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Abstract. Pepper is quite sensitive to water stress, thus changes in irrigation levels may have significant
effects on yield, organic acids and phenolics of peppers. Improper irrigation levels may generate a water
stress and resultant stress then create serious oxidative damages on cell membranes. Such damages can be
prevented with proline-like antioxidative substances. This study was conducted in Canakkale — Turkey to
investigate the effects of different irrigation levels and proline treatments on vyields, quality parameters
and organic acid composition of pepper (Capsicum annuum L. cv. Yalova Yaglik 28) in the years of 2013
and 2014. Experiments were conducted in randomized blocks split plots experimental design with 3
replications. Three different irrigation levels were arranged as to apply certain percentages of total
evaporation from Class-A pan (Kcpso, Kcpigo, Kcpiso). Proline treatments (12 mM) were applied at 3
different growth stages (three equal portions on 20, 30 and 40™ days, single treatment on 30" day and
single treatment on 40" day of growth). In both years of the experiments, decreasing citric acid contents
and increasing ascorbic acid contents (in the first year of experiments, Kcpso=84.54, Kcpioo=175.48,
Kcp1s0=198.92 mg/100g) were observed with increasing irrigation levels. Different irrigation levels and
proline treatments had significant effects on yield (g/m?), total phenolics (mg/100g), soluble solids
content (SSC, %) and internal proline content (umol/g) of pepper fruits. Adversely affected parameters as
yield (g/m?) and ascorbic acid content due to limited irrigation positively affected with some proline
treatments.
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Introduction

Besides fresh consumption, capia peppers are also produced for industrial purposes
(pepper paste, canned food). They are also called oil-pepper. Since pepper is quite
sensitive to water stress, irrigation plays a significant role in pepper production. Pepper
roots are quite sensitive to excess water; therefore, sufficient moisture should
continuously be available at root zone (Campos et al., 2014; Penella et al., 2014; Vural
et al., 2000).

As a cellular adaptation mechanism to water deficits, plants try to preserve proper
water potential and cell turgor through accumulation of dissolved osmolites including
proline (Bray, 1997). Proline is accumulated as a response to different stress conditions.
It is also mentioned as an osmolite and free-radical (reactive oxygen species) scavenger
(Reddy et al., 2004; Trovato, 2008).

In previous studies on different irrigation levels (Erken, 2012; Korkmaz et al., 2015),
significant increases were reported in proline contents with decreasing irrigation levels.
Reactive oxygen species serve as signaling molecules under normal conditions, but they
create oxidative damages on stress-exerted cells (Sharma et al., 2012). Proline then
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emerges as a non-enzymatic antioxidant able to prevent such oxidative damage (Gill
and Tuteja, 2010).

Under deficit moisture or water stress conditions, reactive oxygen species generate
damages especially on cell membranes where lipids are concentrated. For instance,
hydroxyl radicals attack polyunsaturated fatty acids sensitive to peroxidation and
initiate lipid peroxidation (Gutteridge, 1995). It was indicated in previous studies that
external proline treatments prevented stress-induced negative conditions (Silva Sa et al.,
2016; Oztekin, 2009).

Pepper is quite a significant vegetable for our country’s economy. Health impacts of
antioxidant compounds, ascorbic acid, carotenoids and phenolics of the peppers were
pointed out in previous studies (Howard et al., 2000; Marin et al., 2004)

Secondary metabolites are structurally and chemically different from the primary
metabolites like sugar, fatty acids, amino acids and nucleic acids. They are not directly
needed for basic photosynthesis and respiration metabolisms, but are considered as
compounds encountered in specialized cells required for plants to stay alive. Phenolics
are the most common secondary metabolites encountered in plants and they play
significant roles in various physiological processes in plants (Balasundram et al., 2006;
Lattanzio et al., 2006; Nascimento and Fett-Neto, 2010). Several stress factors including
high light intensity, low temperature, pathogen infections, mineral deficiency, UV
radiation and negative moisture regime may increase the production of free radicals and
the other oxidative species. Plant phenolics play important roles as defense compounds
against such stressors moreover biotic and abiotic stressors were reported to stimulate
the production of secondary metabolites (Chanishvili et al., 2007). Arnnok et al. (2012)
reported total phenolics in pericarp section of paprika peppers (Capsicum annuum L.) as
between 0.782-4.52 g GAE kg fresh weight.

Peppers are quite rich in ascorbic acid and several health benefits of ascorbic acid
were reported in previous studies (Pereira et al. 2009; Li and Schellhorn, 2007,
Siddique, 2006; Carr and Frei, 1999). Citric acid is an organic acid and used in canned
foods and other food processing industries to reduce pH levels, heat requirements, to
provide sourish taste, to prevent color and flavor losses and tarnishing (Dauthy, 1995).
Oxalic acid is a free acid and generally encountered as calcium salt (Caliskan, 2000).
Oxalate quantities greatly vary based on plant family and organs, growing conditions,
climate and growth periods. When high oxalate-containing vegetables (spinach: 1959
mg/100g) were consumed, oxalate forms insoluble complexes with divalent cations and
results in formation of calcium oxalate stone. As compared to those vegetables, peppers
have quite low oxalic acid contents.

