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Abstract: In order to evaluate the feasibility of using sugarcane bagasse (SCB) as a substitute for
peat in lily cultivation, this study examines the effects of replacing different amounts of peat (0%,
25%, 50%, 75%, and 100%) with SCB on the physical and chemical properties of the substrate. The
impact on the growth of cut flower and bulbs of the oriental lily variety ‘Siberia’ was investigated.
The results show that the pH value, organic matter content, and reducing sugar content of the
substrate were significantly increased (p < 0.05) when peat was replaced with SCB. Moreover, the
bulk density, permeability porosity, water-holding porosity, and EC value, as well as the contents
of hydrolyzed nitrogen, available phosphorus, available potassium, exchangeable calcium, and
exchangeable magnesium were significantly decreased (p < 0.05). The bulk density (0.15–0.17 g·cm3),
total porosity (64.2–69.6%), and water-holding porosity (41.0–48.4%) of the mixed media were in a
suitable range. The addition of SCB led to shorter plant height, a thinner stalk, and a smaller leaf
and flower diameter. The contents of total chlorophyll, chlorophyll a and b in leaves, as well as
the activities of sucrose synthetase (SS) and sucrose phosphate synthetase (SPS) decreased with the
increase in SCB in the substrates at different growth stages of lily cut flowers. The correlation analysis
showed that, except for bulb height, other quality traits of cut flowers and bulbs were significantly
negatively correlated with the pH, organic matter, and reducing sugar content of substrates. Plant
height, stem diameter, leaf number, leaf length and width, flower diameter of cut flowers, as well as
the fresh weight, starch content, the activities of SS and SPS of bulbs were significantly positively
correlated with the bulk density, total porosity, water-holding porosity, and hydrolyzed N content
of substrates (p < 0.05). The load factors of the principal components indicated that the diameter of
stem and flower, leaf number, the content of chlorophyll a and b, and total chlorophyll of cut flowers
and SPS activity in bulbs could be used as the core indicators for evaluating the suitability of lily
cultivation substrate. In conclusion, when the proportion of peat replaced with SCB was lower than
50%, the quality of cut flowers and bulbs was the same as that found with whole peat. Thus, SCB has
broad application prospects in the soilless cultivation of lily plants.

Keywords: sugarcane bagasse; peat; cultivation substrate; lily; cut flower

1. Introduction

Soilless cultivation techniques find great success with ornamental plants. Compared
to soil cultivation, soilless cultivation can greatly expand agricultural production space,
obtaining high yield and a fast harvest with smaller unit production areas [1,2]. It also
permits a more efficient use of water and fertilizer; reduces the use of pesticides, herbicides,

Horticulturae 2024, 10, 1132. https://doi.org/10.3390/horticulturae10111132 https://www.mdpi.com/journal/horticulturae

https://doi.org/10.3390/horticulturae10111132
https://doi.org/10.3390/horticulturae10111132
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://doi.org/10.3390/horticulturae10111132
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae10111132?type=check_update&version=1


Horticulturae 2024, 10, 1132 2 of 16

and other chemicals in the planting process; and effectively controls non-point source
pollution [3]. The traditional cultivation method used to grow lilies, one of the most
sought-after cut flowers in the world, is soil cultivation. However, with long-term high-
intensity repeated planting, the obstacles of continuous cropping are becoming increasingly
significant, and the quality of cut lily flowers is decreasing [4]. Therefore, in European
countries with developed flower industries, almost all cut lily flowers are grown via soilless
cultivation. Peat is the most widely used substrate in the soilless cultivation of lilies [5].

Peat is a natural deposit formed by plant decay residue. It has an ash content of
less than 10%, and the advantages of uniform composition, high moisture retention, good
ventilation, and a stable structure. Commercial peat mainly comes from Europe and Canada.
Peat is defined as a non-renewable resource; it takes several thousand years to form, and
great ecological damage is caused by its exploitation [6]. In order to reduce dependence on
peat, various agricultural residues and inorganic substrates have been investigated for the
soilless cultivation of horticultural crops. Through the evaluation of the physical properties
of biochar, as well as inorganic substrates of various organic agricultural residues, it has
been proven that wheat straw, sawdust, coconut chaff, rock wool, and other materials
can be used as improvements to or substitutes for commercial growth media [7–9]. Many
substrates have been tested to replace peat in the soilless cultivation of lilies, including
organic agricultural waste such as straw, corn stalks, mushroom residue, bean pods [10],
palm pomace, and coconut chaff [11], and inorganic substrates such as river sand, perlite,
vermiculite, and volcanic tuff [10,12]. Various substrates with different compositions have
shown certain effects.

Sugarcane bagasse (SCB) is a by-product of the sugar industry, composed primarily of
cellulose (32–45%), hemicellulose (20–32%), lignin (17–32%), and ash (1.0–9.0%) [13]. It is
often used as a material for the production of biofuels, such as ethanol [14], butanol [15],
xylitol [16], enzymes [17], and feed [18]. SCB has a considerable yield and has been
successfully used to improve substrates for the soilless cultivation of crops such as cucurbit
seedlings, tomato, and Osteospermum [19–21]. Because of its renewable nature and the
increasing demand for soilless cultivation substrates in modern agriculture, there is great
potential for the application of SCB as a soilless substrate.

