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Organic fertilizers are very important tools during production of seedlings due to the huge potential
regarding the substitution of chemical fertilizers. Light is a vital component for reliable production. The
purpose of this study was the evaluation of the differential effect of light and fertilizer sources on the
morphology, physiology, and anatomy of pepper seedlings. In this regard, pepper (Capsicum annuum L.)
seedlings were cultivated with growing media of control (C), 100% compost (100C), 50% compost
(50C), 25% compost (25C), and fertilization with compost tea (CT) and chemical fertilizer (CF). LED
(light-emitting diode) light and shade daylight were used for the light source. Mean height, leaf number,
total leaf area, stem diameter, aboveground biomass, net photosynthesis (4-nef), stomatal conductance
(gs), transpiration rate (E), intrinsic water use efficiency (iIWUE = A-net/gs), ratio of intercellular to
ambient COz (Ci/Ca), soil and plant analyzer development (SPAD) value, width of cortical layer and
secondary xylem of stem, and number of stem vessels of pepper seedlings were measured. The highest
A-net, IWUE, total leaf area, and aboveground fresh and dry biomass were measured at 3.2 pmol CO2 m
2571, 101.2 umol mol, 649.3 cm?, 16.86 g, and 1.425 g, respectively, in seedlings cultivated with 100%
compost at shade daylight conditions. Although there was not any significant difference in A-net, gs, and
iWUE of seedlings cultivated with different doses or types of fertilizer compared to control at LED light
conditions, aboveground fresh and dry biomass was measured at its highest on seedlings of 100C. While
stoma density on seedlings fertilized with compost tea was measured as the highest, it had no beneficial
effect on physiological (4-net, gs) and morphological (mean aboveground fresh biomass, etc.)
characteristics of seedlings. In conclusion, usage of mature compost as fertilizer had influence on the
cultivation of pepper seedlings when an appropriate light source was provided. Light spectrum,
depending on the light source, could have more influence than light intensity on the growing
characteristics of pepper seedlings.
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Compost obtained from organic wastes provides
beneficial microorganisms to the soil. These
microorganisms have the role of maintaining the soil food
web, which is very essential for supplying nutrients to the
plants (Zhu et al., 2026). Otherwise, the soil must be
supported by chemical fertilizers, causing the loss of the
soil biology through their excessive use, per year or season,
for crop production (De Corato et al., 2024). Compost tea
produced from compost in aerated liquid conditions is
thought to have beneficial effects like or more than
compost due to the multiplying of beneficial
microorganisms during preparation (Stewart-Wade, 2020).

Besides the crop production in the field, peat moss is
one of the most expensive components and is dependent on
imports for seedling production. Also, excessive use of
peat causes the degradation of peatlands and thus CO:

emissions (Ceylan et al., 2025). That’s why substitution by
compost is a candidate for one of the ways that has green
production.

The effects of composts on plant productivity,
structure, morphology, and anatomy were mostly studied,
and it was evaluated that yield, biomass, fruit production,
and quality of those could be upscaled depending on using
100% or less compost. Cultivation of pepper (Capsicum
annuum L.) seedlings with compost enhanced the biomass,
height, and fruit production (Ceylan, 2024). But there are
few studies about the synergistic effects of compost and
LED (light-emitting diode) light on the production of
pepper seedlings. In spinach plants, the interaction of LED
light and biofertilizer has a significant effect on
photosynthetic characteristics (Vitale et al., 2020).
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Light source and quality are two of the most limiting
factors affecting the intensity and efficiency of
photosynthesis and the yield, growth, and development of
plants (Li et al., 2020). LED light is a promising light
source for the future of the cultivation of some edible plants
in greenhouses. The spectral composition of light is very
important to achieve higher performance from LED light.
LED lamps have the spectra, consist of red and blue light
in appropriate proportions, and are generally in the range
of the absorption spectrum of chlorophylls (Anna et al.,
2021). Compared to white light, when using the light
spectrum solely, red light increased the leaves, and blue
light caused the shorter internodes and plant height of
pepper seedlings (Gai et al., 2025). For this reason, it could
be more logical to use full-spectrum LED light for the
cultivation of pepper seedlings.

