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Abstract: The purpose of this work was to explore the feasibility of replacing all or part of peat
with composted green waste (CGW) for vinca (Catharanthus roseus (L.) G. Don) and zinnia (Zinnia
elegans Jacq.) cultivation. Seven different growing media were prepared as follows (volume/volume):
T1, 100% CGW; T2, 80% CGW + 20% peat; T3, 60% CGW + 40% peat; T4, 50% CGW + 50% peat;
T5, 40% CGW + 60% peat; T6, 20% CGW + 80% peat; and T7, 100% peat. In the course of the
experiment, the physicochemical properties of the seven media were analyzed, and the growth of
vinca and zinnia was determined. Studies showed that replacing peat completely or partially with
CGW could significantly enhance the nutrient content, bulk density, water-holding capacity, total
porosity, aeration porosity, water-holding porosity, organic matter, pH, and electrical conductivity
of growing media. In comparison with what observed with T7 (control), shoot fresh weight (SFW),
shoot dry weight (SDW), root fresh weight (RFW), root dry weight (RDW), plant height (HP), root
length (RL), flower number (FN), total chlorophyll, and the content of chlorophyll a, chlorophyll b,
and carotenoids in the leaves of vinca cultivated under T5 conditions increased by 36%, 34%, 84%,
27%, 34%, 25%, 157%, 62%, 60%, and 33%, respectively; SFW, SDW, RFW, RDW, HP, RL, FN, total
chlorophylls, and the content of chlorophyll a, chlorophyll b, and carotenoids in the leaves of zinnia
increased by 341%, 296%, 365%, 302%, 206%, 93%, 180%, 56%, 49%, 67%, 110%, respectively.

Keywords: composted green waste; peat substitute; growing media; vinca; zinnia

1. Introduction

At present, as China’s flower industry is developing rapidly, the demand for good
growing media is increasing rapidly in the market. Peat has stable physical and chemical
properties and high nutrient-exchange capacity and is widely used in flower cultivation [1].
However, in the short time, the non-renewable nature of peat limits its sustainable develop-
ment. Its large-scale exploitation will cause serious damage to the wetland environment
and release a large amount of greenhouse gases [2]. Therefore, it is urgent to find high-
quality and low-cost peat substitutes. At present, because of the rapid growth of urban
greenery and the continuous growth of the population in China, a large amount of green
waste is being produced [3]. Green waste has long been considered of low value and is
often discarded or disposed of by incineration or in landfills. In the long run, not only is its
inherent value of not effectively utilized, but also this waste causes serious pollution to the
environment [4]. Therefore, better ways to deal with green waste are needed. Composting
has been widely regarded as the most economical and environmentally friendly way to
deal with and manage green waste and can effectively convert green waste into harmless
and mature humus-like substances (i.e., composted green waste-CGW) [5]. CGW can be
used as a technologically and ecologically safe plant growth medium, effectively replacing
peat as a cultivation substrate, due to the advantages it offers, such as its wide range of
material sources, lack of pollution characteristics, low cost, and the richness of mineral
nutrients and high content of humic substances it contains [6]. Gong et al. (2018) found that
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the growth and flowering of geraniums and marigolds in substrates supplemented with
some CGW were superior to those in substrates supplemented with peat only, suggesting
that CGW can be used as a substitute for peat in cultivation substrates [7]. Jara-Samaniego
et al. (2017) used compost made from municipal solid waste in different proportions in
place of peat as a seedling substrate for tomato, courgette, and chili pepper and showed
that the best physicochemical properties of the substrates obtained were achieved when
25% of compost was mixed with peat, which significantly enhanced the growth and yield
of the above crops [8]. Massad et al. found that a mixture of CGW and peat was effective
in regulating the pH of the substrate and increasing the amount of nutrients in it when
cultivating geraniums compared to peat only, improving the growth of geraniums, but the
CGW portion might negatively affect the plants when it was too large [9]. Milinković et al.
evaluated the chemical and microbiological properties of CGW as well as other compost
products made from GW (compost tea) and showed that the above products were effective
in inhibiting the growth of phytopathogenic bacteria and that the germination rate of the
obtained plant seeds was higher [10]. Cacini et al. (2020) [11] evaluated the effect of replac-
ing peat with compost (CMP) and a glass matrix fertilizer (GMF) in rose growth medium
and showed that CMP promoted the accumulation of rose biomass, GMF increased its
root-to-crown ratio, and GMF-treated plants exhibited a lower chlorophyll content.

The above studies showed that when CGW replaces or partially replaces peat, the
obtained substrate can effectively enhance the growth of plants or crops. The richness of
nutrients and humus in CGW, as well as its ability to regulate the acid–base balance of the
substrate resulted in better stability of the substrate, which effectively enhanced the growth
of plants or crops. In addition, CGW may also contain some pathogen inhibitors, which
add value to the compost and make it a high-quality alternative to peat in cultivation.

Vinca (Catharanthus roseus (L.) G. Don) belongs to the oleander family. It is a perennial
semi-shrub, with deep green leave blades and light pink-white flowers. It can be planted
as an ornamental plant in parks, gardens, and landscaping sites and has high economic
value [12]. In addition, vinca is a famous perennial officinal plant and contains alkaloids
with important pharmacological value [13]. Singh et al. (2023) used freshwater diatom
biomass for the cultivation of periwinkle and showed that the substrate had some positive
effects in promoting the growth of periwinkle leaves and increasing the number of flow-
ers [14]. Zinnia (Zinnia elegans Jacq.) belongs to the Compositae family. It is an annual herb
flower, with large and colorful flowers and a long flowering period, and a beautiful plant.
It is widely used in flower beds and mirrors and is a good ornamental flower in summer
and autumn in landscape construction. Sardoei et al. (2014) used different growing media
(e.g., containing coconut compost, silt, a leaf fertilizer, etc.) to grow larkspur and showed
that the leaf fertilizer was effective in increasing the flower diameter as well as the growth
cycle of zinnia [15].

Vinca and zinnia, studied in this work, are popular ornamental plants in urban areas.
Although a variety of wastes have been used as peat substitutes [7,14,16], there is a relative
lack of information on the use of CGW as a peat substitute in the cultivation of vinca and
zinnia. For the above-mentioned reasons, this study chose vinca and zinnia as experimental
plants to investigate their growth in different growing media. This study verified the
following assumptions: if peat is replaced with the appropriate proportion of CGW in the
growth substrate, the physicochemical properties of the growth substrate will be improved,
and the growth parameters of the flowers cultivated in this medium will significantly
improve. The aim of the present study was to explore the physicochemical properties of
growing media prepared with different ratios of peat and CGW and to study the effects on
vinca and zinnia growth of different growing substrates.

