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The nutrient uptake curve identifies the nutrient supply that the plant demands and improves the fertilization
programmer of the crop. The objective of this study was to determine the yield, dry matter production and macro
and micronutrient uptake of escabeche chili pepper. A randomized block design with four replicates and four
fertilization levels (kg ha™' of NPK): TO (0-0-0), T1 (100-50-150), T2 (150-100-200), T3 (200-150-250). It has
been shown that dry matter accumulation occurred from 72 to 180 days after transplanting (DAT) 48% in stem,
30% leaf and 22% in fruit. A significant effect was found in the T3 which reported higher macro and micronutrient
uptake and yield (59.79 t ha'). Our study showed that in order to obtain this high yield, the escabeche chili
pepper plant absorbed 201; 24,44; 331,7; 108,66; 31,03; 28,72; 9,93; 1,96; 1,72; 1,39y 1,23 kg ha'de N, P, K,
Ca, Mg, S, Fe, B, Cu, Mn and Zn respectively. Therefore, it was found that the most suitable time for plants to
find a higher availability of nutrients in the soil is from 72 to 180 DAT, in addition, the uptake pattern allows
understanding nutritional demands and improving fertilizer management to increase yields without altering soil
fertility and prevent both nutrient deficiency and excess, thus minimizing environmental impact and encouraging
sustainable agriculture.

1. Introduction

The escabeche chili pepper (Capsicum baccatum var. pendulum) is a vegetable of great importance due to its
high content of phenolic compounds, flavonoids and capsaicin, which have antioxidant activity and have
favorable characteristics for gastronomy, as well as a source of natural coloring for the cosmetics industry
(Guevara et al., 2023). The production of this chilli pepper is constantly growing. Thus, the crop needs adequate
plant nutrition, both mineral and hydric since inadequate or disproportionate nutrition adversely influences yield
and fruit quality and even affects soil fertility and therefore, it is necessary to provide nutrients to the plant
through the application of fertilizers (Zydlik et al., 2022).

On the other hand, the overuse of fertilizers is one of the biggest problems in most crops, because it causes a
negative effect on the environment and also in recent years the price of chemical fertilizers has increased, due
to external factors such as the conflict between nations (Neugschwandtner et al., 2022). In studies Pereira et
al. (2023). showed that farmers used fertilizer doses higher than those required by the crop, which caused a
decrease in yield, soil contamination, increased production costs and proved toxic to plants, while low doses
limit yield and fruit quality. However, to determine the nutritional disorders of plants, different diagnostic
techniques are used to provide information about the deficiency, toxicity, concentration and quantity of nutrients
in the plant and in fact, soil analysis, together with foliar analysis information, is recommended to guide
fertilization programs (Beyer et al., 2021).

Due to the growing interest in conservation methods to improve soil fertility, increase yield and fruit quality, the
interest of sustainable agriculture, it is necessary to quantify the amount of nutrients that the plant absorbs at
different stages of development, using the technique of uptake curves (Arthur et al., 2023). Since uptake is the
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plant's ability to extract mineral nutrients in order to form tissues, organs and organic compounds (Jiang et al.,
2023). Also, Janket et al. (2021) indicate that several studies have found that nutrient uptake depends on the
dynamics of plant growth, accumulation and distribution of dry matter. From this information, uptake curves can
be developed, which are graphic representations of the extraction of each nutrient and represent the quantities
of this element extracted by the plant during its phenological cycle, which is the appropriate way to fine-tune
fertilization programs according to the needs of the plant. Therefore, the objective of this study was to determine
the yield, dry matter production and macro and micronutrient uptake of escabeche chili pepper.

