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Abstract: Chili, one of the most cultivated plants in the world, from the genus Capsicum sp., has great
importance both in human nutrition and in the pharmaceutical industry. This study provides
detailed information on the impact of chili crop fertilization on the production and accumulation of
capsaicin and dihydrocapsaicin. During the vegetation period, 235 kg-ha~—! NPK (chemical—Ch),
270 kg-ha—! NPK (organic—O) and 250 kg-ha~! NPK (mixed—Ch + O) fertilizers were applied
on six varieties of chili pepper (De Cayenne, Traian 2, Turkish, Sigaretta di Bergamo, Jovial and
Chorbadjiiski); all versions were compared with the control (Ct). The determination of capsaicinoid
compounds from chili pepper samples was done using high-performance liquid chromatography,
HPLC-UV/VIS. The chili pepper plants reacted differently according to the fertilizers used, both in
terms of the production and accumulation of capsaicinoids. The highest production was obtained for
the case of mixed treatments in all cultivars, with the highest production being found for Sigaretta
di Bergamo (40.61 t-ha™!). The capsaicin and dihydrocapsaicin content was influenced by both the
type of fertilizer used and the variety of chili pepper. The accumulation of capsaicinoids in the
chili fruits was found to be dependent on cultivar and fertilization management; higher amounts
of capsaicinoids were found to accumulate in the fruits of the Chorbadjiiski variety treated with
chemicals (0.83 mg-g~! capsaicin and 0.53 mg-g~! dihydrocapsaicin) compared with the amounts
found for untreated De Cayenne (0.52 mg-g~! capsaicin and 0.33 mg-g~! dihydrocapsaicin).
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1. Introduction

Chili (paprika), Capsicum annuum L., is one of the most cultivated species of the genus
Capsicum worldwide [1,2]. In Romania, in 2019, the cultivated area for chili peppers was
10,780 ha, from which was obtained a production of 162,345 tons. In terms of cultivated
area and production in Europe, in first place is Spain, with 21,430 ha and a total production
of 1,402,380 tons of chili peppers. Globally, in the year 2019, the area cultivated with chili
peppers was 1,990,926 hectares, with a total production of 38,027,164 tons [3]. Chili peppers
belong to the Solanaceae family and they are grown in open fields in temperate regions for
direct consumption (fresh) or to be used as a raw material in the food and pharmaceutical
industries [4-6]. Unlike other species of the genus Capsicum, chili peppers are characterized
by fruits that are relatively small in size—about 0.5-2 cm in diameter and with a length
between 1 cm and 25 cm—and have a hot taste, which varies in intensity according to
the variety [7-9]. This pungent taste and the sharpness of the peppers has led these fruits
to find a place in many international cuisines as a spice, and they are loved by many
consumers [10-13].

Capsaicinoids are the compounds responsible for the pungency of pepper fruits
and their products [14]. The two most abundant capsaicinoids are capsaicin (C)
(8-methyl-N-vanillyl-trans-6-nonenamide) and dihydrocapsaicin (DhC) (8-methyl-N-
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vanillylnonanamide) [15-17]. The chemical structures of these compounds are shown
in Figure 1.
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Figure 1. Chemical structure of capsaicin (a) and dihydrocapsaicin (b).

The content of capsaicinoids in peppers is one of the major parameters determining
their commercial quality. The structural characteristics of capsaicinoids that are responsible
for their spicy flavor are associated with the presence of an amide bond connecting a
vanillyl ring and an acyl chain [18,19]. The biological activities of these compounds and
pepper fruits are also associated with these structural characteristics. They have been
used as an analgesic against arthritis and inflammation. Furthermore, they have been
reported to show an anticancer effect and to be active against neurogenic inflammation,
high cholesterol levels and obesity [20-22]. However, high levels of capsaicinoids also have
negative health impacts, leading to a greater risk of gastric cancer [23].

The amounts of capsaicinoids found in pepper fruits can vary in accordance with the
light intensity, temperature and mineral elements with which the plant is grown; the age
of the fruit; and the position of the fruit on the plant [8,24]. In commercial pepper fruits,
capsaicin content is generally 33-59%, while dihydrocapsaicin content is generally 30-51%
and nondihydrocapsaicin 7-15%, with the remainder being <5% capsaicinoids [25-27].

The aim of this study was to obtain further answers regarding the types of fertilizers
used during phenophases in order to highlight their effect on production and their influence
on fruit accumulation of capsaicin and dihydrocapsaicin in six varieties of chili peppers.

2. Materials and Methods
2.1. Experimental Site

The experiment was performed during the years 2018-2019 in the experimental field
of the University of Agricultural Sciences and Veterinary Medicine of lasi.

To achieve the goal of this research, six chili varieties were studied (De Cayenne,
Traian 2, Turkish, Sigaretta di Bergamo, Jovial and Chorbadjiiski). The chili pepper seeds
were purchased at the market from Romanian seed traders.

The seedlings destined for cropping were produced in the greenhouse. At the age of
55 days, the chili seedlings were planted in a vegetable field at density of 48,000 plants-ha~!.
The crop technology applied for the chili peppers was that recommended by the specialized
literature [28].

