<@ sustainability

Article

Effects of Biochar and Biochar-Compost Mix on Growth,
Performance and Physiological Responses of Potted Alpinia zerumbet

Faisal Zulfiqar 1+Q, Xiangying Wei 2% Narmeen Shaukat 3, Jianjun Chen 40, Ali Raza >, Adnan Younis 3%,
Muhammad Nafees 1{2, Zainul Abideen ¢©, Abbu Zaid 7?, Nadeem Latif 1, Muhammad Naveed 8
and Kadambot H. M. Siddique °

check for

updates
Citation: Zulfiqar, F.; Wei, X.;
Shaukat, N.; Chen, J.; Raza, A.;
Younis, A.; Nafees, M.; Abideen, Z.;
Zaid, A.; Latif, N.; et al. Effects of
Biochar and Biochar-Compost Mix on
Growth, Performance and
Physiological Responses of Potted
Alpinia zerumbet. Sustainability 2021,
13,11226. https://doi.org/10.3390/
sul32011226

Academic Editors: Gabriel Gasco
Guerrero, Ana Méndez and

Jorge Paz-Ferreiro

Received: 25 August 2021
Accepted: 5 October 2021
Published: 12 October 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Horticultural Sciences, Faculty of Agriculture and Environment, The Islamia University of

Bahawalpur, Bahawalpur 63100, Pakistan; muhammad.nafees@iub.edu.pk (M.N.);

nadeemmughal4480@yahoo.com (N.L.)

2 Institute of Oceanography, College of Geography and Oceanography, Minjiang University, Fuzhou 350108, China

Institute of Horticultural Sciences, University of Agriculture Faisalabad, Faisalabad 38040, Pakistan;

narmeens99@gmail.com

Mid-Florida Research and Education Center, Environmental Horticulture Department, Institute of Food and

Agricultural Sciences, University of Florida, 2725 South Binion Road, Apopka, FL 32703, USA; jjchen@ufl.edu

Fujian Provincial Key Laboratory of Crop Molecular and Cell Biology, Oil Crops Research Institute, Center of

Legume Crop Genetics and Systems Biology/College of Agriculture, Fujian Agriculture and Forestry

University, Fuzhou 350002, China; alirazamughal143@gmail.com

6 Muhammad Ajmal Khan Institute of Sustainable Halophyte Utilization, University of Karachi, Karachi 75270, Pakistan;
zuabideen@uok.edu.pk

7 Plant Physiology and Biochemistry Section, Department of Botany, Aligarh Muslim University, Aligarh 202002, India;
zaidabbul9@gmail.com

8 Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad, Faisalabad 38040, Pakistan;
mnaveeduaf@gmail.com

9 The UWA Institute of Agriculture, The University of Western Australia, Perth, WA 6001, Australia;
kadambot.siddique@uwa.edu.au

*  Correspondence: ch.faisal.zulfigar@gmail.com (F.Z.); xiangyingwei@mju.edu.cn (X.W.);

adnanyounis@uaf.edu.pk (A.Y.)