To evaluate the feasibility of using SCB as a substrate for the soilless cultivation of cut
lily flowers, the effects of the SCB content on the growth and related quality indicators of
cut lily flowers and post-flower bulb development were analyzed for different replacement
ratios of SCB.

2. Materials and Methods
2.1. Plant Materials and Substrates

The oriental lily cultivar ‘Siberia’ was used for the experiment. The specimens were
first-generation bulbs with a circumference of 12–14 cm from the Van Den Bos Flowerbulbs
B.V., Honselersdijk, Netherlands. The peat was imported from Pindstrup Mosebrug A/S,
Ryomgaard, Denmark, with a particle size of 10–30 mm. SCB was purchased from a local
market in Yunnan Province, China.

2.2. Experimental Design

The test site was located in Kunming, Yunnan Province, China (north latitude, 24◦54′17′′;
east longitude, 102◦46′24′′; altitude, 1866.8 m), and the planting date of the lily bulbs was
19 June 2023. The cultivation facility is a fully automatic intelligent control greenhouse with
a minimum temperature of 15 ◦C and a maximum temperature of 26 ◦C. The relative air
humidity is 70%, and the light intensity is 10,000–25,000 Lux. Five substrate treatments were
set up based on SCB content, namely T1, T2, T3, T4, and T5. The T1 treatment consisted of
whole peat and was set as the control group (CK). The substrate composition ratio of each
treatment is shown in Table 1. The cultivation suitability of lilies to SCB was evaluated
by recording the key growth indicators of lilies on different SCB content substrates. Three
replicates were established for each treatment, and 50 lily bulbs were planted in each
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replicate. The bulbs were planted in special planting boxes (40 cm × 60 cm × 20 cm), with
10 bulbs per box. After planting the bulbs in the substrate, drip irrigation was performed
three times a day. The irrigation system adopted an integrated water and fertilizer model.
The matrix test design scheme is shown in Table 1.

Table 1. Composition of the substrate treatments (%, in volume).

Substrate Component T1 (CK) T2 T3 T4 T5

Peat (%) 100 75 50 25 0
SCB (%) 0 25 50 75 100

2.3. Determination of Physical and Chemical Characteristics of Substrate

The physical and chemical parameters of the media measured in this study included
pH value, electrical conductivity (EC), bulk density, total porosity, aeration porosity, water-
holding porosity, the content of organic matter, hydrolytic N, available P, available K,
exchangeable Ca, exchangeable Mg, and reducing sugar.

(1) Determination of pH and EC: The fresh sample was mixed with deionized water
at a ratio of 1:10 (v:v) and the supernatant was filtered after 30 min of oscillation.
The pH value and EC value of the supernatant were determined by a pH meter and
conductivity meter, respectively.

(2) Method for the determination of bulk density, total porosity, aeration porosity, and
water-retention porosity: Weigh the beaker (W1), then fill it with the naturally dried
substrate to be measured (W2). Seal the beaker filled with the substrate with two
layers of gauze. Soak it in water for 24 h, and then take out the substrate and weigh
it (W3). At the same time, weigh the two layers of wet gauze used for sealing (W4).
After weighing, wrap the beaker upside down with two layers of wet gauze. Then,
let the water in the beaker drain freely until no water seeps out. Weigh it again (W5).
V represents the volume of the dried substrate. The following formulae are used for
calculations:

Bulk density (g/cm3) = (W2 − W1)/V; (1)

Total porosity (%) = (W3 − W2)/V × 100; (2)

Aeration porosity (%) = (W3 + W4 − W5)/V × 100; (3)

Water-holding porosity (%) = Total porosity − Aeration porosity. (4)

(3) Determination of the main fertilizer ingredients: Hydrolyzed N, available P, and
available K were determined by the alkaline hydrolysis diffusion method, phospho-
vanado-molybdate colorimetry, and flame photometry, respectively. Exchangeable
Ca and exchangeable Mg were determined by atomic absorption spectrophotometry,
and organic matter determination was carried out using carbon and nitrogen analysis
instruments [9]. The reducing sugar content was determined by 3,5-dinitrosalicylic
acid colorimetry [10].

2.4. Determination of Growth Indicators for Cut Flowers and Bulbs

Plant height (the distance between the root neck and the top of the flower branch),
stem diameter (diameter of the middle stem of the plant), number of leaves, leaf length and
width (the eighth leaf down from the top of the plant), flower diameter (diameter of the
first flower in the plant) during the flowering period, and the circumference (the maximum
circumference of the bulb), fresh weight, and height of the new bulbs after harvesting
were measured.
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2.5. Physiological Indicators of Cut Flowers and Bulbs

The middle leaves of the lily plants were collected at the bud stage (with a flower
bud length of 1.0 cm), the flowering stage (with the first flower blooming), and the 15th,
30th, 45th, and 60th days after the last flower withered to measure the content of chloro-
phyll a, chlorophyll b, and total chlorophyll. The chlorophyll content was determined by
spectrophotometry. Then, 1 mL N, N-dimethylformamide was added to the sample and
extracted in the dark for 8 h. The optical density of the supernatant after centrifugation
was measured by a spectrophotometer at 665 nm and 649 nm. Then, the chlorophyll a and
chlorophyll b contents and total content were calculated [22].

