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Abstract

Precision agriculture requires supply of adequate amount of fertilizer application to increase crop yield and prevent
environmental contamination. Objective of the study was to evaluate response of pepper under different fertigation
method and amount using plant induced electrical signal (PIES) for precision agriculture. Pepper was fertigated 10
times with recommended additional nitrogen fertilizer and set as a control. Low fertilizer treatment did not receive
additional urea and high fertilizer received three times higher amount of nitrogen fertilizer. Conventional treat-
ment was fertigated as basal fertilizer and once with additional fertilizer. The PIES decreased during vegetative stage
and remained constant at reproductive stage because of reduced nutrient and water uptake. The PIES showed posi-
tive relationship with soil NH,*, NO;~, stem NO5~ and leaf N, which resulted in highest PIES value during reproduc-

was not affected by different fertilizer treatment.

tive stage in high fertilizer treated pepper. Plant growth parameters were also related with the PIES although yield
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Introduction
Climate change such as sudden temperature change and
drought resulting in productivity fluctuations in open
field caused environmental stress for crop growth [11].
Since nutrient and water demand of crops is also not con-
stant due to climate change, it is important to understand
how productivity and soil nutrient dynamics are affected
by fertilization practices under these variable climatic
conditions [38]. Therefore, it is necessary to diagnose the
physiological activity of the crop at an early stress stage
and manage nutrients and water based on the plant activ-
ity for stable crop production.

For stable crop productivity, it is important to manage
soil nutrients by supplying an appropriate amount of fer-
tilizer in consideration of various factors such as climate
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and soil conditions [26]. Excess or deficient fertilizer in
the soil can cause soil nutrient imbalance. This nutrient
imbalance has negative effects on both the environment
and crops [22]. Runoff from overfertilized soils contains
nitrogen and phosphorus, which causes eutrophication
[18]. In addition, nutrient deficiency causes yellow leaves
resulting in stunted growth and, in severe cases, wither-
ing, eventually leading to a decrease in crop productiv-
ity [2]. Thus, soil nutrient management contributes to the
sustainability of farmland and to maintaining the yield
and quality of crops.

Diagnosis of crop physiological activity for proper
nutrient management is possible through monitoring
crop bioinformatics. Methods for evaluating crop bio-
informatics in relation to stress include analysis of chlo-
rophyll content and chlorophyll fluorescence of leaves
because environmental stress affects plant photosynthesis
[5]. Analysis of chlorophyll content requires destructive
sampling of the plant, while measurement of chlorophyll
fluorescence is non-destructive [3, 12]. In addition, tran-
scriptome analysis as bioinformatics tools can be used
to understand regulatory and metabolic processes of
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plants in response to abiotic stress [37]. However, above
mentioned bioinformatics analyses are expensive, take
long time for analysis and have limitations in showing
the plant state in real time, so it is impossible to evaluate
continuous response of plant to environmental stress.

Plant induced electrical signal (PIES) measures the inter-
nal resistance through electrodes inserted on the plant
stem in real time and converts it into electrical conductiv-
ity to reflect the nutrient and water absorption of the stem
[29]. The PIES is used to assess effect of environmental
parameters such as temperature, humidity, CO,, and light
on crop growth including nutrient and water uptake and
productivity [30]. Therefore, PIES can be non-destruc-
tively measured and used to diagnose crop growth and
stress in various growing environments through real-time
monitoring.

In our previous studies, physiological responses of
broccoli (Brassica oleracea var. italica) and red pepper
(Capsicum annuum L.) was evaluated in association with
different climate conditions and urea application [5, 19,
20, 30]. However, the relationship between crop growth
and PIES under soil conditions during varying fertigation
in open filed has not been elucidated. Fertigation system
is suitable for supplying balanced nutrients and water by
monitoring water and nutrient levels [17]. However, it is
difficult to monitor nutrient status in soil during fertiga-
tion and to determine the time and amount of fertigation.
If plant activity can be measured during the fertigation and
is related to plant growth, which can be applied for deci-
sion support system for efficient fertigation [15]. In order
to supply adequate nutrients for crop growth, PIES moni-
toring as mean of plant physiological activity measurement
is required and it is a priority to evaluate the relationship
between nutrient supply and PIES and their association
with crop productivity. Therefore, the objective of the study
is to evaluate effect of fertigation on pepper growth and
changes in PIES during the fertigation.