Abstract: Container crop production has become increasingly popular over the last 50 years. A
major component of container or potting media is peat. Peatlands are a natural carbon sink, and
peat is a nonrenewable natural resource. Peat harvesting has become an important environmental
issue. There is a growing effort to explore alternative organic materials to completely or partially
replace peat as a medium component. Biochar is a carbon-rich product that has gained increasing
interest as a component of growing media. In the present study, biochar was produced from rice
straw. Peat/ perlite /biochar (PPB; 40/30/30 v/v) and peat/perlite/biochar/vermicompost (PPBC;
30/30/35/5 v/v) were evaluated relative to a basal or control medium of peat/perlite (PP; 70:30 v/v).
Alpinia (Alpinia zerumbet ‘Variegata Dwarf’) was used as a test plant. Amending biochar and biochar-
compost mix increased the pH of the growing media. Hydrophysical properties including container
capacity, bulk density, air space and total porosity were all within or near the standard ranges for
soilless growing media. Chlorophyll a and b contents of A. zerumbet plants grown in PPB medium
were reduced by more than 20% and 28%, respectively, compared to those grown in PP or PPBC
media. The net photosynthetic rate of PPB-grown plants was more than 28% lower than those grown
in PP and PPBC media. As a result, shoot and root dry weights of plants produced in PPB medium
were more than 42% and 22% less, respectively, than those grown in PP and PPBC media. Although
visual quality of PPB-grown plants was lower, they still exhibited marketable quality, which was
largely due to the fact that their side shoots, leaf numbers, leaf areas, leaf thickness, and shoot
diameters were comparable to those produced in PP and PPBC media. The present study showed
that in a peat/perlite basal medium, substitution of peat by biochar derived from rice straw at 30%
affected the growth of A. zerumbet plants, mainly in dry matter accumulation, but the plants were still
marketable. On the other hand, plants grown in the same basal medium with peat replaced by the
biochar at 35% plus an amendment of compost at 5% were comparable to those grown in the control
medium. As the value of ornamental plants depends on their aesthetic appearance, a potting medium
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comprised of peat/perlite/biochar/vermicompost at 30/30/35/5 by volume is recommended for
the production of A. zerumbet plants. The substitution of peat at 35% suggests that peat use can be
reduced in the formulation of potting media, thus contributing to the conservation of peatlands.

Keywords: Alpinia; foliage plants; growing media; ornamental plants; peat alternatives; potted
plants; soilless media; substrates

1. Introduction

The production of potted ornamental plants is highly specialized, intensive horticul-
ture [1], which heavily relies on nonrenewable resources to attain uniformity and quality
standards [2]. Among the nonrenewable resources, the horticulture industry broadly relies
on peat [3], using it worldwide as a fundamental component of growing media for orna-
mental plant production [4]. Peat is the preferred organic component due to its excellent
physiochemical characteristics, including relatively high cation exchange capacity (CEC),
water retention, aeration, and suitability for supporting plant growth in a limited volume
container [3,5]. However, peat use is restricted or regulated in some parts of the world
because peatlands are natural carbon sinks, and peat is a nonrenewable resource [3]. There
are ecological concerns related to peat harvest/mining, including declining biodiversity
and climate change issues [6].

In light of this situation, interest is increasing among researchers to find economi-
cal and sustainable peat alternatives in potted plant production. Biochar, a carbon-rich
charcoal-like material, is gaining importance for use as a component in horticulture grow-
ing media [7-12]. Biochar is produced at an industrial scale as a pyrolysis byproduct during
bioenergy production processes for bio-oil and syngas [13,14]. Most biochars generally
have a low bulk density and high CEC [15], but the properties of biochar are variable,
and the pH is relatively high [16]. In addition, its effects on plant growth vary depending
on the percentage used, biochar feedstock, growing conditions, and other media amend-
ments [7,8,17]. Fascella et al. [18] reported that amendment with conifer wood biochar
(25% v/v) in peat-based growing media affected growth, mineral content, water use effi-
ciency, and ornamental plant quality of potted Rosa rugosa. Gu et al. [19] reported that
30% (by volume) biochar amendment could be used for Gomphrena production under
greenhouse conditions. In another study, amendment of conifer wood biochar (60% or
80% by volume) in peat-based growing media enhanced plant height and dry biomass of
Euphorbia x lomi due to improved physiochemical characteristics of the growing media
after biochar incorporation [20]. More recently, Guo et al. [21] reported that 80% biochar
amendment had no negative impact on the growth of Easter lily (Lilium longiflorum Thunb.).

