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ABSTRACT

The global demand for landscape trees has been amplified with the
increasing anthropogenic activity. South Korea has also witnessed a surge
in demand for landscape plants, among others, Juniperus scopulorum

KEYWORDS: gaining popularity for its ecological, economic, adaptability, and
Biochar . . .
Fertilizer management attributes. However, the optimum management practice for
Irrigation high-quality Juniperus seedling production in South Korea remains
Juniperus scopulorum .

Shading unknown. This research was conducted on the one-to-two-years-old two
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1. Introduction

cultivars of J. scopulorum, namely Blue Angel and Blue Heaven seedlings,
to investigate the combined impacts of varying fertilizer concentrations (0
ppm, 150 ppm, 300 ppm) and biochar content (0% and 20%) under
contrasting shading intensities (0%, 35%, 55%) and irrigation levels (200
ml, 400 ml, 800 ml). The study revealed that biochar and fertilizer
amendment significantly (p < 0.01 and p < 0.05) enhanced the height and
root collar diameter growth in Blue Angel and Blue Heaven in light shade
intensity (0-35%) and higher irrigation (400-800 ml) conditions.
Similarly, seedlings planted in 20% biochar and 300 ppm fertilizer yielded
higher foliar, stem, and root biomass in low shade and higher irrigation
conditions. The amount of shade and irrigation and their interactions
significantly affected the morphological growth of seedlings for both
cultivars, causing positive interaction with soil amendment (biochar and
fertilizer application). These findings suggest that efficient seedling
production of J. scopulorum management should focus primarily on light
shading and moderate irrigation under biochar and higher fertilizer
application. The research contributes valuable insights toward optimizing
management practices and reducing costs associated with J. scopulorum
seedling production in the region.

With worldwide anthropogenic activity, the demand for urban greening grows. Trees are

significant assets to livable cities, offering vital environmental services to battle issues such as
pollution (Nowak et al. 2018), urban heat (Lee et al. 2021), and flooding (Viezzer et al. 2022), as
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well as improving social cohesion, human health, and well-being (Wolf et al. 2020). Expansion of
urban forestation is critical for Korea, as 91% of the Korean population lives in cities with
insufficient green. In Korea, there are 8.32 square meters (m?) of green area for every person in
Seoul, falling short of the World Health Organization’s requirement of 9 m?/person (WHO 2012).
Moreover, green cities are one of the main objectives in Korea’s green growth strategy for raising
the quality of life by 2030. The significant surge in domestic landscape plant production in South
Korea, soaring by over 66.5% from 47.13 million trees in 2005 to 78.46 million trees in 2015 (KFS
2016), highlights the need.

Various factors must be considered when selecting plant species for landscaping to ensure
the plant’s success and suitability for the intended environment. Schutzki (2005) proposed a
comprehensive set of criteria for choosing urban landscape species, encompassing function,
aesthetics, adaptability, management, and performance. Aligned with these criteria, Juniperus
scopulorum makes it a suitable choice due to its versatility, economic potential, and adaptability
to various environmental conditions. These conifers offer a valuable option for landscaping due to
their diversity, rich colors, long ornamental seasons, and robust characteristics. Besides its
ecological value, it has remarkable stress resistance and withstands adverse climatic circumstances
such as winter, rocky slopes, shallow soils, frost, and water stress (Mathaux et al. 2016; Evren and
Kaya 2020; Rawat and Everson 2013). As an evergreen species with persistent foliage year-round,
it contributes to its long-term survival and makes it a resilient and adaptable landscape plant.
Therefore, J. scopulorum has become recognized and famous for its tolerance of numerous
stresses, its long-lived history in urban landscapes, and the issues associated with climate change.