2. Materials and Methods

This research was conducted in the experimental field of the Universidad Nacional Agraria La Molina (UNALM),
located in the district and province of Cafiete, Lima, Peru (13°05'53.03" South Latitude and 76° 21'34. 10" West
longitude, 49 m above sea level. Also in this research soil samples were taken randomly at a depth of 0 to 50
cm being the effective depth of the root system of the escabeche chili pepper plant which determined the
physical and chemical properties of the soil, indicating that the soil in the study site is sandy loam, slightly basic
reaction (7.62), without salinity problems (0.85 dS/m); apparently well drained, organic matter (0.01). Soil P
content (ppm) was 4.9, obtained using the Olsen method (Olsen & Sommers, 1982). that of K (ppm) was 113,
that of Ca?* (meq/100 g) was 9.14, that of Mg?* (meq/100 g) was 2.15, and that of Na* (meq/100 g) was 0.08,
which were obtained using the Houba et al. (1994) using ammonium acetate followed by spectrophotometry.
No deficiency of microelements was found. The field experiment was conducted under a completely randomised
block design with four treatments and four blocks, resulting in 16 experimental plots. The experimental plot
consisted of four rows, and 10 plants were transplanted in each row at a distance of 50 cm between plants. The
form of application for the different nutrients was localized, considering the changes of furrow and respective
hilling. Irrigation, weed, pest and disease control were carried out according to the degree of incidence of these
pests and diseases and to the needs of the crop. The treatments used were four fertilization levels (kg ha™' of
NPK): TO (0-0-0), T1 (100-50-150), T2 (150-100-200), T3 (200-150-250) for determining the uptake curve.
Tukey's significance test was used to compare the averages.

The experimental process was carried out in two stages: Stage 1 consists of the elaboration on dry matter (DM)
accumulation and distribution, for each experimental plot, 10 plants were periodically sampled every 36 days,
obtaining a total of five samplings: 36, 72, 108, 144 and 180 days after transplanting (DAT) obtaining the fresh
weight of the whole plant and then the weight of each organ (leaves, stem and fruit). Likewise, the samples
obtained were placed in the oven for 72 hours at a temperature of 70°C. Once dried, they were weighed to
determine the dry weight, to determine the accumulation and distribution of dry matter, were expressed in kg
ha'!. Stage 2 consists on dry samples from each part of the plant were ground using a gang mill followed by a
one millimeter diameter mesh in sieves, then these samples were stored in plastic bags. The samples were then
taken to the soil and water analysis laboratory of the UNALM where samples of 0.5 to 1 g were taken to
determine the nutrient content through chemical analysis according to that proposed by Janket et al. (2021).
Macro and micronutrient uptake was calculated individually by multiplying the dry weight of each plant part by
its nutrient concentration, then all parts were summed to obtain the total plant uptake and the results were
expressed in kg ha™'. Finally, the statistical application was carried out with the data collected from field and
laboratory were processed through one-way analysis of variance (ANVA) with SPSS v.23.0 (IBM, Armonk, NY,
USA) and comparison of means was calculated with Tukey's test at a < 0.05. Graphical presentation was
performed with Microsoft Excel 2013.

3. Results and Discussion
3.1 Dry matter formation and accumulation and yield

The analysis of variance shows high statistical significance (Table 1 and Figure 1) from 72 DDT due to the
exponential growth of the plant and the response of the application of fertilizers until 180 DDT, being T3 the one
who recorded the highest DM production with 1345.92 kg ha™, statistically exceeding the observed with the
other fertilization levels. At 108 to 180 DDT, the highest DM production was observed again in T3 statistically
superior to all other fertilization levels. The results found are similar to those reported by Huang et al. (2020)
who found that the accumulation of DM is lower since the plant at the beginning of its vegetative period grows
slowly and then presents a rapid accumulation, due to its exponential growth and the response to the application
of fertilizers. Table 1 highly significant differences are shown between the treatments. It was found that T3
reported higher total yield with 59.79 t ha™'. Although the increase in the yield of the escabeche chili pepper has
been significant when using the T3 dose, farmers with this information on the uptake of macro and micronutrients
have a model to provide nutrients at the time the plant needs, thus improving and refine the fertilization program.
Similar reports are registered in chili by Janket et al. (2021) who argue that the pattern of nutrient uptake during



99

the growth cycle helps to understand nutritional demands and identify management practices to prevent both
nutrient deficiency and excess.

Table 1: Periodic accumulation of total dry matter (kg ha-1) and total yield (t ha-1) in escabeche chili pepper,
Peru.