The aim of this study was the determination of
synergistic effects of compost and full-spectrum LED light
on the morphological, physiological, and anatomical
characteristics of pepper (Capsicum annuum) seedlings.

Materials and Methods

Experimental design

Pepper seedlings were cultivated with %100, %50, and
%25 compost in the pots labeled as 100C, 50C, and 25C,
respectively. Compost tea (CT) was used as the alternative to
compost additions. Chemical fertilizer (CF) was assumed as the
positive control. Control (C) was prepared with %100 peat.

Materials

Compost was obtained from spent coffee grounds,
spent mushroom substrates (Ganoderma Ilucidum and
Lentinus edodes), hazelnut pruning wastes, vegetable
wastes, powdered chicken manure, grass clippings, and dry
leaves (10:20:10:20:30:5:5 w/w %, respectively) by the
aerobic thermophilic fermentation method in a 1m3
composting unit at Recycling of Agricultural Wastes to
Industry Application and Research Center (DUTAGAM).
Physicochemical and biological properties of compost
were listed in Table 1. Peat (Klasmann-Deilmann, TS1)
and compost were used for the preparation of growing
media (Table 2). Compost tea (CT) was brewed by aerating
compost in dechlorinized water in the range of 1:5 v/v with
molasses (1.85 mL/700 mL) and sea kelp (0.88 mL/700
mL) for 24 h, at 22 °C (Edenborn et al., 2018). After
preparation, stock solution was diluted in the range of 1/2
and its pH and electrical conductivity (EC) were measured
as 7.93 and 798 ps/cm. Chemical fertilizer (Nutrition kit,
Plantponic A+B) was prepared by mixing both 1 g of
Plantponic A and Plantponic B hydroponic agricultural
nutrition powder in tap water with the range of 2g/L. After
homogenization, stock solution was diluted in the range of
1/4 and its pH and electrical conductivity (EC) were
measured as 7.41 and 1100 ps/cm. The same water source
was used for preparing the compost tea and the chemical
fertilizer.

Table 1. Physicochemical and biological properties of compost.

Physicochemical and biological properties Compost
pH 7.6120.15
EC (mS/cm) 0.911£0.055
Organic matter (%) 71.72+1.98
Ash (%) 28.28+1.14
TOC 41.69+0.88
C/N 68.34+£1.45
N (%) 0.61+0.09
P (%) 0.33+0.00
K (%) 1.49+0.00
Ca (%) 1.98+0.00
Mg (mg/kg) 3922.6+£25.71
Zn (mg/kg) 185.21+0.44
Fe (mg/kg) 2124.34£21.48
Mn (mg/kg) 452.08+2.24
Cu (mg/kg) 24.72+0.19
Na (mg/kg) 974.1+1.19
MB (ug C/g) 585+19
SGI (%) 131.48 +11.58

Values after “+” indicate standard deviation.

Table 2. Ingredients in growing media.

Growing media Components (v/v %) Nutrition solutions (ml)
Peat Compost Compost tea Chemical fertilizer

Control (C) 100 - - -
100% compost (100C) - 100 - -
50% compost (50C) 50 50 - -
25% compost (25C) 75 25 - -
Compost tea (CT) 100 - 100 -
Chemical fertilizer (CF) 100 - 100
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Methods

Cultivation of pepper seedlings

Hot pepper (Capsicum annuum) seeds (cv. Gediz,
purchased from Istanbul Seed Growing) were sown in the
per media at 10 replicates as in Table 2 in 3 L pots. 100 ml
of compost tea and chemical fertilizer were added to the
pots containing CT (compost tea) and CF (chemical
fertilizer) growing media at the beginning of cultivation,
respectively. All pots were watered due to the need. Ten
replicates of each media were divided in half. 10-12 days
after sowing, seeds germinated, and pots containing
growing media of the LED light group were moved to the
room setup with full-spectrum LED light (150 £ 4 umol m-
2 5! PPFD (photosynthetic photon flow density) for 12 h
per day), temperature (22/18 + 2°C, day and night), and
moisture (approximately 60 + 5%). LED light was
measured by LI-COR (LI-6800) Portable Photosynthesis
System at the top of seedlings. LED lamp (SOL grow light,
600W, 5th generation) had 6 chips, each of which consisted
of 660 nm red x 12, 640 nm red x 10, 610 nm orange x 2,
470 nm blue x 3,440 nm UV x 3, 730 IR x 1, and 525 nm
x 1 LEDs. Pots containing growing media of the shade
daylight groups were moved to the room with no setup
from June to September 2025. The light of the room was a
maximum of 50 + 4 pmol m s PPFD at a sunny day. The
cultivation process was maintained for 90 days, and at the
end of this process, all pepper seedlings were measured for
gas exchange parameters, SPAD, stoma, morphological
aspects, aboveground biomass, and anatomy of the stem.