As mentioned above, J. scopulorum can grow in several planting conditions; the early stage
of this species needs favorable conditions for growing. Seedlings are the most sensitive and
vulnerable stage of the plant lifecycle. Understanding seedling optimal conditions may aid in
producing robust plants under urban stress (Hernandez et al. 2024). Seedling growth is heavily
influenced by naturally occurring resources (such as light, water, and nutrients), and disturbances
(such as pollutants, high temperature, extreme drought as inundation, and limited space above-
and below-ground inhibit proper root and crown formation and increase susceptibility to insects
and disease) (Bhadouria et al. 2016). J. scopulorum thrives well in full sunlight. Studies have
historically supported the idea that junipers are shade tolerant in the seedlings and saplings stage,
which become shade intolerant as they grow old (Scianna 2000). For rocky mountain junipers,
achieving the right balance of growth in nursery shade depends on irrigation conditions, as both
simultaneously ameliorate microclimate and enhance growth and development. While they require
optimal watering during the seedling stage, they are not tolerant of waterlogged conditions
(Huxman et al. 2005). Despite their drought tolerance as mature conifers, junipers still benefit from
adequate irrigation during their sapling stage (Farsi et al. 2017). Therefore, intricate shading and
irrigation interacting dynamics are needed to understand the underlying juniper seedling
production.

Subsequently, biochar addition to the seedling shading and irrigation conditions will help
reduce abiotic stress. Biochar, a carbon-rich product derived from the pyrolysis of organic
materials, has garnered significant attention due to its potential to enhance soil fertility, augment
water retention, carbon sequester, and boost nutrient accessibility in nursery seedling production
(Basso et al. 2013; Liu et al. 2017; Masiello et al. 2015; Yu et al. 2013). Biochar is low in nutrients,
which is why the use of biochar in conjunction with fertilizer is gaining popularity (Syuhada et al.
2016). Nutrient attribution with biochar at the early growth stage could contribute to vigorous and
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robust seedling growth compared to biochar with no fertilizer. A meta-analysis on combined
biochar and fertilizer application by Bai et al. (2022) showed that, individually, biochar and
inorganic fertilizer increased crop yield by 25.3%. Therefore, adhering to the recommended
amendment of fertilizer doses with biochar is crucial, as excessive application can have adverse
effects. In these contexts, a pressing need is a preference for optimum growth conditions for good
quality seedlings of J. scopolurum cultivars using shading, irrigation, biochar, and fertilizers (Di
Lonardo et al. 2017).

Knowing the interaction of biochar and fertilizer, as well as a combination of shading and
irrigation effects on the seedling preparation of J scopulorum is imperative. This research aims to
identify the effect of biochar addition mixed with fertilizer at different levels of shade and
irrigation. We pursued the following objectives: (1) to determine irrigation and shading application
levels suitable for the growth of J. scopulorum at different fertilization and biochar conditions, and
(2) to identify the influence of fertilizer and biochar interaction on the morphology of J.
scopulorum across different irrigation and shading intensities. The findings of this study aim to
bridge the knowledge gap and contribute to the research on J. scopulorum nursery production for
urban landscaping. By elucidating the factors that influence the production of high-quality
seedlings, this research can inform large-scale nursery practices, thereby enhancing the
understanding of optimal seedling characteristics and promoting cost-effective production.

2. Materials and Methods
2.1. Study Site and Greenhouse Setting

This research was carried out at the two-greenhouse (24 m x 8 m), located in the Agricultural
Experimental Field, College of Agriculture and Life Science Chungnam National University,
Daejeon, South Korea (36° 22' 00" N 127° 21' 00" E) from June to September 2023. The study
site’s climate is temperate, with cold winters and humid summers. Environmental data was
obtained using the HOBO data logger (U23 Pro v2, USA) installed in every treatment pot shown
in Table 1.