2. Materials and Methods
2.1. Material Preparation

The vinca and zinnia plant seeds for this study were obtained from Yibo Land Green
Plant Flagship Store (Suqian, China). The peat and vermiculite used as nursery media were
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bought from Beijing Forestry University Science and Technology Co., Ltd., Beijing, China.
CGW was obtained from Beijing Botanical Garden, Beijing, China. In this experiment,
different proportions of CGW were used instead of peat in soilless culture media. The
physicochemical properties of peat and CGW are listed in Table 1.

2.2. Experiment Design

This study was conducted from April to August 2022 in the glasshouse nursery of
Beijing Forestry University of Science and Technology Co., Ltd. A total of 7 treatments were
set (Table 2). For each treatment, indicated as T1–T7, 5 replicates were set of the two kinds
of flowers, vinca and zinnia. The treatments included six experimental groups (T1–T6) and
one control group (T7). The flowchart of the experimental plan is shown in Figure 1.
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Figure 1. Flow chart of the experimental plan. BD = bulk density; WHC = water-holding capacity; TPS
= total porosity; APS = aeration porosity; WHP = water-holding porosity; EC = electrical conductivity;
TN = total nitrogen; TP = total phosphorus; AP = available phosphorus; AK = available potassium; OM
= organic matter; HP = plant height; RL = root length; FN = flower number; RDW = root dry weight;
RFW = root fresh weight; SDW = shoot dry weight; SFW = shoot fresh weight; ChlorB = chlorophyll
b; ChlorA = chlorophyll a; TolChlr = total chlorophylls.
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Table 1. Physicochemical properties and nutrient content of raw materials and growing media (T1–T7).

Treatment BD (g/cm³) WHC (%) TPS (%) APS (%) WHP (%) pH

CGW 0.41 (0.01) 20.38 (3.27) 34.56 (1.37) 15.47 (0.19) 19.09 (1.18) 7.76 (0.03)
Peat 0.23 (0.01) 265.07 (5.97) 84.01 (0.55) 13.21 (0.22) 70.80 (0.47) 6.70 (0.01)
T1 0.41 (0.01) a 20.38 (3.27) f 34.56 (1.37) f 15.47 (0.19) b 19.09 (1.18) f 7.76 (0.03) a

T2 0.39 (0.00) a 87.93 (4.60) e 60.63 (1.03) e 15.63 (0.27) b 45.00 (0.84) e 7.54 (0.02) b

T3 0.36 (0.01) bc 153.90 (1.85) c 79.77 (0.84) c 16.28 (0.14) a 63.49 (0.76) d 7.38 (0.02) c

T4 0.34 (0.01) b 142.43 (1.70) d 75.56 (1.11) d 13.35 (0.12) d 62.21 (1.02) d 7.34 (0.01) c

T5 0.32 (0.01) cd 185.25 (2.70) b 83.64 (0.28) a 14.41 (0.17) c 69.23 (0.14) b 7.16 (0.03) d

T6 0.30 (0.00) d 186.37 (2.41) b 82.51 (0.44) b 14.50 (0.17) c 68.01 (0.24) c 6.85 (0.03) e

T7 0.23 (0.01) e 265.07 (5.97) a 84.01 (0.55) a 13.21 (0.22) d 70.80 (0.47) a 6.70 (0.01) f

aIM <0.40 >120.00 50.00–95.00 10.00–19.00 40.00–76.00 6.50–7.50

EC (mS/cm) TN (g/kg) TP (g/kg) AP (g/kg) AK (g/kg) OM (g/kg)

CGW 2.03 (0.01) 20.60 (0.01) 8.40 (0.01) 0.49 (0.00) 0.14 (0.00) 407.59 (0.75)
Peat 0.25 (0.02) 16.22 (0.01) 1.04 (0.01) 0.37 (0.00) 0.11 (0.00) 952.29 (1.59)
T1 2.03 (0.01) a 20.60 (0.01) a 8.40 (0.01) a 0.49 (0.00) a 0.14 (0.00) a 407.59 (0.75) g

T2 1.50 (0.03) b 20.40 (0.01) b 6.09 (0.02) b 0.45 (0.00) b 0.14 (0.00) a 548.19 (0.49) e

T3 1.00 (0.02) c 20.05 (0.01) c 3.70 (0.00) c 0.41 (0.00) d 0.14 (0.00) a 555.17 (0.49) f

T4 0.95 (0.02) c 19.99 (0.00) d 3.67 (0.01) d 0.44 (0.00) bc 0.14 (0.00) a 611.04 (0.49) d

T5 0.74 (0.02) d 19.69 (0.00) e 3.649 (0.00) e 0.44 (0.00) bc 0.14 (0.00) a 624.31 (0.49) c

T6 0.68 (0.03) d 18.38 (0.02) f 2.56 (0.02) f 0.43 (0.00) c 0.14 (0.00) a 716.02 (0.76) b

T7 0.25 (0.02) e 16.22 (0.01) g 1.04 (0.01) g 0.37 (0.00) e 0.11 (0.00) b 952.29 (1.59) a

aIM 0.10–2.00 – – – – –

Table 2 portrays T1–T7. Physicochemical properties of raw materials and growing media were determined during pot trials. Values are average values (SD), n = 5. According to LSD,
differences in values followed by the same letter are not statistically significant at p < 0.05. CGW = composted green waste; BD = bulk density; WHC = water-holding capacity; TPS = total
porosity; APS = aeration porosity; WHP = water-holding porosity; EC = electrical conductivity; TN = total nitrogen; TP = total phosphorus; AP = available phosphorus; AK = available
potassium; OM = organic matter; aM = ideal medium, according to Garcia-Gomez et al. (2002) [17] and Sun et al. (2016) [18].
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Table 2. Growing media composition (%, in volume) for the experimental treatments.

