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Anthocyanin is an important pigment that prevents oxidative stress and mediates
adaptation of plants to salt stress. Peanuts with dark red and black testa are rich in
anthocyanin. However, correlation between salt tolerance and anthocyanin
content in black and dark red testa peanuts is unknown. In this study, three
peanut cultivars namely YZ9102 (pink testa), JHR1 (red testa) and JHB1 (black
testa) were subjected to sodium chloride (NaCl) stress. The plant growth, ion
uptake, anthocyanin accumulation, oxidation resistance and photosynthetic
traits were comparatively analyzed. We observed that the plant height, leaf
area and biomass under salt stress was highly inhibited in pink color testa
(YZ9102) as compare to black color testa (JHB1). JHB1, a black testa colored
peanut was identified as the most salt-tolerance cultivar, followed by red (JHR1)
and pink(YZ9102). During salt stress, JHB1 exhibited significantly higher levels of
anthocyanin and flavonoid accumulation compared to JHR1 and YZ9102, along
with increased relative activities of antioxidant protection and photosynthetic
efficiency. However, the K*/Na® and Ca®"/Na* were consistently decreased
among three cultivars under salt stress, suggesting that the salt tolerance of
black testa peanut may not be related to ion absorption. Therefore, we predicted
that salt tolerance of JHB1 may be attributed to the accumulation of the
anthocyanin and flavonoids, which activated antioxidant protection against the
oxidative damage to maintain the higher photosynthetic efficiency and plant
growth. These findings will be useful for improving salt tolerance of peanuts.
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1 Introduction

Peanut (Arachis hypogaea L.) is widely cultivated in more than
100 countries, with the annual yield of 43.98 million tons,
representing one of the most important oil and cash crops
specially in Africa and Asia (Zhao et al., 2020). Peanut seeds
containing 44% to 56% oil, are the fourth largest source of edible
oil globally. In addition, peanuts are rich in protein (22%-30%),
carbohydrates (10%-20%), as well as vitamins, essential fatty acids,
and necessary minerals for human nutrition (Mondal et al., 2020).
China has the greatest peanut production in the world, and is
second, after India in the plant area (4.45 million hectares). China is
expected to account for more than 40% of the world’s peanut oil
(Zhao et al., 2012). Over the past few decades, the most planting and
processing of peanut cultivars are with pink or red testa. The
variation of peanut testa color is mainly due to the difference in
anthocyanin content, a highly diverse group of secondary
metabolism product that contribute to plants color. Recently, the
peanut planting and consumption pattern with market demands
has been changed. Peanuts with purple and black testa color have
attracted increasing attention of consumers in the market, due to
their higher anthocyanin and microelements contents important for
human health (Bonku and Yu, 2020).

Soil salinization is a major threat for agriculture worldwide,
limits crop yield and restricts use of arable and uncultivated land. It
has been estimated that more than 8% of the world’s land is affected
by salinity, and it is continuously increasing (Ait-El-Mokhtar et al,
2020). Soil salinity causes a more than 20% reduction of agricultural
yields (Porcel et al., 2012). Salinity can cause osmotic stress, ion
imbalance and oxidative damage to plants normal physiological
processes, and the plants have evolved sophisticated mechanisms to
cope with salinity stress (Abogadallah, 2010).

Peanut was considered to be moderately salt-tolerant crop by
the Food and Agriculture Organization (FAO). However, peanut
production suffers great challenge by salt-stress because of the
widely distributed saline-alkaline land in major peanut regions in
China, India and United States of America (Luo et al, 2021).
Salinity significantly inhibits peanut germination, relative growth
rate and dry mass production (Meena et al., 2016), induced photo-
inhibition because of damaging the photosynthetic apparatus (Qin
et al., 2011), and restrained Ca, K and other mineral elements
uptake, and eventually reduced yield and quality (Zhang et al,
2020). Significant genetic diversity is available for salinity tolerance
among peanut germplasms (Zou et al., 2020).

In the past few years, a series of agronomic measures were
widely adopted to enhance salt-tolerance of peanut, including
selecting salt-tolerant cultivars (Meena et al, 2016; Zhang et al,
2020), mulching film and potassium application (Chakraborty et al.,
2016; Meena et al., 2022), inoculating salt-tolerant rhizobacteria and
arbuscular mycorrhizal fungi (El-Akhal et al., 2012; Sharma et al,,
20165 Qin et al,, 2021), and exogenous growth regulator (Tian et al.,
2019; Li W. J. et al, 2022). In addition, the identification and
utilization of salt tolerant genes have been used to improve the
salinity tolerance of peanut cultivars (Banavath et al, 2018; Zhu
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et al., 2021). However, the production and economical outcome of
peanut in saline-alkali soil was still limited. Therefore, improvement
of salt tolerance is necessary to minimize the resulting yield loss due
to salt stress.

Secondary metabolites play a key role in the adaptation of plants
to the changing environment and in overcoming stress conditions.
Anthocyanin, a secondary metabolite in plants, serves as an
important antioxidant, increases the antioxidant activity and
enhances the ability of abiotic stress tolerance (Xu and Rothstein,
2018). The salt-tolerant cultivars showed higher anthocyanin
content and total antioxidant activity than the salt-sensitive
cultivars under salt stress, exhibited more physiological activities
(Daiponmalk et al, 2010). Accumulation of higher levels of
anthocyanin is considered as one of the selection criteria for salt
tolerance (Eryilmaz, 2006). The cultivars with deep red or black
color (more intense anthocyanin) in apple (Wang et al., 2015), rice
(Chunthaburee et al., 2016), spinach (Kitayama et al., 2019) and
Brassica napus (Kim et al., 2017) suffered less physiology and
cellular damages and lower growth inhibition under salt stress as
compared to the ones with less anthocyanin content, showed a
stronger salt tolerance.

Most of the previous studies on salt stress or enhancing salt-
tolerance in peanut mainly used common cultivars with pink testa
color. There is significant difference in anthocyanin content among
peanut cultivars with different testa colors. However, there are no
reports on the salt tolerance and regulatory mechanism of peanut
cultivars with black and red testa colors. Therefore, a pot
experiment was conducted in greenhouse to screen the salt
tolerance among three peanut cultivars with different testa colors.
The data recorded on anthocyanin and flavonoid contents, ion
uptake, antioxidant activity and photosynthetic traits of three
peanut cultivars in response to salinity stress. This work provided
a foundation for screening salt resistant peanut cultivars and peanut
high-yield cultivation in saline-alkali soil, and laid a basis for further
revealing the salt-tolerant mechanism of colored peanut.

2 Materials and methods
2.1 Plant materials and treatments

Three peanut cultivars, YZ9102 (pink testa), JHR1 (red testa)
and JHBI (black testa), were used in this study (Figure 1A). YZ9102,
bred by Henan Academy of Agriculture Sciences, was offspring of
“BS1016” (?) x “A. coacoense” (3). JHR1 and JHBI, bred by our
group, were offspring of “YZ9102” () x “ZH12” (3), and “FH1” (?)
x “ZH9” (3), respectively.

The pot experiment was conducted in a growth chamber in
controlled conditions. Matured seeds no pests or diseases and with
uniform size and weight were selected, and surface sterilized by
soaking in 75% ethyl alcohol with slightly shaking for 5 min and
rinsed using sterilized deionized water for 3 times. Three seeds were
sown in each square plastic pot (10.5 cm top diameter, 11 cm
height) filled with sterilized clean river sand 0.95 kg, and two
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FIGURE 1
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The seeds of three peanut cultivars (A) and the phenotype of three peanut cultivars under CK and SS (B). CK, meaning plants were watered by
Hoagland solution without NaCl, and SS, meaning plants were watered by Hoagland solution with 150 mM NaCl.

uniform seedlings were kept in each pot after germination. The
climatic chamber was controlled at 25°C, alternation of light and
dark period at 16 h/8 h. Seven days after germination, the plants of
each cultivar were divided into two groups. Our preliminary
experiment showed that the salt tolerance had the most
significant difference in ten peanut cultivars under 150 mM NaCl
stress. So, one group was designated as control (CK) irrigated by the
Hoagland solution, the other group was challenged with salt stress
treatment (SS) irrigated by the Hoagland solution and salt
concentration of 150 mM NaCl. Each treatment consisting of
twenty pots was watered daily uniformly with 100 mL Hoagland
solution with or without NaCl per pot to maintain the
treatment level.

After 1, 5 and 10 days of salt stress, leaf materials were sampled
and immediately transferred into liquid nitrogen and stored at -80°
C to estimate enzymatic activity. The flavonoid and anthocyanin
contents were determined with the leaf samples at 5 and 10 days of
salt stress. Leaf gas exchange and chlorophyll fluorescence
parameters were measured on the second top leaf on the main
stem after 5 and 10 days of salt stress. K", Na™, and Ca®" contents in
leaf and stem were determined after 10 days of salt stress.
Furthermore, the plants were harvested at 10 d after salt stress for
biomass and phenotypic analysis.