Materials and methods

Pepper growth and application of fertilizer

Pepper (Capsicum annuum L.) seedlings were planted in
open field located in Jeongeup-si, Jeollabuk-do and grown
for about 4 months from 22.04.30 to 22.09.16. Pepper fruits
were harvested from 22.07.19 every week and yield was
recorded. For characterization of the soil, soil was sam-
pled and air-dried and sieved less than 2 mm. Soil texture
was determined using a hydrometer after being dispersed

Table 1 Characteristics of soil in pepper field
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with 5% sodium hexametaphosphate [10]. Soil pH and EC
were measured by extracting soil in a 1:5 ratio with distilled
water. Ammonium nitrogen (NH,"-N) contents were ana-
lyzed according to the indophenol-blue method [7], and
nitrate nitrogen (NO;™-N) contents were measured as the
VCI(III)-reduction method [8]. Available phosphate was
measured by Bray No.1 method [4], and soil organic matter
was estimated by Walkley—Black method [40]. Properties
of the soil are presented in Table 1.

Field experiments were conducted by applying dif-
ferent amounts of fertilizer through fertigation system
in open field and PIES of peppers under different urea
application was monitored. The amounts of fertilizer for
control (N1) were 22.8 g N/m?* and 23.8 g P/m? accord-
ing to the standard amount of Korean Soil Information
System [21]. Fertilizer was supplied as monoammonium
phosphate (MAP) and urea. The amounts of fertilizer
for conventional (N2) treatment plot were same as con-
trol but treated once with MAP and once with urea. The
amount of fertilizer for low fertilizer (NO) treatment plot
were 4.8 g N/m? and 23.8 g P/m?* as MAP, and urea was
not applied. The amounts of fertilizer for high fertilizer
(N3) treatment plot were three times as much as control.
Control, low, and high fertilizer treatments were supplied
10 times as fertigation and all treatments were conducted
in triplicate.

Monitoring of PIES and environmental conditions using
sensors

The growth of peppers applied with different amounts of
urea by fertigation was monitored by PIES. The PIES was
monitored by inserting electrodes with three stainless
steel needles 5 mm each on both sides of the stem (Fig. 1),
and electric resistance was measured using Junsmeter II
(Prumbio, Suwon, Korea), which was converted to elec-
trical conductivity. During the experiment, the soil EC,
photosynthetic photon flux density (PPFD), and air tem-
perature and humidity were monitored by TEROS-12
(Meter group, Pullman, WA, USA), PYR (Meter group,
Pullman, WA, USA) and ATMOS 14 (Meter group, Pull-
man, WA, USA) sensors, respectively. Precipitation
data were acquired from agricultural weather of Rural
Research Development [1].

Nutrient analysis of soil, and pepper stem and leaves
Soil samples near the root zone were collected on the day
of harvest, and air-dried samples were sieved less than

Texture pH EC (uS/cm) NH,*-N (mg/kg)

NO;™-N (mg/kg) Available P (mg/kg) Organic matter (%)

Loamy sand 6.90 162.80 28.30

2.32 62.24 047
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Fig. 1 Plant induced electrical signal (PIES) sensor inserted
into the stem of pepper

2 mm and used for analysis. For measurement of soil
pH and EC, 5 g soil was mixed with 25 mL of distilled
water at 180 rpm for 30 min [33]. The pH and EC in the
extracted solution were measured using a pH/conduc-
tivity meter (A215 pH/Conductivity Benchtop Multipa-
rameter Meter, Thermo-Fisher Scientific, Waltham, MA,
USA). In order to extract available nutrients in soil, 2 g
soil was shaken with 20 mL of 1 N ammonium acetate in
50 mL conical tube at 180 rpm for 30 min [6]. Extracted
solution was filtered through a 0.45 pm syringe filter and
elemental concentrations were analyzed using ICP-OES
(Avio 500, Perkin Elmer, Waltham, MA, USA). Avail-
able ammonium and nitrate contents were extracted by
2 M KCI and analyzed according to the indophenol-blue
method, and VCI(III)-reduction method, respectively.
Absorbance of the solution after color development was
measured by UV-VIS spectrophotometer (Multiskan
SkyHigh Microplate Spectrophotometer, Thermo-Fisher
Scientific, Waltham, MA, USA).