Treatment Composted Green Waste (V, %) Peat (V, %)

T1 100 0
T2 80 20
T3 60 40
T4 50 50
T5 40 60
T6 20 80
T7 0 100

2.3. Greenhouse Pot Experiment
2.3.1. Preparation of Vinca and Zinnia Seedlings

The seedling process of vinca and zinnia was as follows. Firstly, the seedling media
were prepared. Peat and vermiculite were mixed evenly according to the volume ratio of
8:2, and 1% carbendazim was mixed into a 72-well seedling tray of 540 mm × 280 mm,
which was used for the cultivation of vinca and zinnia. Next, we used tweezers to insert
vinca and zinnia seeds so that they pointed downward into the seedling media in the
seedling trays (2–3 seeds per hole) and then covered them with a layer of about 0.5 cm
of vermiculite for seedling emergence. After sowing, we watered the media until they
were completely soaked. Before germination, we observed the seedling media every day
to keep them dry, though not completely. After germination, we watered the media every
2 days to keep them moist. After 15 days, diluted (4000 times) water-soluble manure was
applied to the seedlings (Huado Duo 1, N, P, K: 20-20-20, universal manure). After seedling
emergence, 2–3 pairs of true leaves appeared. Growing media were prepared for seedling
transfer in the different treatments.

2.3.2. Preparation of the Culture Media

Different proportions of CGW were used to replace peat to prepare the growing
media for the pot experiments, as shown in Table 2, with five replicates for each treatment.
The two ingredients were added to the pot in the chosen proportions and mixed with
1% carbendazim for sterilization and disinfection. The evenly mixed growing media
were divided into two parts. One part was placed into 180 mm cylindrical plastic pots
for transplanting vinca and zinnia seedlings; the other part was put into a plastic bag
and used to measure the physicochemical properties of each growing medium after air-
drying. We transplanted a well-grown vinca and zinnia seedling in each pot to start the pot
culture experiments.

2.3.3. Pot Experiments

The potted cultivation and management of vinca and zinnia were similar, and are
summarized as follows. We watered the plants every 2–3 days, each time until the soil
was moist, to maintain sufficient moisture in the growing media, and no nutrients were
provided during cultivation. After 100 days of cultivation, vinca and zinnia plants were
collected, and the above- and underground components of vinca and zinnia were separated
for measuring their growth indexes.

2.4. Methods for the Determination of the Physicochemical Characteristics of the Growing Media

The growing media and raw materials were measured for bulk density (BD), water-
holding capacity (WHC), total porosity (TPS), aeration porosity (APS), and water-holding
porosity (WHP) using the ring tool method [19]. The pH and EC values were calculated
in water-based extracts at a solid/liquid ratio of 1:10 (w/v) [19]. Total nitrogen (TN) was
analyzed by an improved micro-Kjeldahl nitrogen analyzer (KDY-9830, Beijing, China).
Total phosphorus (TP) and available phosphorus (AP) were analyzed by molybdenum–
antimony anti-spectrophotometry (Shanghai, China) [20]. Available potassium (AK) was



Agronomy 2024, 14, 897 6 of 18

measured by flame photometry [19]. Organic matter (OM) was measured by the K2CrO4
oxidation method [21]. All measurements were performed using five replicates.

2.5. Growth Parameters of Vinca and Zinnia

The growth parameters of vinca and zinnia were determined using the flowing method.
We used a tape measure (measuring range: 0–100 cm) to determine the height of the vinca
and zinnia plants, which is the height from the surface of the medium to the top of the vinca
and zinnia plants. We used a tape measure to record the distance from the plant root base to
the top of the tallest root, which is the root length. The flower number was also determined
and recorded. After harvesting, the vinca and zinnia plants were washed with deionized
water, their above- and below-ground portions were weighed, and the fresh weight (root
and shoot) was recorded; then, the vinca and zinnia plants were dried at 75 ◦C for 30 min
until the samples reached a constant weight, and the dry weight (root and shoot) was
recorded. Photosynthetic pigments (total chlorophylls, chlorophyll a, b, and carotenoids)
in fresh leaves were measured according to the method of Ahmed et al. (2012) [22]. The
extinction coefficients in ethanol extracts (95%) of different photosynthetic pigments were
determined by molybdenum–antimony anti-spectrophotometry. Three fresh leaves were
randomly selected from each replicate and measured five times, and the average value was
taken for statistical analysis.

2.6. Statistical Analysis

Statistical analysis was performed using SPSS22.0, and one-way ANOVA was con-
ducted to determine whether the measured differences were significant. When the differ-
ences were statistically significant by ANOVA (p < 0.05), the LSD was used to separate
the means. The evaluation of a correlation between plant growth indicators and physico-
chemical properties of the growing media was conducted using Canoco 4.5 redundancy
analysis. The comprehensive evaluation system of plant morphology indexes was used to
evaluate the growth and development of vinca and zinnia, and then the quality of different
cultivation growing media was evaluated. The evaluation indexes evaluated included HP,
RL, FN, SFW, RFW, SDW, RDW, chlorophylls a, b, total chlorophylls, and carotenoids. The
specific methods were as follows [23]: (1) For vinca and zinnia under different growing
media cultivation conditions, use the formula X (f) = (X − Xmin)/(Xmax − Xmin) to obtain
the membership function value of the morphological index, where X refers to the measured
value of an index in a certain growing medium, Xmax is the maximum value determined by
this indicator, and Xmin is the minimum value determined by this indicator. (2) If an index
is negatively correlated with plant morphology, its membership function value can be calcu-
lated by the inverse membership function X (f) = 1 − [(X − Xmin)/(Xmax − Xmin)]. (3) The
membership function values of different morphological indexes for different cultivation
growing media are accumulated, and the average value is the comprehensive evaluation
index (CEI) for the plant. The higher the value, the better the plant growth and the qual-
ity of the growing media. The figures were prepared using Microsoft Excel 2019. The
physicochemical properties and plant parameters were determined using five replicates.