2.2 Determination of dry weight and
leaf area

Five representative plants were selected from each treatment
after 10 d of salt stress, and separated into roots, stems and leaves. In
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each treatment, fifty random leaflets were punched into wafers with
1.2 cm diameter avoiding the main vein. All plant samples were
oven dried at 105°C for 30 min followed at 80 °C until reaching a
constant dry weight. The total dry weight (DW), the total wafers
area (S1), wafers dry weight (M1) and other leaves dry weight (M2)
were recorded. The leaf area (S) was calculated using the following
formula: S= S1x (M1+M2)/M1.

2.3 Determination of Na*, K* and Ca®" ions

Dried leaf and stem samples were milled to powder, weighed,
and then digested by nitric acid in a bottle tube at 320°C for 5 h.
Na®, K" and Ca®" ion concentration was measured by atomic
adsorption spectrometer with a flame photometer (ZL5100,
PerkinElmer Inc., USA). Each treatment was repeated with three
biological replicates and three technical replicates.

2.4 Determination of total flavonoids

Total flavonoids content was measured by the colorimetric
method (Jia et al,, 1999). 0.3 g fresh leaf was cutinto pieces and
extracted in a 60°C water bath for 1 hour in a test tube with 70%
ethanol (10 mL), and then filtered through two layers of filter paper.
The 5 mL filtrate was added into 0.5 mL of 5% NaNO, and 6 min
later 0.5 mL of 10% Al(NO3);. After 6 min, 4 mL of 4% NaOH was
added to the mixture. The solution was mixed well, and after 15
min, the absorbance was recorded at 510 nm in spectrophotometer
(U-3000, HITACHI, Japan).
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2.5 Determination of anthocyanin

The anthocyanin content was measured using the protocol
reported by Zhang et al. (2022). Frozen leaf (approximately 50
mg) was ground in a 5 mL centrifuge tube using liquid nitrogen.
Then, homogenized sample was extracted at 4°C by adding 700 puL
acidic methanol (the volume ratio of methanol to HCl is 99:1). After
overnight incubation, the homogenates were centrifuged at 4°C at
12,000xg for 10 min. About 600 UL supernatant was collected and
mixed with 1 mL trichloromethane and 400 pl distilled water,
centrifuged at 4°C at 12,000xg for 10 min. The absorbance of
the supernatant was recorded at 530 and 657 nm using
spectrophotometer (U-3000, HITACHI, Japan).

2.6 Antioxidant enzymes activity and
MDA content

Leaf samples (0.5 g) were homogenized using a pre-cooled
mortar in 50 mM potassium phosphate buffer (pH7.8) at 0~4°C.
The homogenate was filtered through two layers of filter paper and
centrifuged at 10,000xg for 20 min at 4°C. The supernatant was
used for enzyme activity analysis.

Superoxide dismutase (SOD) activity was measured by the
method of Giannopolitis and Ries (1977). The reaction mixture
consisted of 50 mM phosphate buffer (pH 7.8), 13 mM methionine,
75 mM nitrotetrazolium blue chloride (NBT), 0.1 mM ethylene
diamine tetraacetic acid (EDTA) and 2 mM riboflavin. Reactions
with 50 pL enzyme extract and 3 mL reaction mixture were carried
out in a light incubator under a light intensity of 4000 Lux for 30
min. One unit of SOD was defined as the amount of enzyme which
causes 50% inhibition of the NBT reduction. The reduction of NBT
was measured by an ultraviolet spectrophotometer at 560 nm.

Peroxidase (POD) activity was determined based on guaiacol
colorimetric method. Reaction mixture contained 50 mL 100 mM
potassium phosphate (pH 6.0), 30 uL 0.3 mM guaiacol, and 20 puL
30% H,0,. The 20 uL enzyme solution and 3 mL reaction mixture
were added into the colorimetric cup to start the reaction.
Absorbance was recorded at 470 nm at every 30 s intervals for a
total of 5 readings. The activity of the POD enzyme was expressed
by the change of value of absorbance per minute (Nickel and
Cunningham, 1969).

Catalase (CAT) activity was measured according to Aebi (1984).
50 UL enzyme solution was added into 3 mL reaction system (2.4
mL of 100 mM potassium phosphate (pH 7.0), 0.6 mL of 100 mM
H,0,). Absorbance was recorded at 240 nm at every 30 s intervals
for a total of 5 readings. The activity of the CAT enzyme was
expressed by the reduction of absorbance per minute.

Malondialdehyde (MDA) was assayed by the thiobarbituric acid
reaction method (Hodges et al., 1999). Frozen sample of 0.5 g was
homogenized in 0.1% (w/v) trichloroacetic acid (TCA) solution.
The homogenate was centrifuged at 12,000xg for 10 min. 1 mL
supernatant was added to 2 mL of 20% TCA containing 0.6%
thiobarbituric acid (TBA) in a clean glass tube. The mixture was
heated in a water bath at 90°C for 30 min, cooled on ice
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immediately, and centrifuged at 4000xg for 10 min. The
absorbance was recorded at 600, 532 and 450 nm.

2.7 Determination of gas exchange

After 5 and 10 days of salt stress, leaf photosynthesis was
determined on the second top leaf on the main stem of five plants
in each treatment. Leaf photosynthesis rate (P,), transpiration rate
(T;) and stomatal conductance (G,) were measured with a portable
photosynthesis system (Li-6400; LI-COR Inc., Lincoln, NE, USA) at
9:00-11:30 AM. The chamber was equipped with a red/blue LED

! and ambient

light source setting PAR at 1200 umol m™ s’
atmospheric CO, levels at 385umol mol'. The water use

efficiency of leaves (WUE) was calculated by using formula P,/T,.

2.8 Measurement of leaf
chlorophyll fluorescence

Chlorophyll fluorescence parameters were measured with a
portable pulse modulated fluorometer (FMS-2, Hansatech,
England) on the same leaf whose gas exchange was measured.
Tested leaves were kept in the dark for 30 min before measurement.
The minimum (Fy), maximum fluorescence (F,,), steady state
fluorescence (F;), minimum fluorescence (F,) and maximum
fluorescencein the irradiation-adapted state (F,’) were
determined. Quantum yield of PS II (®PSII), maximal
photochemical efficiency (F,/F,,) photochemical quenching
coefficient (qP), electron transport rate (ETR), and non-
photochemical quenching coefficient (gNP) were calculated as
described by Rasouli et al. (2023).

2.9 Statistical analysis

All parameters were measured in at least three replications and
expressed as means+ standard deviation. The average of each trait
was calculated with Microsoft Excel 2010, plotted by Sigmaplot10.0.
Duncan’s multiple range test was used to determine the significant
difference between treatments (P<0.05) by SPSS Statistics 23. The
relative values were calculated via the trait values under salt stress
compared with those of CK.

3 Results

3.1 Plant growth and
biomass accumulation

All of the tested peanut cultivars were observed to certain
growth inhibition when subject to salt stress (Table 1 and
Figure 1B). The plant stem height, leaf areas, fresh weight of all
cultivars were significantly decreased as compared to CK under salt
stress, those relative values were 0.60, 0.48 and 0.72 in YZ9102, 0.59,
0.52 and 0.79 in JHR1, and 0.69, 0.67 and 0.92 in JHBI, respectively.
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TABLE 1 The phenotype and individual biomass accumulation of three peanut cultivars after 10 days under salt stress.

Cultivars Treatment Plant height (cm) Leaf area (cm?) Fresh weight (g) Dry weight (g)
CK 11.80 + 0.57a 92.70 + 5.84a 7.50 + 0.38a 0.78 + 0.04a
YZ9102
ss 7.04 £ 0.60b 4419 +5.27b 538 + 0.49b 0.71 £ 0.07a
CK 10.96 + 0.71a 76.71 + 9.64a 5.26 = 0.19a 0.57 £ 0.02a
JHRI
ss 6.44 + 0.59b 39.91 + 5.64b 415 +0.21b 0.53 + 0.05a
CK 10.80 + 0.81a 77.08 + 7.66a 554 +0.23a 0.79 + 0.02a
JHB1
ss 7.50 + 0.69b 51.54 + 3.68b 512+ 0.11a 0.75 + 0.04a

Data are means + SD of three biological replicates. Different lowercase letters indicate significantly different between CK and SS at p<0.05. CK, meaning plants were watered by Hoagland solution

without NaCl, and SS, meaning plants were watered by Hoagland solution with 150 mM NaCl.

The relative total dry weight values of YZ9102, JHR1 and JHB1 were
0.91, 0.93 and 0.95 under salt stress as compared to CK, reflecting
the different salt tolerance of three cultivars.