Synergism between biochar and compost in growing media is a recent trend in
growing media research [8,9]. Adding compost into growing media can be beneficial
for enhancing nutrients and nutrient retention capacity [22] and improving chemical
characteristics [23,24]. In a previous study, we used low rates of biochar and compost,
solely or combined, for the production of potted dracaena (Dracaena deremensis) [8]. The
plants grown in peat and perlite-based growing media amended with biochar (10%) or
biochar-compost blend (10% each by volume) had comparable growth to those grown
in the control media. Similarly, Alvarez et al. [22] reported that petunia (Petunia hybrida)
and geranium (Pelargonium peltatum) plants grown in mixtures containing vermicompost
(10-30%) and biochar (8-12%) improved growth and flowering compared to the control.
Liu et al. [25] evaluated the growth of bell pepper (Capsicum annuum L.) grown with
pinewood biochar (70%, 80%, 90%, and 100%) and manure compost or vermicompost
(10%, 20%, and 30%) relative to a commercial substrate. The biochar with vermicompost
mixture improved physicochemical properties compared to biochar with manure compost.
Huang et al. [23] investigated different concentrations of hardwood biochar combined with
5% vermicompost or chicken manure for the production of tomato (Solanum lycopersicum)



Sustainability 2021, 13, 11226

3o0f14

and basil (Ocimum basilicum). They reported that vermicompost or chicken manure (5%)
with 60-70% biochar were suitable replacements for peat.

Alpinia (Alpinia zerumbet ‘Variegated Dwarf’), commonly known as shell ginger, is a
hardy ornamental plant with tough, bold, and sensational-looking foliage. It is a tender
herbaceous perennial plant of the family Zingeberaceae. The “Variegata Dwarf’ is a small,
compact cultivar bred for its irregular boldly patterned yellow and white foliage stripes.
Alpinia has been considered an important ornamental foliage plant [1].

In this study, we hypothesized that high-quality of A. zerumbet plants could be pro-
duced in potting media supplemented with biochar or a biochar and compost mix. To test
the hypothesis, three potting media were formulated, and their physicochemical properties
were analyzed. Plant growth and final quality were evaluated. It was anticipated that this
study could provide growers and producers in the foliage industry with information on
appropriate use of biochar to substitute for peat in the formulation of potting media for
quality foliage plant production.

2. Materials and Methods
2.1. Growing Media Components

Four growing medium components were used: (i) Peat (ScottsMiracle-Gro®, Marysville,
OH, USA), (ii) perlite (ScottsMiracle-Gro®), (iii) rice straw biochar as BC, and (iv) vermicom-
post (Magical Gro). Commercial peat and perlite were purchased from a local gardening
company. The peat had a pH ranging from 4.5 to 5.5, and concentrations of N, P, and K
were 1%, 0.04%, and 0.1%, respectively. BC was produced from the pyrolysis of rice straw
at 350 °C using a mulffle furnace (LH 120/12; Nabertherm GmbH, Bahnhofstr, Germany)
with 2 h residence time. The BC had a pH of 7.6, contents of N, P, and K at 10.27, 1.39, and
10.31 g Kg~!, respectively. The choice of this temperature was based on the notion that
mineral elements such as P, K, Ca, Mg, Fe, Cu, Zn, and Si would increase with pyrolysis
temperature, while their bioavailability would decrease [26], To ensure more bioavailable
nutrients, a low temperature was used in this study. There was a possibility that a mini-
mum content of O, might occur in the furnace, but it was likely below 2%. Vermicompost
(Black diamond vermicompost) was purchased from a local gardening company. The
vermicompost had a pH of 6.0, contents of N, P, and K at 1.5%, 1.0%, and 0.5%, respectively.

2.2. Preparation of Growing Media

Three growing media were formulated using the abovementioned components:
(i) peat:perlite at 70:30 by volume, designated as PP. Foliage plants are commonly pro-
duced in commercial potting media containing 50% to 70% of peat by volume [1], in-
cluding the University of Florida Foliage Plants Mix 3 consisting of 75% peat and 25%
sand, Vergo Container Mix A composed of 60% peat, 20% vermiculite, and 20% per-
lite [27] as well as a medium with 70% peat and 30% perlite used for the production of
the foliage plant Syngonium [9]. Thus, the PP was considered as a common and control
medium in this study. (ii) Peat:perlite:BC at 40:30:30 based on volume, designated PPB.
(iii) Peat:perlite:BC:vermicompost at 30:30:35:5 by volume, designated PPBC. In our previ-
ous studies, peat was replaced by 10% of a biochar for producing Dracaena [8] and by 20%
of a biochar for producing Syngonium [9]. This study was intended to test 30% substitution.