3. Results
3.1. Physical Properties of the Growing Media
3.1.1. Total Porosity (TPS), Aeration Porosity (APS), and Water-Holding Porosity (WHP)

With the percentage of CGW increasing, the TPS of the different media decreased
gradually. The TPS value was the highest for T7; except for T5, the differences in TPS
between the other treatments and T7 were of statistical significance (p < 0.05). Except for
T1, the TPS values of the treatments were all within the ideal range (50–95%) [18]. The
value of APS increased with the increase in the proportion of CGW and was the highest for
T3. The WHP value was the highest for T7, and the differences in WHP between the other
treatments and T7 were of statistical significance (p < 0.05). Except for T1, the WHP value
of the treatments were all within the ideal range (40–76%) [18].
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3.1.2. Bulk Density (BD) and Water-Holding Capacity (WHC)

Compared with T7, the BD values of T1–T6 increased by 78%, 70%, 57%, 48%, 39%,
and 30%, respectively. The BD values of all treatments were in ideal (<0.40 g/cm3) [24].
The BD value generally increased with the addition of CGW. With the increase in the
proportion of CGW, the WHC value of different growing media decreased gradually, and
the T7 treatment showed the highest WHC value, which was distinctly different from that
of the T1 treatment (p < 0.05); the WHC value of the T1 treatment was the lowest, and
the differences in WHC between the other treatments were statistically significant (T2–T6)
(p < 0.05). The WHC values were within the ideal range for all treatments apart from the T1
and T2 treatments. Compared with the WHC of T7, the WHC of T1–T6 was reduced by
92%, 67%, 42%, 46%, 30%, and 30%, respectively.

3.2. Chemical Properties of the Growing Media
3.2.1. pH and Electrical Conductivity (EC)

The pH and EC values of T1–T7 gradually increased with the percentage of CGW. The
pH of the growing media varied remarkably (p < 0.05), ranging from 6.85 to 7.76 (Table 1).
The T1 treatment had the highest pH value, statistically different from those of the other
treatments (p < 0.05). The pH value of T7 was the lowest, and the difference between this
value and the pH values of the other treatments was statistically significant (p < 0.05). The
conductivity of different growing media was remarkable different (p < 0.05), and the EC
value was in the range of 0.25–2.03 mS/cm (Table 1). The T1 treatment, with compost
completely replacing peat, showed the highest EC value.

3.2.2. Nutrient Element and Organic Matter (OM) Content

The treatments T1–T6 had a higher TN level than T7, and the TN content in each
treatment followed the order T3 > T2 > T5 > T4 > T1 > T6 > T7. The TP levels in the T2
treatment were obviously superior to those in the other treatments (p < 0.05). The AP
content was maximum in T1 and minimum in T6. The AK content in the T7 treatment was
markedly inferior to that in T1–T6 (p < 0.05), and the difference in AK content between
the T1–T6 treatments was not a statistically significant. The OM in the T7 treatment was
remarkably superior to that in the other treatments (p < 0.05).

3.3. Growth Indicators of Vinca and Zinnia
3.3.1. Plant Height, Root Length, and Flower Number

For vinca, the plant height (HP) with T1–T6 increased by 18%, 17%, 28%, 10%, 34%,
and 30% respectively, compared that with T7 (Table 3). The RL of vinca with T1, T3, T5,
and T6 increased by 4%, 14%, 25%, and 4%, respectively, compared with that measured
with T7, showing marked contrasts depending on the treatment (p < 0.05). However, with
T2 and T4, RL was the same as with T7, with no statistical and remarkable differences
(p < 0.05). Except for the T4 treatment, the T1, T2, T3, T5, and T6 treatments increased the
FN compared with T7, with increases of 71%, 114%, 129%, 157%, and 86%, respectively.
It is worth noting that the HP, RL, and FN with the T5 treatment were the highest.

For zinnia, the HP, except for the T4 treatment (with which it decreased), increased
with the treatments T1, T2, T3, T5, and T6 compared with T7, with increases of 78%, 112%,
and 140%, 206%, 148%, respectively. The HP with T5 was the highest, and the differences in
HP between the T1–T7 treatments was statistically significant (p < 0.05, Table 3). For zinnia,
RL increased with T1–T6 by 15%, 7%, 70%, 50%, 93%, and 46%, respectively, compared
with that measured with T7, and T5 promoted the highest increase. FN increased with
T1–T6 increased by 20%, 80%, 180%, 60%, 180%, and 300%, respectively, compared with T7,
and T6 promoted the highest increase.
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Table 3. Effects of different growth media upon plant height, root length, and flower number in vinca
and zinnia.

Treatment
Vinca

HP (cm) RL (cm) FN

T1 14.8(0.4) b 7.6(0.3) c 2.4(0.5) bc

T2 14.6(0.4) bc 7.3(0.2) c 3.0(0.7) ab

T3 16.0(0.8) a 8.3(0.2) b 3.2(0.8) ab

T4 13.7(1.0) c 7.3(0.4) c 1.4(0.5) c

T5 16.7(0.6) a 9.1(0.7) a 3.6(0.9) a

T6 16.3(0.6) a 7.6(0.2) c 2.6(0.9) ab

T7 12.5(0.5) d 7.3(0.3) c 1.4(0.5) c

Treatment
Zinnia

HP (cm) RL (cm) FN

T1 52.2(1.2) d 18.7(1.2) d 1.2(0.4) c

T2 62.2(2.3) c 17.4(1.2) d 1.8(0.8) c

T3 70.3(2.0) b 27.7(1.7) b 2.8(0.4) b

T4 25.5(0.6) f 24.4(1.4) c 1.6(0.5) c

T5 89.7(1.9) a 31.5(2.9) a 2.8(0.4) b

T6 72.7(1.2) b 23.8(0.9) c 4.0(0.7) a

T7 29.3(1.2) e 16.3(0.4) d 1.0(0.0) c

T1–T7 are described in Table 2. Values are average values (SD), n = 5. According to LSD, the differences in the
means in each column with the same letter are not statistically meaningful at p < 0.05. HP = plant height; RL = root
length; FN = flower number.

3.3.2. Total Biomass
Shoot Biomass

For vinca, it can be seen in Figure 2a,b that an elevated percentage of CGW in the
growing media could significantly increase the fresh and dry shoot weights, indicating that
CGW promoted the growth of vinca shoots. The shoot fresh weight with T1–T6 was higher
than that with T7. Especially, the T5 treatment significantly increased this index (p < 0.05)
by 35% compared with the control (T7). In contrast, T1, T2, T3, T4, and T6 showed no
significant differences in this index compared with T7 (p < 0.05), and promoted increases of
14%, 23%, 34%, 12%, and 26%, respectively. The shoot dry of weight with T1–T6 was higher
than that with T7, and the T1, T3, T5, and T6 treatments promoted a remarkable increase
in this index (p < 0.05) of 25%, 26%, 34%, and 31%, respectively. By contrast, although the
difference was not quite remarkable (p < 0.05), this index with T2 and T4 was still better
than with T7, with increases of 21% and 7%, respectively. It is worth noting that with T5,
we recorded the highest fresh and dry weights.

