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This study was aimed to examine the effects of seaweed extract (SW) and humic acid on the fruit yield,
dry weight (DW%), protein, proline, lipid peroxidation (LPO) and antioxidative enzyme activity of pep-
per plants (Capsicum annuum L.) grown under saline conditions (100 mM). The obtained results indi-
cated that salinity stress affected deleteriously plant growth and all other parameters. Besides, the treat-
ment of seaweed (SW) and humic acid (HA) improved vegetative growth in the plant at all concentration
levels applied under salinity conditions. Leaf fresh and dry weight was increased by all SW and HA
applications in salinity stressed plant compared to those of control. Furthermore, there was a significant
improvement in antioxidant enzyme activity, such as superoxide dismutase (SOD), peroxidase (POD),
catalase (CAT) activities in the plant under salt stress and treated with SW and HA compounds. It suggests
that seaweed and humic acid can enhance salt stress tolerance and leads to conservation of pepper plant
against oxidative stress.
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INTRODUCTION

Salinity is one of the most critical issues in these regions which regions for agricul-
tural production. Almost 9.5 billion hectare of the earth’s land is saline, apart from
large areas of lesser salinized soil in cultivation sites [29]. Environmental stresses as
saltiness and aridness diminish growth and agricultural fertility more than other fac-
tors [1]. The detrimental impacts of chlorinity on plant growth are related to the insuf-
ficient osmotic capacity of soil dispersion, nutritional unbalance, particular ion
impact, or else a component of these parameters [4]. The salinity of soil is also turn-
ing into a main agricultural challenge during the whole of vegetable growing areas in
Turkey. However, some reports show that applying with natural products like humic
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acids and seaweed, enhances salinity endurance of crops probably by hormonal regu-
lation of plant defense systems against oxidative stress.

Humic acids, the primary acid extractable compound of humic materials, com-
posed of a hydrophobic theory of aromatic circles bounded by elastic carbon chains,
with alcohol, amide, amine phenol, carbonyl and carboxylic functional group [15],
improve enzymes activity and stimulate stress resistance [14]. Besides, Sargassum
polycystum known as brown seaweed algae that are mostly found in tropical regions
has essential economic value because of its uses as conventional medicine, animal
forage, and chemical products in Asian countries [45]. Furthermore, seaweeds are
used as animal food, soil improver, and fertilizer. They are also used in the form of
liquid extracts, as a growth regulatory and product protectors against pests and dis-
eases [24]. The beneficial impacts of seaweed applications enhanced the capacity to
improve the plant’s growth yield along with stress resistance under salt conditions
[19]. Seaweed extracts as biostimulants have not been wholly utilized due to lack of
scientific data on growth factors present in seaweeds and their forms of action in
affecting plant growth [27]. Seaweeds are applied as a foliar spray and enhance plant
growth [34]. In addition to growth improving impacts of seaweed, there is growing
evidence for a role of kelp in increasing plant tolerance to biotic stress such as infec-
tions and insects, and abiotic stress such as nutrition disorders, chlorinity, aridity and
thermal stress [41].

As the goal of this study, we investigated the effects of salt stress on the build-up
intensity of proline, the activities of antioxidant enzymes (SOD, POD, and CAT), the
accumulation amount of lipid peroxidation (LPO), protein content, quantity of yield,
fresh-dry weight in pepper plants. Thus, we hypothesized that application of salt at
high dose could cause oxidative stress and hence adjust antioxidative defense system
in pepper plants. Shortly, the primary goal of this paper was to obtain insight into the
mechanisms by which humic acid and seaweed applications contribute to the preser-
vation of plant against salt stress.

MATERIAL AND METHODS
Plant growth conditions and treatments

An entire design experiment was performed in triplicates in the field located at the
Mugla Sitki Kogman University, Turkey. A greenhouse pot investigation had been
carried out from 02 March to 20 May 2015 with pepper plants (Capsicum annuum L.
cv. Yalova Carliston), which are assumed to be sensitive to salt stress based on the
previous results. Three seedlings of the same size were planted into each pot filled
with 20 L of a medium including peat and perlite in 1 to 3 ratio. After the adaptation
to medium, the seedlings were thinned to sustain one per plastic pot. The plants were
grown under controlled conditions at average 25°C/18 °C (day/night) temperatures.
Plants were maintained for about 14 days before the beginning of salt stress (100 mM
NaCl) and other (SW and HA) treatments. Water-soluble powder from the commer-
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Pepper plants applied with varyin;alle):ileel]s of salt, seaweed, and humic acid
Sample No. Treatments Code name
1 Control* C
2 Salt** S
3 Humic acid (0.5 g L) HA1
4 Humic acid (1 g L) HA2
5 Humic acid (1.5 g L) HA3
6 Seaweed (1 g L) SW1
7 Seaweed (2 g L) SW2
8 Seaweed (3 g L)) SW3
9 Salt+Humic acid (0.5 g L'1) SHA1
10 Salt+Humic acid (1 g L) SHA2
11 Salt+Humic acid (1.5 g L) SHA3
12 Salt+Seaweed (1 g L) SSW1
13 Salt+Seaweed (2 g L) SSW2
14 Salt+Seaweed (3 g L) SSW3