Table 1. Daily mean moisture, relative humidity, temperature under different shading (0%, 35%,
and 55%), and irrigation intensities (200 ml, 400 ml, and 800 ml) at the greenhouse from June to
September 2023

Shade/Irrigation 0% 35% 5%
200ml 400ml 800ml 200ml 400ml 800ml 200ml 400 ml 800 ml
Moisture (m*/m?) 0.13 0.27 0.32 0.10 0.28 0.36 0.11 0.32 0.30
Relative Humidity (%) 74 75 75
Temperature (°C) 27 27 27

A plastic pallet (1,300 x 1,100 x 130 mm?) separated the seedling container from the soil.
The distance between the seedlings containers was 0.12 m x 0.75 m. Artificial growing media
consisting of coco peat (68%), peat moss (14%), pearlite (7%), zeolite (4%), and vermiculite (6%)
were used in this study (Landis et al. 1989). The chemical properties of the growing media are
shown in Table 2.
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Table 2. Soil chemical properties of the growing media

Jurnal Sylva Lestari 12(2): 480-493

NO3 - NH4— Ex-
Bed EC om AP TN N N CEC  Na Ex- Ex-
. pH (as/ o (mg/ (mg/ C/N  (cmol Ex-K
soil (%) (mg/ (mg/ (cmol Ca Mg
m) L) L) L) L) +/L) +/L)
1 5.54 0.60 57.61 385 268 240 15.62 1183 5393 5.21 20 1433 144
2 5.50 0.60 57.12 389 295 221 1242 1066 49.95 4.61 19.41 13.22 12.71
3 5.52 0.53 60.77 407 285 231 2244 1175 51.88 492 19.75 13.72 1.48

Note: Bed soil is the media used, and the number is the number of times it was analyzed.

2.2. Seedling Preparation

Two varieties (Blue Angel and Blue Heaven) of J. scopulorum were used in this study and
obtained from Cheonan, Korea. The J. scopulorum was aged 1-2 years from a grafted seedling
that had characteristics of 6.93 + 0.38 cm height and 3.44 &= 0.156 mm root collar diameter. Before
treatment imposition, seedlings were first acclimatized for around three weeks, in which all
seedlings were watered daily. Seedlings were carefully transplanted from a nursery pot into a 192
mm x 215 mm seedling container.

2.3. Experiment Design

In this study, completely randomized design (CRD) was used to analyze (1) the shading
intensity (0%, 35%, and 55% of full sunlight), (2) the irrigation (200, 400, and 800 ml per container
3-5 days intervals), and (3) the biochar (0% and 20%) with fertilizer (0, 150, and 300 ppm) that
was combined as amendment factor. The combination of shading X and irrigation X amendments
was designed as a split plot.

A total of 432 Blue Angel and Blue Heaven seedlings were used in the study. Polyvinyl
phytotron was used with 0%, 35%, and 55% light intensity transparency. All sides of the
greenhouse were covered. Shading intensity was quantified using an illuminance meter (TM-202,
Tenmars Electronics Co., Ltd., Taiwan) to assess shading levels across different temporal
parameters, including months, seasons, and hours. The measurements were conducted inside and
outside the greenhouse to capture variations in light intensity. The natural light intensity outside
the greenhouse was considered the reference point and recorded at 100%. Where 0%, 35%, and
55% shading, the illuminance meter recorded 90%, 54%, and 22% light blocking compared to the
outside. Manual irrigation was performed every 3—5 days, based on soil moisture measurements
taken with a portable moisture analyzer. Moisture was measured every two days to ensure a similar
irrigation pattern in shaded areas. Watering was conducted if the moisture content was 10%, 20%,
and 30%. Peter Professional 20-20-20 (N:P:K) was used as fertilizer mixed with 15 liters of water
based on N concentration. Both fertilizer and irrigation were applied manually. Rice husk biochar
was used, which pyrolyzed at 500—-650°C. The chemical properties of the biochar are shown in
Table 3. The ratio of biochar to soil was 1:5.

Table 3. Biochar properties of rice husk

Properties pH  FC C N P K Na Ca Mg
@sm') (%) (gKg") (g.kgh (gKgh (gKg) (gKg"h (gKgh
Value 63 0394 454 57 1205  2.68 7.34 158.0 10.38
(0.3)  (0.147)  (0.1)  (0.1)  (0.08)  (-0.1)  (0.59) (7.1) (0.62)

Note: Numbers in the parentheses are standard errors.
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2.4. Data Collection

Each plant variety’s height and root collar diameter were measured at the beginning of all
experimental treatments. At the end of the experiment, plant height and root collar diameter were
recorded to determine relative growth performance. Seedling height was measured from the
ground to the base of the leaves of the longest stem by the folding ruler, and root collar diameter
was measured at 1 cm above the ground by an electric caliper. The data collection interval was
four months, from June to September 2023. The relative growth rate was calculated by using
Equation 1.