The activities of sucrose synthetase (SS) and sucrose phosphate synthetase (SPS) were
measured on the 15th, 30th, 45th, and 60th days after flowering, considering the 8th leaf
from the top of the plant. The determination of SS and SPS followed the method used for
cucumber seedlings in [23]. For SS detection, take 0.35 mL of reaction solution and add
0.2 mL of enzyme solution to react at 37 ◦C for 30 min. Then, immerse the reaction solution
in a water bath at 100 ◦C for 1 min, and continue adding NaOH to the reaction solution
for another 10 min. Finally, after adding HCl and resorcinol, place the mixture in an 80 ◦C
water bath for 10 min. The activity value of the mixture was calculated after colorimetric
analysis at 480 nm. For the SPS reaction system, 6-phosphate fructose was used instead of
fructose, but the other determination methods were the same as for SS.

The starch content of new bulbs after harvesting was determined by the enzymatic
method [24]. Samples were treated with 40% ethanol to remove any soluble sugar, and
the precipitate was added to dimethyl sulfoxide to form a uniform suspension in a 100 ◦C
water bath for 30 min. After cooling, hydrochloric acid was added and hydrolyzed in a
water bath at 60 ◦C for 30 min. Then, sodium hydroxide and sodium acetate buffer were
added, and the pH was adjusted to 4.8 to make a sample solution. Amyloglucosidase
(AMG) solution was incubated in a 60 ◦C water bath for more than 16 h to determine the
starch content.

2.6. Statistical Analysis

All data were processed using Excel 2021. Duncan’s test was used to test the sig-
nificance of the differences among the different treatments (p < 0.05). One-way ANOVA,
correlation analysis, and principal component analysis (PCA) were performed and plot-
ted with Origin Pro Software version 2021 (OriginLab, Northampton, MA, USA). The
results are expressed as the mean ± standard deviation (SD). The relationships between
the substance parameters and growth indicators of the cut flowers and bulbs were assessed
using Pearson’s correlation coefficients. Experimental data from each group were obtained
in triplicate.

3. Results
3.1. The Physical and Chemical Properties of Substrates Before Planting Lilies

SCB and peat are two different substrates, which are different not only in appear-
ance, but also in physical and chemical properties. The growth status of lilies planted on
substrates with different SCB contents showed obvious differences (Figure 1).

When the volume content of SCB was 25% (T2), the physical properties of the mixed
substrates were significantly different from that of T1 (p < 0.05). As shown in Table 2,
replacing peat with SCB significantly reduced the bulk density of the media (p < 0.05);
moreover, the bulk density also decreased with the increase in the substitution ratio.
Compared to the T1 treatment, the bulk density in the T2, T3, and T4 treatments decreased
by 10.5%, 15.8%, and 21.1%, respectively. Substituting peat with SCB significantly reduced
the aeration porosity, water-holding porosity, and total porosity of the substrate. The
total porosity and water-holding porosity in T5 were 7.1% and 5.1% lower than in T1,
respectively. The aeration porosity in T5 was 49.1% lower than in T1, indicating that the
permeability of peat is much higher than that of SCB, with the addition of SCB having a
great impact on the aeration porosity of the substrate.
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Figure 1. The appearance of peat and SCB, and the growth status of lilies on substrates with different
SCB contents ((A) is the appearance of peat and SCB; (B) shows the seedling status of lilies on T3
substrate with 50% SCB; (C) shows the pre-flowering status of lilies on five substrates, each substrate
number corresponds to a column of lilies).

Table 2. Physical properties of the substrates based on peat and SCB in different proportions.

Treatment Bulk Density
(g cm3)

Total Porosity
(%)

Aeration Porosity
(%)

Water-Holding
Porosity

(%)

T1 (CK) 0.19 ± 0.02 a 90.07 ± 1.54 a 6.39 ± 0.13 a 83.68 ± 1.66 a
T2 0.17 ± 0.00 ab 80.56 ± 1.94 b 5.23 ± 0.07 b 75.33 ± 2.01 b
T3 0.16 ± 0.00 b 77.87 ± 2.33 bc 4.30 ± 0.26 c 73.57 ± 2.59 bc
T4 0.15 ± 0.00 bc 73.41 ± 0.64 c 3.85 ± 0.26 c 69.57 ± 0.38 c
T5 0.13 ± 0.00 c 63.68 ± 2.59 d 3.25 ± 0.12 d 60.43 ± 2.48 d

Note: Different letters in the same column indicate significant differences among treatments (p < 0.05, n = 3).

The chemical properties of the substrates are shown in Table 3. The pH from T1 to T5
ranges from 5.5 to 6.5. The pH value of peat is low; by increasing the proportion of SCB
added, the pH value of the mixed substrates gradually increased. The EC value showed a
gradual decreasing trend from T1 to T5, with significant differences between the substrates
(p < 0.05). In terms of the EC value, T1 was 63.92% higher than T5, but T3 and T4 were
only 16.50% and 7.98% higher than T5, respectively. Thus, the higher the proportion of
SCB added, the greater the decrease in EC value in the substrate. The content of organic
matter increased with the increase in the proportion of SCB in the five substrates, but the
content of organic matter in T1, T2, and T3 was not significantly different from that in T4
and T5. The content of organic matter in T1 was 10.1% and 12.4% lower than in T4 and
T5, respectively. The trend of the reducing sugar content was similar to that of organic
matter. As the reducing sugar content of peat was significantly lower than that of SCB, we
can deduce that the more SCB added, the higher the reducing sugar content of the mixed
substrate. The reducing sugar content in the T2, T3, and T4 substrates was 9.2%, 18.4%, and
31.6% higher than that in T1, respectively.

