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Abstract

Pepper is mostly produced in greenhouses and fields in spring up to the end of summer. The reproductive stage coincides
with high temperature of summer, which causes flowers to drop, leading to reduction in the yield, Se as a beneficial element
can improved some stress indices. Control randomized design experiment was conducted to investigate the effect(s) of Se
on heat stresses of pepper in control environment. Se in three concentrations of SeCl, (4 (Sel), 6 (Se2) and 8 (Se3) mg LY
was used at 35 +2 °C for 4 h a day, matching the high afternoon temperature. Growth, photosynthesis traits (Photosynthesis
rate, transpiration and stomatal conductance), flower dropping and antioxidant changes were all measured. Results showed
that Sel decreased deleterious effects of heat stresses on vegetative traits (fresh and dry weight of fruit). Including dry weight
of shoot, fresh and dry weight of root, and reproductive growth, such as Fresh weight and dry weight of fruit, flowers and
fruit number. Photosynthesis rate, fruit antioxidant and phenol improved with the application of Se to heat stresses. POD and
SOD activity increased, and MDA content decreased with Se application at the high temperature. Se also improved the P and
S uptake. Generally, using 4 and 6 mg L™! of Se could improve growth and physiological and phytochemical parameters of
pepper and decrease the flower dropping at high temperature.
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Abbreviations Introduction

POD  Peroxidase

SOD  Superoxide dismutase In higher plants, selenium (Se) is known to be a beneficial
MDA Malondialdehyde nutrient, not essential though [1, 2]. This element can be in
ROS  Reactive oxygen species inorganic forms, that is to say, selenate (Se0,%"), selenite
CAT Catalase (SeO32‘), selenide (Se?™) and elemental Se, and in organic
Se Selenium forms, namely SeCys and SeMet [3-5]. A number of studies
XRF  X-ray fluorescence have shown that low doses of Se can improve photosynthetic

apparatus, while the high doses of this element could dis-
rupt photosynthesis and photosynthetic apparatus. The same
results were found concerning the use of plant and its effects
on photosynthesis [6]. The beneficial effects of Se on plants
have been reported from different points of view. It was
reported that Se improved photosynthesis in rice seedlings
[7]. Se could also increase growth of plants, such as tobacco,

54 Maryam Haghighi lettuce and potato [8-10], increase the yield in Cucerbita
mhaghighi@cc.iut.ac.ir pepo, and enhance nutritive values of potatoes [11].
Mohammad Reza Ramezani Moreover, Se increased the tolerance of plants against the
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stresses can be because of a decrease in ROS levels and
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with 100 pM selenium showed a signification increase in
plant height, leaf area, dry weight, and weight of 100 seed
[15-18].

Although pepper is a warm seasonal plant, it is sensi-
tive to heat stresses. Pepper receives heat stresses in green-
houses and fields, especially during August in which the
temperature reaches 40 °C. This is also the time when flower
anthesis and fruit induction mostly occur. Thus, high tem-
perature may cause flowers to drop, resulting in a decrease
in reproduction and yield [19]. The effectiveness of Se on
decreasing deleterious effects of heat stresses on cucum-
bers has been reported [12]. It was shown that Se increased
photosynthetic traits, chlorophyll content, and yield of
cucumbers and decreased stresses by increasing antioxidant
levels and scavenging reactive oxygen species (ROS). It
was observed that cucumber could better initiate flowering
upon the application of heat stresses in the presence of Se
[12]. Djanaguiraman et al. [6], studied the effects of nano-Se
on reproductive growth of sorghum. All plants were foliar
sprayed with sodium selenate (75 mg L™!) at 63 days after
sowing, and high temperature stress (40/30 °C) was imposed
from 65 days after sowing through maturity. Higher pollen
germination and greater seed yield were seen in high tem-
perature when nano-Se was applied.

Moreover, the application of heat stresses to pepper
decreased its yield, seed production, and vegetative and
reproductive growth [19]. Heat stresses increased proline,
carbohydrates and chlorophyll degradation of pepper trans-
plants [20, 21].

Considering previous studies, Se was supposed to have
the ability of decreasing deleterious effects of heat stresses
on pepper and controlling flower dropping [22, 23]. This
research was done to study the probable effects of Se on
growth, antioxidant, nutrition, and photosynthetic traits of

pepper.