The experiment was carried out using a split-plot design, with three replicates per treat-
ment for each variety. During the vegetation period, five fertilizations in vegetation were
applied using chemical fertilizers (Ch), organic fertilizers (O) and mixed fertilizers (Ch + O)
on the six varieties of chili peppers, which were then compared with an unfertilized variant
(Ct). In the case of the control variant, no fertilizers were applied. All treatments were
applied to the soil. The irrigation regime was identical for all treatments.

The treatments were applied during the following growing and development phenophases:
first flower bud visible (BBCH 501), first flower open (BBCH 601), 10th flower open (BBCH
610), first fruit reached typical size and form (BBCH 701) and 10th fruit reached typical
form and size (BBCH 710).

Three fertilization types consisted of the application of 235 kg-ha~! chemical fertil-
izer (Nutrispore, NPK 24-5-16; 30.10.10; 15.10.30; 8.24.24 by MsBiotech, Termoli, Italy),
270 kg-ha~! organic fertilizer (Orgevit® by SolarLegume Ltd., Matca, Galati, Romania) and
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250 kg-ha~! mixed treatment consisting of 108 kg-ha~! NPK from organic fertilizer and
142 kg-ha~! NPK 15.10.30; 8.24.24 (Table 1).

Table 1. Experimental design of the treatments according to phenophases.

Growing and Development Chili Pepper Phenophases

First Flower Bud First Fruit 10th Fruit
Treatments Visible First Flower Open  10th Flower Open Reached Typical Reached Typical
(BBCH 501) (BBCH 601) (BBCH 61) Size Size
(BBCH 701) (BBCH 710)
Ch NPK 24.5.16 20 NPK 30.10.10 NPK 15.10.30 NPK 8.24.24 120 NPK 8.24.24 120
kg-ha™! 100 kg-ha™! 80 kg-ha~! kg-ha™! kg-ha™!
Chicken Chicken
NPK 15.10.30 60 NPK 8.24.24 NPK 8.24.24 120
Ch+0O manure manure ke-ha-1 80 ke-ha-1 ke-ha-1
400 kg-ha~1 400 kg-ha~1 & & &
o Chicken manure Chicken manure Mo* fertilizer 15 Mo* fertilizer 10 Mo* fertilizer 10
1000 kg-ha~! 1000 kg-ha~! kg-ha™! kgha™! kg-ha™!

* Microorganisms fertilizer based on Bacillus sp. and Glomus sp.

Chemical fertilization consisted of 235 kg-ha~! NPK from Nutrispore®. The organic
fertilizer used was a product based on chicken manure with the following characteristics:
pPH7,6%N, 4.5% P, Os, 3% K70, 8% CaO, 1% MgO, 0.03% Fe, 0.01% Mn, 0.01% B, 0.01% Zn,
0.001% Cu and 0.001% Mo. In the case of the O version, the chicken manure was complexed
with biological products based on Bacillus sp. and Glomus sp. and was used at 35 kg-ha~!
three times applied.

The doses of fertilizers were calculated by taking into account the following: the
chemical composition of each formulation; assuming that 75-80% of N, P,O5 and K,O
contents of the O (organic) fertilizer was available for plant assimilation in the year of
application [29].

Harvesting of chili pepper fruits, in order to determine the production, was done in
phenological phase 809—fully ripe: fruits have typical fully ripe color (BBCH scale) [30].
From the beginning of the fruit harvest, measurements were made on the height of the
plants in each repetition and the fruits harvested on each plant were counted. The total
yield according with fertilization schemes was carried out by weighing the fruits for
each harvest.

2.2. Dry Matter Content

After harvesting, 10 ripe fruits from each replication were dried in a laboratory oven
with ventilation. The fruits were dried without the placenta and seeds. Drying was carried
at 55 £ 5 °C until the weight of the samples at 12 h intervals remained constant after each
sample was separately ground with a laboratory mill [31].

The percentage of dry matter of chili pepper fruits was calculated using the formula:

D.W.% =100 - ((m; — my) / m) x 100 [6], where: m; = weight of the sample with the
laboratory tray before drying; m, = weight of the sample with the laboratory tray after
drying; m = weight of the analyzed sample before drying.

2.3. Chili Pepper Analyses
2.3.1. Analysis by HPLC-UV

The determination of compounds C and DhC, both quantitatively and qualitatively,
in chili pepper samples was performed using high-performance liquid chromatogra-
phy (HPLC-UV/VIS) at the analytical laboratory of Van Hall Larenstein University in
Leeuwarden (the Netherlands) [32-34]. For all analyses, a Shimadzu liquid chromatograph
(LC-20 AT) coupled with an auto sampler (SIL-20AC ht), a UV-VIS detector (SPD-10A) and
a column oven (CTO-10A) were used. Furthermore, separation of C and DhC was achieved
using a Luna 5 pm C18(2) 100A 250—4.6 mm column. During the analysis, the mobile
phase consisted of 20% Milli-Q water and 80% methanol (HPLC-grade) with a total run
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time of 20 min at a flow rate of 1.0 mL/minute and an oven temperature of 40 °C. For this,
a 5 pL sample was injected and both compounds were detected at 284 nm.