Morphological measurements

Height (cm), leaf number, leaf area (mm?), stem
diameter (mm), and aboveground biomass (g) of each
seedling were measured. Leaf numbers were counted. Leaf
area was measured in 5 gradually sized leaves by the
Image] program (Version 1.54 g, https://imagej.net/ij/).
Mean total leaf area was calculated by mean leaf area times
leaf number. Stem diameter was measured by digital
caliper. Aboveground biomass was cut at the top of
growing media, weighed as fresh biomass, dried at 70 °C,
and weighed as dry biomass.

Physiological and anatomical investigations and
measurements

Net photosynthesis (4-net, pmol CO; m™s!), stomatal
conductance (gs, umol H,O m?s™), transpiration rate (E,
mmol H,O ms™), intrinsic WUE (iWUE, pmol mol™'), and
the ratio of intercellular to ambient CO; (Ci/Ca) of each
seedling were measured by LI-COR (LI-6800, Lincoln,
Nebraska, USA) Portable Photosynthesis System. This
system, with minor adjustments, is a reliable method
widely used in numerous photosynthesis studies on both
coniferous (Kog et al., 2026; Ko¢ & Nzokou, 2022, 2023),
broadleaf, and crop species (Cantiirk et al., 2023; Kog et
al., 2026; Yesil & Kog, 2024). Leaf gas exchange
parameters of five mature leaves (4-8 leaves from the top)
were measured from 10:00 to 14:00 on a sunny day for the
shade daylight group. Measurements of mature leaves for
LED light group were done without ambient LED light.
Before measurements, PPFD, reference CO; and air flow
rate were adjusted to 1300 umol m~2s™!, 400 pmol mol"'s™!,
and 500 mLmin! respectively.

SPAD (soil and plant analyzer development) chlorophyll
meter (SPAD-502Plus, Konica Minolta, Inc., Japan)
readings were taken from 8 matured leaves for each

seedling. The SPAD instrument is based on the principle of
estimating the relative chlorophyll density in leaf tissue by
measuring light transmission at specific wavelengths such as
red (650 nm) and near-infrared (940 nm). Thanks to
chlorophyll, the basic pigment of photosynthesis, the SPAD
value provides information about the photosynthetic
potential of species (Uddling et al., 2007; Xiong et al., 2015;
Yesil & Kog, 2024; Aygiines & Kog, 2026). In general, a
high SPAD value represents a high chlorophyll content.
Therefore, plants with high SPAD values are expected to
have higher Anet. In this context, the SPAD wvalue is
considered an indicator that provides rapid and non-
destructive information about leaf health and the levels of
environmental stress experienced by the plant. Five stomatal
imprints of 3 leaves of each seedling were sampled with
colorless nail polish from 10:00 to 14:00 on a sunny day.
Stomatal density (mm?), stomatal polar diameter (um), and
stomatal equatorial diameter (um) of each imprint were
observed and measured by microscope measurement
program (ImageView). For anatomical observations of the
stem of each seedling, stem samples from the second
internode were cut into pieces and fixed in FAA (10%
formaldehyde (38%), 5% acetic acid, 50% ethanol (96%),
35% deionized H,O) fixative solution at 4°C for 1 week (Gai
et al., 2025). After fixation, samples were dehydrated with
an ethanol series (50%, 70%, and 97% ethanol for 1 hour).
Then, hand cross sections of stems were done with a razor
blade for microscopic observations (Optika B-159, Italy).
Width of cortical layer (um), width of secondary xylem
(um), and number of vessels/ mm? of secondary xylem of
each stem were measured with a microscope measurement
program (ImageView) (Schuerger et al., 1997).