(Final — Initial)
Initial

Relative growth rate (%) = x 100 (1)

After the experiment ended in September 2023, all seedlings were harvested and divided
into stems, leaves, and roots. The roots were rinsed with tap water to remove soil particles without
damaging the fragile fine roots. The collected aboveground biomass (stem and leaf) and below-
ground biomass (root) of plant samples were oven-dried at 65°C for 72 hours and weighed to
estimate biomass.

2.5. Statistical Analysis

For both cultivars, One-way-ANOV A was performed to investigate significant differences
in shade, Irrigation, and amendment; two-way-ANOVA was performed for factor combination
was carried out to analyze the primary and interacting effects of the different shading and irrigation
on the morphological growth of J. scopulorum cultivar for different biochar and fertilization
amendment. On the other hand, Tukey’s HSD post hoc test was used to compare treatment means
at a significance level of 0.05 and 0.01. All statistical analyses were performed using IBM SPSS
Statistics (Version 25).

3. Results and Discussion

Shade treatment applied on Blue Angel had significant differences for the root biomass
variable. Irrigation was the most influential factor, and significant differences were observed in
height, root collar diameter (RCD), and stem and leaf biomass. Amendment and factor
combination showed no significant difference in the analysis of any variables. On the other hand,
Blue Heaven also showed significant differences in height, stem, RCD, leaf, and root biomass by
irrigation treatment, giving all variables significant differences. Furthermore, the height and stem
biomass increments were proven to be significantly different by shade treatment. Unlike Blue
Angel, amendment treatment gave substantial differences in RCD and root biomass, and the factor
combination of shade x amendment was also significant in RCD and root biomass (Table 4).

3.1. Morphological Growth Performance of Two J. Scopulorum Cultivars to Factor Analysis

Blue Angel showed a significant shading effect on root biomass and leaf biomass (Fig. 1).
Seedlings with total sunlight exposure (0%) accumulated the largest root biomass at 4.9 g plant-1
(p <0.05) and leaf biomass at 9.9 g plant-1 (p < 0.05). In contrast, maximum height (65.9%) and
RCD (90.0%) were noted for completely exposed (0%) and lightly shaded (35%). On the other
hand, a significant shading effect was detected on the height, RCD, and leaf biomass of Blue
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Heaven (p < 0.05 for height; p < 0.01 for RCD). At the same time, leaf biomass significantly
affected both species.

Table 4. P-value of all factor and factor combinations at different variable

Cultivars Blue Angel Blue Heaven

Factor Height Stem RCD Leaf Root Height Stem RCD Leaf Root
Shade 0.12 0.06 0.11 0.06 0.04* 0.01* 0.00* 0.10 0.07 0.07
Irrigation 0.02*  0.01* 0.02* 0.00* 0.39 0.01* 0.00* 0.01* 0.00% 0.04*
Amendments 0.09 062 0.12 0.64 050 0.00* 0.15 0.03* 078 0.12
Shade X amendments 0.82 097 028 0.56 0.67 0.33 0.81  0.00* 0.47 0.03*

Irrigation X amendments 0.91 0.13 0.69 0.62 0.82 0.86 042 026 050 0.83
Note: Bold value shows a significant difference at 95% (<0.05): * and 99% (<0.01): **.
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Fig. 1. The influence of shade on morphological growth performance of two J. scopulorum
cultivars within a treatment denotes significant differences across levels via Tukey’s HSD test:
0% 1s full sunlight, 35% is 35% shade, and 55% is 55% shade. Whiskas is the standard error (n =
4). The letter above the bars shows the different groups at a 95% significant level. Bars without
letters show no significant difference at a 95% significant level.

