17 50 0
3 6.25 0.25 8 12.5 0.25 13 25 0.25 18 50 0.25
4 6.25 0.50 9 12.5 0.50 14 25 0.50 19 50 0.50
5 6.25 1.00 10 12.5 1.00 15 25 1.00 20 50 1.00
21 50 1.50

2.4 Data processing Using the SPSS 26. 0 software and Excel
software, the statistical analysis and the difference significance
analysis were carried out, and the Excel software was used to carry
out the drawing.

3 Results and analysis

3.1 Effect of different concentrations of GA, on germination
rate of wheat seeds under salt stress According to the statistics
in Fig. 1, when wheat seeds were treated with 6.25, 12.5 and

121 —a—paCl 12. 5/6A 3.00
—e—NaCl 12. 5/GA 0.25
10 | —A—NaCl 12. 5/CA 0.50
- —w—NaCl 12.5/GA 1. 00
2 ¢ | —*—NaCl 12.5/GA 1.50 /’
g A
(=]
26 | /
E /
= 4 F v v
5 -
<o
2} /.
0 ke - _l_ _vL e J
Dl D2 D3 D4 D5 D6 D7
Time /| d
12 —a—NaCl 25/ 3.00
—e— NaCl 25/GA 0.25
10 F —a—NaCl 25/GA 0.50
5 —w— NaCl 25/GA 1.00
8 g | —e—NaCl 25/GA 1.50
5 C
(=]
© 6 f
E
S 4t
8
2
0 L ]
Dl ) D3 D4 D3 D6 D7

Time /I d

25 g/L NaCl, adding GA, with concentration ranging from 0.25 to
0.50 g/L. could promote the germination rate. However, the ger-
mination rate of seeds increased first and then decreased. When
the concentration of GA, solution increased to 0.50 g/L, the ger-
mination rate of wheat seeds of different varieties reached the
maximum in different treatment periods, and there was a signifi-
cant difference between the treatment group and the control group
(P <0.05). However, when the concentration of GA; was further
increased to 1.00 g/L, the germination rate decreased gradually,
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Note: NaCl content, A: 6.25 ¢/L; B: 12.5 ¢/L; C: 25 ¢/L; D: 50 g/L.

Fig.1 Daily germination number of wheat seeds under different treatments
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which indicated that high concentration of GA, would decrease its
effect on promoting wheat seed germination. Under the treatment of
high concentration salt stress (25 g/I.), seeds germinated after
96 h, and did not germinate during the treatment period. Howev-
er, after adding GA,, the germination rate of seeds was obviously
improved. During the treatment period, when the salt concentra-
tion was set at 50 g/L, wheat seeds could hardly germinate.

3.2 Effect of different concentrations of GA, on germination

index of wheat seeds Table 2 shows that exogenous GA, can ob-

viously promote the germination of wheat seeds. When salt concen-
tration was 12.5 and 25 g/L. and GA, concentration was 0.25 and
0.50 g/L, wheat seeds germinated more and grew well. This indi-
cated that in a certain salt range, proper amount of GA; can accel-
erate seed germination and plant growth. However, when the con-
centration of GA, exceeded 1.00 g/L, the germination number of
wheat decreased. This may be due to the high concentration of
GA, affecting seed germination.

Table 2 Mitigating effects of different concentrations of GA; on germination potential of wheat seeds under salt stress

Treatment Germination Treatment Germination Treatment Germination Treatment Germination
group potential // % group potential // % group potential // % group potential // %
1 (CK) 96.50 £0.05 ab 6 72.50 £0.20 a 11 70.00 +0.12 ab 16 42.00 £1.66 a
2 98.00 £0. 15 ab 7 87.50+0.04 b 12 60.83 £0.64 a 17 20.00 £0.04 a
3 87.60 £0.03 ab 8 82.20 +0.45 ab 13 66.67 £0.31 ab 18 0
4 84.00+0.20 b 9 76.67 £3.03 a 14 38.80+5.03 b 19 0
5 90.40+1.02 a 10 72.20 £2.11 ab 15 40.67 £0.22 b 20 0

21 0

Note : Different letters in the same column indicate significant differences. The same below.