Ascorbic acid is an important organic acid and is required mostly to prevent scurvy.
There are earlier studies indicating decreasing (Subramanian et al., 2006) or increasing
(Nahar and Gretzmacher, 2002) ascorbic acid contents with different irrigation levels.
Role of proline was also mentioned in ascorbate glutathione cycle including ascorbic
acid (Islam et al., 2009; Aggarwal et al., 2011).

Besides the studies indicating insignificant differences in phenolic quantities with
water stress, there are also some other studies indicating increasing proline contents,
soluble solids content and total phenolics with water stress treatments. Researchers also
reported significant correlations of antioxidant activity with total phenols and ascorbic
acid content of peppers (Estiarte et al. 1994; Mohamed et al. 2014; Ghasemnezhad et
al., 2011).
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Peppers are known to be sensitive to water stress and proline has protective effects
against certain stressors. Therefore, this study was conducted to investigate the effects
of different irrigation levels and proline treatments on yield parameters, soluble solids
content, total phenolics, proline content and organic acids of peppers.

Materials and methods

This study was conducted at the experimental fields of Research and Implementation
Center of Canakkale Onsekiz Mart University Agricultural Faculty in Turkey from 2013
to 2014 (Figure 1). Seedlings of Yalova Yaglik 28 pepper cultivar (Asgen Tarim A.S.)
(Capsicum annum L. cv. Yalova Yaglik 28) was used as the plant material of the study
which is a preferred cultivar by farmers in region especially for it’s speciality as an
industrial pepper. Yalova yaglik 28 is a mid-season cultivar growing for industy and
fresh consumption and avaliable for field or greenhouse cultivation. It has sweet and
industrial type fruits which are large and conic. Average fruit weight is 90 g, fruit colour
is dark red and fruit flesh thickness is 4.8 mm and these characters strictly infleunced by
irrigation.

Figure 1. Photos from area of experiment, organic acid, total phenolics and internal proline
analyzes

Three different irrigation levels were used in experiments. For different irrigation
levels, pan-coefficients (Kcp) were used (Kcpso, Kcpioo, Kcpiso). For each pan-
coefficient, proline treatments (12 mM) were performed at 3 different growth stages.

Cumulative evaporations from Class-A pan placed at experimental site were
measured with a depth gauge and irrigations were performed as to have Kcpso= 50%,
Kcpioo= 100% and Kcpiso= 150% of cumulative evaporation at a single irrigation
interval (3-day) through constant-pressure drip lines (4 It/h) (Yildirim, 1996;
Doorenbos and Pruit, 1992). Calculation of irrigation water quantity to be applied is
shown at Table 1.
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Table 1. Calculation of irrigation water quantity to be applied

N=1000/LS*DS

I=Epan*Kcp*P (Eq.2)

Ta=1000*dt/q*N

ET=I+P+As (Eq.4)

(Eq.1) (Eq.3)
N: Number of dripper | I: Amount of irrigation | Ta: Irrigation duration ET: Plant water
(dripper/da) water to be applied (hours) consumption
LS: Lateral spacing (mm) dt: Amount of irrigation I: Amount of
(m) Epan: Cumulative water to be applied (1) irrigation water to be
DS: Dripper spacing | evaporation from Class- (mm) applied (mm)
(m) A pan (mm) q: Dripper discharge (4 | P: Precipitation (mm)
Kcp: Plant-Pan It/h) As: Change in soil
Coefficient N: Number of drippers moisture (mm)
P: Plant cover (dripper/da)

percentage (%)

Seedlings were divided into three groups as to cover each pan-coefficient. The first
group was subjected to proline treatments three times at 10-day intervals with the first
treatment applied 20" day of seedling plantation. The second group was subjected to
single proline treatment on 30" day of seedling plantation. The third group had also a
single proline treatment on 40" day of seedling plantation.

Proline (Merck KGaA 64271 Darmstadt Germany) treatments were applied at the
dose of 12 mM through foliar sprays. In the first group, total dose was separated into 3
equal doses and applied at 3 different periods. In the second and third groups, total dose
was applied in a single treatment (Silva Sa et al., 2016). Experiments were conducted in
randomized blocks split plots experimental design with 3 replications. Each treatment
had 5 plant rows with 7 plants in each row (35 plants for each treatment). Experiments
were then composed of 1260 (35*12*3) plants and 36 (12*3) plots. Analyses and
measurements were performed on 10 plants randomly selected from 15 plants left after
removing 20 plants as to consider side effects. Experimental design was separated into 3
blocks and the first replication of each treatment was placed in every block.

Soil samples were taken from 0-30 cm soil profile and a fertilization program was
applied based on soil analysis results (Table 2).