Materials and methods

This experiment was conducted in an environmentally con-
trolled greenhouse with an average day/night temperature
of 25/17 °C at the Department of Horticulture, Isfahan
University of Technology (18°7'23"N latitude; 51°53"2"E
longitude), Iran. The experimental was conducted as a con-
trol randomized design (CRD). Treatments included SeCl,
(4 (Sel), 6 (Se2) and 8 (Se3) mg LY, applied in nutrient
solution [17, 18]. The composition of nutrient solution (in
mg L_l) was as follows: N=116, P=21, K=82, Ca=125,
Mg=21,S=28, Fe=6.8, Mn=1.97, Zn=0.25, B=0.70,
Cu=0.07 and Mo=0.05, provided by KH,PO,, NH,NO;,
Fe EDTA, CuSO,4, MnSO,, ZnSO,, Ca(NO3),, Na,MO, and
H;BO; [24, 25]. The seedlings of Caspicum annum L. Dutch
Simins 301 were transplanted into a 5-L container filled with

@ Springer

perlite. When the plants had 4-5 leaves, they were trans-
planted into hydroponic nutrient solution. On the first week
of the experiment, seedlings were exposed to a half-nutrient
solution concentration and then to full-nutrient solution and
irrigated; on the 7th day after transplanting, treatments were
applied to growth containers. Plants grew at sub-optimal
temperature, i.e. 35+2 °C, for 4 h a day (H) and then at
optimum temperature, i.e. 25 +2 °C, in vegetation chambers
(EYELA LTI-1000 SD) under a 14-h photoperiod with a
photosynthetic photon-flux density of 270 umol m=2 57!, at
75% relative humidity. A number of plants, as the control
group, were keep at 25+ 2 °C in all growth periods. Plants
were grown under this condition for 3 months more [26].

Parameter was measured

Chlorophyll content was measured using a chlorophyll meter
(SPAD-502, Minolta Corp., Ramsey, NJ, USA) [27]. Pho-
tosynthetic parameters were measured on fully-expanded
leaves of second youngest nodes by means of an infrared
gas analyzer NE, (USA), between 11:00 h and 13:00 h, at
light saturation intensity.

In order to determine the total phenol content, samples
were mixed with 4- and 5-mL Folin—Ciocalteu and aque-
ous Na,COj; separately. The phenols were determined by a
spectrophotometer at 765 nm as gallic acid equivalents per
gram (mg GAE g~! DW) [28].

Antioxidant activity of pepper leaves was determined
according to Yu et al. [29]. 3 mg of the sample was dissolved
into 5 mL of methanol stock; 1.4 mL of this solution was
blended with 0.6 mL of DPPH solution. After 30 min, the
absorbance of the solution was recorded at 515 nm by the
spectrophotometer (V-530, JASCO, Japan) against methanol
as a blank. 0.2 mM of DPPH solution in methanol was used
as a stock of DPPH for the determination of free radical
scavenging activity of samples. The antiradical activity was
calculated by the following equation:

% DPPH radical scavenging activity = 1 — [Asample /Acomml] X 100

where A, and A
ple and control.

SOD determination was done using 50 mM of potassium
phosphate buffer (pH 6.1) (the same buffer was used for CAT
and MDA), 1% guaiacol (w/v), 0.4% H,0, (v/v) and 1 mL of
enzyme extract, all of which were mixed. The enzyme activ-
ity was calculated at 470 nm as the uM of guaiacol oxidized
min~! (g fresh weight)™! at 25 +2 °C [30-32].

CAT activity was measured according to Samantary [33]
and Haghighi et al. [34] by monitoring the reaction mixture
containing 50 mM of phosphate buffer (pH 7.0), 10 mM of
H,0, and enzyme aliquot. The decomposition of H,0, was
followed at 240 nm.

control Were the absorbance of the sam-
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MDA was assayed using a modified version of the method
described by Dhindsa et al. [35] and Haghighi et al. [36].
The mixture of extracted supernatant and thiobarbituric acid
(0.6%) was centrifuged and the absorbance of the super-
natant was measured at 532, 600, and 450 nm. The MDA
concentration was calculated according to the following
formula [37]:

MDA concentration = 6.45 X (A532 - A600) — 0.56 X Ays.

Total nitrogen in the leaf samples was determined based
on the method proposed by Kjeldahl [37]. The concentration
of nutrients (K, S and Se) was measured in leaves, shoots and
flowers with X-ray fluorescence (XRF) (Unisantis XMF104,
Germany). The concentration of phosphorus was estimated
based on the method of vanadomolybdo phosphoric acid
colorimetric at 460 nm [38, 39].