3.2 Content of Na*, K™ and Ca%*

Salt stress significantly enhanced the content of Na* in leaf and
stem as compared to CK in all three cultivars (Figure 2A). The
Na‘content in JHB1 showed the minimum increase of 83.10% and
84.44% in leaf and stem, and the maximum increase of 114.50% in
leaf in JHR1, 103.71% in stem in YZ9102. With or without salt
stress, the K* content of JHB1 was the most, following by JHR1.To
compare with CK, all cultivars exhibited a slightly increased K*
content in the leaf, however, a significantly decreased K" in the stem
under salt stress (Figure 2B). The content of K* was slightly declined
(23.65%) in stem of JHRI, and approximately 30% reduction in the
other two cultivars under salt stress. With or without salt stress,
JHR1 and JHB1 showed similar content of Ca®", and significantly
higher than YZ9102. Salt stress significantly increased Ca**content
of Ca®" in the leaf tissue of three cultivars, and inappreciably
restrained the content in stem as compared to CK (Figure 2C).
The maximum increase (22.01%) of Ca®* content in leaf was found
in JHR1, followed by JHB1 and YZ9102.

The values of K*/Na* were approximately consistent among all
three cultivars, whereas, dramatically decrease under salt stress, as
compared to CK (Figure 2D). K*/Na" in leaf were decreased by
46.44%, 53.58% and 42.61% in YZ9102, JHR1 and JHBI,
respectively. While, in stem the K*/Na" were reduced by 65.44%,
65.39% and 62.74% among YZ9102, JHRI and JHBI cultivars
respectively under salt stress. The values of Ca>*/Na* showed the
similar variation trend with K'/Na™ among the three cultivars
under salt stress, whereas those experienced a smaller reduction
under salt stress than that of K™/Na™ (Figure 2E).

3.3 Content of flavonoid and anthocyanin

The flavonoid content of YZ9102, JHRI and JHBI increased by
11.45%, 21.18% and 22.80% after 5 days of salt stress as compare to
CK, further at 10 days of salt stress it was increased by 17.26%,
35.13% and 25.43% (Figure 3A). The higher level of flavonoid
content was observed in JHBI, followed by JHRI and YZ9102 in
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both control and salt stress. Salt stress significantly increased
anthocyanin content in all three cultivars as compared to CK
(Figure 3B). Maximum increase in anthocyanin content was
recorded in JHR1, increasing 103.17% and 117.99% in contrast to
CK after 5 and 10 days of salt stress, respectively. In cultivar
YZ9102, the trend of increased anthocyanin content was much
more apparent at 10 day of salt stress (74.39%) than that at 5 days
(32.51%). Whereas, it was stable in cultivar JHB1 increased by
42.37% and 43.46% at 5 and 10 days of salt stress. With or without
salt stress, the content of anthocyanin in JHB1 was significantly
higher than those in JHR1 and YZ9102.

3.4 Antioxidant enzyme activity

We observed significant differences among the responses of
antioxidant enzyme activities of SOD, POD and CAT in three
cultivars to salt stress (Figure 4). In comparison with CK, the SOD
activity of YZ9102 was significantly decreased by 30.80% after 1 day
of salt stress, but it was a slightly increased at 5 and 10 days of salt
stress. There was a relatively constant increase in SOD activity of
JHR1 during 10 days of salt stress. Significant increase in SOD
activity in JHB1 was observed under salt stress, and it showed
maximum increase (49.43%) at 10 day of salt stress. The increase of
SOD activity in JHB1 was higher than that in JHR1 and YZ9102.

POD activity was significantly decreased in YZ9102 under salt
stress as compared to CK. The maximum decrease (34.01%) was
recorded at 10 days of salt stress. POD activity of cultivar JHRI was
decreased by 13.77% at 1 day of salt stress, however, increased by
27.72% and 23.38% at 5 and 10 days of salt stress. POD activity of
JHB1 was significantly increased under salt stress, and the
maximum increase (94.80%) was observed at 5 days of salt stress.
JHB1 showed higher levels of POD activity than the other cultivars.

The response pattern of CAT activity of YZ9102 under salt
stress was similar with that of its POD activity. The CAT activity of
JHR1 significantly increased by 32.96% and 25.11% after 1 and 5
days of salt stress as compared to CK, however it was decreased by
16.92% at 10 days of salt stress. Though the CAT activity of JHB1
was slightly increased under salt stress, there was no significant
difference between salt stress and CK.

MDA content was significantly increased in all three cultivars
under salt stress (Figure 4). The MDA content of YZ9102 was
recorded higher as compared to other two cultivars, and it showed a
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The Na* (A), K* (B), Ca®" (C), K"/Na* (D) and Ca®*/Na* (E) of three peanut cultivars in leaves and stems under salt stress for 10 days. L and S
represented leaf and stem, respectively. Different lowercase letters in the bar graph indicate significantly different between CK and SS at p<0.05. CK,
meaning plants were watered by Hoagland solution without NaCl, and SS, meaning plants were watered by Hoagland solution with 150 mM NaCl.

rapid increase from 37.00% to 72.05% from 1 to 10 days as
compared to CK under salt stress. The MDA content of JHRI
and JHBI exhibited a slight increase at 1 day of salt stress, however
it was increased by 51.56% and 39.17% at 10 days of salt stress as
compared to CK, respectively. JHB1 showed the minimum MDA
content in the presence or absence of salt stress.

3.5 Photosynthetic parameters

Photosynthetic rate (P,,) was significantly decreased in all three
cultivars at the first 5 days of salt exposure, and this reduction was
more pronounced at 10 days, as compared to CK (Figure 5A). The
P, of YZ9102 was found to a maximum reduction among three
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cultivars, decreased by 57.61% and 88.89% at 5 and 10 days under
salt stress. The decrease of P, in JHR1 reached to 33.13% and
73.76% after 5 and 10 days of salt stress, which was slightly higher
than that in JHBI1.

The stomatal conductance (G;) significantly decreased with the
salt stress time (Figure 5B). The G, in YZ9102 was highly decreased,
followed by JHR1 and JHBI1. In comparison with CK, the G;
significantly decreased by 73.95%, 44.35% and 36.71% in YZ9102,
JHRI and JHBI at 5 days of salt stress, further it decreased by
85.95%, 67.78% and 63.95% at 10 days of salt stress, respectively.

The response patterns of transpiration rate (T,) in all three
cultivars under salt stress was similar with that of their
photosynthetic rate (P,) (Figure 5C). The maximum decrease in
T, was recorded in YZ9102 in all three cultivars, reaching 53.28%
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and 86.81% at 5 and 10 days of salt stress. The minimum decrease of
T, was recorded in JHR1 (40.04%) and JHB1 (74.20%), after 5 and
10 days of salt stress, respectively.

The variation of water use efficiency (WUE) in response to salt
stress was observed in three cultivars (Figure 5D). The WUE of
YZ9102 showed a slight decrease (9.08%) at 5 days under salt stress,
and significantly decreased by 15.58% after 10 days as compared to
CK. An increased trend in WUE was observed in JHRI and JHB1
during 10 days of salt stress, which showed a stable increase in JHR1
at 11.5% approximately. The maximum increase (24.71%) of WUE
was recorded at 5 days of salt stress in JHBI.

3.6 Chlorophyll fluorescence parameters

Salt stress significantly decreased photochemical efficiency (F,/
F,,), quantum yield of PS II (@PSII), electron transport rate (ETR)
and photochemical quenching coefficient (gP) in all three cultivars
(Table 2). The F,/F,,was not significantly affected in all three
cultivars at 5 days of salt stress, however it was significantly
decreased after 10 days of salt stress as compared to CK. No
significant difference was recorded for F,/F,, between JHRI and
JHBI1. However, F,/F,,was highly decreased in the cultivar YZ9102.
Similar trends were observed in @PSII, ETR and gP during 10 days
under salt stress. The maximum decreases in @PSII, ETR and gP
were observed in YZ9102, followed by JHR1 and JHBI at the 10
days under salt stress as compared to CK.