Table 2. Soil analysis results

2013 2014
Analysis Results Assessment Results Assessment
Saturation (%) 50 Clay-Loam 70 Clay-Loam
pH 7,79 Slightly alkaline 7,76 Slightly alkaline
Lime (%) 11,06 Limy 14,88 Limy
Organic Matter (%) 2,071 Moderate 2,03 Moderate
Salt (%) 0,044 Unsaline 0,93 Unsaline
PhOSphogJ;n(]P) kglda- |15 18.4872 Moderate 12,30-49,2 Moderate
Pmass'”g“pgf) kglda- | 66 915-264,86 High 64,5-258 High

In the years 2013-2014, Ammonium Nitrate (33% N), Mono Ammonium Phosphate
(12% N + 61% P205) and Potassium Nitrate (KNO3) (13% N, 13% N-NO3, 45,5%
K20) fertilizers were applied through drip irrigation (fertigation). Meteorological data
for experimental years is shown in Table 3.
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Experimental Treatments

Kcpso: Without proline treatment

Kcpso: 4 mM (20" day) + 4 mM (30" day) + 4 mM (40" day)
Kcpso: 12 mM (30" day)

Kcpso: 12 mM (40" day)

Kcpioo: Without proline treatment

Kcpioo: 4 mM (20" day) + 4 Mm (30" day) + 4 mM (40" day)
e Kcpioo: 12 mM (30" day)

e Kcpioo: 12 mM (40" day)

o Kcpiso: Without proline treatment

e Kcpiso: 4 mM (20" day) + 4 mM (30" day) + 4 mM (40" day)
e Kcpiso: 12 mM (30" day)

e Kcpiso: 12 mM (40" day)

Table 3. Meteorological data for experimental years

Monthly Average Temperature (°C)

Year/Month | January February March April May June
2013 79 8,8 10,4 14,0 19,8 23,0
2014 9,3 91 10,6 13,9 18,1 22,1

Year/Month July August September October | November | December
2013 25,7 26,7 21,6 14,8 13,5 6.6
2014 25,5 26,1 21,4 16,1 11,8 10,2

Monthly Average Sunshine Duration (hours

Year/Month | January February March April May June
2013 95,3 94,8 172,4 237,5 303,9 322,8
2014 73,0 1229 160,4 174,1 240,9 273,2

Year/Month July August September October | November | December
2013 376,3 356,6 2922 2454 123,3 79,3
2014 2447 234,8 238,2 155,5 96,0 69,4

Monthly Average Wind Speed (m s?)

Year/Month January February March April May June
2013 4,3 3,9 2,2 31 3,9 3,2
2014 3,7 3,6 3,5 34 3,6 2,8

Year/Month July August September October | November | December
2013 4,0 4,2 2,8 3,2 3,6 3,5
2014 3,2 34 3,0 4,0 2,9 34

Monthly Average Precipitation (mm=kg m?) MANUEL

Year/Month January February March April May June
2013 167,4 141,6 59,0 90,3 5,6 21,7
2014 54,2 1,0 80,4 101,4 27,0 75,4

Year/Month July August September October | November | December
2013 0,2 - 10,2 92,7 50,8 10,7
2014 33,3 8,0 66,6 44,4 109,2 154,4

Investigated parameters
Yield (g m?)

Fruit weights were measured with a precise balance (= 0.01) (GM2202, Sartorius,
Gottingen, Germany) and total yield of each treatment was determined.
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Total Soluble Solids Content (%)

Atago PAL 1 model digital hand refractometer (Pal-1, Atago, Tokyo, Japan) was
used to determine soluble solids content (%).

Total Phenolics (mg/1009)

Total phenolics of the samples were determined from 5 g fruit puree in accordance
with Folin-Ciocalteu method at 765 nm absorbance value of a Shimadzu UV-VIS
spectrophotometer (UV-Vis Spectrophotometer, Shimadzu Corporation, Tokyo-Japan)
(mg/100 g). For each sample, 5 g fruit juice was supplemented with 5 ml Methanol. The
mixture was centrifuged at 4000 rpm for 10 minutes. Samples were then supplemented
with 2,5 ml 10% Folin-Ciocalteu and 2 ml 1 M Na>,COs and this mixture was kept in
hot-water bath at 45°C for 15 minutes. Samples were removed from the hot-water bath
and readings were performed at 765 nm absorbance value of a spectrophotometer
against 10% Folin-Ciocalteu and results were expressed in total gallic acid equivalent
(GAE) mg/100 g (Zheng and Wang, 2001).

Internal Proline Content (umol/g)

For proline contents, 0.5 g fresh leaf samples were finely chopped and homogenized
in 10 ml 3% 5-Sulphuric acid for 2 minutes. Resultant homogenate was filtered through
Whatman No. 2 filter paper and placed into tubes. About 2 ml of filtrate was
supplemented with 2 ml ninhydrine and 2 ml glacial acid in a test tube and put into
reaction in a water bath at 100 °C for 1 hour. Then the test tubes were taken into ice-
bath and reaction was terminated. Samples were then supplemented with 4 ml toluene
and reaction mixture was mixed in a tube-mixer for 15-20 seconds. The chromophore
phase was aspired with a thin-probe pipette into spectrophotometer tubes. When reached
to room temperature, chromophore-containing toluene tubes were then subjected to
absorbance readings in  Shimadzu UV-VIS spectrophotometer (UV-Vis
Spectrophotometer, Shimadzu Corporation, Tokyo-Japan) at 520 nm. Toluene was used
as the control (Bates et al., 1973).