In terms of substrate fertilizer elements, the contents of hydrolytic N and exchangeable
Ca decreased gradually from T1 to T5 among the five substrate treatments, showing
significant differences (p < 0.05). The hydrolytic N content in T1 was 28.14%, 46.13%,
60.10%, and 163.88% higher than in T2, T3, T4, and T5, respectively. The exchangeable Ca
content in T1 was the highest among the five substrates, almost 21 times higher than that in
T5, and 136.69%, 177.40%, and 497.19% higher than in T2, T3, and T4, respectively. These
results indicate that the exchangeable Ca content in SCB is low. The contents of available P,
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available K, and exchangeable Mg also decreased with the increase in SCB content. The
effective P content in T1 was 1.56, 2.55, 2.73, and 3.13 times as much as in T2, T3, T4, and
T5, respectively. The highest content of available K was found in T1, which was 69.41%
higher than that in T5. The content of available K in T2, T3, and T4 increased by 18.65%,
14.53%, and 6.29%, respectively, compared to that in T5. There was no significant difference
in exchangeable Mg content between T2 and T3, or between the T3 and T5 treatments. The
exchangeable Mg content in T4 was only 2.43% higher than that in T5, indicating that the
exchangeable Mg content in the mixed substrates was not significantly increased in relation
to increases in peat.

Table 3. Chemical properties of the substrates based on peat and SCB in different proportions.

Indicators T1 (CK) T2 T3 T4 T5

pH 5.62 ± 0.02 d 5.74 ± 0.03 cd 5.88 ± 0.03 bc 5.93 ± 0.05 b 6.38 ± 0.11 a
EC

(mS·cm−1) 808.67 ± 15.82 a 613.00 ± 13.45 b 574.67 ± 12.58 c 532.67 ± 3.05 d 493.33 ± 10.50 e

Organic Matter (%) 69.50 ± 0.89 b 71.30 ± 3.27 b 73.67 ± 1.87 ab 77.27 ± 2.67 a 79.33 ± 0.95 a
Reducing Sugar

(g·kg−1) 7.57 ± 0.59 d 8.30 ± 0.20 cd 9.03 ± 0.40 bc 10.00 ± 0.10 ab 10.33 ± 0.58 a

Hydrolytic N
(mg·kg−1) 548.00 ± 6.93 a 427.67 ± 3.86 b 375.00 ± 6.93 c 342.33 ± 5.13 d 207.67 ± 5.13 e

Available P
(mg·kg−1) 359.00 ± 8.54 a 230.00 ± 8.54 b 141.00 ± 8.89 c 131.33 ± 4.04 cd 114.67 ± 5.69 d

Available K
(mg·kg−1) 2603.33 ± 20.82 a 1823.33 ± 15.28 b 1760.00 ± 36.06 b 1633.33 ± 11.55 c 1536.67 ± 35.12 d

Exchangeable C
(mg·kg−1) 1849.33 ± 21.39 a 781.33 ± 19.04 b 666.67 ± 9.87 c 309.67 ± 16.20 d 89.00 ± 3.61 e

Exchangeable Mg
(mg·kg−1) 454.67 ± 12.01 a 322.67 ± 5.86 b 304.67 ± 4.73 bc 294.00 ± 6.08 c 287.00 ± 6.25 c

Note: Different letters in the same row indicate significant differences among treatments (p < 0.05, n = 3).

3.2. Chlorophyll Content

Chlorophyll is responsible for the absorption, transfer, and transformation of light
energy in plants. Thus, the content of chlorophyll in the leaves is an important indicator
of the photosynthetic capacity of plant leaves [25]. The contents of total chlorophyll,
chlorophyll a, and chlorophyll b in the leaves of lily cultivar ‘Siberia’ varied greatly across
the different substrates throughout the six growing periods, as shown in Figure 2. The
contents of chlorophyll a, chlorophyll b, and total chlorophyll increased rapidly from the
bud stage to the flowering stage; decreased after flowering; increased slightly at 45 days
after flowering; and decreased rapidly at 60 days after flowering. This was especially
evident in T4 and T5. The chlorophyll content of the leaves in the bud stage was the
lowest among the six stages. Notably, however, the chlorophyll a content in T1 was 30.00%,
33.00%, 39.17%, and 48.33% higher than in T2, T3, T4, and T5, respectively. The content of
chlorophyll b in T3, T4, and T5 was similar at 30 days and 45 days after anthesis, but the
content of chlorophyll a in the three substrates was significantly different (p < 0.05). This
indicates that the total chlorophyll content was more affected by chlorophyll a. At 60 days
after flowering, the contents of chlorophyll a and b, and total chlorophyll in T5 decreased
by 30.60%, 32.03%, and 31.02% compared to T1, respectively. The difference in chlorophyll
content across the six growth stages and the five substrates indicates that the addition of
SCB in different proportions reduces chlorophyll content to different degrees.
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Figure 2. Chlorophyll content in the leaves of the lily cultivar ‘Siberia’ in 5 substrates based on peat and
SCB in different proportions. (Stage 1 refers to the bud stage, stage 2 refers to the flowering stage, and
stages 3, 4, 5, and 6 refer to the 15th, 30th, 45th, and 60th days after the flowering stage, respectively.)
Chlorophyll content was calculated by fresh weight; its unit indicates fresh weight content. Different
letters on the bar chart indicate significant differences among treatments (p < 0.05, n = 3).