For zinnia, it can be seen in Figure 2c,d that CGW supplementation could significantly
increase the fresh and dry weights of the shoots (p < 0.05). The increase in shoot fresh
weight with T1–T6 was 106%, 126%, 324%, 31%, 341%, and 334% higher than with T7,
respectively, with remarkable differences (p < 0.05). The shoot dry weight with T1–T6 was
higher than with T7, and the differences in this index between T1, T2, T3, T5, and T6 were
significant (p < 0.05), with increases of 105%, 119%, 273%, 296%, and 268%, respectively.
The index measured with T4 was slightly better than that with T7, with an increase of 31%,
and the difference between these values was not statistically meaningful (p < 0.05). It is
notably that with T5, we measured the highest shoot fresh and shoot dry weights.
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Root Biomass

For vinca, it can be seen in Figure 2a that the root fresh weight with T1, T3, T4, T5, and
T6 was higher than that with T7, with increases of 10%, 25%, and 84%, respectively. The
difference in this index between T5 and T7 was remarkable (p < 0.05), and the root fresh
weight was the greatest with T5 (4.4 g). The root fresh weight with T2 was lower than that
with T7 by 15%, and the difference was not statistically meaningful (p < 0.05). The root dry
weight also showed a similar trend (Figure 2b), with that measured with T5 still being the
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best (1.2 g). Except for T2, which provided the minimum root dry weight (18% less than
that with T7), T1, T3, T4, T5, and T6 showed values of this index that were all a little higher
than that obtained with T7 (p < 0.05), respectively, by 6%, 20%, 1%, 27%, and 7%.

For zinnia, it can be seen in Figure 2c that the root fresh weight with T1–T6 was higher
than that with T7, with increases of 103%, 271%, 316%, 54%, 365%, and 204%, respectively,
and significant differences between the measured values (p < 0.05). The root fresh weight
with T5 was the maximum (9.8 g). The root dry weight with T1–T6 was greater than
that with T7 (Figure 2d), with increasing rates of 110%, 272%, 285%, 302%, and 241%,
respectively, and significant differences between the measured values (p < 0.05); T5 still
showed the best index (2.6 g).

3.3.3. Photosynthetic Pigment Content

In vinca, the addition of CGW remarkably raised (p < 0.05) the photosynthetic pigment
contents (chlorophyll a, chlorophyll b, total chlorophylls, and carotenoids), with the highest
contents measured with T5 (Table 4). Compared with the control (T7), the amounts of
chlorophyll a, chlorophyll b, carotenoids, and total chlorophylls with T5 increased by 60%,
33%, 49%, and 62%, respectively.

Table 4. Effects of different growth media on photosynthetic pigment levels (based on fresh weight)
in vinca and zinnia leaves.

Treatment
Vinca

Chlorophyll a (mg/kg) Chlorophyll b (mg/kg) Total Chlorophylls (mg/kg) Carotenoids (mg/kg)

T1 1.195(0.007) e 0.945(0.002) a 2.140(0.009) e 0.049(0.004) g

T2 1.456(0.005) c 0.838(0.006) b 2.294(0.011) d 0.165(0.005) c

T3 1.384(0.005) d 0.957(0.004) a 2.341(0.009) c 0.078(0.004) f

T4 1.114(0.006) g 0.840(0.003) b 1.954(0.009) f 0.095(0.003) e

T5 1.865(0.005) a 0.961(0.002) a 2.826(0.007) a 0.183(0.003) a

T6 1.538(0.002) b 0.928(0.062) a 2.466(0.065) b 0.173(0.003) b

T7 1.168(0.003) f 0.725(0.005) c 1.893(0.008) g 0.113(0.007) d

Treatment
Zinnia

Chlorophyll a (mg/kg) Chlorophyll b (mg/kg) Total Chlorophylls (mg/kg) Carotenoids (mg/kg)

T1 1.185(0.003) e 0.728(0.007) e 1.913(0.010) e 0.066(0.003) d

T2 1.261(0.003) d 0.781(0.001) d 2.042(0.003) d 0.072(0.001) bc

T3 1.278(0.004) c 0.819(0.006) c 2.097(0.009) c 0.083(0.003) bc

T4 0.980(0.011) f 0.634(0.002) f 1.614(0.013) f 0.068(0.003) cd

T5 1.330(0.006) a 0.990(0.003) a 2.320(0.009) a 0.101(0.006) a

T6 1.288(0.001) b 0.869(0.003) b 2.157(0.003) b 0.086(0.006) ab

T7 0.891(0.003) g 0.594(0.001) g 1.485(0.004) g 0.048(0.021) e

T1–T7 are described in Table 2. Values are average values (SD), n = 5. Average values in a column followed by the
same letter are not significantly different at p < 0.05 according to LSD.

For zinnia, the contents of chlorophyll a, chlorophyll b, and total chlorophylls followed
the descending order T5 > T6 > T3 > T2 > T1 > T4 > T7 (Table 4). These contents with T1–T6
were remarkably better than with T7 (p < 0.05), showing increases of 49%, 67%, and 56%
respectively, compared with T7; with T5, they were the highest. In addition, the content of
carotenoids with the T5 treatment was also the best, showing an increase of 110% compared
with that measured with T7.

3.4. Comprehensive Evaluation of the Effects of CGW on the Main Morphological Indicators of
Vinca and Zinnia

In Table 5, the impacts of different cultivation growing media on vinca plants are
ranked in the order T5 > T3 > T6 > T2 > T1 > T4 > T7, where T5 (40% CGW + 60% peat) had
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the highest overall evaluation index of 1.00, followed by T3 (80% CGW + 20% peat) with
0.66, while T7 (100% peat) was the least suitable growing medium for vinca cultivation.

Table 5. Comprehensive evaluation of the main morphological indexes of vinca under different
growth media.