Days after transplant
36 72 108 144 180
" ..that

Yield
Treatments

T3 (200N- 150P-250K) 179.04a' 134592 a 5987.50a 8455.29 a 9017.52a 59.79a
T2 (150N —100P-200K) 192.83 a 1183.83 b 5332.92b 7426.77ab  7526.43ab 44.05b
T1 (100N — 50P-150K) 181.00 a 1011.46 c 4213.58¢c 481115 b  508040b 31.33c¢c
TO(ON — OP—- OK) 195.58 a 948.29 ¢ 3105.29d 3599.97 b 2338.20c 20.06d

Average 187.12 1122.38 4659.82 6073.3 5990.60 38.81
ANVA n.S. *% *% *% *% *%
C.V. (%) 15.04 5.52 4.54 12.8 16.74 10.53

Note: **Highly significant (p<0.01), ns=not significant, CV= Coefficient of variability. 'The means in the columns marked with
different letters are significantly different at the p = 0.05 level, according to Tukey's test.
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Figura 1: (a) Periodic accumulation of dry matter (kg ha') in pickled peppers in the different treatments and (b)
dry matter (kg ha™') in different organs for T3 (200 N - 150 P — 250K).

3.2 Accumulation of dry matter in the different organs of the plant

Figure 2 shows the values of periodic accumulation of DM in plant organs for T3. It was found that the leaf
shows an increasing trend from 36 to 180 DAT, where it reaches the highest accumulation value with 2301.92
kg ha™' of DM, it should be noted that from 144 DAT it begins to stabilize due to translocation to the fruit. A
similar case occurs in the stem, where at 180 DAT it reaches the highest uptake value with 4607.10 kg ha' of
DM. Likewise, DM uptake in the fruit starts from 108 to 180 DAT and the stem registered a higher value with
48%, 30% in the leaf and the remaining 22% towards the fruits, due to the fact that the escabeche chili pepper
has a cycle long life span and fruit production cycles continually overlap. These results are similar to those
reported by Arthur et al. (2021) who found that the increase in DM in the fruit occurs from 90 to 180 DAT as
seen in the different levels of fertilization evaluated. Likewise, this result is corroborated by Yu et al. (2021) who
found that DM accumulation and distribution patterns of plants are important to optimize nutrient uptake
efficiency and production.
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3.3 Analysis Nutrient uptake

Table 2 and Figure 2 (a) how that N, P and K uptake at 36 DAT was very similar at all fertilization levels. At 72
DAT, significant statistical differences were observed in the uptake between the different fertilization levels,
being T3 the one that reported the highest accumulation with 65.40 kg ha™' of N, 6.18 kg ha™' of P and 37.08 kg
ha' of K, 42.03, 9.88 and 3.35 kg ha' of de Ca, Mg and S statistically surpassing the other treatments, in the
same way it can be seen at 108, 144 and 180 DAT, with 140.58, 213.91 and 201.85 kg ha' of N, 17.06, 23.64
and 24.44 kg ha™' of P and 200.61 and 331.70 kg ha™' of K, 69.96, 100.43 and 108.66 kg ha"' of Ca, 11.57,
30.07 and 31.03 kg ha'' of Mg and 11.57 a 28.72 kg ha™' of S respectively. Regarding the percentage increase
of the nutrients in the treatments, it can be seen in Table 2, it varied between 80.59 and 86.81% of the total N
absorbed by the plant, as well as, from 90.11 and 93.69% of the total P, 85.54 and 91.48% of the total K, 80.66
and 90.64% by the plant and occurs between 36 and 144 DAT, for all fertilization levels evaluated and then
declined at 180 DAT in all macronutrients.
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Figure 2: Periodic uptake of macro (a) and micronutrients (b) using the fertilization level (200 N - 150 P - 250
K) in escabeche chili pepper.