3.3. Morphological Indicators of Cut Flowers

The plant height and stem diameter of lily cut flowers are important quality indexes of
stem. It can be seen from Table 4 that, with the increase in SCB in the mixed substrates, the
plant height and stem diameter of the cut flowers decreased gradually. The plant heights
of the T1, T2, and T3 plants were more than 80 cm, but the plant heights of the T4 and
T5 plants were 7.71% and 17.35% lower than in T1, respectively. In addition, the stem
diameter in T1 was significantly larger than in T2, T3, T4, and T5, indicating that SCB has a
significant negative effect on the plant height and stem diameter of cut flowers. The higher
the proportion of SCB, the shorter the plant height of the cut flowers and the thinner the
stems. There was no significant difference in the number and length of leaves between T1
and T2. The leaf numbers in T1 were 9.5% and 20.0% greater than in T4 and T5, and the leaf
lengths in T1 were 26.9% and 37.2% longer than in T4 and T5, respectively. The leaf widths
and lengths across the treatments did not show the same differential characteristics; the
leaf widths in T2, T3, and T4 all reached over 6 cm without significant differences. Flower
diameter refers to the size of the flower. Compared to T1, the flower diameters in T2, T3,
T4, and T5 gradually decreased in sequence. Except for T5, the flower diameters in the
treatments were all larger than 22 cm, indicating that SCB could reduce the diameter of
cut flowers.
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Table 4. Morphological parameters of cut lily flowers in 5 substrates based on peat and SCB in
different proportions.

Treatment Plant Height
(cm)

Stem Diameter
(mm) Leaf Number Leaf Length

(cm)
Leaf Width

(cm)
Flower Diameter

(cm)

T1 (CK) 84.36 ± 1.50 a 6.00 ± 0.14 a 32.4 ± 0.6 a 17.60 ± 0.17 a 7.53 ± 0.25 a 24.72 ± 0.19 a
T2 83.04 ± 1.28 a 5.76 ± 0.17 ab 31.6 ± 0.9 a 16.97 ± 0.35 a 6.57 ± 0.06 b 23.48 ± 0.44 b
T3 81.96 ± 0.83 a 5.48 ± 0.24 b 30.00 ± 0.7 b 15.27 ± 0.45 b 6.30 ± 0.26 b 23.20 ± 0.34 b
T4 77.86 ± 1.95 b 4.86 ± 0.22 c 29.6 ± 0.6 b 13.87 ± 0.15 c 6.23 ± 0.15 b 22.02 ± 0.37 c
T5 69.72 ± 1.28 c 4.52 ± 0.15 c 27.0 ± 0.7 c 12.83 ± 0.85 c 5.27 ± 0.15 c 19.96 ± 0.80 d

Note: Different letters in the same column indicate significant differences among treatments (p < 0.05, n = 3).

3.4. The Activities of Carbon Metabolism Enzyme in Leaves at Different Stages After
Flowers Withering

From the flowering stage to 60 days after anthesis, the SS activity in the five treatments
showed a trend of first increasing and then decreasing (Figure 3), reaching maximum
activity at 45 days after anthesis. At this time, SS activity increased by 52.6%, 36.5%, 41.7%,
41.1%, and 40.2%, respectively, compared to the flowering stage of the T1–T5 treatments.
From 45 to 60 days after anthesis, the activity of SS decreased. The activity of SS at 60 days
after anthesis was roughly the same as that at 30 days after anthesis. The SS activity in T1
was higher than in the other four treatments during the five periods from the flowering
stage to 60 days after anthesis. In particular, at 45 days after anthesis, the SS activity in T1
was significantly higher than in T5 by 17.4%. The activities of SPS and SS showed different
trends. Across the five substrate treatments, the activity of SPS rose from the beginning of
flowering to 60 days after anthesis, reaching its maximum at this time. At this stage, the
SPS activity across the T1-T5 treatments increased by 96.7%, 111.0%, 107.0%, 83.1%, and
108.3% compared to the flowering period, respectively. At 15–45 days after flowering, there
were no significant differences in the activity of SPS between T2, T3, and T4.
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Figure 3. Changes in the activities of sucrose synthetase (SS) and sucrose phosphate synthetase
(SPS) of ‘Siberia’ lily leaves based on peat and SCB in different proportions. (Stage 1 refers to the
flowering stage; stages 2, 3, 4, and 5 refer to the 15th, 30th, 45th, and 60th days after the flowering
stage, respectively.) Different letters on the bar chart indicate significant differences among treatments
(p < 0.05, n = 3).