*Nutrient solution and irrigation water only.
**Salinity concentration as (100 mM) NaCl.

cial extract of A. nodosum (Pavoni&C S.p.a.) (SW) was obtained from Kalender
Group, Antalya, Turkey. Contents of seaweed: total organic matter (30%), water
soluble K,O (19%), alginic acid (8%), and gibberellic acid (0.009%). Humic acid
prepared from leonardite was purchased from IZOTAR (Kemalpasa, Izmir/Turkey).
Humic acid and seaweed extracts were applied to pepper plants with irrigation water.
In SW and HA used experiments, five applications were made with 1-week intervals.
The volume of the irrigation solution was 2 liters. For seaweed application, 100 g of
raw material was dissolved in 100 L of water. Table 1 shows the NaCl and different
amounts of other treatments with their code names.

The nutrient solution recommended by Hoagland and Arnon was used that con-
tained: P (31 mg L-1), N (NO;-form) (270 mg L-!), Ca (200 mg L-1), K (234 mg L),
Mg (48 mg L1), S (64 mg L-1), Mn (0.5 mg L!), Fe (2.8 mg L-1), B (0.5 mg L),
Zn (0.05 mg L-1), Cu (0.02 mg L), and Mo (0.01 mg L-1). Nutrient medium’s pH
was adjusted to 6.5 with KOH (0.01 M). Throughout the whole growth period, plants
were watered and provided with the indicated nutrients. The cultivated plants were
harvested 75 days after seedling. For biochemical studies, 20 leaves were collected
from each block separately. Leaf samples were taken from just below of the first leaf
in the apical section (second leaf from the top). The leaves were stored in the refrig-
erator immediately after plucking until they arrive at the lab. Leaves were stored at
—20 °C in the lab freezer till further studies.
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Lipid peroxidation levels

Lipid peroxidation content was analyzed by determining the malondialdehyde
(MDA) level by the method of Cakmak and Horst [10] with specific alterations just
as recommended by Weisany et al. [40].

Proline content
Leaf free proline content was determined by the procedure developed by Bates
et al. [6].
Activities of antioxidant enzymes
Fresh leaf material (500 mg) was well grounded in sodium phosphate buffer (50
mM), which contained 1% soluble polyvinyl pyrrolidone. Superoxide dismutase
(SOD) was determined according to Giannopolitis and Ries [21], and Cakmak et al.
[11]. Catalase activity (CAT) was established by the procedure of Bergmeyer [8].
Ascorbate peroxidase activity was determined by the Nakano and Asada [32] method.
The POD was performed according to Herzog and Fahimi [25]. The Bradford [9]
protocol was employed to estimate total soluble proteins.
Yield analysis
Pepper fruit production was analyzed on weekly bases (kg) from the beginning of the
fruit giving to the end of the harvest.

Statistical analysis

The obtained data were subjected to SPSS (v. 22) to work out variance analysis.
Significant differences among mean values were assessed at p<5%.

RESULTS
Dry matter and total product yield
Exposure of pepper plants to salt stress (100 mM) during the vegetative stage result-
ed in a general reduction in the plant growth. Analysis results shown in Figure 1

indicates that treatment of salt caused a decrease in the amount of leaf dry-weight and
crop yield significantly, where the percentages of decline are nearly 17% and 24%
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Fig. 1. The effects of HA and SW treatments on dry matter and total production yield of pepper plants
grown in salt conditions. Different letters are significantly different (P<0.05)

relative to the control, respectively. However, these parameters increase with all treat-
ments of both HA and SW. These increases are highest in pepper plants applied with
high concentration of HA for both dry matter and product yield (1.5 g L-!). Besides,
the combined treatments of salinity with HA or SW resulted in a significant recovery
from the detrimental effects of salinity stress where dry leaf matter and crop yield
were increased in comparison with the single treatment of salt stress, the values were
also found higher than those of the control (Fig. 1).

