@, American Journal of Plant Sciences, 2019, 10, 447-461
S .
) ¢’ Scientific

‘ ‘ Research http://www.scirp.org/journal/ajps
94% Publishing ISSN Online: 2158-2750
* ISSN Print: 2158-2742

The Physiological Response of Three Narcissus
pseudonarcissus under NaCl Stress

Jiangyong Wang, Qian Qiao, Jihan Tao

Shandong Institute of Pomology, Taian, China

Email: qiaoq404@qq.com

How to cite this paper: Wang, J.Y., Qiao,
Q. and Tao, J.H. (2019) The Physiological
Response of Three Narcissus pseudonar-
cissus under NaCl Stress. American Journal
of Plant Sciences, 10, 447-461.
https://doi.org/10.4236/ajps.2019.103032

Received: February 25, 2019
Accepted: March 17, 2019
Published: March 20, 2019

Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In order to explore the salt-tolerance of Narcissus pseudonarcissus and enrich
its cultivation and application forms. In this experiment, “Manly”, “Dutch”
and “Wilden” daffodils were used as test materials. NaCl stress was applied at
different concentrations, and the corresponding physiological indexes were
measured at three time nodes: bolting stage, early flowering stage and bloom-
ing stage. The results showed that all three showed some resistance under low
concentration salt stress, in which, SOD, POD enzyme activity, chlorophyll
proline and soluble sugar content increased, while MDA content decreased.
The physiological metabolism of the three was disturbed under high concentra-
tion of salt stress, in which, SOD, POD enzyme activity and chlorophyll content
decreased, while MDA, proline and soluble sugar content increased. With the
extension of stress time, the injury was gradually deepened and the salt toler-
ance of the three varieties is “Dutch”, “Wilden” and “Manly” in order.
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1. Introduction

Soil salinization is a common problem in the world, and it is one of the abiotic
stress factors that seriously restrict global agricultural production [1], according
to statistics, more than 800 million hm® of land in the world is affected by salini-
zation to varying degrees [2]. China has 27 million hm” of salinized land, among
which the coastal areas are seriously affected by salinization, about 5.0106 hm?,
which restricts the local agricultural economic development [3]. Therefore, the
screening and cultivation of salt-tolerant plants and the study of salt-tolerant

mechanism are of great significance to the development of saline-alkali land and
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the local greening and ecological construction.

Narcissus pseudonarcissus is a perennial bulb flower of Amaryllidaceae Nar-
cissus, which originating from Spain, Britain and other Mediterranean coastal
areas [4]. It is one of the most eminent commercial bulbous flowers welcomed in
the world flower market because of its unique flower type and flower color [5].
Narcissus pseudonarcissus has a very high ornamental value, as a world famous
bulb flower, it is widely used in Chinese landscape [6], but whether it can grow
normally in saline and alkaline land has not been studied. Therefore, in order to
fully develop and utilize saline-alkali land, enrich the cultivation of Narcissus
pseudonarcissus, in this experiment, three commonly used varieties of Narcissus
pseudonarcissus were used as test materials to study their physiological res-
ponses under different flowering stages and different concentrations of salt
stress, and to explore their tolerance under salt stress, so as to provide reference

for future cultivation and application.

2. Materials and Methods

2.1. Plant Materials and Treatment

Three imported varieties of Narcissus pseudonarcissus “Manly”, “Dutch” and
“Wilden” were used as experimental materials, the substrate was mixed with
peat, coconut bran, vermiculite and perlite in a ratio of 4:4:1:1, commercial seed
balls with consistent specifications were selected and cultivated in a double-color
basin with diameter of 10 cm and height of 8 cm, the upper covering matrix was
2 - 3 cm, which was cultured in a solar greenhouse until root and germination.
Sunlight greenhouse always stay day and night temperature of 12°C/7°C. And
shade the bulbs properly before budding.