3.5. Comparison of Bulb Quality in Different Substrates

Bulb circumference is a visual indicator used to evaluate lily bulb size. It can be seen
that the circumference of the bulbs in T1–T4 all exceeded 20 cm, with no significant variance
among the different treatments (Table 5). Moreover, the circumferences in T1–T3 surpassed
24 cm; only those in T5 fell below 20 cm. Fresh weight and circumference did not show the
same patterns. The fresh weight of the T1 bulbs was more than 170 g, and the difference
between T1 and T3 was not significant. The fresh weights of the T4 and T5 bulbs were
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36.6% and 67.2% less than those of T1. There was no significant difference in the height
of the bulbs among the five treatments. T1 bulbs measured 6.5 cm, while the bulbs from
the T2–T5 treatments were over 7 cm in height. The starch content decreased sequentially
between T1 and T5, with the contents of T3 and T4 being relatively close. The variations
observed in circumference, fresh weight, and starch content were similar across the five
substrate treatments, yet there was no significant change in bulb height.

Table 5. The quality indicators of bulbs in 5 substrates based on peat and SCB in different proportions.

Treatment Bulb Circumference
(cm)

Bulb Fresh Weight
(g)

Bulb Height
(cm)

Starch Content
(mg·g−1)

T1(CK) 24.33 ± 0.90 a 176.37 ± 9.89 a 6.50 ± 0.30 a 145.72 ± 0.92 a
T2 24.03 ± 0.45 a 162.07 ± 6.77 a 7.13 ± 0.74 a 129.26 ± 5.02 b
T3 24.43 ± 0.64 a 163.60 ± 4.98 a 7.17 ± 0.45 a 118.06 ± 6.00 bc
T4 21.50 ± 0.70 ab 129.07 ± 7.28 b 7.17 ± 0.76 a 115.95 ± 6.79 c
T5 19.83 ± 2.15 b 105.50 ± 3.64 c 7.13 ± 0.47 a 102.97 ± 0.42 d

Note: Different letters in the same column indicate significant differences among treatments (p < 0.05, n = 3).

3.6. Correlation Analysis

The results show that the contents of chlorophyll a and b and total chlorophyll in the
leaves of ‘Siberian’ lilies had the same correlation performance with the physicochemical
properties of the substrates. Except for the significantly negative correlation with the pH,
the organic matter and reducing sugar content of the substrates, the contents of chlorophyll
a and b and total chlorophyll also had significant positive correlation with bulk density, total
porosity, water-holding porosity, ventilation porosity, EC value, hydrolyzed N, available
P, and exchange Ca content of substrates (p < 0.05). The plant height, stem diameter,
leaf number, leaf length and width, flower diameter of cut flowers, fresh weight, starch
content, and the activities of SS and SPS of the bulbs were also significantly negative
correlated with pH, organic matter, and reducing sugar content of the substrate, and
significantly positively correlated with bulk density, total porosity, water-holding porosity,
and hydrolyzed N content of the substrate (p < 0.05) (Table 6). The bulb circumference was
significantly positively correlated with the water-holding porosity of the substrates, while
the correlation between the bulb height and the physicochemical properties of the substrates
was completely opposite to the other quality indicators of bulbs (p < 0.05) (Figure 4).
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Table 6. The correlation between different quality indicators of the cut flowers and bulbs of ‘Siberia’ lily with the physicochemical properties of substrates based on
peat and SCB in different proportions.

Chlorophyll
a

Chlorophyll
b

Total
Chlorophyll

Plant
Height

Stem
Diameter

Leaf
Number

Leaf
Length

Leaf
Width

Flower
Diameter

Fresh
Weight of

Bulb

Bulb
Circumference

Bulb
Height

Sucrose
Synthase

Sucrose
Phosphate
Synthase

Starch

Bulk density 0.998 * 0.984 * 0.991 * 0.899 * 0.962 * 0.965 * 0.973 * 0.976 * 0.962 * 0.924 * 0.845 −0.771 0.980 * 0.988 * 0.993 *
Total porosity 0.982 * 0.954 * 0.976 * 0.935 * 0.956 * 0.971 * 0.949 * 0.989 * 0.986 * 0.946 * 0.877 −0.737 0.948 * 0.998 * 0.979 *

Aaeration porosity 0.975 * 0.987 * 0.981 * 0.842 0.940 * 0.938 * 0.965 * 0.956 * 0.922 * 0.879 * 0.787 −0.813 0.996 * 0.962 * 0.992 *
Water-holding

porosity 0.987 * 0.944 * 0.970 * 0943 * 0.952 * 0.970 * 0.942 * 0.988 * 0.990 * 0.950 * 0.885 * −0.721 0.936 * 0.998 * 0.971 *

pH −0.953 * −0.890 * −0.936 * −0.978 * −0.923 * −0.988 * −0.917 * −0.948 * −0.978 * −0.930 * −0.889 * 0.544 −0.855 −0.956 * −0.919 *
Electrical

conductivity 0.901 * 0.923 * 0.910 * 0.741 0.855 0.846 0.872 0.939 * 0.860 0.805 0.690 −0.929 * 0.978 * 0.922 * 0.962 *

Organic mater −0.991 * −0.988 * −0.994 * −0.927 * −0.997 * −0.956 * −0.995 * −0.914 * −0.961 * −0.963 * −0.917 * 0.646 −0.932 * −0.971 * −0.943 *
Reducing sugar −0.982 * −0.997 * −0.990 * −0.879 * −0.984 * −0.931 * −0.990 * −0.910 * −0.935 * −0.935 * −0.874 * 0.715 −0.957 * −0.961 * −0.952 *
Hydrolyzable N 0.980 * 0.951 * 0.974 * 0.924 * 0.942 * 0.976 * 0.946 * 0.994 * 0.978 * 0.924 * 0.848 −0.745 0.955 * 0.992 * 0.987 *