Treatment HP RL FN SFW RFW SDW RDW Chlorophyll a Chlorophyll b Total
Chlorophylls Carotenoids CEI

T1 0.55 0.17 0.45 0.40 0.25 0.72 0.54 0.11 0.93 0.26 0.00 0.40
T2 0.50 0.00 0.73 0.64 0.00 0.60 0.00 0.46 0.48 0.43 0.87 0.43
T3 0.83 0.56 0.82 0.95 0.40 0.77 0.86 0.36 0.98 0.48 0.22 0.66
T4 0.29 0.00 0.00 0.33 0.20 0.20 0.41 0.00 0.49 0.07 0.34 0.21
T5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T6 0.90 0.17 0.55 0.73 0.20 0.90 0.55 0.56 0.86 0.61 0.93 0.63
T7 0.00 0.00 0.00 0.00 0.15 0.00 0.40 0.07 0.00 0.00 0.48 0.10

T1–T7 are described in Table 2. CEI = comprehensive evaluation index; HP = plant height; RL = root length;
FN = flower number; SFW = shoot fresh weight; RFW = root fresh weight; SDW = shoot dry weight; RDW = root
dry weight.

It can be seen in Table 6 that the influence of the different cultivation media on
zinnia plants followed the order T5 > T3 = T6 > T2 > T1 > T4 > T7. It appeared that the
comprehensive evaluation index of zinnia plants under T5 (40% CGW + 60% pear) was the
highest, corresponding to 0.96, followed by those under T3 (80% CGW + 20% peat) and
T6 (20% CGW + 80% peat), which were the same, i.e., 0.78. T7 (100% peat) was the most
unsuitable medium for the growth of zinnia.

Table 6. Comprehensive evaluation of the main morphological indicators of zinnia under differ-
ent treatments.

Treatment HP RL FN SFW RFW SDW RDW Chlorophyll a Chlorophyll b Total
Chlorophylls Carotenoids CEI

T1 0.42 0.16 0.07 0.31 0.28 0.36 0.36 0.67 0.34 0.51 0.34 0.35
T2 0.57 0.07 0.27 0.37 0.74 0.40 0.90 0.84 0.47 0.67 0.45 0.52
T3 0.70 0.75 0.60 0.95 0.86 0.92 0.94 0.88 0.57 0.73 0.66 0.78
T4 0.00 0.53 0.20 0.09 0.15 0.10 0.30 0.20 0.10 0.15 0.38 0.20
T5 1.00 1.00 0.60 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96
T6 0.74 0.49 1.00 0.98 0.56 0.91 0.80 0.90 0.69 0.80 0.72 0.78
T7 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.01

T1–T7 are described in Table 2. CEI = comprehensive evaluation index; HP = plant height; RL = root length;
FN = flower number; SFW = shoot fresh weight; RFW = root fresh weight; SDW = shoot dry weight; RDW = root
dry weight.

3.5. Redundancy Analysis

RDA was applied to study the association between the physicochemical properties
of the growing media and the growth indicators of vinca and zinnia. For vinca, the front
two shafts of the RDA map accounted for 62.04% of the change in the growth parameters
(Figure 3a). The OM content in the growing media was positively associated with the
plant carotenoid content and negatively associated with other growth indexes and with the
photosynthetic pigment contents; EC, pH, TN, TP, AP, and AK were positively correlated
with RDW, SDW, RFW, SFW, HP, RL, and FN, and negatively associated with the of photo-
synthetic pigment contents; BD and APS were negatively correlated with the carotenoid
content and positively associated with other growth indicators and with the photosynthetic
pigment contents; WHP, WHC, and TPS were negatively correlated with the chlorophyll
b content, positively correlated with other photosynthetic pigment contents, negatively
correlated with RDW, and positively correlated with other growth indicators. The positive
association between growth indicators and physical and chemical properties was the most
significant between chlorophyll b and AK; RDW was strongly correlated with AK and APS,
and carotenoids were strongly correlated with TPS and WHP.
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Figure 3. RDA bidimensional ordination plots of the associations between vinca (a) and zinnia (b)
parameters and the physicochemical properties of the media. The blue arrows show the growth
parameters of vinca (a) and zinnia (b), and the red arrows show the physicochemical characteristics
of the growing media. BD = bulk density; WHC = water-holding capacity; TPS = total porosity;
APS = aeration porosity; WHP = water-holding porosity; EC = electrical conductivity; TN = total
nitrogen; TP = total phosphorus; AP = available phosphorus; AK = available potassium; OM = organic
matter; RDW = root dry weight; RFW = root fresh weight; SDW = shoot dry weight; SFW = shoot
fresh weight; RL = root length; HP = plant height; FN = flower number. ChlorB = chlorophyll b;
ChlorA = chlorophyll a; TolChlr = total chlorophylls.

For zinnia, the front two shafts of the RDA map accounted for 89.22% of the change in
the growth parameters of zinnia (Figure 3b). The OM content was positively associated with
RL and negatively associated with other growth indexes and the photosynthetic pigment
contents; BD was negatively associated with RL and positively associated with other
growth indexes and with the photosynthetic pigment contents; pH and EC were negatively
correlated with SDW, SFW, carotenoids, FN, and RL and positively correlated with other
growth indicators and with the photosynthetic pigment contents; WHC was positively
associated with FN and RL and negatively associated with other growth indexes and
with the photosynthetic pigment contents; WHP, TPS, and APS were positively correlated
with the growth indexes and the photosynthetic pigment contents. RFW, RDW, HP, total
chlorophylls, and AK showed the most significant positive correlations with the measured
physical and chemical properties.

4. Discussion
4.1. Impacts of Composted Green Waste on the Physical Characteristics of the Growing Medias
4.1.1. Total Porosity (TPS), Aeration Porosity (APS), and Water-Holding Porosity (WHP)

TPS is the proportion of medium (uncompacted) expressed in terms of pore space
and can reflect the water storage capacity of a growing medium [25]. The TPS of the
growing media decreased significantly as the proportion of peat replaced by CGW increased
(Table 1), with the highest TPS measured when peat alone was used. These results indicated
that the T2–T7 media retained sufficient water in saturated conditions and their drainage
rate was lower compared to that of the T1 medium. WHP and APS reflect the aeration
as well as the permeability of the growing media, and again, WHP decreased with an
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increasing CGW ratio (Table 1). In contrast, APS (percentage volume of aerated space in the
medium container) increased gradually with the addition of CGW (Table 1) [26]. The T1–T7
treatments had the APS of ideal cultivation growing medias (10–19%) [18]; the lower APS
value of the T7 treatment may be related to the low APS value of peat itself. A low APS
value may limit oxygen supply and gas flow in the plant growing medium, thus inhibiting
plant development [26]. Adding CGW can increase the air volume. Since CGW itself is rich
in pores, the water–gas balance in the matrix will also improve as its proportion increases
(Table 1) [27].