NaCl solution with a concentration of 0 (CK), 100, 300, 500 mmol/l was used
to treat the small buds when they were exposed to soil, and 30 pots of plants
were used for each treatment, and 100 ml was poured from 7:00 to 9:00 in the
morning, and once every two days until moss extraction. The physiological in-
dexes of the middle of functional leaves of the same parts were measured in the

three stages of bolting, early flowering and blooming.

2.2. Determine Items and Methods

Soluble sugar content was determined by anthrone colorimetry [7]. The content
of free proline was determined by sulfosalicylic acid extraction method [7].
Chlorophyll content in leaves was determined by 80% acetone extraction and
spectrophotometry [7]. The content of malondialdehyde (MDA) was determined
by thiobarbituric acid method [8]. Superoxide dismutase (SOD) activity was de-
termined by NBT photochemical reduction method, and POD activity was de-
termined by guaiacol method [7]. All the experiment was repeated 3 times.

2.3. Statistics and Analysis

SPSS 22.0 software was used to process the test data, LSD method was used to
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analyze the significance of the difference, and the data was expressed as the

mean value of three times.

3. Results and Analysis

3.1. Effects of Salt Treatment on Chlorophyll Content in Leaves of
Narcissus pseudonarcissus

Plant chlorophyll is involved in the absorption, transmission and transformation
of light energy, and its content is an important indicator reflecting the strength
of photosynthesis [9] [10]. As can be seen from Figure 1, the chlorophyll con-
tent of all three varieties increased with the extension of time. The growth of
“Manly” was the most obvious, which increased from 7.815 mg-g™"-FW (bolting
stage) to 17.041 mg-g""FW (blooming period), followed by “Dutch” and “Wil-
den”. With the increase of salt content, all of three varieties showed a trend of
first increasing and then decreasing. At a low concentration of 100 mmol/l NaCl
salt stress, it had a maximum value, indicating that the low concentration of
NaCl salt stress conditions would promote the synthesis of chlorophyll in Nar-
cissus pseudonarcissus, and improve the stress resistance of Narcissus pseudo-
narcissus to resist the damage of salt stress. After NaCl concentration exceeded
300 mmol/l, the chlorophyll content of the three varieties began to decline sig-
nificantly in each period, indicating that chlorophyll in the body of the Narcissus
pseudonarcissus was seriously degraded with the increase of salt injury level,
thus affecting its physiological functions such as photosynthesis. However, the
blooming periods of “Manly” and “Wilden” both showed a continuous decline,
the chlorophyll content was always lower than the control level. It may be that
with the extension of salt injury time, the chlorophyll degradation in their bodies
was greater than the synthetic amount. The Photosynthesis effect began to wea-
ken, and the plants were subjected to a certain degree of stress damage [11].
From the perspective of chlorophyll content and change trend, “Dutch” is the
most resistant to salt damage among the three varieties, followed by “Wilden”

and “Manly”.

3.2. Effects of Salt Treatment on MDA Content in Leaves
of Narcissus pseudonarcissus

Malondialdehyde (MDA) is a product of membrane lipid peroxidation, and its
content can directly reflect the degree of cell membrane damage [12]. At the
same time, MDA can also bind to membrane proteins, affect the structure of
membrane proteins, trigger the polymerization between proteins, change the
membrane permeability, affect the transport of osmotic regulatory ions, and
thus affect the osmotic potential [13].On the other hand, MDA also affects the
structure of thylakoid membrane, causing chlorophyll degradation and thereby
affecting plant photosynthesis [14].At the same time, MDA, as a membrane lipid
peroxide product, also has a feedback effect on the antioxidant protection system

of cells, affecting its antioxidant enzyme activity [15].
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Figure 1. Changes of chlorophyll content in Narcissus pseudonarcissus leaves under salt
treatment (M stands for “Manly”; D stands for “Dutch”; W stands for “Wilden”. Different
lowercase consonants indicate significant differences. The same below.)