2.3. Physicochemical Characteristics of Growing Media

The physical properties of the three media or substrates were analyzed using the
methods described by Tian et al. [28], Méndez et al. [29], and Neito et al. [30]. Accordingly,
a known volume container (3 litre: 15 cm height, 19 cm top diameter, 13 cm base diameter)
with a tightly sealed drainage hole at the bottom was filled with a growing substrate and
then slowly saturated by gradually pouring water on the surface of the container. Next,
the filled container was held over a watertight pan, and the bottom seal was removed
from the drain hole to drain freely for at least 10 min. By recording the volume of drained
water, air space was determined. Afterward, the saturated substrate was weighed, kept
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in an aluminum pan, and allowed to dry for 24 h at 105 °C. By recording the dry mass
of the substrate, we measured the amount of water that was dried off the substrate to
obtain the volume of water held by the substrate (water-holding capacity). Total porosity
was determined as the addition of the air space and the water-holding capacity [28]. All
experiments were performed in triplicate.

The pH and electrical conductivity (EC) of the formulated substrates were determined
using a ratio sample: water 1:10 (weight: volume) with an AB 15 pH meter (Thermo
Fisher Scientific, Waltham, MA, USA) and a digital EC meter (Lovibond Senso Direct 150),
respectively [31,32] All tests were performed in triplicate.

2.4. Plant Growth Experiment

A greenhouse experiment was conducted at the Floriculture Research Facility, the
University of Agriculture Faisalabad, Pakistan, from mid-May 2017 to mid-October 2017.
Inside the greenhouse, the daily air temperature was maintained below 28 °C, while
the night temperature was above 14 °C. Two-month-old Alpinia seedlings derived from
cultured tissue liners in plug trays, imported from China, were purchased from a local
nursery (Best Garden Nursery, Faisalabad, Pakistan). Seedlings were transplanted into
4 L containers (21 cm diameter top, 15.5 cm diameter base, and 17 cm depth) filled with
the three growing media on 16 May 2017. The experiment was arranged as a completely
randomized design with 12 replications.

2.5. Photosynthetic Pigments and Leaf Gas Exchange

Three days before harvest, leaf greenness of fully extended leaves on each plant was
measured using a portable SPAD 502 (Konica Minolta, Osaka, Japan) on three leaves per
plant, one each from the top, middle and bottom, and averaged. Leaf gas exchange was mea-
sured on the same day. A portable infrared CO,/H,0O gas exchange system LI-COR 6400
(LI-COR, Lincoln, NE, USA), set at 400 umol m 2 s~ 1 CO5 and 300 umol m 2 s~! flow rate,
was used to perform onsite measurements on three mature, healthy, and fully emerged leaf
blades from each of the six plants per treatment between 9.00 and 11.00 am. This method
provided precise net photosynthetic or carbon assimilation rate (Pn, pmol m~2s71), tran-
spiration rate (E, mmol m—2 sfl), and stomatal conductance (gs, mmol m—2 sfl). The
fresh leaves used for the gas exchange measurements were cut from the plant, sealed in
plastic bags, and transported to the laboratory in a cool box to measure chlorophyll con-
tents. Chlorophyll a and b contents were determined following Arnon [33] using 500 mg
fresh leaf extracted overnight with 80% acetone and centrifuged at 10,000 x ¢ for 5 min.
Total chlorophyll and chl a/b ratio was measured by adding and dividing chl a and b
contents, respectively.

2.6. Leaf Mineral Contents

Leaf nitrogen content (N) was determined using the Kjeldahl method according to
Jackson [34]. Leaf phosphorus (P) and potassium (K) contents were determined according
to Chapman and Pratt [35].