The number of open and abscised flowers was counted
at the end of the experiment. The shoot length was meas-
ured with a ruler. Plants were harvested and washed using
tap water. Shoots were excised from the roots using a steel
blade, and then oven-dried at 70 °C for 2 days to constant
weight. The fresh weight and dry weight of shoots, roots,
and fruits were measured.

Data were analyzed using Statistix 8 (Tallahassee FL,
USA). All data were analyzed using one-way ANOVA and
the means were compared for verifying their significance by
the least significant difference (LSD) test at P <0.05.

Results and discussion

All growth parameters, including fresh and dry weight of
shoots and roots, flowers and fruit number, decreased at high
temperature compared with the control. Flower Dropping
was the highest upon heat stresses; Se application gener-
ally decreased flower dropping at all levels, even lower than
the control (Table 1). Fresh weight of shoots increased in
H X Sel and decreased in Se2 and Se3 with the applica-
tion of heat stresses. There were no significant differences
between Se concentrations in dry weight of shoots, fresh
and dry weight of roots and flowers and fruit number upon
stresses. Fresh and dry weight of fruit and shoot length
increased with the application of Se and reached the highest
in Se3 under stresses (Table 1).

According to our results, Sel decreased deleterious
effects of heat stresses on pepper in terms of vegetative
traits, such as dry weight of shoots, and fresh and dry weight
of roots. On the other hand, reproductive growth, such as
fresh weight and dry weight of fruit, flowers and fruit num-
ber, was the highest in both Sel and Se3 (Table 1). Results
of this research showed that vegetative growth (fresh and
dry weight of shoots and roots) increased with the applica-
tion of Se upon heat stresses and even outperformed the

Table 1 The interactive effect of Se and heat stress on some growth parameters of pepper

Fruit number

Dropped flower
during

Flower number at

harvest time

Dry weight of Shoot length at

Dry weight of Fresh weight

root (g)

Fresh weight of Dry weight of  Fresh weight

shoot (g)

Treatment

during growth

harvest time (cm)

fruit (g)

of fruit (g)

of root (g)

shoot (g)

growth

21.00 a
19.40b
21.60 a

10.40 ab
12.0a
7.80b
9.80b
9.80b

12.20b
11.0c

123.28 b
100.40 ¢

1041b
747 c

12.33b
10.17 ¢

10.51b
751¢

14.29b
10.16 ¢

12.98 b
1092 ¢

123.39b
10345 ¢

1842.1 a

13.60 a

10.74 a 15.65b 1040 b 127.24 ab
127.16 ab
130.66 a

1574 a

13.81 a

HxSel

20.80 ab
21.00 a

13.40 ab
13.60 a

10.18 b
1247 a

13.81b
2492 a

10.60 ab

10.61 ab

14.87 ab
15.24 ab

128.66 b 1391 a

128.05b

HxSe2
HxSe3

13.68 ab

C: control, H: heat stress, Sel: 4 mg L~! selenium, Se2: 6 mg L~! selenium, Se3: 8 mg L~! selenium

Within each column, means with different letters are significantly different at P <0.05
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control. Finally, it seems that, on one hand, Se was more
effective in vegetative growth at low concentrations upon
heat stresses, on the other hand, its high concentrations were
more effective in fruit growth. Selenium in both high and
low concentrations was effective in both flower and fruit
induction, indicating higher number of fruits and flowers.
Hence, it is recommended to investigate the application of
various concentrations of selenium in vegetative and repro-
ductive stages in future studies. A decrease in the growth of
cucumbers [12] and tomatoes [25] was reported upon the
application of heat stresses.

All photosynthetic traits like chlorophyll index, photo-
synthesis, stomata conductance, transpiration, and internal
CO, of stomata decreased with increasing temperature.
Chlorophyll index, photosynthesis and internal CO, of sto-
mata increased by Se in high temperature although there
was not any significant difference between various levels of
Se application. Transpiration was the highest in the control
and the lowest in Hx Se2. Internal CO, of stomata increased
in Hx Se3 (Table 2). The effect of Se on expression of
genes implied in antioxidant activity and defense responses
[15, 16]. The protective effect of Se against inappropriate
senescence could be due to its reported ability to reduce
respiratory intensity and ethylene production in different
plant species [16]. The inhibitor of ethylene production
Co** prevents cell death and cytoplasmic shrinkage. Feng
et al. [17] reported that, the restoration of photosynthesis in
stressed plants after Se application may be closely related
to the decreased ROS levels, reactivation of antioxidants,
restored structure of the damaged chloroplasts and enhanced
production of other vital metabolites (such as GSH and SH-
like substances) [18].