2.3.2. Sample Preparation

All chili samples (0.4 g) were dissolved in 10 mL methanol (VWR, CAS: 67-56-1)
and placed in a 60 °C, ultrasonic water bath for 20 min for extraction. Subsequently,
the dissolved sample was centrifuged at 2500 rpm for five minutes, and subsequently
filtered over a 0.45 um nylon filter [35,36].

2.3.3. Quantification and Validation

Quantification was achieved by injecting known concentrations of C and DhC,
respectively: 0.5-60 ppm and 0.5-40 ppm [37,38]. These standard solutions were measured
3 times on HLPC-UV / VIS using the autosampler and processed into a calibration curve
(external standard method). With this data, the linearity of the method was determined.
The precision of the method was expressed in term of repeatability and reproducibility
of peak area/gram, using available chili flakes and powder. Initial repeatability was per-
formed on the same day and reproducibility performance was spread over 3 days [39-41],
and both compounds were prepared and measured 10 times [42].

2.4. Capsaicinoids Ratio

The ratio of capsaicinoids is calculated by dividing the content of capsaicin by dihy-
drocapsaicin, and it is usually 2:1 to 1:1 [13].

2.5. Scoville Heat Units (SHU)

Two of the most important capsaicinoids in this regard are C and DhC. The pungency
of the chili peppers is measured on the Scoville scale in Scoville Heat Units (SHU). This scale
was created by Wilbur Scoville in 1912 and it is also known as the Organoleptic Test.
The hot taste (pungency) of peppers, weaker or stronger, depends on the fruit content
of capsaicinoids.

In order to express the degree of pungency in SHU, depending on the content of C
and DhC in chili fruit, the following formula [10] was used:

Total SHU = (C 4+ DhC) x (1.6 x 107)

2.6. Statistical Analysis

The data is expressed as the mean =+ standard deviation (SD). Two-way ANOVA was
used to see the influence of the treatments on the biochemical and yield parameters of
De Cayenne, Traian2, Turkish, Sigaretta, Jovial and Chorbadjiiski chili pepper cultivars.
The significant differences between treatments were established by using Tukey’s post hoc
test with a degree of confidence of 95% (p < 0.05).

3. Results and Discussions

As shown in Figure 2a, regarding the influence of the cultivar on the dry matter
content of pepper fruits, it varied from 11.90%, in the case of the Chorbadjiiski variety,
to 16.50%, in the case of Trajan 2. A low content in dry matter was registered in the Sigaretta
(12.70%) and Jovial (13.40%) cultivars. The varieties Traian 2, Turkish and De Cayenne
demostrated better adaptation to the ecological conditions of the continental temperate
climate (Figure 2b).
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Figure 2. Dry matter content of samples influenced by cultivar (a) and fertilization (b). Ch—Chemical; O + Ch—Organic
+ Chemical; O—Organic; Ct—Control. Along each line, values followed by different letters are significantly different

according to the Tukey’s test at p < 0.05; *—non-significant.

Dry matter content varied from 13.5%, in the case of O + Ch, to 15.2%, in the case of
the control. The fertilized variants Ch and O registered intermediate values of 14.20% and
14.60%, respectively, but the differences between the varieties were insignificant at p < 0.05.

The influence of the interaction between cultivar and treatment is presented in Figure 2.
The dry matter of the hot pepper fruits varied from 11.21%, in the case of the Sigaretta
variety fertilized with O + Ch, up to 17.46%, in the case of the unfertilized Traian 2 cultivar.
From a statistical point of view, the differences between the variants were insignificant,
which means that the interaction between the two factors blurs the significance between
the varieties. Low levels of dry matter content were obtained for the Chorbadjiiski variety
fertilized with O + Ch (11.48%), Ch (11.75%), O (12.31%) and Ct (12.33%). Statistically
high values were obtained for the unfertilized (17.20%) and O-fertilized Turkish cultivar
(16.86%). The values obtained are in accordance with those from the scientifically literature
obtained for chili [25,43,44] and sweet peppers [45].

The dry matter from the hot pepper fruits in the case of the interaction of the factors is
presented in Figure 3 and varied from 11.21% per 100 g dry matter, in the case of Sigaretta
fertilized with O + Ch, up to 17.46% per 100 g dry matter, in the case of the unfertilized
Traian 2 cultivar. From a statistical point of view, the results were insignificant. Low values
of dry matter content were obtained for the Chorbadjiiski and Sigaretta cultivars regard-
less of treatment, which suggests a lower adaptation to growing conditions and a lower
sensitivity to storage, as it is known that vegetables with higher water content are more
perishable [46].

Statistically high values were obtained for the unfertilized (17.20%) and O-fertilized
Turkish cultivar (16.86%). The values obtained are in accordance with those in the literature
obtained for hot peppers [43] and sweet peppers [45].