HPLC analysis for organic acids (mg/100g)

The simultaneous determination of oxalic, tartaric, malic, lactic, acetic, citric,
succinic acids and ascorbic acids using liquid chromatography was carried out
according to (Arnetoli et al., 2008). The chromatography analysis was carried out using
a HPLC system (Shimadzu, Japan). The equipments of HPLC system consist of LC-
20AD SP pump, SIL- 10AP Auto sampler, SCL-10A vp system controller, SPD-20A
Prominence UV detector, CTO-20AC sp column oven and LC solution (version: 1.23
spl) software. An Inertsil ODS-III C18 column (46x150 ID, 5 um particle size) was
used for the chromatographic separation. The mobile phase was carried out with 125
mM KH2PO4 adjusted to pH 2.5 with o-phosphoric acid. The flow rate of mobile phase
was performed as 1 ml/min. The wavelengths of the UV detection were performed at
210 nm for oxalic, tartaric, malic, lactic, acetic, citric, succinic acids, and 254 nm for
ascorbic acid.
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Statistical analysis

Experimental data were subjected to variance analysis with SAS.9.1.3 software.
Significant means were compared with LSD test. Biplot analysis was used for
interpretation of organic acids data.

Results
Yield (g m?)

Table 4. Effects of different irrigation levels and proline treatments on fruit yields (g m?)
(P- = Treatments without proline, P1= Proline treatments on 20, 30 and 40th days, P2=
Proline treatments on 30th day, P3= Proline treatments on 40th day)

Yield (g m?)
1%t year
Treatments P-(1,5,9) P1(2,6,10) P2 (3,7,11) P3(4,8,12) Kcp mean
Kcpl=0.5 1003 d 1110 ¢ 1113 ¢ 1121 ¢ 1087 C
Kcp2=1 1676 b 1680 b 1684 b 1692 b 1683 B
Kcp3=1.5 1862 a 1866 a 1868 a 1875a 1868 A
P mean 1514 B 1552 A 1555 A 1563 A
2" year
Kcpl=0.5 1083 d 1199 ¢ 1210 ¢ 1213 ¢ 1176 C
Kcp2=1 1809 b 1818 b 1826 b 1821 b 1818 B
Kcp3=1.5 2044 a 2055 a 2047 a 2059 a 2051 A
P mean 1645 B 1691 A 1694 A 1697 A
MEAN
Kcpl=0.5 1043d 1154 ¢ 1162 ¢ 1167 ¢ 1131 C
Kcp2=1 1742 b 1750 b 1755 b 1756 b 1751 B
Kcp3=1.5 1953 a 1961 a 1957 a 1967 a 1959 A
P mean 1579B 1621 A 1625 A 1630 A

Yield in 2013 (g/m2): PxKep <0.01 LSD=66.624; Kep <0.01 LSD=82.179; P <0.01 LSD=33.221
Yield in 2014 (g/m2): PxKep <0.01 LSD=50.553; Kep<0.01 LSD=33.049; P<0.01 LSD=30.972
Mean yield (g/m2): PxKep <0.01 LSD=44.649; Kcp <0.01 LSD=49.883; P <0.01 LSD=23.638

In the first year of the experiments, fruit yield per plant of irrigation treatments were
gathered under three groups. Yields increased with increasing irrigation levels (Table
4). With regard to effects of proline treatments on fruit yields, treatments were gathered
under two groups. Proline treatments yielded similar values, but greater values than the
control treatments. With regard to effects of interactions (irrigation x proline) on fruit
yields, interactions were gathered under 4 groups. In treatments without proline (1, 5,
9), increasing fruit yields were observed with increasing irrigation levels
(Kcp50=397,48, Kcpl00=663,67, Kcpl50=737,58).

In treatments without proline, similar yield values were observed at the same
irrigation levels.

Similar statistical groups were observed in the second year of the experiments and
for the mean values of years.
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Soluble Solids Content, SSC (%)

In the first year of the experiments, soluble solids content (SSC) of irrigation
treatments were gathered under three groups and increasing SSC values were observed
with decreasing irrigation levels (Table 5). The differences in SSC values of the proline
treatments were not found to be significant. With regard to effects of irrigation x proline
interactions on SSC values, interactions were gathered under three groups and
increasing SSC values were observed with decreasing irrigation levels (Kcpso= 9,4%,
Kcp1oo= 8,1%, Kcpiso= 7,8%)..

The differences in SSC values of the treatments with and without proline were not
found to be significant at the same irrigation level.

Similar statistical groups were observed in the second year of the experiments and
for the mean values of years

Table 5. Effects of different irrigation levels and proline treatments on soluble solids content
(%) (P- = Treatments without proline, P1= Proline treatments on 20, 30 and 40th days, P2=
Proline treatments on 30th day, P3= Proline treatments on 40th day, N.S.: Not-significant)

Soluble Solids Content, SSC (%)

1t year
Treatments P-(1,5,9) P1(2,6,10) P2 (3,7,11) P3(4,8,12) Kcp mean
Kcpl=0.5 94a 95a 94a 94a 94 A
Kcp2=1 8.1b 8.2b 8.2b 8.2hb 8.1B
Kcp3=1.5 78¢c 78¢c 7.8¢c 78¢C 78C
P mean 8.4 8.5 8.4 8.5
2" year
Kcpl=0.5 84a 85a 85a 85a 85A
Kcp2=1 760D 76D 76D 76D 76B
Kcp3=1.5 7.3c¢C 7.3c¢C 7.3¢C 7.3c¢C 73C
P mean 7.8 7.8 7.8 7.8
MEAN
Kcpl=0.5 8.9a 9a 9a 9a 9A
Kcp2=1 79D 79b 79b 79b 79B
Kcp3=1.5 76¢C 75¢c 7.6¢C 7.6¢C 76C
P mean 8.1 8.2 8.1 8.2

SSC in 2013 (%): PxKcp <0.01 LSD=0.284; Kcp <0.01 LSD=0.263; P <0.05 LSD=N_S.
SSC in 2014 (%): PxKcp <0.01 LSD=0.2136; Kcp <0.01 LSD=0.1366; P <0.05 LSD=N_S.
Mean SSC (%): PxKcp <0.01 LSD=0.1777; Kcp <0.01 LSD=0.1981; P <0.05 LSD=N.S.