The non-photochemical quenching coefficient (gNP) was
significantly increased after salt exposure for 5 days as compared
to CK, but that showed an inferior increase in three cultivars at 10
days under salt stress (Table 2). The gNP in YZ9102 increased by
40.03% and 31.88% after 5 and 10 days for salt stress, that exhibited
the maximum increase in three cultivars. The gNP in JHBI
increased by 17.09% and 10.12% after 5 and 10 days for salt
stress, as compared to CK. JHRI showed the minimum increase
in gNP.
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4 Discussion

Peanut is moderately sensitive or comparatively sensitive
(Meena et al., 2016) to soil saline stress conditions. Previous
reports suggested that there is huge genetic diversity in the salt
tolerance among peanut germplasms (Pal and Pal, 2022). The
agronomic traits such as survival under salt stress, plant height,
relative growth rate reflected the salt tolerance of peanut (Yasmine
et al., 2019). The salt tolerance coefficient that was calculated as
biomass accumulation ratio under salt stress to unstressed control
in each genotype was considered as selection criteria for salt
tolerance in peanut (Pal and Pal, 2022). In the present study, the
maximum inhibition of growth and biomass under salt stress was
recorded in YZ9102, followed by JHRI and JHBI1. Our results
suggested that JHB1 is a relatively salt-tolerant cultivar compared to
YZ9102. Higher levels of anthocyanin in cultivars showed stronger
salt tolerance, as compare to the cultivars with low anthocyanin
content which has been observed in rice (Chunthaburee et al., 2016)
and Brassica napus (Kim et al., 2017).

The homeostasis of intracellular K*, Ca?* and Na*
concentrations under salt stress is essential for maintaining
membrane potential, and for the activities of many enzymes and
an appropriate osmotic regulation (Zhu, 2003). Ion imbalances
induced oxidative stress in response to imbalances in ROS, and
resulted in nutrient deficiency and ion toxicity. In the current study,
Na' accumulation was significantly increased in leaves and stems
under salt stress. However, a slight or significant increase in the
content of K" and Ca*" under salt stress was observed in leaves of
three peanut cultivars. This might suggest that peanut can improve
relatively stable K* and Ca** accumulation in leaves by adjusting
the transport capacity of mineral ions to alleviate the adverse effect
of Na™ excessive accumulation (Li Q. et al., 2022). In our study, the
K*/Na* and Ca**/Na" were significantly decreased in all three
cultivars under salt stress, and decreased more severely in stems
than that in leaves. Similar results have been observed in wheat
(Rahnama et al,, 2011) and rice (Nemati et al., 2011). This might
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suggest that the selective ion transport and partitioning may be
contributing to the adaptation to salt stress of plants (Ran et al,
2021). In this study, the descend range of K*/Na* and Ca**/Na*
were similar in leaves or stems among the three cultivars. Our
results are inconsistent with the previous reports suggesting that the
ion ratio was related to salt tolerance under salt stress (Guo et al.,
2022). These results indicated that the salt tolerance of black peanut
may not be related to ion absorption.

Flavonoid is an important plant secondary metabolite, is proved
to be major component of plant antioxidant defense system against
abiotic stresses through preventing generation of ROS or
scavenging already generated ROS (Hernandez et al, 2009). In
the present study, salt stress significantly increased the contents of
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flavonoid and anthocyanin in all three cultivars. Similar results have
been reported in Brassica napus (Kim et al., 2017) and pea (Farooq
et al., 2021), which found that the contents of total flavonoid and
phenolic compounds showed a significant increase to improve
resistance in response to salt stress. In this study, JHRI and JHBI
showed the higher increase of anthocyanin and flavonoid than
YZ9102 under salt stress. These findings are consistent with wheat
(Liu et al, 2012), suggesting that the salt-tolerant cultivars had
higher increase of anthocyanin content than salt-sensitive under
salt stress. With or without salt stress, the anthocyanin and
flavonoid contents of JHB1 were higher than those of JHR1 and
YZ9102, suggesting that the salt-tolerant cultivars had higher
anthocyanin content than the salt-sensitive cultivars to possess

frontiersin.org


https://doi.org/10.3389/fpls.2024.1368260
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Li et al.

 CK
a == SS

Photosynthetic rate
(mmol m? s”!

]
-3
-3

Pl el o N N N
Q¥ & X @ A N
Cultivars
C
0.25
— CK
a === §S
3 0204 a
B ~ 2 a
T a
£ 4 015
5 E a
Tt z 0.10
£EE . I
g b L
7 0.05 { b

o % % O O O
¥ Q& X N N
O R I
Cultivars

FIGURE 5

10.3389/fpls.2024.1368260

B 5
— CK
a == S§S
44 , "
?::F - a e
S+ 31
ZZ2{fb B b
EE
) b
1 b b
5 o o NI O O
g & ® ¢ \{ N
o N3 NS 2O & Q©
& X ¥ @Y ¢
Cultivars
D
7
w— CK
6 == SsS
a
? 5 2a b : a2 71
e a b
£ =
e=
223
5E
= 2
E2
1
0

N N NI
\2 N N
& ®

Cultivars

The photosynthetic rate (A), transpiration rate (B), stomatal conductance (C) and water use efficiency (D) of peanut leaves under salt stress for 5 and
10 days. Different lowercase letters in the bar graph indicate significantly different between CK and SS at p<0.05. CK, meaning plants were watered
by Hoagland solution without NaCl, and SS, meaning plants were watered by Hoagland solution with 150 mM NaCl. The 5 and 10 in abscissa

represented 5 and 10 days after salt stress, respectively.

more physiological activities (Daiponmak et al., 2010). Majority of
the research community has confirmed these results. Over
expression the genes related to the flavonoid and anthocyanin
biosynthesis in transgenic plants increased the flavonoid and
anthocyanin accumulation, enhanced the oxidation resistance and

salt tolerance (Li et al., 2016; Wang et al., 2016).The anthocyanin
free (Kang et al,, 2014) and flavonoid deficiency (Sugimoto et al.,
2021) mutants failed to produce anthocyanin and flavonoid in all
tissues because of inactivation of flavonoid biosynthetic enzymes,
and increased production of reactive oxygen species (ROS).

TABLE 2 The chlorophyll fluorescence parameters of three peanut cultivars after 5 and 10 days under salt stress.

Days (d) Cultivars Treatment Fv/iFm @PSII ETR qP qNP
CK 0.89 + 0.02a 0.28 + 0.02a 251 +02la 032 +0.01a 0.90 + 0.10b
YZ9102
ss 0.87 % 0.02b 0.23 % 0.02b 2.06 % 0.17b 0.26 + 0.02b 127 +0.13a
CK 0.89 + 0.01a 027 + 0.03a 2.50 + 0.30a 0.29 + 0.04a 0.95 + 0.03a
5 JHRI
ss 0.88 + 0.01a 0.25 + 0.02a 234 £ 0.20a 027 £ 0.03a 1.00 + 0.04a
CK 0.88 + 0.01a 0.33 £ 0.03a 283 +031a 0.35 £ 0.03a 0.95 + 0.09b
JHB1
ss 0.87 +0.02a 0.31 +0.03a 262 + 0.24a 0.33 + 0.03a L11 +0.13a
CK 093 +0.03a 0.33 + 0.02a 2,69 + 0.20a 0.37 + 0.02a 0.87 + 0.04b
YZ9102
ss 0.86 = 0.01b 0.24 + 0.02b 1.91 +0.19b 0.27 % 0.03b 115 + 0.13a
CK 091 +0.01a 0.32 % 0.03a 2.83 + 025 0.35 + 0.04a 0.82 +0.03a
10 JHRI
ss 088+00b 0.25 + 0.02b 223 +0.20b 0.29 + 0.02b 0.84 + 0.05
CK 091 £ 0.01a 0.35 + 0.03a 2.84 £ 0.20a 0.39 + 0.03a 092 + 0.05
JHB1
ss 0.88 + 0.02b 0.29 + 0.02b 231 +0.12b 0.32 + 0.03b 1.02 + 0.08a

Data are means + SD of five biological replicates. Different lowercase letters in the same column indicate significantly different between CK and SS at p<0.05. CK, meaning plants were watered by
Hoagland solution without NaCl, and SS, meaning plants were watered by Hoagland solution with 150 mM NaCl.
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High concentration of salt stress caused rapid increase of ROS,
which could perturb cellular redox homeostasis, results in oxidative
stress and induce a series of cell damage. The ROS scavenging system
of plants could be activated to alleviate such oxidative damages for
enhancing salt tolerance (Choudhury et al., 2013). The antioxidative
enzymes including SOD, POD and CAT could cooperatively
scavenge the ROS and maintain the ROS below toxic range (Kaya
et al,, 2020). In this study, the antioxidative enzyme activities of SOD,
POD and CAT were activated by salt stress in JHR1 and JHBI,
however, those were restrained in YZ9102. Different responses of
enzyme activities to salt stress may be responsible for the different
sensitivities among the cultivars under salt stress (Guo et al., 2022).
The activation of enzyme activities was more obvious in JHBI than
JHR1. Similar with our findings, cultivars e.g. maize (Hichem et al,
2009) and apple (Wang et al., 2015) with more intense anthocyanin
showed higher increase of total antioxidant activity than less ones
under salt stress, and exhibited more redox stabilization and better
behavior of salt-challenge. Exogenous anthocyanin treatments
suggested that anthocyanin not only acted as free radical
scavengers but promoted activation of antioxidant enzymes and
other non-enzymatic antioxidants, and improved the physiological
state of plants (Paul et al., 2017; Maleva et al., 2018), which indirectly
confirmed our results. In the current study, the activation effect of
three antioxidant enzyme activities in JHB1 gradually increased from
1 to 10 d after salt stress, however those in JHR1 were found to
decrease or inactivate at late stage compared with the early salt stress.
It may be attributed to that there were differences with resistance to
salt stress duration and intensity among cultivars (Wang et al., 2019;
El-Badri et al, 2021). In our study, MDA content showed a
maximum and minimum increase in YZ9102 and JHB1 under salt
stress, respectively. Similar results in maize (Hichem et al., 2009) also
suggested that genotypes with high anthocyanin content were able to
maintain lower MDA content and significant higher dry matter
production than yellow ones upon salt stress. The MDA content in
YZ9102 showed a rapid increase, however, it was slowly increased in
JHB1 under salt stress. The result was consistent with the trend of
enzyme activities of three cultivars. Our results indicated that
activating antioxidant enzymes via anthocyanin under salt stress
could effectively alleviate cell damage caused by oxidative stress
(Daiponmak et al., 2010).