Under low concentration salt stress (100 - 300 mmol/L NaCl) (Figure 2),
MDA content in the three Narcissus pseudonarcissus varieties in this experiment
increased slowly, even lower than that in the control. It maybe that the low con-

centration of salt stress promoted the activity of antioxidant enzymes in the
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plants of narcissus, which accelerated the metabolism of superoxide, peroxide
and other harmful substances and reduced the damage to the cell membrane

system. And when NaCl concentration tendency for more than 300 mmol/L, the
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Figure 2. Changes of MDA content in Narcissus pseudonarcissusleaves under salt treatment.
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MDA content in general increase higher than their respective control, of which
the most early flowering changes significantly. When the concentration is ten-
dency for 500 mmol/L, MDA content are approximately twice the contrast, it
shows that the high NaCl concentration makes the Narcissus pseudonarcissus
has already happened the cell membrane lipid peroxidation, antioxidant system
function of cell membrane is abate, difficult to balance the stress damage, se-
verely damaged cell membranes, resulting in a decline in cell function and af-
fected the physiological metabolism process of Narcissus pseudonarcissus.

MDA content of the same variety varies in different periods, and the bloom-
ing period of “Manly” is significantly higher than that of bolting stage and early
flowering stage, while the “Dutch” and “Wilden” is the highest in the early flo-
wering stage. At the same time, it can be seen that the tolerance degree of the
three varieties is different. Among them, the “Dutch” is the best. In the three pe-
riods, MDA content first decreases and then increases with the increase of salt
concentration, and the content is the lowest under the concentration of 100
mmol/L NaCl. The Change trend of “Manly” decreased first and then increased
in the bolting stage and the early flowering stage, while it continued to increase
in the blooming stage. The relative content of “Wilden” was always lower than
that of “Manly” in each period, although it showed a continuous increasing
trend in the three periods. This shows that the salt damage resistance of the three
is “Dutch” greater than “Wilden” greater than “Manly”.

3.3. Effects of Salt Stress on Antioxidant Enzyme System
of Narcissus pseudonarcissus

The antioxidant enzyme system in plants can eliminate peroxides such as reac-
tive oxygen species produced during metabolism to maintain a dynamic balance
in the body. Under the external salt stress, reactive oxygen species accumulate
free radicals, while SOD and POD in the antioxidant enzyme system play an
important role in scavenging free radicals [16] [17]. For the purpose of this test
data (Figure 3), SOD activity of the same variety was not significantly different
in different periods, while NaCl treatment with different concentrations showed
significant differences. Under low NaCl salt stress, the activity of SOD enzyme in
the body of 3 varieties was generally increased, which was significantly higher
than that of the control, at this point, SOD enzyme decomposes the superoxide
anion into singlet oxygen and H,0,, and H,O, still has strong oxidability, POD
enzyme is required to further decompose into O, and H,0. When NaCl concen-
tration exceeded 300 mmol/L, the activity of SOD enzyme in the body of Nar-
cissus pseudonarcissus “Manly” began to decline, which was lower than that of
the control group. This indicated that stress injury in the body had affected the
function or degradation of SOD enzyme, reduced its content or activity, and
weakened its antioxidant capacity. The SOD enzyme activity in Narcissus pseu-
donarcissus of “Dutch” and “Wilden” varieties also decreased, but it was still
higher than the control, indicating that the SOD enzyme was less damaged by

stress and had stronger tolerance to salt stress.
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Figure 3. Changes of SOD enzyme activity in Narcissus pseudonarcissusleaves under salt

treatment.

The change trend of POD activity in the three varieties of Narcissus pseudo-
narcissus was consistent with that of SOD enzyme activity (Figure 4), which also
showed a trend of increasing first and then decreasing. This indicated that POD
enzyme activity was activated under low concentration NaCl salt stress, and the
H,0, generated by SOD metabolism was further degraded to produce O, and

DOI: 10.4236/ajps.2019.103032

453 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.103032

J.Y.Wangetal.

H,O, so as to maintain the metabolic balance of peroxide in the body of Narcis-
sus pseudonarcissus and reduce the oxidative damage to the membrane system.