Leaf free proline content

HA and SW treatments caused a decrease in salt caused an increased in proline
amounts of C. annuum leaves. Third treatment of humic acid (HA3) induced the high-
est reduction in proline amount (44.82 nmol g-!, FW) while the highest increase was
observed in salt treatment (S) (109.02 nmol g-!, FW) as compared to control (66.29
nmol g1, FW) (Fig. 2).
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Fig. 2. The effects of humic acid and seaweed on proline content
of pepper plants grown at salt conditions
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Enzyme activities and lipid peroxidation

Salt treatments resulted in increased activities of enzymes stated above and increased
MDA levels. However, in all cases treatment of mentioned substances reduced those
enzyme activities and MDA levels. Among the tested antioxidative enzymes, highest
SOD amount was found in plants treated with salt, i.e., 46.25 unit SOD/mg protein
while HA3 treatment caused the highest decrease in the SOD amount, i.e., 11.84 unit
SOD/mg protein (control: 26.73 unit SOD/mg protein). Statistically, a similar situa-
tion is also observed in other enzymes such as POD and CAT. Highest MDA levels
were found in salt (9.04 nmol g-!, FW) treated plants while the least amounts of MDA
(1.03 nmol g!, FW) were observed in SW3 as compared to the control (3.93 nmol
g!, FW). There are various enzymes in plants that can increase or decrease during
the stress conditions (Table 2).

Table 2
The effects of humic acid and seaweed on superoxide dismutase (SOD: unit mg protein-!), peroxidase
(POD: unit protein!), catalase (CAT: unit protein-!) and malondialdehyde (MDA: nmol g-! FW) levels
of pepper plants grown at salty conditions

Treatments SOD POD CAT MDA
C 26.73 def 26.85 cd 14.02 f 393 fg
S 46.25 a 5448 a 2522 a 9.04 a
HA'1 29.94 cd 19.58 ¢ 1259 g 381lg
HA 2 22.36 fgh 1227 g 10.23 i 1.02h
HA3 11.84 1 6.62 h 8.87] 1.13h
SW 1 28.21 de 20.17 e 12.67 g 4.58 ¢
SW 2 18.66 h 12.06 g 9.45] 1.39h
SW 3 21.26 gh 15.97 f 11.72 h 1.03h
SHA 1 40.21b 36.84 b 22.15b 6.89 ¢
SHA 2 3377 ¢ 20.85¢ 16.63 d 6.08 d
SHA 3 18.55h 13.89 fg 12.13 gh 433 f
SSW 1 29.28 cde 28.25¢ 19.53 ¢ 7.45b
SSw 2 28.29 de 25.16d 15.14 e 6.79 ¢
SSW 3 25.00 efg 25.24d 1547 ¢ 7.42b
p=<0.05 * * * *

F test 34,745 190,009 330,420 262,336

Note: values followed by different letters, in the same column, are significantly different at P<0.05 based on
F-test. *P<0.05.
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DISCUSSION

Salinity has a direct effect on osmotic potential in natural and agricultural habitats.
Additionally, saltiness affects various reactions going from growth inhibition and
synthesis of some compounds to increase the osmotic capability of the cell and hence
permits metabolic procedures to proceed by improving some antioxidant enzyme
activities [31]. Various research studies have indicated the beneficial impact of sea-
weed extracts in promoting the growth of plants [5], and also humic acid treatments
improve the productivity of soil because it enhances the number of soil micro-organ-
isms and lowers the pH value of the soil [33]. Moreover, it is not surprising that most
reported beneficial effects of HA on plant growth appear to be related to their positive
influence on changes in the root system. Vegetation, with its associated microbial
community, promotes the alteration of soil inorganic components and consequently
directly influences soil solution chemistry [12]. SW extracts used as fertilizers could
also improve plant productivity due to its containing growth promoting hormones
[39]. Also, plants intakes nutrients either through roots or from the leaf surface.
Seaweed extracts alter physical, biochemical and biological properties of the soil and
may also affect the architecture of plant roots facilitating efficient uptake of nutrients
[7]. This experiment intended to study the impact of salt stress and presence of HA
and SW alone or as combinations, in recovering the hazardous effects of NaCl on
growth, the activities of some antioxidative enzymes, the accumulation content of
lipid peroxidation (LPO), protein content, proline levels, total yield, the percentage
of dry weight on Capsicum annuum L.