Photosynthesis reduction under salt stress is mainly due to
stomatal closure and CO, diffusion hindered via a reduction in
guard cell turgor, and partially to photosystem II (PSII) photo
inhibition. The net photosynthetic rate decreased with increasing
intensity of salt stress, and showed greater reduction in the salt-
sensitive cultivar than that in tolerant (Dionisio-Sese and Tobita,
2000). Similar results were obtained in this study. The photosynthetic
traits (P,, G, and T,) significantly decreased at 5 days under salt
stress, and further decreased at 10 days of salt stress. Maximum
reductions of photosynthetic traits were recorded in cultivar YZ9102,
followed by JHR1 and JHBI. It may be attributed to that the tolerant
cultivars had more responsive stomata that tended to close faster
when exposure to salt stress at the first few hours, followed by partial
recovery after a temporary acclimation. However, the recovery ability
of stomata in sensitive cultivars was deficiency coping with salt stress
(Foad and Ismail, 2007). Similar results in water spinach also
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suggested that P, G, and T, in green cultivar were more sensitive
to salt stress than that in red cultivar, and showed a severe decline
under the same salt stress (Kitayama et al., 2019). Exogenous
antioxidant alleviated photosynthesis inhibition in rapeseed (Ma
et al, 2017) and soybean (Alharbi et al., 2021) under salt stress by
activating antioxidant systems, mitigated the salt stress damage,
which explained that the photosynthetic capacity in more intense
in anthocyanin rich cultivars were less affected by salt stress. The
water use efficiency (WUE), estimated as the ratio of P,, to T, showed
a gradually downward in tomato when exposure to 0.3%~0.9% salt
stress (Yang et al., 2019). However, WUE exhibited a significant
increase in tartary buckwheat under 100 mM NaCl stress, and a little
change in common buckwheat (Matsuura et al., 2005). The response
of WUE to salt stress represented the salt tolerance of different species
or cultivars. In this study, the WUE was found to a downward in
YZ9102 during salt stress duration, and showed an increase trend in
JHR1 and JHBIafter10 days of salt stress. It may be mainly attributed
to the diverse maintenance of P, and G under salt stress.
Chlorophyll fluorescence, providing insights into the response
of photosynthesis to environmental stresses, is a rapid and non-
destructive tool used to screen cultivars for salt tolerance (Zribi
et al, 2009). In the present study, the chlorophyll fluorescence
including F,/F,,, ®@PSII, ETR and qP showed a slight reduction in
three cultivars at 5 days after salt stress, and significantly decreased
at 10 days. Similar result was found in sorghum (Netondo et al,
2004). It may be responsible for the PSII photo inhibition turn into
the main limitation of photosynthesis reduction at late stage of salt
stress (Dionisio-Sese and Tobita, 2000). The maximum decrease in
chlorophyll fluorescence was observed in YZ9102, followed by
JHR1 and JHBI1 under salt stress. Similar result in brassicas
suggested that salt-tolerant cultivars exhibited better PSII
quantum efficiency and utilization of photochemical energy than
salt-sensitive cultivars under salt stress (Ahmed et al., 2023). Water
spinach cultivars with higher anthocyanin content also showed
lesser inhibition in PSII quantum efficiency than those with lower
anthocyanin content (Kitayama et al., 2019). In this study, the gNP
in YZ9102 showed the maximum increase under salt stress,
followed by JHB1 and JHRI. Our results are consistent with rice
(Foad and Ismail, 2007), suggesting that PSII reaction center could
alleviate excitation pressure via diverting light energy into heat to
maintain an adequate balance between absorption and utilization of
light (Krause and Weis, 1991). Salt stress inhibited electron
transport involving PSII, and increased the gNP in Arabidopsis,
however, did not affected the photochemical efficiency in
Thellungiella (Stepien and Johnson, 2009), suggesting that the
photosystem of salt-tolerant crops showed greater stability.

5 Conclusions

In conclusion, a prominent difference in response to salt stress
among the three tested cultivars of different testa color was observed
in this study. The strength of salt tolerance was higher in black color
testa genotype (JHB1) followed by red (JHR1) and pink (YZ9102)
on the basis of the relative growth value. JHB1 showed maximum
accumulation of flavonoid and anthocyanin than JHR1 and YZ9102
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with or without salt stress. In salt treated, the ion imbalances,
expressed as the ratio of K*/Na™ and Ca®*/Na*, were shown to be
similar among the three cultivars. The relative activation of
antioxidant enzyme activities and membrane stability in JHB1
were more outstanding than the other two cultivars when
subjected to salt stress. The most tolerant to salt stress in JHBI
was mainly attributed to the accumulation of the anthocyanin and
flavonoid activating antioxidant protection against the oxidative
damage to maintain the higher photosynthetic efficiency and plant
growth under salt stress. It is necessary to study the underlying
molecular mechanisms of salt tolerance in black peanut or
exogenous anthocyanin regulated salt tolerance.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

GL: Conceptualization, Formal analysis, Investigation,
Methodology, Supervision, Writing — original draft, Writing -
review & editing. XG: Data curation, Investigation, Writing -
original draft. YS: Data curation, Investigation, Writing - original
draft. SG: Writing - review & editing. KZ: Data curation,
Methodology, Software, Writing - original draft. FW: Data
curation, Investigation, Writing - original draft. GW: Data
curation, Methodology, Software, Writing - original draft. HZ:
Data curation, Investigation, Writing - original draft. AL: Data
curation, Formal Analysis, Writing — original draft. XW: Funding
acquisition, Project administration, Supervision, Writing — review
& editing. CZ: Funding acquisition, Project administration,
Supervision, Writing — review & editing.

References

Abogadallah, G. M. (2010). Insights into the significance of antioxidative defense
under salt stress. Plant Signa. Behav. 5, 369-374. doi: 10.4161/psb.5.4.10873

Aebi, H. (1984). Catalase in vitro. Metho Enzym. 105, 121-126. doi: 10.1016/S0076-
6879(84)05016-3

Ahmed, M. Z,, Fatima, S., Nawaz, M. A., Abideen, Z., Nielsen, B. L., and Ahmad, N.
(2023). Salt-induced modulation of ion transport and PSII photoprotection determine
the salinity tolerance of amphidiploid brassicas. Plants 12, 2590. doi: 10.3390/
PLANTS12142590

Ait-El-Mokhtar, M., Baslam, M., Ben-Laouane, R., Anli, M., Boutasknit, A., Mitsui,
T., et al. (2020). Alleviation of detrimental effects of salt stress on date palm (Phoenix
dactylifera 1.) by the application of arbuscular mycorrhizal fungi and/or compost.
Front. Sustain. Food Syst. 4. doi: 10.3389/FSUFS.2020.00131

Alharbi, B. M., Elhakem, A. H., Alnusairi, G. S. H., Soliman, M. H., Hakeem, K. R,,
Hasan, M. M., et al. (2021). Exogenous application of melatonin alleviates salt stress-
induceddecline in growth and photosynthesis in Glycine max (L.) seedlings by
improving mineral uptake, antioxidant and glyoxalase system. Plant Soil Environ. 67,
208-220. doi: 10.17221/659/2020-PSE

Banavath, J. N., Chakradhar, T., Pandit, V., Konduru, S., Guduru, K. K., Akila, C. S.,
et al. (2018). Stress inducible overexpression of AtHDGI1Ileads to improved drought
and salt stress tolerance in peanut (Arachis hypogaea L.). Front. Chem. 6. doi: 10.3389/
fchem.2018.00034

Frontiers in Plant Science

11

10.3389/fpls.2024.1368260

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This
research was funded by Key Research and Development Project
of Shandong Province (2022LZGC007, 2022LZGC022), National
Natural Science Foundation of China (32072090), Agricultural
scientific and technological innovation project of Shandong
Academy of Agricultural Sciences, New 20 Policies for
Universities in Jinan (202333047), Taishan Scholar Project of
Shandong Province.