Under the stress of NaCl concentration over 500 mmol/L, POD activity of all
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Figure 4. Changes of POD enzyme activity in Narcissus pseudonarcissusleaves under salt
treatment.
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Narcissus pseudonarcissus showed a significant decrease in vivo, which was
lower than their respective control levels, indicating that POD activity was more
significantly affected by stress under the condition of high concentration of salt.
The changes of POD content in different periods of the same cultivar were also
different. The POD content of “Manly” and “Dutch” was the highest in the early
flowering stage, while the POD content of “Wilden” was the highest in the moss
extraction period, indicating that the salt tolerance of the same cultivar was dif-
ferent in different periods. The salt stress was more sensitive in the early stage,
but gradually decreased in the later stage. At the same time, it can be seen from
the figure that different varieties have different degrees of salt tolerance. “Dutch”
and “Wilden” usually reach the maximum at 300 mmol/L, while “Manly” at all
three periods reach the maximum at 100 mmol/L, which shows that “Dutch”

and “Wilden” have strong tolerance.

3.4. Effects of Salt Stress on Proline and Soluble Sugar Content in
Narcissus pseudonarcissus

Proline, as an important osmotic regulatory substance in plants, can be used as a
reference index for the degree of salt and alkali stress in plants. It is essentially a
highly water-soluble free amino acid in the cytoplasm, which can protect the cell
membrane system, maintain the structure and function of enzymes and reduce
the degradation of Intracellular protein [18]. In this experiment, the contents of
proline in the three varieties increased at different levels of salt stress in different
periods, which was significantly higher than the control level. In addition, with
the increase of NaCl concentration, the contents of proline basically showed an
upward trend (Figure 5). This indicates that proline, as an osmotic regulatory
substance in the cells of Narcissus pseudonarcissus, can sensitively respond to
the external salt stress, reduce the osmotic potential in the cells through the in-
crease of its own content, slow down the damage caused by cell water loss to
plants, and play a stabilizing and protective role in the biomacromolecules in the
cells. The relative content of proline in the same cultivar was not significantly
different in different stages, but was slightly higher in early flowering and
blooming stages. In terms of the relative content of proline among the three va-
rieties, “Dutch” is higher than the other two varieties, reflecting stronger salt to-
lerance.

On the one hand, soluble sugar can be used as osmotic regulatory substance in
plants to regulate the change of osmotic potential in cells; on the other hand, it
can also be used as a carbon framework for intracellular macromolecules and an
energy source in plants [19]. As can be seen from Figure 6, the soluble sugar
content in the body of “Manly” at three stages increased with the increase of
NaCl salt stress, showing a trend of increasing at first and then decreasing. It
reached the maximum value at 100 mmol/L at the early flowering stage (28.67
mg-g “FW), and reached the maximum value at 300 mmol/L at the bolting
(31.44 mg-g”-FW) and blooming (34.00 mg-g™-FW) stages. It showed that the
soluble sugar content of “Manly” species increased rapidly under the condition
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of medium and low concentration NaCl stress, so as to maintain the appropriate
level of osmotic potential in cells, slow down cell water loss and reduce stress
injury. However, under the condition of relatively high concentrations of NaCl

stress, the soluble sugar in the body appear a large number of decomposition,
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Figure 5. Changes of proline content in Narcissus pseudonarcissus leaves under salt
treatment.
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Figure 6. Changes of soluble sugar content in Narcissus pseudonarcissusleaves under salt
treatment.

decomposition quantity is greater than the amount of synthetic, results in the
decrease of total soluble sugar, the plant resistance is abate, the damage is aggra-

vating, reducing salt stress resistance ability. And “Wilden” and “Dutch” on the
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soluble sugar content increased with the increase of NaCl concentration in the
body gradually on the rise, shows the two varieties of soluble sugar in the body
under the condition of high concentration of NaCl stress decomposition quanti-
ty is limited, and decomposition of synthetic quantity is always greater than the
amount, to maintain the high level state of soluble sugar in the body, thus re-
ducing the damage of salt stress on plant. In terms of the soluble sugar content
of the same variety in different periods, all three showed that the blooming pe-
riod was larger than the early flowering and the bolting period, which may be
caused by the increase of the soluble sugar accumulated by the extension of the
growth period.