Statistical Analysis

Differences between mean height, leaf number, total leaf
area, stem diameter, aboveground biomass, net
photosynthesis, stomatal conductance, water use efficiency,
intrinsic water use efficiency, ratio of intercellular to ambient
CO,, SPAD value, width of cortical layer and secondary
xylem of stem, and number of stem vessels of pepper
seedlings by independent or interaction influences of fertilizer
and light source were analyzed by two-way ANOVA using
the GraphPad Prism 6 statistical program. Differences
between means were compared using Tukey’s multiple-
comparison test with a significance level of P< 0.05.

Results

Morphological Results of Pepper Seedlings

Height, stem diameter, and aboveground dry biomass of
pepper seedlings were significantly impacted by light
source, fertilizer source, and their interaction (Table 3). The
height of seedlings in shade daylight SOC was the highest of
all treatments and 29.4%, 34.2%, and 33.0% higher than
those of C, 25C, and CT of shade daylight, respectively. The
lowest seedling heights were under C and C100 of LED
light. There was no significant difference between the
heights of seedlings with fertilizer source treatments at LED
light. While the lowest stem diameter of the seedling was
3.17 cm on LED light 100C, the highest was 3.80 cm on
shade daylight 100C. Aboveground dry biomass of
seedlings in shade daylight 100C was 1.425 g and the
highest. Those on LED light CT was the lowest at 0.358 g.
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While leaf number was significantly influenced by light
and fertilizer source, total leaf area and aboveground fresh
biomass were significantly influenced by fertilizer source
and the interaction of fertilizer and light source (Table 3).
Total leaf area of seedlings in shade daylight 100C was the
highest of all treatments and 2.33, 1.42, 2.38, 2.31, and
1.73 times higher than those of C, 50C, 25C, CT, and CF
in shade daylight, respectively.

Physiological results of pepper seedlings

A-net, gs, transpiration rate, iWUE, Ci/Ca, and SPAD
values of pepper seedlings were significantly impacted by
light source, fertilizer source, and their interaction (Figure
1). The highest A-net was measured at 3.2 and 2.97 pmol
CO; m?s! in seedlings cultivated with 100% and 50%
compost at shade daylight conditions, respectively.
Increasing the rate of compost in the growing media
increased A-net compared to control at shade daylight. The
lowest A-net was measured at 0.167 umol CO, m™s! in
those treated with compost tea at LED light. There was no
significant effect of fertilizer source on A-net of seedlings
at LED light.

Compared to control, gs of seedlings cultivated with
100% and 50% compost and chemical fertilizer was
measured 2.13, 2.2, and 2.13 times higher. While the
lowest gs was measured at 0.007 pmol H,O m?s?! in
seedlings cultivated with 50% compost at LED light
conditions, there was only a significant difference at those
of 100% compost compared to control at LED light. While
there was not any significant effect of fertilizer on the
transpiration rate of seedlings growing at LED light
conditions, chemical fertilizer affected significantly the
transpiration rate of those of shade daylight. The highest
transpiration rate was measured at 1.43 mmol H,O m?s’!
on seedlings growing at shade daylight and with chemical
fertilizer, and the lowest transpiration rate was measured at
0.29 mmol H,O m™2s™! on those of LED light conditions and
with 50% compost growing media.

With the increase of the rate of compost at the growing
media, iWUE of seedlings at shade daylight increased. On
the other hand, while the lowest iWUE of seedlings was
measured at 19.6 pmol mol™!' at compost tea treatment, the
highest iWUE of those was 101.2 umol mol! at 100%
compost treatment.

The highest Ci/Ca ratio of seedlings was measured at
0.896 with chemical fertilizer and LED light. At shade
daylight, with a decrease in compost amount in growing
media, Ci/Ca ratio increased. The lowest Ci/Ca ratio was
0.557 at 100% compost at shade daylight. SPAD values of
seedlings cultivated with 100% and 50% compost and
chemical fertilizer were 29.23, 30.03, and 30.25 at shade
daylight, indicating sufficient chlorophyll content and
nitrogen status for these treatments. In contrast, the lowest
value recorded for seedlings fertilized with compost tea in
shade daylight was 19.03. Such low SPAD values are
detrimental to seedling vigor, as they may reflect severe
chlorosis and insufficient nitrogen availability, which
support the reduced growth and A-net observed in this
treatment.