Acknowledgments

The authors thank Prof. Bo Feng for providing the portable
photosynthesis system. The laboratory staff provided help in
auxiliary work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Bonku, R., and Yu, J. M. (2020). Health aspects of peanuts as an outcome of its
chemical composition. Food Sci. Hum. Wellness. 9, 21-30. doi: 10.1016/
j.fshw.2019.12.005

Chakraborty, K., Bhaduri, D., Meena, H. N., and Kalariya, K. (2016). External
potassium (K") application improves salinity tolerance by promoting Na'-exclusion,
K*-accumulation and osmotic adjustment in contrasting peanut cultivars. Plant
Physiol. Biochem. 103, 143-153. doi: 10.1016/j.plaphy.2016.02.039

Choudhury, S., Panda, P., Sahoo, L., and Panda, S. K. (2013). Reactive oxygen species
signaling in plants under abiotic stress. Plant Signal. Behav. 8, 23681. doi: 10.4161/
psb.23681

Chunthaburee, S., Sakuanrungsirikul, S., Wongwarat, T., Sanitchon, J., Pattanagul,
W., and Theerakulpisut, P. (2016). Changes in anthocyanin content and expression of
anthocyanin synthesis genes in seedlings of black glutinous rice in response to salt
stress. Asian J. Plant Sci. 15, 56-65. doi: 10.3923/ajps.2016.56.65

Daiponmak, W., Theerakulpisut, P., Thanonkao, P., Vanavichit, A., and Pratheph, P.
(2010). Changes of anthocyanin cyanidin-3-glucoside content and antioxidant activity
in Thai rice varieties under salinity stress. Sci. Asia. 36, 286-291. doi: 10.2306/
scienceasial513-1874.2010.36.286

Dionisio-Sese, M. L., and Tobita, S. (2000). Effects of salinity on sodium content and
photosynthetic responses of rice seedlings differing in salt tolerance. J. Plant Physiol.
157, 54-58. doi: 10.1016/S0176-1617(00)80135-2

frontiersin.org


https://doi.org/10.4161/psb.5.4.10873
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.3390/PLANTS12142590
https://doi.org/10.3390/PLANTS12142590
https://doi.org/10.3389/FSUFS.2020.00131
https://doi.org/10.17221/659/2020-PSE
https://doi.org/10.3389/fchem.2018.00034
https://doi.org/10.3389/fchem.2018.00034
https://doi.org/10.1016/j.fshw.2019.12.005
https://doi.org/10.1016/j.fshw.2019.12.005
https://doi.org/10.1016/j.plaphy.2016.02.039
https://doi.org/10.4161/psb.23681
https://doi.org/10.4161/psb.23681
https://doi.org/10.3923/ajps.2016.56.65
https://doi.org/10.2306/scienceasia1513-1874.2010.36.286
https://doi.org/10.2306/scienceasia1513-1874.2010.36.286
https://doi.org/10.1016/S0176-1617(00)80135-2
https://doi.org/10.3389/fpls.2024.1368260
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Li et al.

El-Akhal, M. R,, Rincon, A., Coba de la Pefia, T., Lucas, M. M., El Mourabit, N.,
Barrijal, S., et al. (2012). Effects of salt stress and rhizobial inoculation on growth and
nitrogen fixation of three peanut cultivars. Plant Biol. 15, 415-421. doi: 10.1111/.1438-
8677.2012.00634.x

El-Badri, A. M., Batool, M., Mohamed, I. A. A, Wang, Z. K., Khatab, A., Sherif, A.,
et al. (2021). Antioxidative and metabolic contribution to salinity stress responses in
two rapeseed cultivars during the early seedling stage. Antioxidants 10, 1227.
doi: 10.3390/antiox10081227

Eryilmaz, F. (2006). The relationships between salt stress and anthocyanin content in
higher plants. Biotechnol 20, 47-52. doi: 10.1080/13102818.2006.10817303

Faroog, M., Ahmad, R., Shahzad, M., Sajjad, Y., Hassan, A., Shah, M. M., et al. (2021).
Differential variations in total flavonoid content and antioxidant enzymes activities in
pea under different salt and drought stresses. Sci. Hortic. 287, 110258. doi: 10.1016/
j.scienta.2021.110258

Foad, M., and Ismail, A. M. (2007). Responses of photosynthesis, chlorophyll
fluorescence and ROS-scavenging systems to salt stress during seedling and
reproductive stages in rice. Ann. Bot. 99, 1161-1173. doi: 10.1093/aob/mcm052

Giannopolitis, C. N., and Ries, S. K. (1977). Superoxide Dismutases: I. Occurrence in
higher plants. Plant Physiol. 59, 309-314. doi: 10.1104/pp.59.2.309

Guo, X., Ahmad, N., Zhao, S. Z., Zhao, C. Z., Zhong, W., Wang, X. J,, et al. (2022).
Effect of salt stress on growth and physiological properties of asparagus seedlings.
Plants 11, 2836. doi: 10.3390/plants11212836

Hernandez, I, Alegre, L., Van Breusegem, F., and Munné-Bosch, S. (2009). How
relevant are flavonoids as antioxidants in plants? Trends Plant Sci. 14, 125-132.
doi: 10.1016/j.tplants.2008.12.003

Hichem, H., Mounir, D., and Naceur, E. A. (2009). Differential responses of two
maize (Zea mays L.) varieties to salt stress: Changes on polyphenols composition of
foliage and oxidative damages. Ind. Crop Prod. 30, 144-151. doi: 10.1016/
j.indcrop.2009.03.003

Hodges, D. M., DeLong, J. M., Forney, C. F., and Prange, R. K. (1999). Improving the
thiobarbituric acid-reactive-substances assay for estimating lipid peroxidation in plant
tissues containing anthocyanin and other interfering compounds. Planta 207, 604-611.
doi: 10.1007/s004250050524

Jia, Z.S., Tang, M. C., and Wu, J. M. (1999). The determination of flavonoid contents
in mulberry and their scavenging effects on superoxide radicals. Food Chem. 64, 555-
559. doi: 10.1016/S0308-8146(98)00102-2

Kang, J. H., McRoberts, J., Shi, F., Moreno, J. E., Jones, A. D., and Howe, G. A. (2014).
The flavonoid biosynthetic enzyme chalcone isomerase modulates terpenoid
production in glandular trichomes of tomato. Plant Physiol. 164, 1161-1174.
doi: 10.1104/pp.113.233395

Kaya, C., Higgs, D., Ashraf, M., AlYemeni, M. N., and Ahmad, P. (2020). Integrative
roles of nitric oxide and hydrogen sulfide in melatonin-induced tolerance of pepper
(Capsicum annuum L.) plants to iron deficiency and salt stress alone or in combination.
Physio Planta. 168, 256-277. doi: 10.1111/ppl.12976

Kim, J., Lee, W. J., Vu, T. T,, Jeong, C. Y., Hong, S. W., and Lee, H. (2017). High
accumulation of anthocyanins via the ectopic expression of AtDFR confers significant
salt stress tolerance in Brassica napus L. Plant Cell Rep. 36, 1215-1224. doi: 10.1007/
500299-017-2147-7

Kitayama, M., Tisarum, R., Theerawitaya, C., Samphumphung, T., Takagaki, M., and
Kirdmanee, C. (2019). Regulation on anthocyanins, o-tocopherol and calcium in two
water spinach (Ipomoea aquatica) cultivars by NaCl salt elicitor. Sci. Hortic. 249, 390—
400. doi: 10.1016/j.scienta.2019.02.021

Krause, G. H., and Weis, E. (1991). Chlorophyll fluorescence and photosynthesis: the
basics. Ann. Rev. Plant Physiol. Plant Mol. Biol. 42, 313-349. doi: 10.1146/
annurev.pp.42.060191.001525

Li, P, Li, Y. J., Zhang, F. ], Zhang, G. Z,, Jiang, X. Y., Yu, H. M,, et al. (2016). The
Arabidopsis UDP-glycosyltransferases UGT79B2 and UGT79B3, contribute to cold,
salt and drought stress tolerance via modulating anthocyanin accumulation. Plant J. 89,
85-103. doi: 10.1111/tpj.13324

Li, Q, Qin, Y. Z,, Hu, X. X,, Jin, L. P,, Li, G. C,, Gong, Z. P., et al. (2022). Physiology
and gene expression analysis of potato (Solanum tuberosum L.) in salt stress. Plants 11,
1565. doi: 10.3390/plants11121565