In this study, treatment of salt led to an significant decrease in the leaf dry matter
ratio and crop yield. But, it has been found that HA and SW have increased both
solely and in combination with salt (Fig. 1). High- or low-salinity shock has been
reported to affect photosynthetic rates of S. thunbergii sproutings importantly after
exposure to adverse saltiness conditions for six h [30]. Our results overlap with the
data of Latique et al. [28] found that salt stress decreased the dry weight of wheat
plants compared to the control. However, the application of seaweed extract enhanced
dry matter content in plants significantly. Similarly, seaweed essences have indicated
satisfying conclusions as growth-yield-recommending factors in tropical trees [26].
The mechanisms by which Ascophyllum nodosum aftects the growth of plants appear
to be connected with the impacts of oligosaccharides, hormone-like elicitors,
betaines, minerals that promote cell division and protein synthesis, and compounds
that recover stress resistance [17]. Arthur et al. [1] also found an increase in growth
and crop yield when seaweed Ecklonia maxima were applied to pepper (Capsicum
annuum) plants. Applications of seaweed extracts derived from Kappaphycus alva-
rezii and Gracilaria edulis have been reported to increase the growth and yield of
wheat [37]. Applying seaweed extracts have increased the yield of Phaseolus radiate
L. These results are similar to those of Rathore et al. [35] in which application of
seaweed extract (Kappaphycus alvarezii) increased growth significantly, yield and
nutrient uptake in soybean plants.
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Proline seems to occur typically in advanced plants and usually accumulates in
vast amounts as opposed to environmental stress [3]. Proline is known as an osmo-
protectant [39] and is also usually promoted by salt in different species [22]. In addi-
tion to being an osmolyte, proline offers enzyme preservation and enhances tissue
layer stability [23]. Generally, an increase in the pepper seedlings grown under salt
stress as for proline content was detected, but HA or SW, both solely and combination
with salinity, resulted in a significant decrease (Fig. 2). A reduce in proline amounts
in comparison with the control group was noted earlier by Farahat et al. [18] during
a study of exogenic treatments of humic acid on Khaya senegalensis seedlings.
Similarly, Chbania et al. [13] suggested that the sunflower plants grown in medium
with green alga Ulva lactuca resulted with low stress contrasted with those produced
in control. Our results are indirectly proportional with those of the literature. The
reason for this is that Ulva lactuca grows naturally in salinity conditions. It is a spe-
cies with a high tolerance to salt, and it is thought that the salt in the structure is not
entirely removed. It is this tendency that the proline levels of sunflower plant leaves
are obtained higher than the control.

The highest activity levels of SOD, POD, and CAT in the leaves of pepper plants
were found for salt stress solely, followed by combination with HA1 treatment, that
is, it was obtained with the SHA1 application (Table 2). However, except for S and
SHAI, it was determined that the antioxidative enzyme activities of pepper plant
leaves decreased in all forms which were per the data of Gharib et al. [20] for rose-
mary plants. Similar results were also obtained for SOD, CAT, POD, and MDA by
Yildiztekin et al. [42] while studying tomato plants. Latique et al. [28] suggest that
seaweed extract enhances the tolerance of salt stress by activating the antioxidative
enzyme system of superoxide dismutase, Catalase and by increasing the total phe-
nolic matter which contributes to the protection of plants against oxidative harm to
plant cell catalyzed by ROS. Lastly, the present results indicated that salt applications
caused an increase in MDA content in the salt applied pepper plants (Table 2) which
could be referred to peroxidation of membrane lipids that might be observed as
enhanced MDA levels. Our findings show that decreased antioxidative enzyme
activities and MDA contents due to SW and/or HA treatments may have ameliorated
the physiological situation of pepper plants comprehensively. Similarly, salt stress
affected plant nutrient, antioxidative enzyme activities, and it stimulates pressure that
HA- or PGPR-applied plants usually asserted lower H,0, and MDA levels than the
comparable non-treated ones, signing lower gathering of ROS [16].

This study covers the dry matter, crop yield, lipid peroxidation, proline, proteins
analyses and antioxidative (SOD, CAT, POD) enzyme activities treated with saline
(NaCl-100 mM) and different concentrations of humic acid and seaweed (4scophyllum
nodosum) to Capsicum annuum (L.). Therefore, the treatments of SW and HA could
be utilized as biostimulant in rehabilitation of land which can raise crop yield both in
arable areas and in arid soil afflicted with salinity.
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