4. Discussion

Salt stress conditions can induce a series of physiological and biochemical reac-
tions in plants, and the comprehensive expression of these reactions affects the
salt tolerance of plants [20]. In this experiment, under the condition of low con-
centration of NaCl, the three varieties of Narcissus pseudonarcissus showed a
certain degree of salt resistance in each period. First, the increase of chlorophyll
content promoted the absorption, transmission and transformation of light
energy, and improved the light contract ability, providing material and energy
basis for plants to resist salt stress. The increase of harmful superoxide anions
under low salt stress induces the activity of SOD and POD enzymes in the ROS
system, enhances the ability to eliminate peroxide substances in plants, and re-
duces the damage to the membrane lipid structure in cells, which is reflected in
the decrease of MDA content [21]. Narcissus pseudonarcissus osmotic regula-
tion substances in the body also play a role of the corresponding, proline and
soluble sugar content increased obviously, in order to reduce cell osmotic poten-
tial, prevent cell water loss and damage, and to maintain the structure stability of
cell membrane and protein and the activity of the enzymes in the cell, thus en-
suring the Narcissus pseudonarcissus various physiological metabolic processes
in the body function.

Under the stress of high concentration of NaCl, salt-tolerant physiological and
biochemical reactions in the body of 3 varieties of Narcissus pseudonarcissus
were confused, and the antioxidant enzyme activities of SOD and POD were re-
duced. Although the content of proline and soluble sugar continued to rise, it
was still difficult to resist the damage caused by high salt stress, which caused se-
rious damage to the plasma membrane and resulted in a large accumulation of
MDA content. High concentration of MDA can promote the destruction of
chloroplast membrane structure and accelerate the degradation of chlorophyll
At the same time, high concentration of salt stress can also lead to the change of
lamellar structure in chloroplasts, reduce the light contract ability of Narcissus
pseudonarcissus and reduce the plant function [15] [22].

In this experiment, with the extension of salt stress time, MDA content de-

creased first and then increased to an increasing trend, This suggests Narcissus
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pseudonarcissus with the increase of stress time hurt gradually deepened, on its
own, of course, also by certain way to resist the persecution, performance of
chlorophyll, soluble sugar and proline content increased, the content was higher
in early flowering and flowering, both based on the extension of its own growth
period accumulated materials such as chlorophyll, proline and soluble sugar in-
creased, reflecting the plant adaptability of ego to protect a stress [21] [23].

This study has some shortcomings, such as small sample size and not doing
chemical analysis. The next step is to expand the determination range and com-
bine physiological changes with chemical changes, so as to explain the influence
of salt stress on Narcissus pseudonarcissus from many aspects, and to lay a suffi-
cient theoretical foundation for the popularization and application of Narcissus

pseudonarcissus on saline-alkali land.

5. Conclusion

In this experiment, 3 varieties of Narcissus pseudonarcissus all showed some re-
sistance to salt stress environment, SOD and POD of two varieties “Dutch” and
“Wilden” still show stronger activity than the control under high concentration
of NaCl stress, and play a role in scavenging peroxide. At the same time, the so-
luble sugar content in the plants of Dutch and Wilden varieties did not signifi-
cantly decrease under the condition of high salt stress, but maintained a high
level, which reduced the osmotic stress brought by high salt environment. This
indicated that “Dutch” and “Wilden” varieties showed better salt resistance
compared with “Manly” varieties. However, all three showed physiological and
metabolic dysfunction in the high-salt environment, indicating that their toler-
ance to salt stress injury was limited. Based on the above six physiological indi-
cators, it is considered that the salt tolerance of the three is” Dutch “, “Wilden”

and “Manly” in order.