Total Phenolics (GAE mg/1009)

In the first year of the experiments, total phenolics of irrigation treatments were
gathered under three different groups and decreasing total phenolics were observed with
increasing irrigation levels (Table 6). Considering the mean values of proline
treatments, it was observed that treatments were gathered under two different groups
and proline-treated group had greater total phenolics than the untreated group.

With regard to effects of irrigation x proline interactions on total phenolics,
interactions were gathered under three different groups and increasing total phenolics
were observed with decreasing irrigation levels in treatments without proline
(Kcp150=1317,9, Kcp100=1383,1, Kcpso=1447,3 mg GAE/100g). In Kcpso irrigation
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treatments, total phenolics had similar values in proline-treated groups (2, 3, 4) and such
values were greater than non-proline-treated group (1). In Kcpaiogo irrigation treatments,
proline-treated and untreated groups (5, 6, 7, 8) had similar total phenolics. In Kcpiso
irrigation treatments, a similar case was observed in proline-treated and untreated
groups (9, 10, 11, 12). Similar statistical groups were observed in 2014 and for the mean
values of the years.

Table 6. Effects of different irrigation levels and proline treatments on total phenolics (GAE
mg/100g) (P- = Treatments without proline, P1= Proline treatments on 20, 30 and 40th
days, P2= Proline treatments on 30th day, P3= Proline treatments on 40th day.)

Total Phenolics (GAE mg/100g)

1t year
Treatments P-(1,5,9) P1(2,6,10) P2 (3,7,11) P3(4,8,12) Kcp mean
Kcpl=0.5 14473 b 1497 a 1505.7 a 1502.9 a 1488.2 A
Kcp2=1 1383.1¢c 1393.3¢ 1391.6 ¢ 13924 c 1390.1 B
Kcp3=1.5 1317.9d 1319.8d 1320.8d 1316.8d 13188 C
P mean 1382.7B 1403.4 A 1406 A 1404 A
2" year
Kcpl=0.5 1418.3 b 1482.4 a 1479.7 a 14784 a 1464.7 A
Kcp2=1 1346.7 ¢ 13498 ¢ 13525¢ 13475¢c 1349.1B
Kcp3=1.5 1292.4d 1294.1d 1297d 1295.3d 12947 C
P mean 13524 B 13755 A 1376.4 A 1373.7 A
MEAN
Kcpl=0.5 14328 b 1489.7 a 1492.7 a 1490.7 a 14765 A
Kcp2=1 1364.9 ¢ 13716¢ 1372.1c 1369.9 ¢ 1369.6 B
Kcp3=1.5 1305.2d 1307d 1308.9d 1306 d 1306.8 C
P mean 1367.6 B 1389.4 A 1391.2 A 1388.9 A
Total phenolics in 2013 (mg/100g): PxKcp <0.01 LSD=46.11; Kcp <0.01 LSD=65.229; P <0.01
LSD=20.261
Total phenolics in 2014 (mg/100g): PxKcp <0.01 LSD=41.068; Kcp <0.01 LSD=36.805; P <0.05
LSD=17.267
Mean total phenolics (mg/100g): PxKcp <0.01 LSD=31.799; Kcp <0.01 LSD=44.478; P <0.01
LSD=14.159

Internal Proline Content (umol/g)

In both years and for the average of years, effects of irrigation treatments on internal
proline contents were gathered under 3 different groups and increasing internal proline
contents were observed with decreasing irrigation levels (Table 7). With regard to
effects of proline treatments on internal proline contents in the first year of the
experiments, treatments were gathered under 4 different groups and proline-treated
groups had greater internal proline contents than the untreated groups. In the second
year of the experiments, proline treatments gathered under 3 different groups and again
proline-treated groups had greater internal proline contents than the untreated groups. In
the years 2013 and 2014 and in average of years, the lowest internal proline content in
proline treatments was obtained from the treatment with proline treatments on 40" day.
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Table 7. Effects of different irrigation levels and proline treatments on internal proline
contents (umol/g) (P- = Treatments without proline, P1= Proline treatments on 20, 30 and
40th days, P2= Proline treatments on 30th day, P3= Proline treatments on 40th day.)