To measure the EC, pH, and ion contents of pepper
stems, the pepper stems were cut a length of 5 cm includ-
ing the point where the PIES electrodes were inserted.
After cutting, the stem was weighted and placed in 50 mL
conical tube. Ions in stem were extracted with 30 mL of
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distilled water by shaking at 180 rpm for 2 h [41]. The pH
and EC in the extracted solution were measured using a
pH/conductivity meter. The ion concentrations in pepper
stem extract were analyzed using ICP-OES and ammo-
nium and nitrate concentrations were analyzed by indo-
phenol-blue method and VCI(IlI)-reduction method,
respectively.

After the pepper harvesting, leaves were dried at 60 C
and grinded. For the element content measurement 0.1 g
of the leaf sample was digested with 5 mL of nitric acid
at 140 C until the volume was decreased to about 1 mL.
The digested sample was diluted to 50 mL with deionized
water and the element contents were determined using
ICP-OES.

Measurement of SPAD and chlorophyll fluorescence

of leaves

Before pepper harvesting, SPAD of the leaves was meas-
ured at leaves of the third joint from the top using Chlo-
rophyll Meter (SPAD-502Plus, KONICA MINOLTA,
Tokyo, Japan). Chlorophyll fluorescence was measured
by FluorPen (FluorPen FP 110/D, Phyton Systems Instru-
ments, Drasov, Czech republic), after dark adaptation of
leaves using clips for 15 min.

Analysis of chlorophyll, proline, malondialdehyde (MDA)

of leaves

For chlorophyll analysis, 0.2 g of frozen pepper leaves
were homogenized in 5 mL of 80% acetone [12]. After
centrifugation at 4000 rpm for 10 min, the absorbance
was measured at 645 nm and 663 nm with 80% acetone
as a blank. The contents of chlorophyll a and chlorophyll
b in pepper leaves were calculated by following formula.

(12.3Dgg3 — 0.86Dga5) X V
C,=
d x 1000 x W

_ (19.3Dgg3 — 3.60Dg45) X V
B d x 1000 x W

Cp

where C, is the concentration of chlorophyll a (mg/g
FW), C, is the concentration of chlorophyll b (mg/g FW),
Dgqs is the absorbance at 663 nm, D, is the absorbance
at 645 nm, V is the final volume (mL), W is the fresh
weight of leaf materials (g), and d is the length of the light
path in cm.

To extract proline, 10 mL of 3% sulfosalicylic acid was
added to 0.5 g of frozen leaves in 50 mL of conical tube
and sonicated for 30 min. The extracted solution was
centrifuged at 4000 rpm for 10 min at 25 °C and filtered
through a 0.45 um syringe filter. In 2 mL of the filtrate,
2 mL of acid-ninhydrin and 2 mL of glacial acetic acid
were mixed and reacted at 100 °C for 1 h. After cooling,



Kim et al. Applied Biological Chemistry (2023) 66:62

400 mL of toluene were added and shaken for 20 s. The
absorbance of the solution was measured at 520 nm with
toluene as a blank [3].

For MDA analysis, 0.2 g of frozen pepper leaves were
homogenized in 2 mL of 0.1% trichloroacetic acid (TCA).
After centrifugation at 13,000 rpm for 10 min, 0.5 mL of
the supernatant was reacted with 1.5 mL thiobarbituric
acid (TBA) at 100 °C for 15 min. After cooling and cen-
trifugation at 13,000 rpm for 5 min, the absorbance was
measured at 532 nm and 600 nm [32].

Statistical analysis

The PIES and all analytical data were calculated as aver-
age of the three replicates and presented as mean with
standard deviation. Stress index of pepper was calcu-
lated based on PIES measured and modeled PIES using
environmental parameters. High stress index indicates
high stress on the plant. Statistical analysis of the data
was performed using SPSS software (IBM, Armonk, NY,
USA). Means among different treatments were compared
using one-way ANOVA followed by Duncan’s multiple
range test at p<0.05. Different letters among different
treatments indicate statistically significant differences.
The principal component analysis (PCA) was conducted
to evaluate the relationship among PIES, nutrients, plant
growth and stress related parameters using Xlstat (Add-
insoft, Paris, France). Variables with significant differ-
ences among treatments were selected for PCA and data
were standardized. Principal components (PCs) with
high eigenvalues were selected and variable loadings
were examined.