Regarding the influence of the cultivar on the height of the hot pepper plants, it varied
widely from 53.71 c¢m, in the case of the Turkish cultivar, up to 83.28 cm, in the case of
the Jovial cultivar (Table 2). Under the type of fertilizer applied, the plant height was
insignificant according to the Tukey test for p < 0.05. However, it ranged from 67.38 cm
in the case of the control to 74.99 cm in the case of treatment with O + Ch. In the case
of Keunsarang plant height, it increased by 27.4% compared with the untreated control
version, when the variety was fertilized using an amount of 265.4 kg-ha~! NPK from
manure [30]. Similar data were obtained by Meena et. al. for 60 chili pepper hybrids under
chemical fertilization with 122.5 kg-ha~! NPK; plant height increased from 69.60 cm for
the MS463D13A F; hybrid to 132.82 cm for CMS4626A Fy [47].
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Figure 3. Dry matter content of samples influenced by interaction between cultivar and fertilization. Ch—Chemical; O +
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Ch—Organic + Chemical; O—Organic; Ct—Control. Along each line, values followed by different letters are significantly
different according to the Tukey’s test at p < 0.05; *—non-significant.

Table 2. Biometric indicators and yield affected by cultivar and fertilization.

Treatment Plant Height No. of Fruits Average Weight Yield
(cm) per Plant of the Fruit (g) (tha-1)
Cultivar

De Cayenne 70.89 £ 3.17 bc 2682 +122¢ 13.90 £ 0.69 cd 17.75+0.75 ¢
Traian 2 72.36 +2.26 be 26.65 +1.32c¢ 16.55 + 0.67 abc ~ 21.39 £ 1.46 bc
Turkish 53.71 £2.51d 34.66 £1.39b 17.51 £ 0.76 ab 29.32 £2.09a
Sigaretta 78.89 £ 1.79 ab 47.09+1.79a 13.01 £0.36d 29.71+222a
Jovial 83.28 £349a 30.12 £ 1.74 bc 19.08 £ 0.76 a 27.77 £ 1.58 ab
Chorbadjiiski 63.75+1.17 cd 36.62£222b 1537 £ 0.66 bcd 2728 = 1.76 ab

Fertilization
Ch 70.18 +2.88 33.97 £1.85ab 15.98 £ 0.65 ab 25.83 £1.34b
O+Ch 7499 £ 3.12 3824 +270a 1731+ 0.75a 31.58 £2.23a
(@) 69.37 £+ 2.96 31.97 & 1.57 ab 15.82 £ 0.68 ab 23.924+0.90b
Ct 67.38 £ 3.16 3046 +£1.88b 14.51 £ 0.69b 20.82 £1.02b

ns - - -

Ch—Chemical; O + Ch—Organic + Chemical; O—Organic; Ct—Control. Along each line, values followed by
different letters are significantly different according to the Tukey’s test at p < 0.05; ns—non-significant.

Regarding the effect of the cultivar on the number of fruits per plant, it varied from
26.82 in the case of De Cayenne to 47.09 in the case of Sigaretta. Chorbadjiiski (36.62) and
Turkish (34.66) cultivars also obtained statistically positive results. The type of fertilizer
applied positively influenced the number of fruits per plant according to the Tukey test,
which varied from 30.46 in the case of the control to 38.24 in the case of O + Ch.

Regarding the influence of the studied factors on the average weight of hot peppers
fruits, it varied widely from 13.01 g, in the case of the Sigaretta cv. to 19.08 g in the case of the
Jovial cv.; the difference between the cultivars being 46.6%. Differences between varieties



Agriculture 2021, 11, 181

7 of 13

in most cases can be genetically influenced [48]. Significant results between varieties were
also obtained for the Turkish (17.51 g) and Traian 2 (16.55 g) cultivars. Regarding the
effect of the influence of the type of fertilizer on the average weight of hot peppers fruits,
it varied from 14.51 g, in the case of the non-fertilized variants, up to 17.31 g, in the case of
the O + Ch-treated variants. Under organic fertilization, the average weight of the fruit
was 15.82 g, and in the case of chemical fertilization, the value of 15.98 g was recorded.
From a statistical point of view, the favorable effect of the combination of the two types of
treatments could be observed on the average weight of the fruit. Data from the literature
highlight the favorable effect on Chichen Itza chili peppers under chemical fertilization,
where the fruit weight increased by 26.87% compared to the control [49].

The type of cultivar used significantly influenced the total production obtained from
the hot pepper culture for p < 0.05. This varied from 17.75 t-ha™!, in the case of the
De Cayenne cultivar, to 29.71 t-ha™1, in the case of the Sigaretta cultivar. Statistically
positive results could be observed for the Turkish (29.32 t-ha~!), Jovial (27.77 t-ha=1) and
Chorbadijiiski (27.28 t-ha™!) cultivars. In an experiment conducted in 2012-2013 in Central
Chile, the total production of hot peppers in the field varied from 15.90 t-ha~!, in the case of
the local population “Cacho de Cabra”, to 26.50 t-ha™!, in the case of Chilean negro [27,36].

The yield varied widely with fertilization type from 20.82 t-ha™!, in the case of the
control variant, up to 31.58 t-ha—1, in the case of O + Ch, which highlights the favorable
effect of the combination between chemical and organic treatment, through the synergistic
effect of mineral ions from these two types of fertilizers.

The height of hot pepper plants varied widely depending on the interaction between
the cultivar and the treatment, from 49.87 cm, in the case of the unfertilized Turkish cultivar,
to 89.34 cm, in the case of Jovial x O + Ch (Table 3). Positive differences according to the
Tukey test for p < 0.05 were also recorded by the combinations Jovial x Ch (85.61 cm),
and Sigaretta X O + Ch (85.02 cm). The results obtained for the height of the plants high-
light the positive effect of the relationship between mixed fertilization and variety and on
the growth phenophase. The combined effect of chemical and organic fertilization at 8 cul-
tivars of chili peppers increased plant height from 55 cm to 70.26 cm, under 102.6 kg-ha ™!
NPK applied [50].