The results obtained are similar to those reported by Subedi et al. (2023) who obtained averages of N in peppers
225 and 207.4 kg ha™' of N. Foliage development favours N uptake (Jiaying et al. 2022). Regarding the uptake
of P, the results show T3 with the highest absorption whose results are within the ranges reported by Zurawik
et al. (2020). Highest level of uptake at 112 DAT in leaf and in the stem and then tends to decrease, this decrease
for both organs may be due to translocation to the fruit. Veazie et al. [25] indicate that P favour the beginning of
fruit formation and in the fruit set stage, due to high cell division. In the case of K is uptake and stored in the
stem, to later help distribute the photosynthates to the new shoots (Subedi et al., 2023). Corroborated by Pereira
et al. (2023) who indicate that the uptake of K in the fruit follows an increasing trend and reaches the highest
value at 180 DAT, that K during the periods of fruit formation and maturation is mainly expressed in the
metabolism of carbohydrates and translocation from vegetative organs to developing organs. If the expected
yield is higher, the escabeche chili pepper will demand a greater amount of K.

The case of Ca, the results obtained are within the ranges reported by Bonomelli et al. (2021). The Ca maintains
the integrity of the membrane cell, favors growth and activates a large number of enzymes involved in cell
division. Regarding Mg uptake, it shows that the results obtained are similar to those reported by Zurawik et al.
(2020) who reported that an average of 32.14 kg ha™' of Mg is obtained in pepper at 120 DAT and is the center
of the chlorophyll molecule in the leaves that is in charge of capturing the energy supplied by the sun, necessary
for photosynthesis. Regarding S, the results were similar to what was reported by Galvao et al. (2022) indicate
that the leaf follows a growing trend where it reaches its maximum value after this date, the uptake declines due
to the translocation of sulfur compounds to the fruit due to the synthesis of the capsaicin alkaloid, which is a
substance that confers the characteristic pungency of the fruit.

Figure 2(b) shows the uptake of micronutrients which vary greatly in their distribution within plants and their
ability to be remobilized from source and sink organs. Also, the results report that T3 obtained greater uptake
of micronutrients and was significantly superior to the other treatments, showing that the nutrient with the
greatest uptake was iron (Fe) which varied of 0.24 and 9.71 kg ha™', followed by boron (B) which varied from
0.13 and 2.26 kg ha', manganese (Mn) which varied from 0.06 and 1.64 kg ha™), zinc (Zn) that varied from
0.11 and 1.15 kg ha™' and copper (Cu) that varied from 0.02 and 21.29 kg ha™"), in addition, the maximum uptake
value occurred at 108 and 144 DAT and then declined at 180 DAT in all micronutrients. Regarding the uptake
of micronutrients, the results vary greatly in their distribution within the plants and their ability to be remobilized
from the source and sink organs, as indicated Zurawik et al. (2020). The organic matter content is the
determining factor to provide micronutrients to the escabeche chili pepper plant. In addition, micronutrients are
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commonly added to NPK fertilizers during the manufacturing process and can significantly contribute
micronutrient supply to crops according to Elshamly & Nassar (2023). The results identified that Fe was the
micronutrient with the highest absorption, followed by B, Mn, Zn and Cu. The results were similar to those
reported in pepper by Malik et al. (2020).

Table 2: Accumulation rate and percentage increase of macronutrients in five samples of escabeche chili
pepper.