Anatomical results of pepper seedlings

Stomatal density of pepper seedlings was significantly
impacted by light source and fertilizer source. While the
stomatal polar diameter of those was affected by the light
source, fertilizer source, and also their interaction, the
stomatal equatorial diameter of those was affected by the
light source and their interaction (Table 4, Figure 2).
Stomatal density of seedlings on LED light CT was 133.87
mm? and the highest of all treatments and 47.07% higher
than C of LED light. The lowest stomatal density was 62.25
mm2 at C25 of LED light. The highest stomatal polar
diameter of seedlings was 18.86 um on LED light 25C and
the lowest one was 16.39 um on shade daylight 100C.
While the highest stomatal equatorial diameter of seedlings
was 6.05 um on LED light 50C, the lowest one was 4.98
um on shade daylight 50C.

Table 3. Effect of light source and fertilizer on morphology of pepper ( Capsicum annuum) seedlings.

Mean
Light |Growing Mean height Mean leaf ~ Mean total leaf Mean stem  aboveground Mean
. ) . . aboveground
source media (cm) number area (cm®)  diameter (cm) fresh biomass .

(@) dry biomass (g)

C 28.00£2.16bc  18.20+1.09f 278.2+43.94de 3.51+0.24ac  4.41+0.33fg  0.549+0.074cf

100C 33.00£1.15ab 24.20+£2.16bcde 649.3+176.14a  3.80+0.46a  16.86+0.54a  1.4254+0.083a

Shade 50C 36.25+1.25a  22.50+0.57cf 456.7+£56.40bcd 3.79+0.22a 11.11£1.10bc 1.150+0.213ab
Daylight |25C 27.00+4.39bc  20.60+0.89ef  272.2£37.94e  3.22+40.28¢c  4.99+0.98eg 0.560+0.097cf
CT 27.254298bc  17.75+0.95f 280.4+26.06ce 3.62+0.46ac  3.82+0.60g  0.462+0.100df
CF 31.25+3.50ac  22.50+£1.29cf 375.2+43.72be 3.75+0.49ab  7.99+1.36ce 0.804+0.204bcd

C 25.25+2.75¢ 25.60+1.81lacde 311.2+36.96ce 3.28+0.12bc  4.78+0.75fg  0.460+0.085ef

100C 25.25+3.77¢  30.00+4.96a 421.6+152.86be 3.17+0.47¢  11.8443.19b 0.883+0.270bc
LED light 50C 30.20+2.77ac  28.00+1.4lac 476.6£64.88abc 3.78+0.25a  8.18+1.02cd 0.709+0.114cde
25C 28.60+£3.78bc 27.00+0.81acd 368.2+79.22be 3.51+0.14ac  6.96+0.77def 0.592+0.084cf

CT 25.90£2.79c  21.50£1.73df 251.7447.88e  3.22+0.07¢  3.61£0.42g  0.358+0.033f

CF 28.7542.21bc  29.50+5.44ab 538.9+73.19ab 3.64+0.20ac 9.46+1.47bcd 0.881+0.099bc

. . skskok skeskoskosk skeskokosk sksksk skeskoksk skskosksk
Slgnlﬁcance L skskok skeskoskosk ns Kk ns skskok
teSt FXL * ns skksk ek seskskosk skeksk

F: fertilizer source, L: light source, FXL: interaction of fertilizer and light source, ****: P<0.0001, ***: P<0.001, **: P<0.01, *: P<0.05, ns: not
significant. Means with same letter within columns are not significantly different. Values after “+” indicate standard deviation.
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Figure 1. Effect of light source and fertilizer on gas exchange parameters and SPAD values of pepper (Capsicum
annuum) seedlings.
F: fertilizer source, L: light source, FxL: interaction of fertilizer and light source, ****: P<(0.0001, ***: P<(0.001, **: P<0.01, *: P<0.05, ns: not
significant. The same letter indicates no significantly different. 4-net: net photosynthesis; gs: stomatal conductance; E: transpiration rate; iWUE:
intrinsic water use efficiency; Ci/Ca: ratio of intercellular to ambient CO,