The effects of Se on photosynthesis traits at high tem-
perature were greater than other parameters. Selenium
increased photosynthesis by 22% in comparison with heat
stresses without Se application. Increasing photosynthesis
may be because of the effect of Se on the enzyme activity of
photosynthesis, rather than stomata apparatus. A decrease
observed in chlorophyll content, photosynthesis, stomatal
conductance, and transpiration rate was the same as what

was reported by Balal et al. [12] concerning cucumbers
under heat stresses.

Se did not affect stomatal conductance and intercellular
CO, concentrations significantly. Se promoted the net pho-
tosynthetic rate in tomato leaves under non-saline conditions
[40]. The same results were observed in pepper under heat
stresses.

Leaf phenol and antioxidant activity did not change
between treatments. Fruit antioxidant and phenol increased
with Hx Se in all Se levels, specially Sel (Table 3).

Nutraceutical values of pepper increased with Se in terms
of phenol and antioxidant capacity at high temperature.

MDA content increased upon heat stresses and decreased
with Se application. POD activity decreased upon heat
stresses and increased in Sel and Se2. SOD activity
increased with Se at all levels. Protein content increased in
Se2 and Se3 (Table 4).

Heat stresses, as shown by different researchers, destroy
plasma membrane and increase. MDA content; Se can
prevent the destruction of plasma membrane effectively
[41]. Concerning SOD and POD, SOD was more affected
by Se as it increased almost twice (51.49%) compared
with POD (15.83%). Enzymatic antioxidant (SOD and
POD) was affected by lower concentrations of Se, while

Table 3 The interactive effect of Se and heat stress on some phyto-
chemical parameters of pepper

Treatment Leaf antioxi- Fruit antioxi- Leaf Fruit
dant capacity dant capacity ~ phenol phenol
(DPPH%) (DPPH%) (mgg™) (mgg™

C 043 a 0.54 ¢ 0.17a 0.17 ¢

H 047a 0.72 ab 0.17 a 0.17 ¢

HxSel 0.56 a 0.84 a 0.17a 021a

Hx Se2 0.54 a 0.67 ab 0.17a 0.17 be

HxSe3 0.56 a 0.84a 0.17 a 0.18b

C: control, H: heat stress, Sel: 4 mg L~! selenium, Se2: 6 mg L!
selenium, Se3: 8 mg L™ selenium

Within each column, means with different letters are significantly dif-
ferent at P <0.05

Table 2 The interactive effect

Treatment  Chlorophyll Photosynthesis Transpiration Stomatal conduct- Internal CO,
of Se and hee}t stre.ss on some (SPAD value) (uM CO, m? s (mmol H,0 ance (mM H,0O (umol mol™h)
photosynthetic traits of pepper m2s") m2s7!)

C 28.90 ab 15.00 b 10.80 a 10.04 a 411.67b

H 23.72b 12.8 ¢ 10.54 be 10.02b 224.67 ¢

HxSel 33.64a 16.83 a 10.59b 10.03 ab 415.00 b

Hx Se2 3434 a 169 a 1040 ¢ 10.01 b 504.33 b

Hx Se3 30.16 ab 16.58 a 10.41 be 10.01b 645.33 a

C: control, H: heat stress, Sel: 4 mg L~! selenium, Se2: 6 mg L~! selenium, Se3: 8 mg L~! selenium

Within each column, means with different letters are significantly different at P <0.05
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Table 4 The interactive effect

DS MDA content POD activity SOD activity Protein
of Se a.lnd heat stress on some (nmol g—l) U g‘l FW min™}) u mg‘1 FW) concentration
antioxidant changes of leaves -1
(ngeg™)
C 3.78b 521b 126.54 ¢ 3.99b
H 523a 4.04 ¢ 146.32 ¢ 3.63b
HxSel 2.01c¢ 732a 276.30 a 3.72b
HxSe2 3.25bc 8352a 254.53 ab 472 a
HxSe3 3.01 be 6.19b 260.87 ab 471a

C: control, H: heat stress, Sel: 4 mg L~! selenium, Se2: 6 mg L' selenium, Se3: 8 mg L~! selenium

Within each column, means with different letters are significantly different at P <0.05

proteins of pepper leaves were influenced by the high Se
concentrations.

An increase in several enzyme antioxidants was
reported in wheat [42], sorghum [6], lettuce [43], and
ryegrass [44] upon the application of Se. Reduction of
MDA was found in ryegrass with Se application [44]. Our
results confirmed [12] those revealed about cucumbers
where Se improved photosynthesis, growth, and productiv-
ity by increasing the antioxidant upon heat stresses. With
increasing antioxidant capacity and SOD and POD activ-
ity, photosynthesis and growth of pepper also increased.