Results and discussion

PIES by different urea fertilizer applications

PIES value decreased during vegetative growth and
remained constant during reproductive growth. Because
PIES reflects plant physiological activity, which increases
when plant uptakes water and nutrients, the PIES was
high when plant uptake large amount of nutrients and
biomass increased at high rate. When the nutrient
and water uptake of pepper is active during vegetative
growth, the PIES ranged from 10 to 20 mS/m. However,
after starting of harvesting pepper (22.07.19), the PIES
remained relatively constant. The lowest PIES value of the
pepper plant was 4 mS/m. Development stage of sweet
pepper affected uptake ratio of nutrient to water during
the growth. Most of nutrient uptake ratios decreased
at productive stage, but demand for N and P increased
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during the reproductive stage [34]. As the plant growth
stage progresses, more nutrients are assimilated into
fruits than plant tissue synthesis [14] and leaf does not
require much nutrients and amount of nutrients trans-
ported decreases [34], which might result in reduced
pepper activity and low PIES.

During the vegetative stage, the PIES was high in the
order of control (N1), high fertilizer (N3), low fertilizer
(NO), and conventional (N2) although during reproduc-
tive period PIES of high fertilizer (N3) was higher than
control (N1) and low fertilizer (NO) showed the lowest
PIES (Fig. 2). For the conventional fertilizer treatment,
most of fertilizer was applied as basal fertilizer, and dur-
ing the reproductive stage the nutrient level in soil was
similar to low fertilizer treatment because of depletion of
applied nutrients. Different nitrogen application affected
at the reproductive stage because N and P demand
increased at reproductive stage [34].

Although the growth of pepper in control (N1) was
higher, there was no significant difference in the yield of
pepper in all treatment (Table 2). In the case of low ferti-
lizer, lower shoot length and fresh weight were analyzed,
but no significant difference was observed in yield. The
optimum temperature for growing pepper is 20-25 °C
[35], but in this experiment, the air temperature and soil
temperature were about 30—45 °C, and precipitation was
also high. As a result, the overall growth of pepper was
not good, the yield was low and significant fertigation
effect was not observed because of heavy rain in August,
which was not suitable for growing red pepper (Fig. 3)
[13].

Nutrient concentrations of soil, and stem and leaves

of pepper

Soil nutrient contents did not show significant differ-
ences in exchangeable Ca, Mg, and K according to differ-
ent treatments because only different amount of nitrogen
fertilizer was applied (Table 3). However, water solu-
ble Ca and Mg was the highest in high amount of ferti-
lizer applied plot. Liu et al. [25] also reported that urea
application initially increased Ca and Mg leaching. The
NH,"-N content also did not show significant difference,
but the control and high fertilizer treatment showed rela-
tively high nitrate in soil. In general, NH,*-N is rapidly
converted to NO;™-N in soil and nitrogen is consumed by
plants [39]. Therefore, NH,*-N content were not affected
by urea application. However, the NO;™-N content in
high fertilizer (N3) showed the highest although the
absolute NO;™-N concentration was not high compared
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Fig. 2 Plantinduced electrical signal (PIES) of pepper with different amount of fertilizer applications

Table 2 Growth parameters of pepper with different amount of fertilizer applications

Fresh weight (kg) Soot height (cm)

Stem diameter (mm) Stem extract pH

Stem extract EC (uS/ Total fruit yield (kg)

cm)
Low fertilizer (NO) ~ 4.68+0.90 a 923+11.2cC 141+146a 6.64+0.09 a 76.0+332Db 157+187a
Control (N1) 750+£098 a 112+103 ab 180+208a 6.50+0.08 b 919+383a 182+338a
Conventional (N2) 547+333a 94.7+£7.04 bc 150+3.74 a 6.61+0.10 ab 755+5.15ab 17.1+430a
High fertilizer (N3)  7.07+1.06 a 126+170a 169+12a 6.63+0.03 ab 83.9+103ab 168+422a

Different letters in the same column indicate significant differences among samples using one-way ANOVA followed by Duncan’s multiple range test (p<0.05)

to applied urea (Table 3). The soil was collected on the
day of pepper harvest and the applied nutrient was taken
up by pepper or lost from the soil.