4.1.2. Bulk Density (BD) and Water-Holding Capacity (WHC)

BD can indicate the porosity, which will determine the speed at which air and oxygen
pass through the matrix. BD increased with the increase in the CGW ratio (Table 1). This
could be due to the high mineral fraction of CGW; so, treatments with higher CGW ratios
had higher BD. An excessive BD would result in a gradual decrease in total porosity, which
would change the distribution of the pore space in the growing media and lead to reduced
air space and increased water retention. It can be seen in Table 1 that although the peat
culture medium (T7) had the highest water-holding capacity, its too low BD led to excessive
aeration of the growing media, at the same time reducing the available water and affecting
plant growth. With the addition of CGW, the WHC gradually decreased, which could be
due to the fact that CGW contains a large quantity of capillary pores [28] that can transport
water to the medium surface more quickly for vaporization; these observations are similar
to the results of Ribeiro (2007) [29].

4.2. Effect of Composted Green Waste on the Chemical Properties of the Growing Media
4.2.1. pH and Electrical Conductivity (EC)

As shown in Table 1, as the percentage of CGW in the growing medium increased, the
pH also increased. The pH of the other treatments was intermediate, except for T1, and
T2, which were in the ideal range (Table 1). It is a common phenomenon that the pH value
increases due to the addition of compost in the growing medium [30]. In addition, other
researchers noted the high cushioning ability of CGW [31]. The excessive pH of the T1
and T2 treatments may limit plant growth by limiting the availability and uptake of some
nutrients [32]. The typical characteristics of peat are a low pH value and a low nutrient
level (Table 1) [33]. Therefore, for T7 (100% peat), the pH value was the lowest but still
within the ideal range. When a higher proportion of CGW replaced peat in the growing
media, the EC value also grew, with the highest EC values measured for the peat-free
growing medium (T1), but the EC values were not in the desired range. When replacing
peat in the growing media with different proportions of CGW, the EC value increased with
the proportion of CGW (Table 1), probably because the addition of CGW increased the
production of inorganic compounds and the release of ions [34]. In addition, the presence
of CGW increases the retention of ions in growing media [35]; so, the higher the proportion
of CGW, the higher the EC of the growing medium.

4.2.2. Nutrient and Organic Matter in the Growing Media

As can be seen in Table 1, the increase in the percentage of CGW in the growing media
led to a decrease in OM, which could be due to the incomplete minimization of the unstable
component of organic matter in CGW [36]. In addition, during the production of CGW,
many microorganisms (such as thermophilic and thermophilic bacteria) act on it, and the
organic matter in it is largely decomposed; so, the higher the percentage of CGW in the
substrate, the lower the OM content [37].

When replacing peat in the growing media with different proportions of CGW, the
higher the proportion of CGW, the higher the nutrient content in the growing media. The
nutrient content in the T7 treatment was the lowest (Table 1), which was mainly due to the
high CEC value of peat, the extremely slow movement of cations in it, and the complex
composition of the peat cell wall; so, peat cannot meet the nutrient requirements for plant
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growth and causes low fertility [38]. In contrast, CGW contains more nutrient elements. It is
reported that compost, especially compost containing biological solid materials, contains
large amounts of nitrogen and micronutrients [39]. As a consequence, as the ratio of CGW
in the growing media grew, the nutrient content in the compost also grew. The usability
of plant nutrient elements, particularly P and K, can be significantly increased in growing
media containing a high proportion of CGW. On the one hand, this may be due to the high
proportion of these elements in the raw materials (Table 1), and on the other hand, it may be
because CGW contains humic acid, fulvic acid, and other organic substances (Table 1) that
have an important impact on the absorption of phosphorus by plants, because they prevent
phosphorus precipitation [40]. However, it should be noted that an excessive increase in
CGW percentage in the growing media (such as in the T1 and T2 treatments) may lead to
the insufficient effectiveness of a large number of elements [41].

4.3. Impacts of Different Growing Media on the Growth of Vinca and Zinnia

The growth and quality of potted plants depend on the characteristics of the growing
medium applied. Due to the different proportions of compost, the supply of nutrient
to plants grown in different growing media was the result of the overall physicochemi-
cal characteristics of the growing media, which directly affected the root growth of the
plants [6].

4.3.1. Impacts of Different Growing Media on the Growth Parameters of Vinca and Zinnia

The effect of composting on plant development parameters is intimately connected
to the volume of compost in the growing medium, and the appropriate dose of compost
in the growing medium is beneficial for plant growth [36]. As observed in Table 3 and
Figure 2, with the T5 (40% CGW + 60% peat) treatment, the growth (SFW, RFW, SDW,
RDW, HP, RL, and FN) of vinca and zinnia was the best. This may be due to the fact that
the physicochemical properties of the growing medium were effectively improved in this
treatment; the growing medium had a loose and porous structure, and its strong aeration as
well as WHC provided a strong support for the healthy growth of the plants’ root system,
which is essential for an effective nutrient uptake. In addition, the suitable pH and low EC
values of the growing media (Table 1), which together promote plant growth and maintain
their metabolic activity, significantly contributed to biomass accumulation in vinca and
zinnia during their growth and development [36]. The reason why the addition of CGW
was effective in improving the growing media is that it is rich in a large number of organic
nutrients (Table 1), such as amino acids and sugars, which can be directly absorbed and
utilized by plants. The presence of these organic nutrients significantly boosted the nutrient
content of the growing media, providing the necessary nutritional support for the growth of
vinca and zinnia [7]. As a result, their roots were able to accumulate more nutrients, which
in turn promoted the rapid growth of the above-ground parts. Cacini et al. (2020) [11]
showed that the addition of an appropriate amount of compost to the growing media of
Rose spp. cultivars promoted their biomass accumulation. Similar results were obtained by
Zhao et al. (2013) [42], who showed that the addition of compost to the growing medium
was effective in increasing the nutrient content of the substrate and the number of leaves
produced by Festuca arundinacea. It can be seen from the comprehensive evaluation that
the CEI of the T5 treatment was the highest (Tables 5 and 6), which further proves that this
was the result of the comprehensive improvement of the physicochemical properties of the
growing media. For other treatments, the effect on vinca and zinnia growth was worse.
For example, the poor growth of plants subjected to the T1 treatment (100% CGW) was
due to the poor physical properties of the growing medium, such as the high EC value and
BD value and poor aeration (Table 1). A high EC value may cause imbalanced infiltration,
leading to root burning and other phenomena, inhibiting the growth of plant roots [17]. The
reason for the poor growth of plants with the T2 treatment may be that the high pH value
(Section 3.2.1) of the growing medium significantly abated the availability of phosphorus
elements, resulting in an insufficient supply of nutrients to the plants [43]. Plants growing
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in the growing media with a low CGW ratio, such as the T7 treatment medium (100% peat),
promoted poor plant growth, which could be due to the lack of aeration in the root area
owing to the low supplies of major nutriments and the typical high water-holding capacity
of peat itself (Table 1) [44], which has a negative influence on plant growth. For the T3, T4,
and T6 treatments, although the physicochemical properties of their growing medias were
within the ideal range, their CEIs were lower than that of the T5 treatment (Tables 5 and 6).