The lowest heights of pepper plants were recorded in the Turkish variety regardless
of the fertilizer used. Insignificant results between variants were recorded in the case of the
cultivars De Cayenne, Traian 2, Sigaretta, Jovial and Chorbadjiiski.

Regarding the combined influence of the cultivar and fertilizer on the number of fruits
per plant, it varied from 21.50, in the case of the unfertilized variant of the Traian 2 variety,
to 56.36, in the case of Sigaretta x O + Ch. Significant results compared to the unfertilized
Traian 2 cultivar were registered for the combinations Jovial x O + Ch, Chorbadjiiski x Ch,
Turkish x O + Ch, Chorbadjiiski x O + Ch and Sigaretta x O. Further, regarding the
number of fruits, it was observed that the interaction of cultivars with the mixed treatment
favored the stage of floral differentiation in a much more accentuated way compared to the
control variants.

Regarding the influence of cultivar and fertilizer on the average weight of hot pepper
fruits, weights ranged from 11.74 g in the case of De Cayenne x O to 20.43 g in the case of
Jovial x O + Ch. Significant differences from the Jovial x O + Ch variant were registered
in the case of the Sigaretta cultivar regardless of the type of fertilization.
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Table 3. Biometric parameters and yield of chili peppers under interaction of cultivar and fertilization.

Average Weight of the

i .ha—1
Fruit (g) Yield (t-ha—1)

Treatment Plant Height (cm) No. of Fruits per Plant

De Cayenne x Ch

De Cayenne x O + Ch

De Cayenne x O
De Cayenne x Ct
Traian 2 x Ch
Traian 2 x O + Ch
Traian 2 x O
Traian 2 x Ct
Turkish x Ch
Turkish x O + Ch
Turkish x O
Turkish x Ct
Sigaretta x Ch
Sigaretta x O + Ch
Sigaretta x O
Sigaretta x Ct
Jovial x Ch
Jovial x O + Ch
Jovial x O
Jovial x Ct

Chorbadjiiski x Ch
Chorbadjiiski x O + Ch

Chorbadjiiski x O
Chorbadjiiski x Ct

71.22 4+ 5.92 abcd
76.89 & 6.77 abcd
68.45 4 5.36 abcd
66.98 £ 9.07 abcd
70.04 £ 3.91 abcd
74.28 £ 6.26 abcd
76.34 £ 5.22 abcd
68.79 + 3.38 abcd
54.09 4 6.28 cd
59.87 + 7.26 bed
51.02 +2.89 cd
4987 294 d
76.03 £ 1.45 abcd
85.02 £ 0.52 ab
77.85 £ 0.56 abcd
76.64 £ 6.46 abcd
85.61 £+ 5.86 ab
89.34 + 439 a
79.33 £ 9.2 abc
78.85 + 9.56 abcd
64.11 £ 3.64 abcd
64.53 + 3.8 abcd
63.23 &= 1.21 abcd
63.14 £+ 0.39 abcd

25.15 +2.12 de
2495 + 1.71 de
2643 + 1.3 de
30.75 4+ 3.57 cde
27.62 + 3.35 de
26.86 & 1.52 de
30.62 + 1.8 cde
21.50 041 e
34.15 £ 0.21 bede
42.29 + 0.3 bc
31.78 4+ 0.06 bede
30.44 4 0.14 cde
43.68 +04Db
56.36 =0.94 a
43.98 + 0.49 ab
44.35 + 3.47 ab
31.72 4+ 4.29 bede
36.22 +2.02 bed
27.18 +2.29 de
25.38 + 1.74 de
41.48 + 2.04 bc
42.78 + 4.96 bc
31.85 + 3.86 bede
30.37 & 1.72 cde

14.63 £ 1.22 abc
15.31 £ 1.35 abc
13.92 £ 1.09 abc
11.74 £ 1.59 ¢
15.89 + 0.89 abc
17.68 £ 1.49 abc
18.32 + 1.25 abc
14.32 £+ 0.7 abc
17.48 £ 2.03 abc
18.89 £ 2.29 abc
17.14 £ 0.97 abc
16.52 £ 0.98 abc
12.36 + 0.24 bc
15.01 & 0.09 abc
12.55 + 0.09 bc
12.13 £+ 0.02 be
19.32 £+ 0.09 ab
2043 +2.77 a
18.54 4 1.03 abc
18.04 £+ 1.52 abc
16.20 £+ 1.11 abc
16.51 £ 0.81 abc
14.46 £ 1.68 abc
14.32 + 1.74 abc

17.66 & 1.47 hi
18.34 & 1.61 ghi
17.66 £+ 1.38 hi
17.33 £2.35hi
21.07 £ 1.18 fghi
22.79 + 1.92 efghi
26.93 + 1.84 cdefgh
14.78 £ 0.73 1
28.65 + 3.32 bedefg
38.34 £+ 4.65 ab
26.15 £ 1.49 cdefgh
24.14 + 1.42 defghi
25.91 £ 0.49 cdefgh
40.61 =492 a
26.49 £ 1.5 cdefgh
25.82 £ 1.52 cdefgh
29.42 & 0.56 bedef
35.52 + 0.22 abc
24.19 £ 0.17 defghi
21.98 + 0.04 efghi
32.25 £ 0.15 abcde
33.9 £ 0.31 abed
22.11 £ 0.37 efghi
20.87 £ 0.23 fghi

Ch—Chemical; O + Ch—Organic + Chemical; O—Organic; Ct—Control. Along each line, values followed by different letters are
significantly different according to the Tukey’s test at p < 0.05.