N and K concentrations decreased upon heat stresses
and were not affected by Se levels in leaves. N concentra-
tions in fruits and N and K uptake did not significantly
change in roots.

P concentrations decreased with Se application in all
parts of pepper. P was greatly reduced in leaves, fruits, and
roots upon the application of Se, respectively.

The highest amount of Se was observed in leaves and
fruits of Se2 and Se3 in and in roots of Se3. In whole
plants, the highest contribution of Se belonged to leaves
(mean 53.92% of the total), fruits (mean 25.37% of the
total), and roots (mean 20.69% of the total), respectively
at all Se levels.

S concentrations decreased when Se was applied, espe-
cially at Se2 and Se3, at all leaves of S uptake and decreased
in the same way in leaves, fruits, and roots (Table 5). S
decreased upon the application of Se.

The amounts of N, P, K and S were almost the same
as those reported by Fontes et al. [45]. According to their
results, the differences observed in nutrient concentrations
could be due to the differences seen in the cultivars, nutrient
solution and cultivation systems and substrates. It should
be highlighted that the focus of this study was not on the
amount of elements, rather on changes occurred under the
application of Se and upon heat stresses.

P concentrations decreased with Se application in leaves.
A decrease seen in P was almost in leaves, fruits and roots
respectively. In the same way, S absorption decreased in
leaves, fruits, and roots. Se translocation to shoot tissues

Table 5 The interactive effect of Se and heat stress on some nutrient
concentration of pepper

C H HxSel Hx Se2 HxSe3
Leaves
N 13.10 a 9.34b 12.74 a 13.16 a 12.34 a
P 373 a 355a 1.67b 1.77b 1.55b
K 6.11a 2.00b 5.88a 6.99 a 5.57a
Se - - 1.78 b 2.89 ab 351a
S 5.87a 642 a 4.15 ab 3.19b 342b
Root
N 1.10a 1.70 a 140a 140 a 1.55a
P 320a 3.80a 3.00 ab 3.10 ab 2.96 b
K 25.76 a 26.36 a 26.06 a 26.06 a 2798 a
Se - - 0.98 b 0.98 b 1.18 a
S 2.27a 2.87a 1.57 ab 1.57b 1.00 b
Fruit
N 62.56 a 60.91 a 61.51a 61.21a 61.21a
P 2.85a 2.56 ab 2.16 ab 1.86 b 1.86 b
K 8.28 a 6.33b 6.93 b 6.63 b 6.63 b
Se - - 0.15b 1.85a 1.85a
S 1.30 a 1.36 a 1.26 a 0.96 b 0.96 b

The K and Ca recorded as % and the other nutrients as mg kg™! dry
weight

C: Control, H: Heat stress, Sel: 4 mg L' selenium, Se2: 6 mg L!
selenium, Se3: 8 mg L~! selenium

Within each column, means with different letters are significantly dif-
ferent at P <0.05

depended on the rate of xylem loading, affected by transpi-
ration [46].

Moreover, our results did not support this finding because
Se was higher in leaves when decreasing transpiration rate.
Our results mostly confirmed active transporting instead of
passive one via transpiration [47]. It maybe the role of trans-
porters presented in root cell membrane, such as phosphate
transporters [48]; sulfate transporters and channels were
more effective in pepper [49, 50].

Besides that, our results concerning P and S uptake
confirmed that the uptake of P decreased in pepper in the
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presence of Se, which might be due to the selectivity nature
of these transporters for Se uptake instead of P and S when
excessive Se was applied [43, 51].

Conclusion

Selenium application increased the nutritional values of
pepper with increasing antioxidant content and Se con-
centrations in pepper fruits. On the other hand, Se reduced
deleterious effects of heat stresses in pepper. There were
no significant differences between Se concentrations used
in this experiment although Sel and Se2 performed better
in a number of parameters. The effects of Se on the anti-
oxidant enzyme and growth, especially reproductive growth
and flower number, were more effective. It seems that the
effects of Se on photosynthesis traits and phenol content was
less than other parameter was measured. The positive effects
of Se on S and P absorption were observed, especially in
leaves. Se did not affect the absorption of other elements. It
is recommended to apply Se at high temperature for prevent-
ing flower dropping though further studies are needed to
be done on Se at various soil substrates in different growth
stages.
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