Cultivars illustrated a similar pattern with increasing shading growth decrease. The finding
is supported by Park et al. (2023), stating that plants perform better morphologically and
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physiologically in direct sunlight to moderate shading. Generally, J. scopulorum is known to thrive
in bare areas and arid, rocky mountain slopes, and plants that can grow in sunlit settings may not
survive or succeed in shaded conditions (Coomes et al. 2009; Kupers et al. 2019). Sunlight is used
for photosynthesis to transform light energy into chemical energy, which is then utilized to create
essential nutrients, growth, and development. Sevillano et al. (2016) showed that light treatments
considerably impacted root mass, with seedlings in full sunshine averaging higher values than
seedlings in severe shade. In this study, height growth was higher in moderate (35%) shading,
which is consistent with Wang et al. (2023) seedlings treated with 40% shade (L2) showed the
maximum net growth.

On the other hand, Youn et al. (2021) observed that seedlings planted in full sunlight
exhibited more significant aboveground biomass growth than shaded treatment in Adenophora
divaricate. Huang et al. (2020) showed that the underground biomass (root) of P. pygmaeus plants
was 1.11-1.95 times more than the aboveground biomass during the growing season under full
sunlight. Moreover, in this study high level of shading (55%), Leucocoprinus birnbaum fungus
grew in 55% shading (El-Fallal et al. 2019); on the other hand, in a medium level of shading and
full sunlight, it did not show disease or fungus. This indicates that higher shading for J. scopulorum
is susceptible to insects and diseases and needs more research. Irrigation significantly affected the
morphological traits of the two J. scopulorum cultivars, except for the root biomass of Blue Angel,
whose values remained homogenous with increasing irrigation intensities (Fig. 2).
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Fig. 2. The influence of irrigation on morphological growth performance of two J. scopulorum
cultivars within a treatment. Whiskas is the standard error (n = 4)). The letter above the bars
shows the different groups at a 95% significant level. Bars without letters show no significant
difference at a 95% significant level.

486



Rahman et al. (2024) Jurnal Sylva Lestari 12(2): 480-493

The morphological growth pattern of Blue Angel was homogenous across fertilization and
biochar application levels (Fig. 3). Blue Heaven showed maximum height (56.1%) and foliar
biomass (8.2 g plant™) without biochar and fertilizer-abundant (300 ppm) conditions (p < 0.01 for
height; p < 0.05 for foliar biomass). In contrast, combinations of 20% biochar x 0 ppm fertilizer
and 20% biochar x 150 ppm fertilizer caused minor height and foliar biomass growth among Blue
Heaven seedlings. Other morphological parameters observed in Blue Heaven remained
unresponsive to fertilizer and biochar treatments (p = 0.12—0.78). So, the higher the fertilizer, the
more significant the growth compared to the lower level without biochar. According to Schulz et
al. (2013), using biochar in combination with organic fertilizer can stimulate plant growth and
improve fertilizer efficiency. Adding biochar to sandy loam soil improves its ability to hold water
and may make more water accessible for crop use (Kongthod et al. 2015).
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Fig. 3. The influence of soil amendments on morphological growth performance of two J.
scopulorum cultivars indicate statistical differences across treatment groups: B0 is 0% biochar,
B20 is 20% biochar, F1 is 0 ppm fertilizer, F2 is 150 ppm fertilizer, and F3 is 300 ppm fertilizer.
Whiskas is the standard error (n = 4)). The letter above the bars shows the different groups at a
95% significant level. Bars without letters show no significant difference at a 95% significant
level.