Width of cortical layer and secondary xylem of pepper
seedlings was not significantly impacted by light and fertilizer
source and their interaction. While the highest value for width
of cortical layer of pepper seedlings was measured at 343.12
pm in C of shade daylight, the highest value for width of
secondary xylem of those was measured at 751.61 pm in C of
shade daylight. While number of vessels of pepper seedlings

was significantly impacted by light source, fertilizer source
and their interaction did not affect those of the seedlings.
While number of vessels of pepper seedlings of CF on LED
light was measured at 99.63 mm™ as the highest value, the
lowest value was measured at 60.72 mm™ in 100C of shade
daylight (Table 4, Figure 3).
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Table 4. Effect of light source and fertilizer on leaf and stem anatomical traits of pepper (Capsicum annuum) seedlings.

. Stomatal O™l g of Width of
. Growing Stomatal equatorial . Number of
Light source . . 2 polar . cortical layer secondary 2
media  density (mm™) . diameter vessels (mm™)
diameter (um) (um) (um) xylem (pm)
C 63.04+5.94de  18.17+0.40a 5.26+0.20ab 343.12+57.93a 751.61+£149.28a 73.33+£27.28ac
100C 58.8745.04e  16.39+0.84b 5.05+0.16b 300.21+51.47a 607.61£187.16a 60.72+11.97¢c
Shade 50C 55.56+5.41le 17.78+1.37ab 4.98+0.39b 311.96+38.31a 689.96+90.17a 61.78+16.38bc
Daylight 25C 62.25+2.72de  18.25+1.01a 5.51+0.30ab 328.00+27.74a 754.89+47.48a 80.72+6.64ac
CT 117.42+12.13ab 17.65+1.30ab 5.87+0.25ab 285.28+62.98a 661.98+179.34a 90.00+8.82ac
CF 71.81£11.35ce 17.73£1.13ab 5.32+0.51ab 287.13+16.22a 737.89+£100.49a 68.52+19.32ac
C 91.02+£5.41bcd 18.03+0.55ab 5.554+0.42ab 285.36+24.87a 609.25+94.71a 88.89+8.01ac
100C 65.60+£3.54ce  18.52+1.10a 5.37+0.28ab 296.13+49.01a 481.67+229.88a 74.44+13.47ac
LED licht 50C 73.58+£7.86ce  18.36+£1.35a 6.05+£0.19a 337.81+£50.64a 570.14+£70.98a 91.48+12.78ac
& 25C 88.65+£20.26bc  18.86+0.85a 5.81+£0.42ab 306.36+19.13a 556.04£119.69a 80.37+20.68ac
CT 133.87434.66a 17.51+1.17ab 5.424+0.33ab 331.89+55.26a 558.29+64.51a 97.78+5.09ab
CF 78.01+18.42ce 18.61+£0.90a 5.64+0.61ab 330.66+48.90a 564.95t111.45a 99.63+7.88a
- ol * ns ns ns ns
Significance L Sk ok sk sk ns ns ok
test FxL ns * *ok ns ns ns

F: fertilizer source, L: light source, FXL: interaction of fertilizer and light source, ****: P<0.0001, ***: P<0.001, **: P<0.01, *: P<0.05, ns: not
significant. Means with same letter within columns are not significantly different. Values after “+” indicate standard deviation.
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Discussion

Fertilizer and light sources and their intensity affect the
morphological characteristics of seedlings (Zheng et al.,
2023). Similarly, physiological and some anatomical
characteristics of seedlings were related to the fertilizer types

Figure 2. Leaf epidermal structure of pepper seedlings.

Figure 3. Stem cross-section of pepper seedlings.
XS: secondary xylem, CL: cortical layer, bar: 100 um

and light sources (Arena et al., 2016; Bartucca et al., 2020; Lu
etal., 2025). We evaluated that pepper seedlings growing with
100% compost at shade daylight had higher 4-net, gs, SPAD
value, and fresh biomass and lower Ci/C, than seedlings with
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other conditions (light and fertilizer sources). In this study,
we showed the enhancer effect of shade daylight on
aboveground fresh and dry biomass, stem diameter, and
total leaf area of pepper seedlings when adding more than
25% compost in growing media.