Regarding the combined influence of cultivar and fertilizer on the total production,

it varied widely from 14.78 t-ha~!, in the case of the unfertilized Trajan 2 cultivar, up to
40.61 t-ha~!, in the case of Sigaretta x O + Ch. Significant differences compared to the
unfertilized Traian 2 variant were registered for the Chorbadjiiski and Turkish cultivars
fertilized with O + Ch and for Chorbadjiiski x Ch. Recent studies pointed out that under
120 kg-ha~! NPK from manure, for Grande cultivar hot peppers, the yield was increased
by 38.8% [51].

Although the average mass of fruit was the lowest, production was offset by the higher
number of fruits per plant.

Regarding the effect of the cultivar on the total capsaicin content, it varied from
0.30 mg-g~! d.w., in the case of the Turkish cultivar, to 0.65 mg-g~! d.w., in the case of the
Jovial cultivar. The positive results of the total capsaicin content from a statistical point of
view were also obtained for the cultivars De Cayenne (0.52 mg-g~! d.w.) and Chorbadjiisk
(0.47 mg-g~! d.w.) (Table 4).

The capsaicin content varied from 0.40 mg-g~! d.w., in the case of the O variant,
to 0.54 mg-g~! d.w., in the case of the Ch variant.

Differences between C and DhC content can be attributed to the genotype, as revealed
by other studies in northeast India, showing that the capsaicin content of various cultivars
of Capsicum ranged from 0.02 mg-g~! d.w. up to 72.05 mg-g ! d.w. [52,53].

Regarding the influence of the cultivar on the dihydrocapsaicin content of hot peppers,
it varied widely from 0.14 mg-g~! d.w., in the case of the Turkish cultivar, to 0.43 mg-g~! d.w.,
in the case of the Jovial cultivar. The statistically negative results were also obtained for the
cultivars De Cayenne (0.23 mg-g~! d.w.) and Traian 2 (0.28 mg-g~! d.w.).

Under fertilizer type, the dihydrocapsaicin content ranged from 0.23 mg-g~! d.w.,
in the case of O, to 0.33 mg-g~! d.w., in the case of Ch. The results are in accordance with
the scientific literature [54,55].
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Table 4. Influence of cultivar and fertilization on capsaicinoid content and Scoville Heat Units.
Capsaicin (C) Dl.h ydro- Ratio Capsaicinoids Scoville Heat Units
Treatment (me-g—1 d.w.) Capsaicin (DhC) C/DhC Analyzed (SHU)
&8 dw (mg-g—1d.w) (mg-g~1d.w.)
Cultivar
De Cayenne 0.52 £0.04b 0.30 £0.02b 1.72 £ 0.09b 0.82 £0.05b 13202.00 4= 788.74 b
Traian 2 0.42 + 0.03 be 0.28 4 0.03 bc 1.56 £0.10b 0.70 £ 0.05 bc 11189.50 =+ 855.04 be
Turkish 0.30 £0.01 ¢ 0.14 £0.01d 224 +0.13a 044 +£0.01d 7124.25 £ 23291 d
Sigaretta 0.40 £ 0.02 be 0.23+0.01c¢ 1.80 = 0.07b 0.63 +0.03 ¢ 10102.75 + 454.57 ¢
Jovial 0.65 +0.05a 0.43 +£0.03 a 1.53 +0.03b 1.08 £ 0.07 a 17347.75 +1145.34 a
Chorbadjiiski 047 £0.01b 0.29 &+ 0.01 bc 1.64 £0.04b 0.76 &+ 0.02 bc 12155.50 =+ 367.3 be
Fertilization
Ch 0.54 +0.05a 0.33 £0.03 a 1.76 £ 0.10 0.87 +0.08 a 13953.33 + 123591 a
O +Ch 0.43 + 0.04 ab 0.26 £ 0.03 ab 1.80 & 0.08 0.69 & 0.07 ab 11082.17 £ 1046.99 ab
O 0.40 £0.02b 0.23 £0.02b 1.82 £ 0.11 0.63 £0.03b 10169.83 4 465.54 b
Ct 0.47 £+ 0.02 ab 0.29 + 0.01 ab 1.62 + 0.04 0.76 + 0.03 ab 12209.17 4 533.54 ab

*

Ch—Chemical; O + Ch—Organic + Chemical; O—Organic; Ct—Control. Along each line, values followed by different letters are
significantly different according to the Tukey’s test at p < 0.05; *—non-significant; d.w.—dry matter.

The ratio between the main compounds (capsaicin and dyhidrocapsaicin) that give
the pungency of pepper fruits [13].