Fund Project

Shandong province agricultural seed improvement project (project No.
2017LZN027).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Zhu, J.K. (2001) Plant Salt Tolerance. Trends in Plant Science, 6, 66-71.
https://doi.org/10.1016/S1360-1385(00)01838-0

[2] Rengasamy, P. (2010) Soil Processes Affecting Crop Production in Salt-Affected
Soils. Functional Plant Biology, 37, 613-620. https://doi.org/10.1071/FP09249

(3] Cai, X.F, Hu, T.X,, Ye, J., Zhang, Y.Y,, Li, HX. and Ye, Z.B. (2015) Molecular Me-
chanisms of Salinity Tolerance in Plants. Journal of Huazhong Agricultural Univer-
sity, 34, 134-141.

DOI: 10.4236/ajps.2019.103032

459 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.103032
https://doi.org/10.1016/S1360-1385(00)01838-0
https://doi.org/10.1071/FP09249

J.Y.Wangetal.

(4]

(7]

(8]

(9]

[12]

[15]

(16]

(17]

[20]

Malik, M. (2008) Comparison of Different Liquid/Solid Culture Systems in the
Production of Somatic Embryos from Narcissus Lovary Explants. Plant Cell, Tissue
and Organ Culture, 94, 337-345. https://doi.org/10.1007/s11240-008-9415-8

Rivera, D., Rios, S., Alcaraz, F., Obén, C. and Teixeira, dS.J.A. (2006) The Biogeo-
graphical Patterns of Floral Form in Wild Daffodils and Their Contribution to the
Cultivar Groups of Narcissus L. Subgenus Ajax Spach (Amaryllidaceae).

Li, X, Tang, D.Q. and Shi, Y.M. (2018) Selection of Reference Genes for Quantita-
tive Real-Time PCR Normalization in Narcissus pseudonarcissus in Different Cul-
tivars and Different Organs. Heliyon, 7, €00686.
https://doi.org/10.1016/j.heliyon.2018.e00686

Wang, X.K. (2006) Experimental Principles and Techniques of Plant Physiology and
Biochemistry. 2th Edition, Higher Education Press, Beijing.

Li, H.S., Sun, Q. and Zhao, S.J. (2006) Experimental Principles and Techniques of
Plant Physiology and Biochemistry. 2th Edition, Higher Education Press, Beijing.
Strogonov, B.P. (1973) Structure and Function of Plant Cells in Saline Habitats.
Science, 184, 1067-1068.

Romero-Aranda, R., Soria, T. and Cuartero, J. (2001) Tomato Plant-Water Uptake
and Plant-Water Relationships under Saline Growth Conditions. Plant Science, 160,
65-72. https://doi.org/10.1016/S0168-9452(00)00388-5

Abdelkader, A.F., Aronsson, H. and Sundqvist, C. (2007) High Salt Stress in Wheat
Leaves Causes Retardation of Chlorophyll Accumulation Due to a Limited Rate of

Protochlorophyllide Formation. Physiologia Plantarum, 130, 157-166.
https://doi.org/10.1111/j.1399-3054.2007.00885.x

Wang, A.G. and Luo, G.H. (1990) Quantitative Relation between the Reaction of
Hydroxylamine and Superoxide Anion Radicals in Plants. Plant Physiology Com-
munication, No. 6, 55-57.

Huff, A. (1982) Peroxidase-Catalysed Oxidation of Chlorophyll by Hydrogen Pe-
roxide. Phytochemistry, 21, 261-265.
https://doi.org/10.1016/S0031-9422(00)95247-6

Upham, B.L. and Jahnke, L.S. (1986) Photooxidative Reactions in Chloroplast Thy-
lakoids. Evidence for a Fenton-Type Reaction Promoted by Superoxide or Ascor-
bate. Photosynthesis Research, 8, 235-247. https://doi.org/10.1007/BF00037131
https://link.springer.com/article/10.1007/BF00037131

Zhang, Y.F. and Yin, B. (2009) Influences of Salt and Alkali Mixed Stresses on An-
tioxidative Activity and MDA Content of Medicago sativa at Seedling Stage. Acta
Prataculturae Sinica, 18, 46-50.