Nondestructive parameters, such as number of side shoots, leaf number per plant,
leaf area, leaf thickness, and main shoot diameter were measured. Leaf area was measured
using a LI-COR-3000C Portable Area Meter (LI-COR, Lincoln, NE, USA). Leaf thickness
and main shoot diameter were measured using a digital Vernier caliper. At the termination
of the trial (15 October; 150 days after transplanting DAT), eight plants per treatment
were uprooted carefully and washed with tap water to remove adhered growing media.
Afterward, plants were cut with a sharp cutter and separated into shoots and roots. The
tissues were placed separately in an oven and allowed to dry at 70 °C for 72 h until constant
weight to determine dry weight.
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2.7. Visual Quality Grading

At the end of experiment, the overall appearance of plants was graded visually,
where: 1 = non-marketable quality (i.e., decolorization, less brightness, necrotic tissues);
2 = medium quality (i.e., small size, decolorization, less brightness); 3 = good quality/saleable
(no decolorization, bright leaves, small size); 4 = excellent/high quality (no decolorization,
bright leaves, normal size).

2.8. Statistical Analysis

Data were analyzed statistically using Minitab® 19 (Minitab, Inc., State College, PA, USA).
A one-way analysis of variance (ANOVA) was applied to determine differences among
treatments for all studied parameters. Treatments with biochar and biochar-compost
mixture were compared to the control using Tukey’s Honest Significant Difference (HSD)
test (Tukey’s HSD), and means were separated when treatments were significant at p < 0.05.
The principal component analysis (PCA) was performed using XLSTAT ver. 2019.2.2.59614
(Addinsoft Inc., New York, NY, USA).

3. Results and Discussion
3.1. Physicohemical Properties of Growing Media

The physical properties of growing media are important because they (i) have a strong
impact on the availability of air and water to plant roots and (ii) cannot be changed by
growers. Furthermore, the volume of growing media per plant is relatively small compared
to field conditions, underlining the importance of physical properties [30]. Therefore,
characteristics such as water-holding capacity, bulk density, total porosity, and air space of
growing media affect containerized plant growth [36].

Table 1 shows the physical properties and pH of the formulated growing media.
According to Chen et al. [37] and Abad et al. [38], the bulk density (BD) of an ideal organic
substrate should be <0.40 g cm™3, which was the case for all treatments in this study
(Table 1). The BD of PP was 0.11 g cm 3. The addition of BC to the PP growing medium
increased BD to 0.19 g cm~3, while the BD in PPBC increased to 0.17 g cm 3. Although not
determined in this study, BD variation may be due to particle size variation of the substrate
components [36] or the high BD of amended biochar [39]. Higher BD increases the weight
and thus transportation and labor costs for ornamental potted plants [36]. Our results
agree with those of Huang et al. [23], who showed that biochar and compost amendment
increased BD of substrate mixtures. Blending different dry substrates will increase BD if the
substrates fit with each other tightly [36]. Thus, using biochar with high BD to substitute
peat could increase the BD of substrates [39].

Table 1. Main hydrophysical properties of growing media.

Medium pH Air Space (%) Bulk Density (g cm—3)  Total Porosity (%)  Container Capacity (%)
PP 5.75b 9.2b 0.11b 73.51a 63.20a
PPB 7.57a 14.64a 0.19a 74.12a 65.74a
PPBC 7.68a 14.18a 0.17a 68.66b 53.43b

PP, PPB, and PPBC were peat:perlite (70:30 by volume), peat:perlite:biochar (40:30:30), and peat:perlite:biochar:vermicompost (30:30:35:5),
respectively. Values in columns followed by the same letter do not significantly differ at the p < 0.05 level based on the Tukey HSD test (n = 12).