The influence of the type of cultivar and fertilizer used on the total content of capsaici-
noids was in direct correlation with the results obtained for capsaicin and dihydrocapsaicin.
The highest capsaicin content was found in the Jovial cultivar, and the differences for the
other five varieties were significant for p < 0.05.

The type of treatment used determines the different accumulation of total capsaicin,
the highest values being registered with the chemical treatments and control compared
to the organic variants. Higher results in control variants can also be attributed to the
mechanisms of adaptation of chili pepper plants to the conditions of nutritional stress.

The cultivar used significantly influenced the SHU, ranging from 7124.24 SHU in the
case of the Turkish variety to 17347.75 SHU in the case of the Jovial variety. According to
the scientific literature, according to their SHU, the cultivars used in the experiment are
moderately pungent [54]. The fertilization type attenuated the degree of spiciness; the SHU
varied from 10,169.83 with organic treatment to 13,953.33 in the case of chemical treatment.

Regarding the combination between cultivar and the type of fertilizer used, the capsaicin
content of hot pepper fruits varied widely from 0.27 mg-g~! d.w., in the case of the Turkish
variety fertilized with O + Ch, to 0.83 mg-g~! d.w., in the case of Jovial x Ch (Table 5).
All combinations showed significant differences compared to the maximum capsaicin
content obtained by Jovial x Ch. Statistically significant differences from the variant with
the lowest capsaicin content (Turkish x O + Ch) were not recorded for the combinations
Turkish x O, Sigaretta x Ch, Turkish x Control, Turkish x Ch or Traian 2 x O + Ch.
These results are in agreement with scientific literature regarding the C and Dhc content;
Morales-Soriano et al. mention values for C between 0.1418 mg-g~! d.w., in the case of the
Panca cultivar and 2.01 mg-g~! d.w., in the case of the Arnaucho cultivar [5]

Regarding the effect of the cultivar and the type of fertilizer used on the dihy-
drocapsaicin content, the highest value was obtained for the same variant as capsaicin
(Jovial x Ch), with a content of 0.53 mg-g~! d.w., while the lowest value was recorded by
the Turkish variety fertilized with O (0.11 mg-g~! d.w.). Significant results compared to the
highest value were obtained by all variants, except for the combination of Jovial x O + Ch
(0.48 mg-g~! d.w.). Compared to the combination that recorded the lowest dihydrocap-
saicin content (Turkish x O), the combinations of Turkish x O + Ch, Turkish x Ch and
Traian 2 x O + Ch were the only ones that did not show significant differences.
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Table 5. Interaction between cultivar and fertilization on capsaicinoid content and Scoville scale.

Dyhidrocapsaicin

Scoville Heat

Treatment (Capsaiclzn; (C; (DhCQC) CI}Ia)tlllOC ((Zapsaicllr:101d)s Units
mg-g W. (mg-g1 d.w) mg-g W. (SHU)
De Cayenne x Ch 0.69 +0.04b 0.37 4+ 0.01 bc 1.86 % 0.06 cdefgh 1.06 £ 0.06 ¢ 17066 + 886.72 ¢
De Cayenne x O + Ch 0.39 + 0.02 fghi 0.28 £ 0.02 def 1.40 & 0.11 hi 0.67 £ 0.02 hi 10787 + 245.93 hi
De Cayenne x O 0.47 £ 0.03 def 0.23 £ 0.01 fgh 2.05 4+ 0.16 cde 0.70 £ 0.03 ghi 11270 + 491.86 ghi
De Cayenne x Ct 0.52 +0.02 cd 0.33 +0.01 cd 1.58 + 0.05 efghi 0.85 4 0.03 ef 13685 + 483.00 ef
Traian 2 x Ch 0.56 £0.02 ¢ 041 £0.01b 1.37 £ 0.031 0.97 £0.03 cd 15617 + 464.77 cd
Traian 2 x O + Ch 0.34 £ 0.01 ghij 0.16 £ 0.01 ijk 2.13 4+ 0.07 bc 0.50 £ 0.02 jk 8050 =+ 245.93 jk
Traian 2 x O 0.35 £ 0.01 ghij 0.26 £ 0.01 efg 1.35+0.041 0.61 £ 0.02 jj 9821 + 278.86 ij
Traian 2 x Ct 0.41 £ 0.02 efgh 0.29 £ 0.01 def 1.42 £ 0.07 ghi 0.7 £ 0.02 ghi 11270 4 245.93 ghi
Turkish x Ch 0.33 £ 0.01 hij 0.13 £ 0.01 jk 2.55 + 0.16 ab 046 =0k 7406 + 0.00 k
Turkish x O + Ch 0.27 £0.01j 0.13 £ 0.01 jk 2.09 & 0.12 bed 0.40 +£0.01 k 6440 + 92.95 k
Turkish x O 0.29 £0.01j 0.11 £ 0.01 k 2.65+0.12a 0.40 £0.01 k 6440 + 161.00 k
Turkish x Ct 0.32 £ 0.01 jj 0.19 £ 0.01 hij 1.69 % 0.07 cdefghi 0.51 £ 0.02 jk 8211 + 245.93 jk
Sigaretta x Ch 0.31 £ 0.01 jj 0.19 £ 0.02 hij 1.66 & 0.17 cdefghi 0.50 £ 0.01 jk 8050 + 185.91 jk
Sigaretta x O + Ch 0.42 £ 0.02 efg 0.21 £ 0.02 ghi 2.02 4 0.12 cdef 0.63 £0.041 10143 + 580.49 i
Sigaretta x O 0.39 £ 0.01 fghi 0.24 £ 0.01 fgh 1.63 % 0.07 defghi 0.63 = 0.02 1 10143 £ 245.93 i
Sigaretta x Ct 0.49 4+ 0.01 cde 0.26 £ 0.01 efg 1.89 % 0.08 cdefg 0.75 £ 0.02 fgh 12075 + 245.93 fgh
Jovial x Ch 0.83 £0.01a 0.53 £0.02 a 1.57 + 0.06 efghi 1.36 £ 0.02a 21896 4+ 371.81 a
Jovial x O + Ch 0.76 4 0.01 ab 048 £0.02 a 1.59 + 0.05 efghi 124 £0.02b 19964 + 278.86 b
Jovial x O 0.45 + 0.02 def 0.32 £ 0.01 cde 1.41 +0.04 hi 0.77 £ 0.02 fgh 12397 + 371.81 fgh
Jovial x Ct 0.57 +0.01 ¢ 0.37 4 0.01 bc 1.54 £+ 0.01 ghi 0.94 £ 0.01 de 15134 + 185.91 de
Chorbadjiiski x Ch 0.52 4+ 0.01 cd 0.33 = 0.01 cd 1.58 + 0.02 efghi 0.85 £ 0.02 ef 13685 + 245.93 ef
Chorbadjiiski x O + Ch 0.42 £ 0.01 efg 0.27 £ 0.01 defg 1.56 + 0.02 fghi 0.69 £ 0.02 ghi 11109 + 245.93 ghi
Chorbadjiiski x O 0.44 £ 0.01 def 0.24 £ 0.02 fgh 1.85 £ 0.1 cdefgh 0.68 £ 0.02 hi 10948 + 322.00 hi
Chorbadjiiski x Ct 0.49 4 0.01 cde 0.31 4= 0.01 cde 1.58 + 0.01 efghi 0.80 £ 0.01 fg 12880 + 185.91 fg