Available P 0.894 * 0.933 * 0.909 * 0.695 0.839 0.842 0.885 * 0.904 * 0.813 0.750 0.627 −0.907 * 0.988 * 0.883 * 0.959 *
Available K 0.847 0.874 0.858 0.674 0.796 0.785 0.812 0.910 * 0.809 0.749 0.624 −0.962 * 0.951 * 0.881 * 0.929 *

Exchangeable Ca 0.914 * 0.931 * 0.922 * 0.772 0.879 * 0.856 0.885 * 0.944 * 0.883 * 0.841 0.735 −0.910 * 0.973 * 0.939 * 0.961 *
Exchangeable Mg 0.805 0.843 0.819 0.606 0.746 0.740 0.773 0.876 0.753 0.684 0.548 −0.982 * 0.936 * 0.835 0.904 *

Note: * indicates significant correlation (p < 0.05).
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3.7. Evaluation of Cut Flower and Bulb Quality in Lilies

The results of the principal component analysis show that the cumulative contribution
rate of the first two components reached 81.8%, representing most of the information in
the original data (Figure 5). In the loading plot, the contribution rate of the first principal
component (PC1) was 68.3%, of which the stem diameter load was 0.303, leaf number
load was 0.301, flower diameter load was 0.304, and SPS load was 0.306, accounting for
the highest proportion. The contribution rate of the second principal component (PC2)
was 13.5%, of which the chlorophyll a load was 0.286, chlorophyll b load was 0.635, and
total chlorophyll load was 0.663, accounting for the highest proportion. In conclusion, the
stem diameter, leaf number, flower diameter, SPS activity, chlorophyll a and b, and total
chlorophyll were extracted as the core indexes for evaluating the suitability of cultivated
substrate for cut lily flowers. In the score plot, the location features of the samples at T2 and
T3 are similar, and they are closer to T1, indicating that the principal component features of
the samples at T2 and T3 were similar to those at T1.
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4. Discussion

SCB is commonly used as a cultivation substrate for fungi [26], but its application in
flowers is not widespread. For the soilless cultivation of horticultural crops, the substrate
needs to have good air permeability and water-holding capacity, as well as a stable com-
position and structure. It also should not affect the absorption of fertilizer components
by plants [27]. In this study, the physical characteristics of the mixed-media substrate,
including bulk density, aeration porosity, water-holding porosity, and total porosity, de-
creased with the increase in SCB addition. In particular, the bulk density of the mixture
with 75% SCB was 21.1% lower than that of T1. The suitable range of bulk density for
horticultural crop growth media is less than 0.4 g·cm3 [28]. The bulk density of the mixed
media in this study was 0.15–0.17 g/cm3, which is obviously in line with this range. In
general, the indicators of aeration porosity, water-holding porosity, and total porosity can
reflect the cultivation suitability of soilless substrate [29], 54–96% total porosity, 15–30%
aeration porosity, and 36–77% water-holding porosity are suitable for plant growth [30].
In this study, the total porosity (73.41–80.56%) and water-holding porosity (69.57–75.33%)
of the mixed substrate were within the recommended range, but the aeration porosity
(3.85–5.23%) was significantly lower than the recommended range, although this did not
have a serious impact on the growth of the cut flowers and bulbs. These results indicate
that the range of aeration porosity requirements for lily, as a bulbous plant, is different from
that of conventional perennial plants. For lilies, the suitability of water-holding porosity
may have a greater influence on growth.

In terms of chemical properties, the pH value, reducing sugar content, and organic
matter content in the mixed media gradually increased with the increase in SCB. The pH
change rule of SCB found in this paper was different from that found in related research on
Osteospermum; the pH value of the cultivation substrate of Osteospermum decreased with
the increase in SCB [21], which may be related to the storage time of SCB. The SCB in the
Osteospermum test was old SCB that had been stored for more than 2 years, while the SCB
used in this experiment was a new product.

The strength of plant growth can be reflected by morphological indicators. These
can be used to intuitively determine the differences in the effects of different cultivation
substrates on plant growth, and thus judge the quality of the cultivation substrate [31].
In this study, replacing peat with SCB had a great impact on the physical and chemical
properties of the substrate. This led to differences in the quality characteristics of cut
flowers and bulbs, including differences in chlorophyll content, the activities of carbon-
metabolizing enzymes, and morphological characteristics.

At different growth stages, the contents of total chlorophyll of lily plants with five
substrate treatments were found to be in the following order: T1 > T2 > T3 > T4 > T5.
The photosynthesis of plants is not only controlled by environmental factors, such as
temperature and light intensity [32], but also by chlorophyll content, which affects the
accumulation of plant photosynthetic products through light reaction in the first stage of
photosynthesis. In addition, since chlorophyll a accounts for the highest proportion of total
chlorophyll, changes in chlorophyll a content can also impact the strength of photosynthesis
to a certain extent [33]. The correlation analysis in this article showed that the chlorophyll
content in the leaves of the studied plants was positively correlated with the hydrolytic
N content in the substrate; a higher chlorophyll content was found in plants grown in
substrates with a higher hydrolyzed N content. Since the hydrolyzed N content in SCB is
much lower than in peat, the chlorophyll content in T2, with a lower proportion of SCB,
was the closest to that in T1. These results are similar to the conclusion that the chlorophyll
content of rice increases with increases in N application [34,35].