Li, W. J,, Sun, J,, Zhang, X. Q., Ahmad, N., Hou, L., Zhao, C. Z, et al. (2022). The
mechanisms underlying salt resistance mediated by exogenous application of 24-
epibrassinolide in Peanut. Int. J. Mol. Sci. 23, 6376. doi: 10.3390/ijms23126376

Liu, C,, Li, S., Wang, M. C,, and Xia, G. M. (2012). A transcriptomic analysis reveals
the nature of salinity tolerance of a wheat introgression line. Plant Mol. Biol. 78, 159-
169. doi: 10.1007/s11103-011-9854-1

Luo, L., Wan, Q,, Zhang, K., Zhang, X. R,, Guo, R. ]., Wang, C,, et al. (2021). AhABI4s
negatively regulate salt-stress response in peanut. Front. Plant Sci. 12. doi: 10.3389/
fpls.2021.741641

Ma, N,, Hu, C., Wan, L., Hu, Q,, Xiong, J. L., and Zhang, C. L. (2017). Strigolactones
improve plant growth, photosynthesis, and alleviate oxidative stress under salinity in
rapeseed (Brassica napus L.) by regulating gene expression. Front. Plant Sci. 8.
doi: 10.3389/fpls.2017.01671

Maleva, M., Garmash, E., Chukina, N., Malec, P., Waloszek, A., and Strzatka, K.
(2018). Effect of the exogenous anthocyanin extract on key metabolic pathways and
antioxidant status of Brazilian elodea (Egeria densa (Planch.) Casp.) exposed to

Frontiers in Plant Science

10.3389/fpls.2024.1368260

cadmium and manganese. Ecotoxi. Environ.Safety. 160, 197-206. doi: 10.1016/
j.ecoenv.2018.05.031

Matsuura, H., Inanaga, S., and Murata, K. (2005). Differences in the vegetative
growth between common and tartary buckwheat in saline hydroponic culture. Plant
Prod. Sci. 8, 533-538. doi: 10.1626/pps.8.533

Meena, H. N, Ajay, B. C,, Rajanna, G. A, Yadav, R. S,, Jain, N. K., and Meena, M. S.
(2022). Polythene mulch and potassium application enhances peanut productivity and
biochemical traits under sustained salinity stress condition. Agric. Water Manage. 273,
107903. doi: 10.1016/j.agwat.2022.107903

Meena, H. N., Meena, M., and Yadav, R. S. (2016). Comparative performance of seed
types on yield potential of peanut (Arachis hypogaea L.) under saline irrigation. Field
Crops Res. 196, 305-310. doi: 10.1016/j.fcr.2016.06.006

Mondal, M., Skalicky, M., Garai, S., Hossain, A., Sarkar, S., Banerjee, H., et al. (2020).
Supplementing nitrogen in combination with rhizobium inoculation and soil mulch in
peanut (Arachis hypogaea L.) production system: Part I. effects on productivity, soil
moisture, and nutrient dynamics. Agronomy 10, 1582. doi: 10.3390/agronomy10101582

Nemati, 1., Moradi, F., Gholizadeh, S., Esmaeili, M. A., and Bihamta, M. R. (2011).
The effect of salinity stress on ions and soluble sugars distribution in leaves, leaf sheaths
and roots of rice (Oryza sativa L.) seedlings. Plant Soil Environ. 57, 26-33.
doi: 10.17221/71/2010-PSE

Netondo, G. W., Onyango, J. C., and Beck, E. (2004). Sorghum and salinity: II. Gas
exchange and chlorophyll fluorescence of sorghum under salt stress. Crop Sci. 44, 806—
811. doi: 10.2135/cropsci2004.8060

Nickel, K. S., and Cunningham, B. (1969). Improved peroxidase assay method using
leuco 2,3’,6-trichloroindophenol and application to comparative measurements of
peroxidatic catalysis. Anal. Biochem. 27, 292-299. doi: 10.1016/0003-2697(69)90035-9

Pal, A,, and Pal, A. K. (2022). Differential responses on chlorophyll content, osmolyte
accumulation and membrane damage parameters under salinity stress on tolerant and
susceptible genotypes of groundnut. Legume Res. 45, 1506-1516. doi: 10.18805/LR-
4284

Paul, S., Roychoudhury, A., Banerjee, A., Chaudhuri, N., and Ghosh, P. (2017). Seed
pre-treatment with spermidine alleviates oxidative damages to different extent in the
salt (NaCl)-stressed seedlings of three indica rice cultivars with contrasting level of salt
tolerance. Plant Gene. 11, 112-123. doi: 10.1016/j.plgene.2017.04.002

Porcel, R, Aroca, R, and Ruiz-Lozano, J. M. (2012). Salinity stress alleviation using
arbuscular mycorrhizal fungi. A review. Agron. Sustain. Dev. 32, 181-200. doi: 10.1007/
$13593-011-0029-x.hal-00930499

Qin, L. Q, Li, L, Bi, C,, Zhang, Y. L., Wan, S. B, Meng, J. ], et al. (2011). Damaging
mechanisms of chilling and salt stress to Arachis hypogaea L. leaves. Photosynthetica 49,
37-42. doi: 10.1007/s11099-011-0005-3

Qin, W. J,, Yan, H. Y., Zou, B. Y,, Guo, R. Z, Ci, D. W,, Tang, Z. H,, et al. (2021).
Arbuscular mycorrhizal fungi alleviate salinity stress in peanut: Evidence from pot-
grown and field experiments. Food Energy Secur. 10, e314. doi: 10.1002/fes3.314

Rahnama, A., Poustini, K., Tavakkol-Afshari, R., Ahmadi, A., and Alizadeh, H.
(2011). Growth properties and ion distribution in different tissues of bread wheat
genotypes (Triticum aestivum L.) differing in salt tolerance. J. Agr. Crop Sci. 197, 21-30.
doi: 10.1111/jac.2010.197.issue-1

Ran, X., Wang, X,, Gao, X. K,, Liang, H. Y,, Liu, B. X,, and Huang, X. X. (2021).
Effects of salt stress on the photosynthetic physiology and mineral ion absorption and
distribution in white willow (Salix alba L.). PloS One 16, €0260086. doi: 10.1371/
journal.pone.0260086

Rasouli, F., Amini, T., Skrovankova, S., Asadi, M., Hassanpouraghdam, M. B., Ercisli,
S., et al. (2023). Influence of drought stress and mycorrhizal (Funneliformis mosseae)
symbiosis on growth parameters, chlorophyll fluorescence, antioxidant activity, and
essential oil composition of summer savory (Satureja hortensis L.) plants. Front. Plant
Sci. 14. doi: 10.3389/fpls.2023.1151467

Sharma, S., Sharma, S., Kulkarni, J., and Jha, B. (2016). Halotolerant rhizobacteria
promote growth and enhance salinity tolerance in peanut. Front. Microbiol. 7, 1600.
doi: 10.3389/fmicb.2016.01600

Stepien, P., and Johnson, G. N. (2009). Contrasting responses of photosynthesis to
salt stress in the glycophyte Arabidopsis and the halophyte thellungiella: Role of the
plastid terminal oxidase as an alternative electron sink. Plant Physiol. 149, 1154-1165.
doi: 10.1104/pp.108.132407

Sugimoto, K., Zager, J. J., Aubin, B. S.,, Lange, B. M., and Howe, G. A. (2021).
Flavonoid deficiency disrupts redox homeostasis and terpenoid biosynthesis in
glandular trichomes of tomato. Plant Physiol. 188, 1450-1468. doi: 10.1093/plphys/
kiab488

Tian, S. F,, Guo, R. Z., Zou, X. X,, Zhang, X. ], Yu, X. N,, Zhan, Y,, et al. (2019).
Priming with the green leaf volatile (Z)-3-Hexeny-1-yl Acetate enhances salinity stress
tolerance in peanut (Arachis hypogaea L.) seedlings. Front. Plant Sci. 10. doi: 10.3389/
£pls.2019.00785

Wang, F. B, Kong, W. L., Wong, G, Fu, L. F,, Peng, R. H,, Li, Z. ], et al. (2016).
AtMYBI2 regulates flavonoids accumulation and abiotic stress tolerance in transgenic

Arabidopsis thaliana. Mol. Genet. Genomics 291, 1545-1559. doi: 10.1007/s00438-016-
1203-2