Ch—Chemical; O + Ch—Organic + Chemical; O—Organic; Ct—Control. Along each line, values followed by different letters are
significantly different according to the Tukey’s test at p < 0.05; d.w.—dry matter.

As for the influence of cultivar x fertilization on the total content of capsaicinoids,
the lowest content (0.40 mg-g~! d.w.) was recorded for the Turkish variety fertilized by
O + Ch and O; while the highest content was obtained for Jovial x Ch (1.36 mg-g~! d.w.).
Compared to Turkish x O, which obtained the highest total content of capsaicinoids,
all combinations showed significant differences, with the exception of Turkish x Ch
(2.55 mg-g~! d.w.).

Regarding the influence of the cultivar x fertilization combination on the Scoville Heat
Units (SHU), they varied from 6440 SHU, in the case of Turkish x O + Ch and Turkish x O
combinations, to 21,896 SHU, in the case of Jovial x Ch. In the Jovial x Ch combination,
which obtained the highest SHU content, all experimental variants obtained statistically
significant results according to the Tukey test for p < 0.05. In a study on the SHU of nine
varieties of C. chinense, values from 9792 SHU for the Mochero cultivar to 39,755 SHU for
the Arnaucho cultivar were reported [5]. Data from Table 5 show increased SHU values for
the Chorbadjiiski and Jovial cultivars under chemical treatment.

The combination of variety and fertilization type did not change the degree of pun-
gency, which indicates that the variants obtain fruits that fall into the moderately pungent
category (3000-25,000 SHU) as determined primarily by genotype and to a lesser extent by
the treatment used [56].

4. Conclusions

The results presented in this study provide new data on the regulation of metabolism
of capsaicinoids in the fruits and their production in response to different types of treat-
ments of six chili pepper varieties.

The dry matter content was not influenced by the applied treatments, the results
obtained being insignificant in the case of the combined influence of the two factors studied.
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Significant results were obtained in the case of the individual influence of the cultivar for
the Traian 2 and Turkish varieties.

The applied treatments had a positive impact on the production parameters; from
the measurements performed, it could be observed that the type of fertilizer used had
different effects depending on the response of the cultivar. Thus, the plant height registered
significant values in the case of the combinations of Jovial with O + Ch fertilization and of
Turkish with chemical fertilization. The average weight of the fruits indicated significant
values in the case of Jovial x O + Ch and De Cayenne x Ch.

The best cultivar regarding yield was Sigaretta under O + Ch, and Jovial treated with
Ch obtained the highest content of capsaicinoids (over 135 mg-g~1).

The effect of genotype and fertilizers interaction is a complex phenomenon; genotype
plays a major role in the accumulation and content of capsaicinoids.

The chili peppers responded well in terms of the yield results for the organic + chemical-
treated variants, and the chemical-treated variants in terms of the capsaicinoid contents.

Farmers can produce chili peppers with different types of pungency and with high
productivity using appropriate cultivars and fertilizers.
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