Internal Proline Content (umol/g)

1%t year
Treatments P- (1,5,9) P1(2,6,10) P2 (3,7,11) P3(4,8,12) Kcp mean
Kcpl=0.5 67.37¢c 96.81a 87.81b 90.87 ab 85.71 A
Kcp2=1 33.84f 4331e 50.69d 4255¢ 426B
Kcp3=1.5 13.58 h 22.52¢ 29.63 f 21.14 ¢ 21.72C
P mean 38.26 C 54.21 AB 56.04 A 51.52 B
2" year
Kcp1=0.5 58.6 ¢ 88.73a 84.23ab 79.61b 771.79 A
Kcp2=1 28.76 ef 42.15d 44.11d 35.8de 37.7B
Kcp3=1.5 12.65h 22.01 fg 23.79 fg 19.64 gh 19.52C
P mean 33.34C 50.96 A 50.71 A 45.02B
MEAN
Kcp1=0.5 62.99 ¢ 92.77a 86.02 b 85.24 b 81.75A
Kcp2=1 31.3f 42.73 de 47.4d 39.18e 40.15B
Kcp3=1.5 13.12h 22.26 g 26.71 fg 20.39¢g 20.62C
P mean 35.8C 5259 A 53.37 A 48.27 B

Internal proline content in 2013 (umol/g): PRxKcp <0.01 LSD=6.763; Kcp<0.01 LSD=3.2089;
PR<0.01 LSD=4.2707
Internal proline content in 2014 (umol/g): PRxKcp <0.01 LSD=8.7853; Kcp<0.01 LSD=5.1097;
PR<0.01 LSD=5.4559
Mean internal proline content (umol/g): PRxKcp <0.01 LSD=6.626; Kcp<0.01 LSD=2.6893;
PR<0.01 LSD=4.2207

In the first year of the experiments, in non-proline-treated groups (1, 5, 9), the
greatest internal proline content (67.37 umol/g) was obtained from Kcpso irrigation level
and the lowest value (13.58 upmol/g) was obtained from Kcpiso irrigation level
(Yooyongwech et al., 2013). Similarly in proline treatments on 20" day (2, 6, 10),
internal proline contents decreased with increasing irrigation levels (Kcpso=96.81
umol/g, Kcpiso=22.52 pmol/g). Decreasing proline contents were observed with
increasing irrigation levels also on 30" day proline treatments (3, 7, 11) and 40" day
proline treatments (4, 8, 12). In Kcpso irrigation level, proline-treated groups (2,3,4)
(Kcps0=96.81 umol/g, Kcpso=87.81 umol/g, Kcpso=90.87 pumol/g) had greater values
than untreated group (1) (Kcpso=67.37 umol/g). The proline content of the treatment
with proline treatments on 20, 30 and 40" days (2) was significantly greater than the
proline content of the other proline treatments at Kcpso irrigation level and it was the
greatest value at all. In Kcpioo irrigation level, proline-treated groups (6,7,8)
(Kcp100=43.31 umol/g, Kcp100=50.69 umol/g, Kcpioo=42.55 umol/g) had greater proline
contents than the untreated group (5) (Kcpio =33.84 pumol/g). Similarly in Kcpiso
irrigation level, proline-treated groups (10, 11, 12) (Kcp1s0=22.52 pmol/g, Kcp150=29.63
umol/g, Kcpiso=21.14 umol/g) had greater proline contents than the untreated group (9)
of the same irrigation level (Kcpis0=13.58 pumol/g). In Kcpioo and Kcpiso irrigation
levels, 30" day proline treatments (7, 11) (Kcp1o0=50.69 pmol/g, Kcpiso=29.63 pmol/g)
had greater values than the other proline treatments of the same levels (6, 10, 8, 12)
(Kcpioo= 43.31 umol/g, Kcpiso=22.52 pumol/g, Kcpioo=42.55 pmol/g, Kcpiso=21.14
umol/g). Similar statistical groups were observed in the second year of the experiments
and for the mean values of years.
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Organic Acid Compositions

Effects of different irrigation levels and proline treatments on organic acid
composition were assessed through Biplot analysis. Two principle components (PC1 —
1%t principle component; PC2 — 2" principle component) were used to generate biplot
graph (Figure 2). Organic acid composition values under different irrigation levels and
proline treatments in the first year of the experiments (mg/100g) is also shown in Table
8.

In the first year of the experiments, PC1 and PC2 scores for 3 organic acids were
able to explain 92% of 3 irrigation levels and proline treatment interactions (Table 8).

In biplot graph, over the citric acid axis, the Kcp50 irrigation level without proline
treatment (1) was the furthest treatment to ascorbic acid axis and such a case indicated
that this treatment had quite low ascorbic acid content and high citric acid content.
Increasing citric acid contents were reported with drought stress (Saglam et al., 2010).

Table 8. Organic acid compositions under different
irrigation levels and proline treatments in the first year of
the experiments (mg/100g)

Treatments Ascorbic Acid | Oxalic Acid | Citric Acid
1 84.54 34.62 486.42
2 171.84 26.30 311.90
3 192.99 27.77 441.20
4 130.43 56.32 260.15
5 175.48 37.83 226.11
6 142.45 28.19 477.73
7 183.92 19.33 380.05
8 191.11 15.21 315.10
9 198.92 20.77 212.79
10 161.55 18.84 274.32
11 185.83 23.27 268.62
12 195.19 24.42 285.22

Considering the treatments without proline (9, 5, 1), at Kcp50 irrigation level,
treatment (1) was placed on positive side of oxalic acid axis (PC1>0, PC2>0), negative
side of ascorbic acid axis (PC1<0) and on citric acid axis (PC1>0, PC2>0), at Kcp100
and Kcpl150 irrigation levels, treatments (5,9) were placed on positive side of ascorbic
acid axis and negative side of citric acid axis (PC1<0, PC2<0). Such cases indicated that
these treatments (5,9) had greater ascorbic acid and smaller citric and oxalic acid
contents than the treatment (1) at Kcp50 irrigation level. As compared to treatment (5)
without proline at Kcpl00 irrigation level, the treatment (9) without proline at Kcp150
irrigation level was close to ascorbic acid axis and far from citric and oxalic acid axes.
Such a case indicated that treatment (9) had greater ascorbic acid and lower oxalic and
citric acid contents than the treatment (5).