SPS and SS are key enzymes in plant sugar metabolism pathways, and multiple iso-
mers of the two enzymes may play a role in the different growth stages of plants [36]. In
this study, the activities of SPS and SS were different at different periods from florescence
to 60 days after anthesis, confirming the results of previous studies. The activities of the
two carbon-metabolizing enzymes were the highest in the substrate supplemented with
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25% SCB, showing significant positive correlations with exchangeable Ca and available P
in the substrate. Studies on the localization of SPS and SS have demonstrated that both en-
zymes control the diversity of other enzyme regulatory mechanisms through Ca-dependent
reversible protein phosphorylation [37,38], suggesting that increasing the content of ex-
changeable Ca and available P in the cultivation substrate could promote the activities of
SPS and SS in lily. In addition, the starch content of the bulbs in the five substrates showed
change patterns in line with the activity of SPS and SS. These results are consistent with
the conclusion that the activities of SPS and SS in soybean leaves positively affect starch
accumulation in soybean seeds, and that starch content increases with increases in biochar
feed [39].

For cut lily flowers, the morphological indicators that can be used as quality evaluation
criteria include plant height, stem diameter, bud number, and flower diameter [40]. The
important quality grading indexes of commercial lily bulbs include circumference, health
status, the fresh weight of bulbs, and starch content [41]. In this study, the T1 substrate had
the characteristics of loose porosity, good ventilation, strong water-holding capacity, and a
high content of fertilizer elements, which could provide a good physical environment for
the growth of the aboveground and underground parts of cut lily flowers. Therefore, plants
in the T1 group not only had the highest chlorophyll content in the growth process, but also
the best plant height, stem diameter, leaf number, flower diameter, bulb circumference, and
fresh weight of the five treatments. Compared to peat, the physical and chemical properties
of SCB are obviously characterized by a poor air permeability and low effective nutrient
content. Although SCB had 14.1% more organic matter than peat, this organic matter was
mainly composed of cellulose and hemicellulose [13], which cannot be directly absorbed by
roots. Matter of this kind needs to be fermented and decomposed by microorganisms into
soluble compounds before it can be utilized by plants [42]. Although the reducing sugar in
the substrate is soluble in water, it mostly serves as a living carbon source of microorganisms
in the soil or substrate, which can improve bacterial community abundance and enhance
root vitality [43,44]. This does not directly affect the morphological development of plants.
Therefore, although the reducing sugar content of SCB was 35.5% higher than that of peat,
this did not affect the growth of the lilies. In addition, SCB had a low content of effective
fertilizer components, being deficient in N, P, and Ca in particular. This severe deficiency
of Ca could have a serious impact on flower development, leading to the abnormal growth
of flowers [45], while shortages in N and P would shorten lily plants and reduce leaf area
and flower diameter [46].

In this study, the T2, T3, and T4 treatments improved the undesirable physical and
chemical properties of SCB by combining it with peat. The morphological indexes of the cut
flowers produced in the T2 and T3 substrates were close to those in the T1 substrate, and the
plant height and flower diameter of plants grown in the T2 substrate were only 1.3 cm lower
than those of the T1 substrate. Even the various quality indicators of cut flowers produced
in the T4 substrate exceeded those produced in the T5 substrate. Cucumber seedlings
produced with a mixture of SCB–vermiculite in a volume ratio of 1:1 showed significantly
better plant height and stem diameter than those produced with a control substrate mainly
composed of peat, perlite, and vermiculite. Thus, the feasibility of using SCB as a substrate
for the soilless cultivation of horticultural crops was verified, making SCB a candidate
substrate component for the successful cultivation of cucumber seedlings [47]. For cucurbit
seedlings produced in greenhouses, SCB biochar serves as a supplementary substrate that
can be mixed with other commercial substrates at a volume ratio of 25% to 50% to obtain
high-quality seedlings [19]. The quality performance of cut lily flowers and bulbs in this
study showed that mixtures of bagasse and peat at a ratio of less than 50% (v/v) could be
used for the soilless cultivation of lilies as an alternative substrate for cut flower and bulb
production. The results confirm that SCB is not suitable for use as a single substrate.
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5. Conclusions

After replacing peat with SCB in a reasonable proportion, the physical and chemical
properties of the mixed substrate, such as bulk density, aeration porosity, water-holding
porosity, pH value, EC value, and exchangeable Ca content, were improved, basically
meeting the requirements for the soilless cultivation of lilies. According to the growth
effects of cut lily flowers, the substrate treatments with SCB contents of 25% and 50%
were significantly superior to the other treatments in terms of plant morphological and
physiological indicators, and the quality of cut flowers and bulbs produced was closer to
that using peat. Therefore, it is feasible to use SCB as an additive component in soilless
cultivation substrate for lilies. The use of SCB not only reduces peat consumption, but is
also beneficial for the ecological environment and has good application prospects.
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