The nutrient content of the pepper stem extract was
the highest in the high fertilizer (N3) while it was low-
est in low fertilizer treatment (Table 4). The increase in
water soluble Ca and Mg contents in the soil with high
amount of urea might also affect the element contents in
the stem. In high fertilizer treated pepper stem, NH,"-N
and NO;™-N concentrations were higher than in other
treatments (Table 4). Ono et al. [28] demonstrated that
NH,"-N concentration in xylem sap of soybean plants
increased with different type of nitrogen fertilizer appli-
cation. The PIES can measure the EC of the plant stem
and the EC increases with increasing sap flow as well as
nutrients, so the PIES is very closely related to nutrients

in the stem [29]. Comparing the nutrient concentrations
of the stem extract and PIES, the same tendency was
observed, which was generally high in high fertilizer and
control, and low in low fertilizer and conventional treat-
ments (Table 4) (Fig. 2).

The nutrient contents in leaves did not show a sig-
nificant difference according to the fertilizer treatments
indicating that assimilated amount of nutrients were not
different (Table 5). In other study, there was no difference
in the amount assimilated nutrients even if the nutrient
contents treated in the soil was high in the high fertilizer
treatment group [42]. Therefore, excessive treatment of
fertilizers lowers the fertilizer use efficiency. In addition,
excess nitrogen in the soil induces a phosphorus imbal-
ance, which progressively limits plant phosphorus uptake
[31]. Moreover, excessive urea application can cause
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Fig. 3 Atmospheric temperature, soil temperature and precipitation during pepper growth

Table 3 Nutrient concentrations of soil with different amount of fertilizer applications
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Precipitation (mm)

Ca (mg/kg) Mg (mg/kg) K (mg/kg) NH,*-N (mg/kg) NO;™-N (mg/kg)
Extraction Water NH,O0AC Water NH,OAC Water NH,0AC  KcCI KCl
Low fertilizer (NO) ~ 11.3+147ab 785+109a  583+03%9ab 377+535a 366+658a 325+36a 181+260a 577+174b
Control (N1) 888+127ab 742+939a 477+096b  296+560a 257+118a 254+43a 174+240a 447+298b
Conventional (N2) ~ 523+3.14b  708+£6.82a 243+065b  314+525a 157+349a 270£43a 151+057a 237+137b
High fertilizer (N3)  19.8+789a  874+200a 10.1+346a 401+388a 247+135a 246+35a 173+245a 442+128a

Different letters in the same column indicate significant differences among samples using one-way ANOVA followed by Duncan’s multiple range test (p<0.05)

Table 4 Nutrient concentrations in stem extract with different amount of fertilizer applications

Mg (mg/kg) P (mg/kg) K(mg

/kg) S (mg/kg)

NH,*-N (mg/kg)

0;7-N (mg/kg)

Ca (mg/kg)
Low fertilizer (NO) 21.7+204b
Control (N1) 258+5.11ab
Conventional (N2) 193+1.01b
High fertilizer (N3) 309+298a

226+2.76ab 1204245 ab

270+223a 152+3.80a
170+437b 795+231b
249+4.17 a 1524204 a

118+248a 931+374a
155+234a 9.84+357a
114+213a 859+164a
131+1.07 a 6.97+225a

504+589b
42.5+4.52bc
350+195¢
64.5+290 a

288+187b
6.30+1.28b
114+381b
428+6.78 a

Different letters in the same column indicate significant differences among samples using one-way ANOVA followed by Duncan’s multiple range test (p<0.05)

Table 5 Nutrient concentrations of pepper leaves with different amount of fertilizer applications

Ca (mg/g) Mg (mg/g) P (mg/g) K(mg/g) S (mg/g) N (mg/g)
Low fertilizer (NO) 237+40a 883+046a 464+0.88a 419+33a 773+1.15a 318+256b
Control (N1) 247+28a 949+138a 274+035b 415+70a 7.04+0.56 ab 3874567 ab
Conventional (N2) 251+29a 869+0.22 a 255+0.25b 408+66a 7364044 ab 330+439b
High fertilizer (N3) 201+27a 1054+175a 1.86+0.37 b 421+05a 593+031b 448+091 a

Different letters in the same column indicate significant differences among samples using one-way ANOVA followed by Duncan’s multiple range test (p<0.05)
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inhibition of potassium absorption in plants and also
accelerate chlorophyll decomposition and exacerbating K
deficiency symptoms [24].