Wang, J. Z,, Jin, C, Wang, Y. P, and Chen, B. Q. (2019). Effects of salt stress on
antioxidant system activity and peroxidation damage in root tip cells of strawberry. Afr.
J. Biotec. 18, 702-706. doi: 10.5897/AJB2019.16840

frontiersin.org


https://doi.org/10.1111/j.1438-8677.2012.00634.x
https://doi.org/10.1111/j.1438-8677.2012.00634.x
https://doi.org/10.3390/antiox10081227
https://doi.org/10.1080/13102818.2006.10817303
https://doi.org/10.1016/j.scienta.2021.110258
https://doi.org/10.1016/j.scienta.2021.110258
https://doi.org/10.1093/aob/mcm052
https://doi.org/10.1104/pp.59.2.309
https://doi.org/10.3390/plants11212836
https://doi.org/10.1016/j.tplants.2008.12.003
https://doi.org/10.1016/j.indcrop.2009.03.003
https://doi.org/10.1016/j.indcrop.2009.03.003
https://doi.org/10.1007/s004250050524
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1104/pp.113.233395
https://doi.org/10.1111/ppl.12976
https://doi.org/10.1007/s00299-017-2147-7
https://doi.org/10.1007/s00299-017-2147-7
https://doi.org/10.1016/j.scienta.2019.02.021
https://doi.org/10.1146/annurev.pp.42.060191.001525
https://doi.org/10.1146/annurev.pp.42.060191.001525
https://doi.org/10.1111/tpj.13324
https://doi.org/10.3390/plants11121565
https://doi.org/10.3390/ijms23126376
https://doi.org/10.1007/s11103-011-9854-1
https://doi.org/10.3389/fpls.2021.741641
https://doi.org/10.3389/fpls.2021.741641
https://doi.org/10.3389/fpls.2017.01671
https://doi.org/10.1016/j.ecoenv.2018.05.031
https://doi.org/10.1016/j.ecoenv.2018.05.031
https://doi.org/10.1626/pps.8.533
https://doi.org/10.1016/j.agwat.2022.107903
https://doi.org/10.1016/j.fcr.2016.06.006
https://doi.org/10.3390/agronomy10101582
https://doi.org/10.17221/71/2010-PSE
https://doi.org/10.2135/cropsci2004.8060
https://doi.org/10.1016/0003-2697(69)90035-9
https://doi.org/10.18805/LR-4284
https://doi.org/10.18805/LR-4284
https://doi.org/10.1016/j.plgene.2017.04.002
https://doi.org/10.1007/s13593-011-0029-x.hal-00930499
https://doi.org/10.1007/s13593-011-0029-x.hal-00930499
https://doi.org/10.1007/s11099-011-0005-3
https://doi.org/10.1002/fes3.314
https://doi.org/10.1111/jac.2010.197.issue-1
https://doi.org/10.1371/journal.pone.0260086
https://doi.org/10.1371/journal.pone.0260086
https://doi.org/10.3389/fpls.2023.1151467
https://doi.org/10.3389/fmicb.2016.01600
https://doi.org/10.1104/pp.108.132407
https://doi.org/10.1093/plphys/kiab488
https://doi.org/10.1093/plphys/kiab488
https://doi.org/10.3389/fpls.2019.00785
https://doi.org/10.3389/fpls.2019.00785
https://doi.org/10.1007/s00438-016-1203-2
https://doi.org/10.1007/s00438-016-1203-2
https://doi.org/10.5897/AJB2019.16840
https://doi.org/10.3389/fpls.2024.1368260
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Li et al.

Wang, X. Q,, Li, C. Y,, Liang, D., Zou, Y. J., Li, P. M., and Ma, F. W. (2015). Phenolic
compounds and antioxidant activity in red-fleshed apples. J. Funct. Foods. 18, 1086
1094. doi: 10.1016/.jf£.2014.06.013

Xu, Z. H., and Rothstein, S.J. (2018). ROS-induced anthocyanin production provides
feedback protection by scavenging ROS and maintaining photosynthetic capacity in
Arabidopsis. Plant Signal. Behav. 13, 1364-1377. doi: 10.1080/15592324.2018.1451708

Yang, H., Shukla, M. K., Mao, X. M,, Kang, S. Z,, and Dy, T. S. (2019). Interactive
regimes of reduced irrigation and salt stress depressed tomato water use efficiency at
leaf and plant scales by affecting leaf physiology and stem sap flow. Front. Plant Sci. 10.
doi: 10.3389/fpls.2019.00160

Yasmine, F., Rahman, M. A,, Hasan, M. M., Alam, M. A,, Haque, M. S., Ismail, M. R,,
et al. (2019). Morphophysiological and yield attributes of groundnut varieties under
different salinity stress conditions. Legume Res. 42, 684-687. doi: 10.18805/LR-398

Zhang, G. C, Dai, L. X, Ding, H., Ci, D. W., Ning, T. Y., Yang, J. S, et al. (2020).
Response and adaptation to the accumulation and distribution of photosynthetic
product in peanut under salt stress. J. Integra. Agric. 19, 690-699. doi: 10.1016/
$2095-3119(19)62608-0

Zhang, K., Yuan, M,, Xia, H,, He, L. Q., Ma, J., Wang, M. X, et al. (2022). BSA-seq
and genetic mapping reveals AhRt2 as a candidate gene responsible for red testa of
peanut. Theor. Appl. Genet. 135, 1529-1540. doi: 10.1007/s00122-022-04051-w

Frontiers in Plant Science

13

10.3389/fpls.2024.1368260

Zhao, X. Y., Chen, J., and Du, F. L. (2012). Potential use of peanut by-products in
food processing: a review. J. Food Sci. Technol. 49, 521-529. doi: 10.1007/s13197-011-
0449-2

Zhao, Y. H., Ma, ]. ], Li, M., Deng, L., Li, G. H,, Xia, H., et al. (2020). Whole-genome
resequencing-based QTL-seq identified AhTcl gene encoding a R2R3-MYB
transcription factor controlling peanut purple testa colour. Plant Biotechnol. ]. 18,
96-105. doi: 10.1111/pbi.13175

Zhu, J. K. (2003). Regulation of ion homeostasis under salt stress. Curr. Opin. Plant
Biol. 6, 441-445. doi: 10.1016/S1369-5266(03)00085-2

Zhu, H,, Jiang, Y. A., Guo, Y., Huang, J. B., Zhou, M. H,, and Tang, Y. Y. (2021). A
novel salt inducible WRKY transcription factor gene, AhWRKY75, confers salt
tolerance in transgenic peanut. Plant Physiol. Biochem. 160, 175-183. doi: 10.1016/
j.plaphy.2021.01.014

Zou, K. Y., Kang, D., Kim, K. S,, and Jun, T. H. (2020). Screening of salinity tolerance
and genome-wide association study in 249 peanut accessions (Arachis hypogaea L.).
Plant Breed. Biotech. 8, 434-438. doi: 10.9787/PBB.2020.8.4.434

Zribi, L., Fatma, G., Fatma, R., Salwa, R, Hassan, N., and Néjib, R. M. (2009).
Application of chlorophyll fluorescence for the diagnosis of salt stress in tomato
“Solanum lycopersicum (variety Rio Grande)”. Sci. Hortic. 120, 367-372. doi: 10.1016/
j.scienta.2008.11.025

frontiersin.org


https://doi.org/10.1016/j.jff.2014.06.013
https://doi.org/10.1080/15592324.2018.1451708
https://doi.org/10.3389/fpls.2019.00160
https://doi.org/10.18805/LR-398
https://doi.org/10.1016/S2095-3119(19)62608-0
https://doi.org/10.1016/S2095-3119(19)62608-0
https://doi.org/10.1007/s00122-022-04051-w
https://doi.org/10.1007/s13197-011-0449-2
https://doi.org/10.1007/s13197-011-0449-2
https://doi.org/10.1111/pbi.13175
https://doi.org/10.1016/S1369-5266(03)00085-2
https://doi.org/10.1016/j.plaphy.2021.01.014
https://doi.org/10.1016/j.plaphy.2021.01.014
https://doi.org/10.9787/PBB.2020.8.4.434
https://doi.org/10.1016/j.scienta.2008.11.025
https://doi.org/10.1016/j.scienta.2008.11.025
https://doi.org/10.3389/fpls.2024.1368260
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Physiological and biochemical mechanisms underlying the role of anthocyanin in acquired tolerance to salt stress in peanut (Arachis hypogaea L.)
	1 Introduction
	2 Materials and methods
	2.1 Plant materials and treatments
	2.2 Determination of dry weight and leaf area
	2.3 Determination of Na+, K+ and Ca2+ ions
	2.4 Determination of total flavonoids
	2.5 Determination of anthocyanin
	2.6 Antioxidant enzymes activity and MDA content
	2.7 Determination of gas exchange
	2.8 Measurement of leaf chlorophyll fluorescence
	2.9 Statistical analysis

	3 Results
	3.1 Plant growth and biomass accumulation
	3.2 Content of Na+, K+ and Ca2+
	3.3 Content of flavonoid and anthocyanin
	3.4 Antioxidant enzyme activity
	3.5 Photosynthetic parameters
	3.6 Chlorophyll fluorescence parameters

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