3.3 Effect of exogenous GA; on wheat germination under
salt stress With the increase of salt concentration, the root
length of wheat was continuously inhibited, while exogenous GA,
at a certain concentration would promote the radicle elongation of
wheat seeds under salt stress (Table 3). When the concentration
of GA; was 0.25 and 0. 50 g/L, the root length and root number of
wheat seeds under different degrees of salt stress increased gradual-
ly with the concentration of GA,. When the concentration of GA,
exceeded 1.0 g/L, the root length of wheat decreased. When the
salt concentration was 6.25 g/L, its fresh weight was equivalent to
that of the control group. However, the fresh weight decreased

with increasing salt concentration, and no matter what concentra-
tion of GA, was applied, no germination occurred when salt con-
centration was 50 g/L. The fresh weight of radicle and hypocotyl of
wheat seeds exposed to the stress of NaCl concentrations of 6.5,
12.5 and 25 g/L increased under exogenous GA;. When the con-
centration of GA; was 0.25 g/L, the fresh weight of wheat under
salt stress increased most obviously compared with the control
group, and with the increase of GA,; concentration, the fresh
weight also increased. However, when the concentration of GA,

exceeded 0.50 g/L, the fresh weight of GA; decreased.

Table 3 Effect of different concentrations of GA; on wheat germination under salt stress

Treatment Radical length // mm Fresh radicle weight /g Treatment Radical length // mm Fresh radicle weight /g
1 (CK) 7.88+0.42 a 0.0563 +0.0323 a 11 5.46 +0.83 be 0.0325+0.0126 ¢
2 7.26 +1.56 ab 0.058 5+0.021 6 a 12 7.56 £0.44 a 0.0421+0.0022 b
3 6.85+2.57 ab 0.046 7 £0.011 9 ab 13 4.45+0.85 ¢ 0.039 4 £0.005 8 be
4 6.01 £0.45 b 0.036 9 £0.003 4 be 14 2.34+0.78 d 0.017 8 £0.000 8 e
5 4.22+0.16 ¢ 0.038 6 £0.009 8 be 15 0
6 3.13+£0.22 d 0.021 1+0.0023 d 16 0 0
7 7.04 £0.29 b 0.057 7 +0.037 6 a 17 0 0
8 7.12+0.45 a 0.0520+0.009 0 a 18 0 0
9 5.22 +1.52 be 0.031 1 £0.002 8 be 19 0 0
10 3.46 £0.89 d 0.027 8 £0.017 4 cd 20 0 0

21 0 0

4 Conclusions and discussion

The results showed that with the increase of salinity, the ger-
mination rate, germination potential and germination index of
wheat seeds all showed a downward trend. In this experiment,
wheat seeds could not germinate when the salinity was 50 g/L.
Adding 0. 25 g/L. GA, to different concentrations could alleviate
the stress of wheat under different salinity gradients to a certain ex-
tent, and effectively improve the germination rate and seedling

growth. When the concentration of GA; was 0.25 g/L, the ability
of alleviating salt stress was the best, and the application rate
should be determined according to the specific situation in practi-
cal application. GA, alleviated the adverse effects of salt stress on
wheat seed germination and seedling growth. However, under salt
stress, whether GA, can regulate the metabolic pathway of wheat
seedlings and whether it has the same regulatory effect on the later
growth of wheat still needs further study.
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analyzed their functions. The results showed that the target genes

of miRNA were mostly WRKY transcription factors. This result is
8-10]

consistent with previous research results’ , which mainly use
complementary effects to target and cut its target genes, and then
participate in the growth and development and disease resistance
process of sugar cane. For example, miR394 targets its target
gene WRKY18-like, and functional analysis results show that
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play an important role in the defense of Arabidopsis, rice and oth-
er plant"" "', The target gene of miR825 is WRKY-related pro-
teinHv1-like gene, which responds to external stimuli in barley
and participates in the biosynthesis of flavonoids. Flavonoids play
a role in plant growth, development, flowering, fruiting, cold and
drought resistance, etc. Plays an important role'™ . miR394 and
miR825 both carry their target genes and exist alone and are not
related to each other, indicating that the two miRNAs may play a
regulatory role in different signaling pathways, or there may be
different mechanisms of action. In order to clarify the expression
characteristics of miR394 and miR825 in chewing cane subjected
to low temperature stress, we used the qRT-PCR method to detect
the relative expression of the target miRNA in different tissues of
chewing cane and at different treatment times. It was found that
both miR394 and miR825 could be Low temperature stress re-
sponds, and there are significant differences.

In this study, we analyzed the expression characteristics of
miRNA in chewing cane related to low temperature stress and pre-
dicted the function of its target genes, laying a foundation for the
study of chewing cane cold resistance mechanism and providing a
new idea. However, scientific issues such as how cane miRNA
regulates its target genes as a consequence of low temperature
stress, and how the predicted cold resistance-related target genes

play their roles, need to be further explored.
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