4.3.2. Impacts of the Growing Media on Photosynthetic Pigments in Vinca and
Zinnia Leaves

The inhibition of biomass accumulation is directly related to the process of photosyn-
thesis, which depends on the pigment content [5]. It was shown that the addition of CGW
significantly increased the leaf photosynthetic pigment content (chlorophyll a, chlorophyll
b, carotenoids, and total chlorophyll content) in vinca and zinnia, and the photosynthetic
pigment content decreased with the increase in CGW when the addition of CGW was
greater than 40% (T1–T4). The photosynthetic pigment content was significantly higher
with T1 than with T7, which may be attributed to the fact that the growth media for T1–T4
had higher pH and EC values or provided a less unsuitable physical environment (Table 1).
Studies showed that the pH can have an effect on the solubility and availability of plant
nutrients. When the pH is too high, the solubility of certain key trace elements that are
necessary for the synthesis of the chlorophyll molecule is affected (e.g., iron, magnesium,
etc.); these trace elements may be converted into forms that are difficult for the plant to
assimilate, which can affect the formation of chlorophyll [44]. The results of the compre-
hensive photosynthetic pigment content in the leaves (chlorophyll a, chlorophyll b, total
chlorophylls, carotenoids) and the matrix analysis showed that the photosynthetic pigment
content with the T5 (40% CGW + 60% pear) treatment was clearly superior to those achieved
with the other treatments (Table 4), and this treatment had the best effect on promoting the
accumulation of chlorophyll in the leaves of vinca and zinnia. This could be due to the
combined effect of the medium’s nutrients and physical properties. Since CGW has higher
TN content and EC value than peat, this indicates that CGW is rich in mineral nutrients.
Nitrogen is a key component in the synthesis of chlorophyll; so, a growing medium with a
high nutrient content is more conducive to the synthesis of chlorophyll. In addition, the
addition of CGW could effectively improve the physicochemical properties of the growing
media, such as WHC, TPS, and aeration, which could help the roots to better absorb water
and oxygen and thus promote the biochemical reactions related to photosynthesis (Table 1).
In summary, the use of a certain percentage of CGW instead of peat can effectively enhance
the photosynthetic capacity of plants by improving the nutrient supply and the physical
conditions of the substrate, thereby promoting the synthesis of chlorophyll and carotenoids.

4.4. Interrelationship between the Growth Parameters and the Physicochemical Properties of the
Growing Media in Vinca and Zinnia

Figure 3a,b show that WHC and WHP were the main suppression factors for the
growth of vinca and zinnia. It is generally believed that the ideal water-holding porosity
for flower cultivation is 40–76% [19]. In this work, the WHP of the growing media was
in the ideal range, except for the T1 treatment (100% CGW). However, with the increase
in the CGW ratio, the growth effects on vinca and zinnia gradually became worse, which
could be due to the reduction in TPS and WHP, which reduced the aeration capacity of
the growing media. The WHC values declined as the proportion of CGW in the growth
media grew, which was also observed in other research reports where peat was replaced
with compost in the growing media [17]. According to Garcia Gomez et al. (2002) [17] a
WHC of the growing media of more than 120% will be beneficial to the growth of plants.
However, when the WHC of a growing medium is too high, it will lead to insufficient pore
space (as observed with the T1 treatment) (Table 1), and thus to a lack of oxygen, and at
the same time, the uptake of water and nutrients by plants will be strongly inhibited [24].
Therefore, in such cases, a frequent and small amount of water shall be used to maintain
the proper water content through an automatic irrigation controller.
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Furthermore, although the nutrient elements in growing media are not the main
limiting factor for plant growth, it is still necessary to properly supplement nutrients
during the cultivation of vinca and zinnia. In the present study, the growth parameters of
vinca and zinnia were positively correlated with TN, TP, AP, and other nutrient contents in
the growing media (Figure 3a,b), indicating that an adequate nutrient supply will greatly
affect plant morphology. Adding CGW to the growing medium will increase the supply of
TN, TP, AP, etc. (Section 4.2.2), which was shown to promote the growth of Calathea insignis
in previous studies [44].

5. Conclusions

Composted green waste instead of peat can achieve the goals of waste minimization,
resourcing, and harmlessness through resource utilization, waste volume reduction, and
the promotion of a circular economy, providing strong support for the construction of
a green, circular, and low-carbon waste treatment system. This study shows that CGW
can effectively improve the physicochemical features of growing media when replacing
peat. For vinca and zinnia, we found that the CEI values of the T5 (40% CGW + 60% peat)
treatment were the highest, 1.00 and 0.96, respectively, while the plant growth parameters
(biomass, FL, HP, RL, and photosynthetic pigment contents, i.e., total chlorophylls, chloro-
phyll a, b, carotenoids) were the best. The results of the redundancy analysis indicated that
the plant growth parameters were negatively correlated with WHC and WHP, while the nu-
trient composition of the cultivation medium had a positive correlation with plant growth.
Water, as well as nutrients, should be appropriately supplemented during cultivation to
avoid the effects of the waterlogging phenomenon on plant growth.

Although the results of this study show that CGW can be a substitute for peat in the
cultivation of vinca and zinnia, careful consideration of the specific growing conditions
and types of plants cultivated is required if the results are to be widely applied to actual
production. In addition, although short-term studies showed that the composting of garden
waste has a positive effect on the growth of periwinkle and larkspur, the long-term effects
and the impact on the environment have not yet been adequately assessed, and further
long-term observations and studies are needed in the future.
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