Relation of stress related parameters and PIES

The chlorophyll value was the lowest in the low ferti-
lizer treatment although there was no significant dif-
ference among different fertilizer application. The low
chlorophyll content indicates low photosynthetic activ-
ity because of low nitrogen [36]. High fertilizer showed
the highest value in SPAD, which reflect high chloro-
phyll content by measuring the color of the leaves [43].
Because the main absorption wavelength of the SPAD
instrument is close to chlorophyll a content, it is assumed
that chlorophyll a is the highest in the high fertilizer [16].

The proline content, an amino acid synthesized in
response to plant stress, was the highest under the high
fertilizer treatment and the lowest levels in the low fer-
tilizer treatment [23]. In contrast, MDA levels, a direct
indicator of the stress state in plants, were found to be
highest under low fertilization [9]. The Fv/Fm ratio,
a measure of photosynthetic performance of chloro-
phyll, did not show significant differences in all treat-
ment groups, with the values consistently below 0.8
(Table 6). The result suggested that the growth of plants
was adversely affected by environmental stress [27]. The
PIES also showed that the vitality of the plant decreased
considerably before harvest at the time when Fv/Fm was
measured (Fig. 2). Stress index was the highest in conven-
tional treatment, but significant difference was not found
among different treatments.

Principal component analysis (PCA) was performed to
understand the relationship between the nitrogen con-
tents in soil and plants, stress related parameters and
PIES. The PC1 and PC2 explained for 39.70% and 16.39%
of total variation, respectively (Table 7). The stem extract
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Table 7 Factor loadings of the first four rotated principal

components
PC1 PC2 PC3 PC4

PIES 0.767 0.172 —0.141 —-0.026
Stress index —-0.632 0.134 0.306 0403
Stem extract EC 0.680 -0.054 -0.636 -0.110
Leaf N 0.857 0.102 0372 0.205
Stem NH,* 0.648 —-0.038 0472 —0.068
Stem NO;~ 0.550 0.287 0.719 0.045
Soil NH,* 0475 0.751 —-0.243 0.307
Soil NO;~ 0.643 0.592 0.114 0.163
Yield 0413 0.077 -0459 0.634
Fresh weight 0.767 —-0.362 -0.271 —-0.283
Stem height 0.760 —-0.188 0.226 —-0.359
Stem diameter 0.745 -0.229 -0.504 —-0.266
Chlorophyll a 0421 -0.667 0.050 0.563
Chlorophyll b 0473 —-0.596 0.071 0.583
Proline 0.520 0.638 —-0.001 —-0.080
MDA —-0.493 0.363 -0.612 0.207
Variability (%) 39.698 16.386 15.241 10.825
Cumulative % 39.698 56.083 71.325 82.150

Values in bold indicate loadings greater than 0.5

EC, leaf N, stem NH,*-N and NO,;™-N, soil NO;™-N,
fresh weight of pepper plant, stem height and diameter,
and proline content showed positive relationship with
PIES (Fig. 4). The stress index was associated with MDA
content indicating that calculated stress index based on
PIES reflected plant stress condition (Fig. 4). The classi-
fication of the pepper plants grown in different fertiliza-
tion can be made using biplot of PC1 and PC2. The plants
(NO and N2) with high stress and relatively low growth
were separated from control (N1) and high fertilizer (N3)

Table 6 Chlorophyll, SPAD, proline, MDA, Fv/Fm of pepper leaves with different amount of fertilizer applications

Chlorophylla+b SPAD Proline (umol/g) MDA (pmol/g) Fv/Fm Stress index
(mg/g)
Low fertilizer (NO) 0.53+0.08 a 4413+799b 142+0.18b 6.07+047 a 0.71+£005a 060+2.76 a
Control (N1) 0.68+0.10a 47.16+£164 ab 232+034ab 548+0.29a 0.74+£0.04 a -133+185a
Conventional (N2) 0.70+£030a 3761+743b 2.1+0.94 ab 597+0.12a 0.72+0.03a 243+1.06a
High fertilizer (N3) 0.72+£0.08 a 66.14+722a 3.99+092a 532+065b 0.7+0.08 a -129+£213a

Different letters in the same column indicate significant differences among samples using one-way ANOVA followed by Duncan’s multiple range test (p<0.05)
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Fig. 4 Bioplot of PC1 and PC2 for stress related parameters, growth parameters and PIES of pepper under different amount of fertilizer applications

(Fig. 4). Therefore, the PIES can be used to evaluate pep-

per plant growth under different conditions.
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