It was literally found that there was no significant
difference between yields of Lepidium sativum microgreens
cultivated in open field (daylight) and LED light conditions
(Ceylan et al., 2025, 2026). In our study, we stated that the
fresh and dry biomass of pepper seedlings were significantly
different at shade daylight and LED light conditions at 100C.
These results indicated that the species and life form are very
important for the determination of the effect of the light source
on yield or fresh and dry biomass of plants (Lauria et al.,
2024). Regarding the light source, light intensity and spectrum
are fundamental environmental factors that trigger the
growing rate of plants (Mohamed et al., 2021). In our study,
we used shade daylight with lower intensity (50 = 4 pmol m
s’ PPFD) than LED light (150 + 4 umol m*? s™! PPFD), but
the results showed that there was not as much effect of the
light intensity as of the light spectrum. Daylight spectrum had
more influence than LED light that we used. They were also
measured higher in 100C than the treatment of compost tea
and chemical fertilizer. On the other hand, at LED light,
aboveground fresh and dry biomass of those increased
gradually with increasing amounts of compost. But compost
tea application had no beneficial effect on some
morphological characteristics of pepper seedlings at both light
sources (Table 3). These results for compost tea application
were inconsistent with previous studies, which stated that
there was a growth-enhancing effect on pepper seedlings
(Gonzalez-Hernandez et al., 2021). This non-beneficial effect
could not be due to the source of compost because the growth
of seedlings with the same compost was not negatively or
ineffectively affected. The inconsistency may be related to the
preparation method or the raw materials when making
compost tea (Garg & Rakshit, 2024).

In this study, we evaluated that a higher photosynthesis
rate of seedlings that were cultivated in different growing
media meant higher nutrient accumulation and, finally,
higher yield, fresh or dry biomass, and total leaf area at
shade daylight. On the other hand, there was not any effect
of growing media on A-net values of seedlings at LED
light. A gradual increase of compost in growing media
revealed an increase of total leaf area and fresh and dry
biomass of pepper seedlings. On the other hand, there were
also the same trends between gs and iWUE and total leaf
area, fresh and dry biomass of pepper seedlings as in net
photosynthesis. The similar results were not observed in
seedlings at LED light conditions.

Stomatal density is generally influenced by environmental
factors (light, water, temperature, soil nutrition, etc.) and
genetic mechanisms, and it is generally positively correlated
with transpiration rate (Casson & Gray, 2008; Rathnasamy et
al., 2023). In our current study, although stomatal density was
higher in seedlings of compost tea than all other treatments
and control at both light conditions (Table 4), transpiration
rates of those of LED light conditions were not significantly
different compared to any treatment (Figure 1). But
transpiration rate of seedlings of 100C, 50C, chemical
fertilizer at shade daylight conditions was higher than those of
compost tea. Leaf chlorophyll content is strongly related to
carbon assimilation rate (X. Wang & Shi, 2024). In the current

study, SPAD values of different compost applications were
correlated with their A-net at seedlings in shade daylight
conditions. The SPAD meter provides a rapid, non-destructive
estimate of relative chlorophyll content, which is widely used
as a proxy for leaf nitrogen status and photosynthetic capacity
(Uddling et al., 2007; Xiong et al., 2015). In the current study,
SPAD values of different compost applications showed a
clear positive association with 4-nef in seedlings under shade
daylight conditions. In particular, treatments with higher
SPAD indexes (100C, 50C, and CF under shade daylight,
ranging from 29.23 to 30.25) resulted in higher A-net rates. In
contrast, the lowest SPAD value (19.03) and the lowest A-net
rate were found in the compost tea treatment. These
differences in SPAD values serve as indicators of the plants'
health status (High SPAD value = strong and well-fertilized
seedlings: Low SPAD value = poor and less-fertilized
seedlings) and photosynthetic performance (High SPAD
value = high A-net: Low SPAD value = low A-nef). This
parallel trend supports the interpretation that compost,
particularly at higher rates, improved nitrogen availability and
chlorophyll synthesis, thereby enhancing photosynthetic
capacity. At LED light conditions, A-net, gs, and iWUE of
seedlings cultivated with 100% and 50% compost and
chemical fertilizer were measured lower than those of shade
daylight conditions. These results showed that gas exchange
parameters of the pepper seedlings cultivated with sufficient
fertilizer were affected by light source (Stagnari et al., 2021).
Similarly, at 100%, 50% compost, and chemical fertilizer
application, fresh and dry biomass of pepper seedlings was
observed to be higher in shade daylight than in LED light
conditions. These results were consistent with the observation
on seedlings of Cymodocea nodosa, in which they stated that
light is more important than fertilizer for biomass production
(Alexandre et al., 2018).