Fertilization levels

T3 (200 N-150 P— T2 (150 N—- 100P— T1 (100N -50 P — TOON-O0P-

Muestre  Macron F-
o utrients 250K) 200 K) 150K) 0K) test
AR Pl AR Pl AR Pl AR Pl
kg ha'' % kg ha! % kg ha' % kg ha™' %
N 8.03 a 3.98 8.96 a 6.08 8.20 a 10.68 6.84 a 19.42 ns
P 0.74 a 3.03 0.79a 4.35 0.72a 6.33 0.78 a 9.93 ns
36 DDT K 7.37a 2.22 9.54 a 3.90 7.64 a 4.83 8.10 a 11.76 ns
Ca 3.29a 3.02 3.37a 3.58 3.26 a 4.41 2.86 a 62.34 ns
Mg 1.02a 3.28 1.08 a 4.08 1.04 a 5.80 1.19a 16.80 ns
S 0.37 a 1.30 0.38 a 1.78 0.34 a 2.56 0.38a 6.40 ns
N 65.40 a 28.42 52.81b 29.74 36.78 c 37.23 28.79d 46.02 **
P 6.18 a 22.26 465b 21.09 3.22b 21.88 3.22b 45.34 **
72 DDT K 37.08 a 8.96 37.29ab 11.35 33.50ab 16.37 29.21b  30.63 **
Ca 42.03 a 35.65 32.73 a 31.17 33.89a 41.45 30.50a 62.34 **
Mg 9.88 a 28.54 10.00 a 33.11 852a 41.43 7.86 a 30.05 **
S 3.35a 10.35 3.09ab 12.63 250b 16.12 249b 35.45 **
N 140.58 a 33.08 124.48 a 37.31 103.12b 38.45 67.94c 32.23 **
P 17.06 a 45.51 15.84a 51.23 13.68 b 61.22 9.39¢c 40.54 **
108 K 200.61 a 49.30 174.72ab 56,20 135.82b 64.74 85.40c 55.54 **
DDT Ca 69.96 a 25.71 61.58a b 30.63 45.27 bc 15.41 36.65c¢c 20.16 **
Mg 19.23 a 30.15 18.29 a 32.01 16.48 a 41.43 13.17b  30.05 **
S 11.57 a 28.63 10.78 a 35.87 891b 47.89 6.86 ¢ 39.73 **
N 213.91 a 20.35 157.22 b 13.55 110.09 c 11.13 63.79d 2.34 **
P 23.64 a 23.93 19.51ab 18,12 14.65 bc 8.49 10.55¢c 4.23 **
144 K 291.10 a 27.28 22940 b 22,36 152.21c¢ 10.37 82.61d 2.12 *
DDT Ca 100.43 a 28.04 79.35a 18.87 50.50 b 7.07 34.92b 8.14 **
Mg 30.07 a 34.92 27.66ab 25.32 19.14 bc 12.65 13.90 c 10.35 **
S 23.70 a 42.24 18.95ab 38.07 1142bc 18.80 795c 18.44 **
N 201.85a 14.17 147.44 b 13,33 76.76 c 2.55 35.22¢c 0.00 **
P 24.44 a 328  18.29ab 5.21 11.42 be 212 7.85¢c  0.00 o
180 K 331.70 a 12.24 244.53 ab 6.19 1568504 3.69 68.92 b 0.00 **
DDT Ca 108.66 a 7.57 94.19 ab 15.76 73.90 b 31.67 30.50 c 0.00 **
Mg 31.03 a 3.10 26.43 a 5.53 17.94 b 0.00 7.06c 0.00 **
S 2872a 1748 2145ab 1165  13.38bc  14.63 594c  0.00 >

Note: **Highly significant (p<0.01), *significant (p<0.05), ns: not significant; AR: Accumulation rate; Pl: Percentage increase.
" The means with a common letter are not significantly different (p<0.05) according to Tukey's test.

4. Conclusions

The present study indicated that T3 (200 N - 150 P - 250 K) shows a significant effect on the uptake of macro
and micronutrients of the plant and on the yield of the pickled chili pepper crop (59.79 t ha'). Regarding the DM
accumulation rate, it occurred from 72 to 180 DAT, its distribution being this way: 48 % in the stem, 30% in the
leaf and the remaining 22 % towards the fruits. The uptake of macronutrients in descending order was: K> N >
P > Ca > Mg > S and of micronutrients was: Fe > B > Mn > Zn >Cu. According to the accumulation of nutrients
in the different organs of the escabeche chili pepper plant, the stem was the organ that presented the highest
concentration of nutrients, especially: N, K, S, Cu, Fe and Zn, followed by the leaf: N, Ca, Mg and Mn, and the
fruit: P, B, Cu, respectively. Based on the results of this study, it was found that the use of a fertilization of 200
N - 150 P - 250 K, the plant absorbs 201; 24,44; 331,7; 108,66; 31,03; 28,72; 9,93; 1,96; 1,72; 1,39 y 1,23 kg
ha'deN, P, K, Ca, Mg, S, Fe, B, Cu, Mn and Zn respectively. The results of this study are useful as information
to understand nutritional demands and improve fertilizer management to increase yields without altering soll
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fertility and prevent both nutrient deficiency and excess, thus minimizing environmental impact and encouraging
a sustainable agriculture.
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