Biochar has absorbing and holding characteristics that help hold fertilizer for a long time.
However, depending on the crop and kind of biochar, biochar has been shown to have positive,
neutral, or even negative impacts on plant development and output (Kavitha et al. 2018). In this
study, biochar treatment showed higher growth than biochar treatments. Biochar function depends
on the feedstock type, pyrolysis temperature, stem activation ash, and pH, but the presence of high
phytotoxic chemicals and adding biochar can negatively impact plant growth (Jaiswal et al. 2014).
Liu et al. (2022) results also indicated that a without biochar (0 t/ha) together with moderate
fertilizer increased plant growth. Biochar did not boost plant development in this experiment, and
it did not harm the plant either. This is not an uncommon conclusion; Spokas et al. (2012)
discovered that around 30% of the research examined showed no effect of biochar on plant growth.
Although biochar individuals did not impact growth, it could have affected physio-chemical
properties that need to be tested in future experiments.
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3.2. Morphological Growth Performance of Two J. scopulorum Cultivars to Bio-Fertilizer at
Different Shade and Irrigation Levels

The effect of soil amendments (biochar and fertilizer application) on the foliar and root
biomass of Blue Heaven varied by shading intensity (Fig. 4). Foliar biomass was highest at 0%
shade, 20% biochar, and 300 ppm fertilizer levels (9.7 g plant!). The opposite was held at 35%
shading, 20% biochar, and 150 ppm fertilizer levels. Meanwhile, 35% shading % 20% biochar x 0
ppm fertilizer and 35% shading % 20% biochar x 300 ppm fertilizer combinations generated the
highest and lowest root biomass values, respectively.
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Fig. 4. Morphological growth performance of two J. scopulorum cultivars to soil amendment at
different shade levels (Different lowercase letters indicate statistical differences across treatment
groups), B0 is 0% biochar, B20 is 20% biochar, F1 is 0 ppm fertilizer, F2 is 150 ppm fertilizer,
F3 1s 300 ppm fertilizer, SO is full sunlight, S35 is 35% shade, and S55 is shade 55%. Whiskas is
the standard error (n = 4). The letter above the bars shows the different groups at a 95%
significant level. Bars without letters show no significant difference at a 95% significant level.

488



Rahman et al. (2024) Jurnal Sylva Lestari 12(2): 480-493

Unlike Blue Heaven, no significant shade x fertilizer x biochar interactions were detected
for Blue Angel (p = 0.27-0.97). Therefore, it is noticeable that growth decreases with increasing
the shading intensity. This result is supported by a meta-analysis that using biochar with N
fertilizer boosts N use efficiency and agricultural output by 10-12.0% (Liu et al. 2022). Studies
by Wang et al. (2023) findings show that combining N fertilizer with a mild amount of biochar
under irrigation considerably improves crop morphological and physiological traits.

On the other hand, biomass production increased with the enhancement of silvicultural
practices (Noulekoun et al. 2017). Research by Mckinley and Van Auken (2005) has shown that
the availability of additional nutrients in ambient light conditions significantly influences the
growth of junipers. Conversely, growth rates were intermediate when nutrients were absent in
ambient light and vice versa. This experiment also showed a considerably higher foliar and root
biomass in ambient or moderate shade, with biochar in contrasting fertilizer conditions in Blue
Heaven. However, this study showed that the fertilizer level varied regardless of treatments. This
is endorsed by Pinno et al. (2012), stating that conifer fertilization frequently produces
unpredictable growth responses at different locales. In addition, Simiele et al. (2022) also stated
that 20% biochar amendment with soil enhances plant growth compared to control.

4. Conclusions

High-quality J. scopulorum seedlings are essential for successful landscape establishment
and greening. Optimizing shade, irrigation, and soil amendment practices can enhance seedling
growth, reduce production costs, and contribute to the sustainability of landscape projects. The
result showed that biochar and higher fertilizer significantly increased the height and root collar
diameter growth of J. scopulorum, both cultivars Blue Angel and Blue Heaven, particularly those
grown in high levels of irrigation (400-800 ml) and low shading intensities (0-35%). Both
cultivars’ morphological growth was significantly impacted by irrigation and shade levels, and
these factors also positively interacted with soil amendments (fertilizer and biochar). This protocol
provides a foundation for continuously producing high-quality J. scopulorum seedlings. However,
further research is warranted to elucidate the complex physiological and chemical properties
influencing seedling development and performance. Future studies should focus on nursery and
field conditions, investigating the interactive effects of integrating physiological and chemical
attributes to optimize J. scopulorum seedling production.
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