Stoma density is affected by light intensity and
fertilizer dose (Oner, 2024; Sultana et al., 2024). Stoma
density of pepper seedlings was measured higher, which
was 240 mm, at high light intensity than at low light,
which was 93 mm™ (Fu et al., 2010). In this study, our
measurements were consistent with these previous
measurements. And also higher stomatal density induces
the photosynthesis and biomass of plants (Sakoda et al.,
2020). But there was not any increasing effect on A-net
and gs of pepper seedlings cultivated with compost tea,
even though it has been seen that the stoma densities were
higher in these seedlings compared to control and even
100%, 50%, and 25% compost at LED and shade daylight
conditions. This increase of stoma density in pepper
seedlings with compost tea could be the result of the
nutrient deficiency (Hepworth et al., 2015). On the other
hand, nutrient supply and the biostimulant effect of
compost tea could result in the increase of stomatal density
of pepper seedlings (Luo & Hou, 2026). But there was not
any difference in stoma density between control and 100%,
50%, and 25% compost applications.

There was not a significant difference between width of
cortical layer and secondary xylem of pepper seedlings at
shade daylight and LED light of any growing media with
different compost concentrations, compost tea, and
chemical fertilizer. (Schuerger et al., 1997) found those
measurements at 346.7 um and 1165.5 um as the highest
values, respectively. Their lowest values were 314.4 um
and 715.6 um, respectively. They found that there was a
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significant difference between different light source
applications on secondary xylem of pepper seedlings. On
the other hand, they found the highest number of vessels at
31.2 mm? and the lowest value was 24.3 mm™. (Schuerger
et al,, 1997) evaluated that light source impacted the
number of vessels of pepper seedlings. In this study, we
also stated that the light source impacted those, but we
measured the highest number of vessels at 99.63 mm and
the lowest at 60.72 mm2. This 3-fold difference could be
the effect of seedling age (Husen & Pal, 2006). Because
(Schuerger et al., 1997) measured the vessel number of 21
day old seedlings, but in this study we used 90 day old
pepper seedlings.

Depending on species and their habitat, plants have a
great dependence on stomatal behavior (anatomical and
genetic) for maximizing the gain of carbon per unit loss of
water (Z. Wang et al., 2026). In our study, more compost
treatment did not affect the stomatal density and stomatal
opening of pepper seedlings but increased gs, A-net, and
fresh biomass of those. On the other hand, their
transpiration rate and iWUE were not affected by compost
treatment. From these observations, it could be stated that
low intensity of shade daylight triggered the growth of
pepper seedlings compared to LED light which had more
intensity of those. These results considered that the light
spectrum had more influence than light intensity on the
growth parameters of pepper seedlings.

Conclusion

Light source, fertilizer dose, and their interaction were
evaluated for the morphology, physiology, and anatomy of
pepper (Capsicum annuum) seedlings. Mean aboveground
fresh and dry biomass, mean total leaf area, 4-net and gs
were affected by compost dose and fertilizer types at shade
daylight. On the other hand, even though there was not a
significant effect on leaf gas exchange parameters of
seedlings, mean aboveground fresh and dry biomass of
seedlings were positively affected by compost dose or
fertilizer source, except compost tea. Compost tea should
be used cautiously. Because non-beneficial effects could
be seen in physiology, morphology, and so on in the yield
of crops when their preparation is not applied according to
appropriate techniques. Pepper seedlings could be
cultivated at different light spectrums with or without
daylight as well as differential light intensities for
determination of their growing characteristics.
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