At Kcp50 irrigation level, 40 day proline treatment (4) was the closest treatment to
oxalic acid axis. Such a case indicated that this treatment had the greatest oxalic acid
content.
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At Kcp50 irrigation level, the proline treatments on 20, 30 and 40" days (2) was
placed on graph origin (Figure 1). Such a case indicated that this treatment had quite
less variations in all three organic acids than the other treatments. The treatment (1)
without proline at Kcp50 irrigation level, treatment (4) with proline treatments on 40"
day at Kcp50 irrigation level and treatment (6) with proline treatments on 20, 30 and
40" days at Kcp100 irrigation level were placed further from the ascorbic acid axis as
compared to the other treatments. Such a case indicated that these treatments (1, 4, 6)
had lower ascorbic acid contents than the other treatments.

Citric
0,7
0,4 06
o770 3 a1
T Ascorbic 0s
a 01 10
=0 11 O
g ¢ @, 02
2 as =
-0,2
as
-0,5
O 4@ Oxalic
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-1 -0,5 0 0,5 1
PC1(%58)

Figure 2. Biplot for the effects of different irrigation levels and proline treatments on organic
acid compositions in the first year of the experiments

In the second year of the experiments, PC1 and PC2 scores for 3 organic acids were
able to explain 94% of 3 irrigation levels and proline treatment interactions (Figure 3).
Organic acid composition values under different irrigation levels and proline treatments
in the second year of the experiments (mg/100g) is also shown in Table 9.

Considering the treatments without proline (9,5,1), Kcpso irrigation level (1) was
further placed to ascorbic acid axis and closer to citric and oxalic acid axes than the
Kcpioo and Kcpaiso irrigation levels (5,9) and Kcpaso irrigation level (9) was placed on
negative side of citric acid axis (PC1<0, PC2<0). The closest location of Kcpiso
irrigation level with proline treatments on 40" day (12) to ascorbic acid axis indicated
that this treatment had the greatest ascorbic acid content. Again, the closest location of
Kcpso irrigation level with proline treatments on 40" day (4) to oxalic acid axis
indicated that this treatment had the greatest oxalic acid content.

The Kcpioo with proline on 20™ day (6), Kcpaoo with proline on 40™ day (8), Kcpiso
(9), Kcpiso with proline on 20" day (10) and Kcpaiso with proline on 30" day (11) were
placed on the negative side of citric acid axis. Such cases indicated that these treatments
had lower citric acid contents. The Kcpso with proline on 20" day (2), Kcpso with
proline on 30" day (3) and Kcpieo with proline on 30" day (7) were placed on positive
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side of citric acid axis and such cases indicated that these treatments had greater citric
acid contents.

Table 9. Plant organic acid compositions under different
irrigation levels and proline treatments in the second year
of the experiments (mg/100g)

Treatments As'gc;:'glc Oxalic Acid Citric Acid

1 142.29 32.09 492.49

2 170.60 28.37 478.87

3 245.42 26.66 512.37

4 119.14 37.24 422.87

5 271.47 25.53 378.87

6 236.91 24.54 325.82

7 251.99 25.88 447.00

8 234.87 25.81 307.53

9 248.67 26.20 301.73

10 232.13 17.86 253.65

11 253.66 24.21 268.41

12 273.92 15.78 316.81

Citrnic
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Figure 3. Biplot for the effects of different irrigation levels and proline treatments on organic
acid compositions in the second year of the experiments

Discussion

Present findings revealed that the increase in yield achieved with increasing
irrigation levels from Kcp50 to Kcpl00 was greater than the increase achieved with
increasing irrigation levels from Kcpl00 to Kcpl50. Decreasing yields were also
reported in pepper, tomato and eggplant with water deficits (Kirnak et al., 2016;
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Mitchell et al., 1991; Kirnak et al., 2001). As approached to maximum vyield, water use
efficiencies decreased and such a case may be related to prevailing climate conditions.
Excessive water uses in irrigation is considered as the primary reason of water deficits,
thus it was thought that water-yield relations would play significant roles in future water
deficits. At Kcp50 irrigation level, an increase was observed in yields with proline
treatments, but yields of proline-treated and untreated groups were similar at the other
irrigation levels. Such findings indicated that proline treatments were more effective in
deficit irrigation conditions.

Farzana (2014) carried out a study with wheat cultivars (BARI Gom-24, BARI Gom-
26) and reported increasing yields with proline treatments under water deficit, but
reported insignificant differences in yields of BARI Gm-24 cultivar with proline
treatments under non-water deficit conditions and increasing values in some parameters
of BARI Gom-26 cultivar with proline treatments. Increasing yields were reported in
tomatoes with proline treatments under salt stress (Oztekin, 2009).