Mittler, R. (2002) Oxidative Stress, Antioxidants and Stress Tolerance. Trends in
Plant Science, 7, 405-410. https://doi.org/10.1016/S1360-1385(02)02312-9

Gill, S.S. and Tuteja, N. (2010) Reactive Oxygen Species and Antioxidant Machinery
in Abiotic Stress Tolerance in Crop Plants. Plant Physiology and Biochemistry, 48,
909-930. https://doi.org/10.1016/j.plaphy.2010.08.016

Matysik, J., Ali, B.B. and Mohanty, P. (2002) Molecular Mechanisms of Quenching
of Reactive Oxygen Species by Proline under Stress in Plants. Current Science, 82,
525-532.

Wu, X., Ni, JW,, Zhang, HX. and Liu, T. (2012) Effects of Salt Stress on Osmotic
Adjustment Substances in Different Halophytes. Journal of Northeast Forestry
University, 40, 29-33.

Zhou, Y., Tang, N.Y., Huang, L.J., Zhao, Y.J., Tang, X.Q. and Wang, K.C. (2018)

DOI: 10.4236/ajps.2019.103032

460 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.103032
https://doi.org/10.1007/s11240-008-9415-8
https://doi.org/10.1016/j.heliyon.2018.e00686
https://doi.org/10.1016/S0168-9452(00)00388-5
https://doi.org/10.1111/j.1399-3054.2007.00885.x
https://doi.org/10.1016/S0031-9422(00)95247-6
https://doi.org/10.1007/BF00037131
https://link.springer.com/article/10.1007/BF00037131
https://doi.org/10.1016/S1360-1385(02)02312-9
https://doi.org/10.1016/j.plaphy.2010.08.016

J.Y.Wangetal.

(21]

[22]

(23]

Effects of Salt Stress on Plant Growth, Antioxidant Capacity, Glandular Trichome
Density, and Volatile Exudates of Schizonepeta tenuifolia Briq. International Jour-
nal of Molecular Sciences, 19, 252. https://doi.org/10.3390/ijms19010252

Fang, S.L., Yuan, Z.H., Feng, L.J, Wang, X.H., Ding, X.M. and Zeng, H.L. (2011) Ef-
fects of Drought Stress on Physiological and Biochemical Parameters of Dahlia
pinnata. Chinese Journal of Applied Ecology, 22, 651-657.

Asish, K.P. and Anath, B.D. (2005) Salt Tolerance and Salinity Effects on Plants: A
Review. Ecotoxicology and Environmental Safety, 60, 324.
https://doi.org/10.1016/j.ecoenv.2004.06.010

Wang, B.S. (2010) Adverse Vegetation Biology. Higher Education Press, Beijing,
140-145.

DOI: 10.4236/ajps.2019.103032

461 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.103032
https://doi.org/10.3390/ijms19010252
https://doi.org/10.1016/j.ecoenv.2004.06.010

	The Physiological Response of Three Narcissus pseudonarcissus under NaCl Stress
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Plant Materials and Treatment
	2.2. Determine Items and Methods
	2.3. Statistics and Analysis

	3. Results and Analysis
	3.1. Effects of Salt Treatment on Chlorophyll Content in Leaves of Narcissus pseudonarcissus
	3.2. Effects of Salt Treatment on MDA Content in Leaves of Narcissus pseudonarcissus
	3.3. Effects of Salt Stress on Antioxidant Enzyme System of Narcissus pseudonarcissus
	3.4. Effects of Salt Stress on Proline and Soluble Sugar Content in Narcissus pseudonarcissus

	4. Discussion
	5. Conclusion
	Fund Project
	Conflicts of Interest
	References