Soluble solids contents (SSC) increased with decreasing irrigation levels, but did not
changed significantly with proline treatments. Generally, high SSC values are desired in
industrial-type peppers. Either unchanged or increasing SSC values were reported in
peppers and tomatoes with drought stress (Shao et al., 2014; Mitchell et al., 1991,
Dagdelen et al., 2004). Dorji et al. (2005) applied deficit irrigation and relative root
zone dry out treatments to chili pepper (Ancho St. Luis) and reported 21% increase in
SSC values in green and red periods with deficit irrigation. Soluble solids content of
tomatoes increased, decreased or remained unchanged with proline treatments under salt
stress (Oztekin, 2009). Similar statistical groups were observed in 2014 and for the
average of the years. The lowest SSC value (7,3%) obtained from Yalova Yaglik-28
pepper cultivar was greater than the minimum values specified for red peppers (6-6,5%)
(Tadesse et al., 2002) and such a case indicated that SSC values of this pepper cultivar
will not pose any problems for the producers.

Proline is a non-enzymatic antioxidant (Hossain et al., 2014) and accumulation of
proline-like osmatic regulators in cells reduces drought-induced damages in plants
(Rontein et al., 2002). Significant correlations were reported between antioxidant
capacity and total phenolics of the plants (Li et al., 2008). Anti-radical and antioxidant
effects of phenolic acids were also reported (Sroka and Cisowski, 2003) and different
free radical-scavenging effects of different phenolics were indicated in previous studies
(Aboul-Enein et al., 2007). Nunez Ramirez et al. (2011) investigated the effects of
different nitrogen doses (32, 80, 160, 320 kg N ha?) on Habanero chili pepper
(Capsicum chinense jacq.) plants and reported increasing TETA values, but unchanged
antioxidant activity and total phenols with increasing nitrogen doses. About 86%
increase was reported in total phenolics of sugar beet with water stress (Stagnari et al.,
2014).

Internal proline contents increased with decreasing irrigation levels. Such a case
indicated a correlation between proline treatments and adaptation to stress conditions.
Proline treatments at Kcp50 irrigation level contributed plant adaptation to water stress.
Besides proline contents, phenolics playing great roles in prevention of various diseases
and contributing fruit color and taste parameters also increased with decreasing
irrigation levels.

Ascorbic acid contents increased and oxalic acid contents decreased with increasing
irrigation levels. Fluctuations were observed in ascorbic acid contents with proline
treatments. In both years of the experiments, the Kcp50 irrigation with proline
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treatments on 20, 30, 40" days and on 30" day (2, 3) had greater ascorbic acid contents
than Kcp50 irrigation without proline treatments (1). Such a case indicated positive
effects of proline treatments on ascorbic acid contents at this irrigation level. Such an
increase in ascorbic acid contents with proline treatments was attributed to increasing
enzyme activities in ascorbate glutathione cycle (Islam et al.,, 2009). Decreasing
ascorbate contents were reported in tomatoes with drought stress (Unyayar et al., 2005)
and increasing ascorbic acid contents were reported in wheat (Chakraborty and Pradhan,
2012) and tomatoes (Shao et al., 2014) again with drought stress. In a study carried out
with soybean, ascorbic acid contents started to increase from the second day of water
deficit and started to decrease after the 8" day of water deficit (Angra et al., 2010).

In another study on tomatoes, ascorbic acid contents were similar in normal and
slight drought treatments, but greater in moderate and severe drought treatments
(Subramanian et al., 2006). However, it was observed in this study that increasing
ascorbic acid contents were also related to water deficit conditions, treatment periods
and doses. Such cases indicated in general that citric and oxalic acid contents decreased
and ascorbic acid contents increased with increasing irrigation levels. Timpa et al.
(1986) indicated that 2-3 times increase in citric acid under drought stress pointed out
osmatic regulation. Emam et al. (2014) reported increasing oxalic acid contents in
paddy with drought stress treatments. Moreover, decreasing ascorbic acid content
(Osuagwu & Edeoga 2012, Subramanian et al. 2006) and increasing oxalic acid
contents (Emam et al. 2014) were reported with water stress.

In treatments without proline, ascorbic acid content at the lowest irrigation level
(Kcp50) was lower than the ascorbic acid contents of the other irrigation levels. Such a
case indicated that irrigation quantities below certain levels reduced ascorbic acid
quantities, which is a significant quality parameter with various positive impacts on
human health. Citric acid contents increased in both years with decreasing irrigation
levels. Fluctuations were observed in citric acid contents with proline treatments.

Conclusions and recommendations

In this study, which investigated the effect of proline applications on pepper
cultivated with different irrigation levels, the yield was increased with increasing the
amount of water. In addition, many quality parameters have also increased. In addition,
proline applications had a positive effect on these parameters at the irrigation level with
the least amount of water applied, but the effect of proline was found to be decreased at
higher irrigation levels. As the irrigation level increased, ascorbic and citric acid values
increased and oxalic acid values decreased. It has been determined that proline
applications generally have a positive effect on increasing the ascorbic acid value in the
subjects where irrigation level is decreased. It can be thought that proline may be
effective in improving yield and some other yield and quality parameters, especially in
regions with limited irrigation opportunities. High citric acid content is considered as an
advantage for the peppers used in canned food industry. Citric acid contents increased
with decreasing irrigation levels, thus it was concluded that lower irrigation levels
(Kcp50) may be recommended for pepper fruits more available for canned food
production. However, more detailed studies on this subject will also help especially the
producers producing pepper processed in industry. For this purpose, it will be useful to
perform studies in different cultivars.
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