Total porosity (TP) is defined as the percent of pores in the growing media [40] and
is the sum of water-holding capacity and air space [23]. The peat products on the market
have different physical properties, ranging from a very low decomposed white peat to a
more decomposed black sphagnum peat. Total porosity is an indicator of the stage of peat
decomposition. The peat used in our experiment had 73.5% lower TP than the white peat
used by Gruda and Schnitzler [41], but higher TP than the peat-vermiculite mixture used
by Xing et al. [42]. The PPB had a similar TP to PP, but the PBC had significantly lower TP
than PP and PPB (Table 1).
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The percent of pores filled with air after water drainage is the air space. In this
study, the air space of all treatments fell within the ideal range (10-30%) for soilless
container growing media [41,43]. PPB and PPBC had more air space (14.64% and 14.18%)
than PP (9.2%) (Table 1.). These results agree with Huang et al. [23], Vaughn et al. [16],
and Tian et al. [28], who reported enhanced air spaces in biochar-compost mixture or
individual biochar applications. However, the physical properties of the different biochar
and individual compost materials varied. Liu et al. [25] also reported enhanced air space in
biochar and compost-based growing media compared to the commercial substrate used
for pepper production. Zhang et al. [44] confirmed this by showing that mixing biochar
with compost increased the percentage of particles larger than 2 mm and thus increased
the air space. However, Méndez et al. [45] reported that biochar amendment in peat-based
growing media had no significant effect on air space. These studies used biochars and
composted materials of different origins, with different physiochemical properties [8].

The ideal range for container capacity or water-holding capacity for potting media
is 45-65% [41]; the three media fell within this range (Table 1). Our results showed that
the incorporation of 30% of BC did not significantly increase water-holding capacity,
which was different from the results reported by Méndez et al. [29], who reported that
incorporating 50% biochar with 50% peat increased the water-holding capacity of growing
media compared to those containing 100% peat. However, the addition of 5% compost in
the PPBC medium significantly reduced water-holding capacity (Table 1). This concurred
with the report of Huang et al. [23], where incorporating different percentages of biochar
with 5% of two different composts decreased the water-holding capacity. The variable
results could be due to variation in the physical properties of the growing media. The
water-holding capacity of biochar can be affected by the biochar feedstock [46]. Gruda and
Schnitzler [41] amended Toresa spezial (70%) and Toresa nova (50%) materials with 30%
and 50% white peat, respectively. The authors reported that white peat had the highest
readily available water (35 vol. %) alone, while amendments of Toresa spezial and Toresa
nova showed a range close to the ideal substrate. The authors demonstrated that the fine
particle material had more readily available water than coarse material.

The PP had a slightly acidic pH of 5.75, whereas PPB and PPBC had slightly basic pH
values of 7.57 and 7.68, respectively, mainly due to the higher pH of the raw components,
i.e., biochar and compost, amended in these two growing media. Our results agree with
a previous study where the incorporation of biochar (10%) or a mixture of biochar (10%)
and compost (10%) into peat-perlite-based growing media increased pH values but did
not affect the growth of an ornamental foliage plant Dracaena deremensis [8]. In another
study, biochar (50% v/v) with peat-based growing media at pH 7.11 produced greater
biomass of Calathea rotundifolia than pure peat (100%) at pH 6.2 [28]. Vaughn et al. [16]
recommended using food-grade citric acid to tackle the high pH value associated with the
addition of biochar in growing medium. Margenot et al. [47] reported that pH adjustment
suitability using pyrogenic acid depends on plant growth stage. Margenot et al. [47]
observed a negative effect of pH adjustment at seed germination, but no adverse effects of
pH adjustment during later growth.

3.2. Plant Physiological Parameters

Chlorophyll a contents for plants grown in PP and PPBC were comparable at 2.18
and 2.52 mg g~ ! FW, respectively; however, they significantly decreased (1.75 mg g~ ! FW)
for those grown in PPB (Figure 1). A similar trend occurred for Chl b and SPAD values.
Total Chl contents, however, ranked PPB < PP < PPBC. Similar results were demonstrated
by Margenot et al. [47], in which the chlorophyll values (SPAD) decreased with the high
substitution of biochar. While PPBC had a higher biochar rate than PPB, the addition of
compost, which is generally rich in nutrient elements and organic acids, might act as a
buffer to improve media properties. Chlorophyll contents are directly related to leaf N
acquisition. At the same time, biochar has a binding effect on N [48]. The mechanisms
underlying the biochar adsorption of N was due predominantly to ion exchanges [49]. A
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high rate of biochar substitution, like PPB, would result in increased adsorption of N in the
biochar, which could explain the reduced N content in leaves and low chl contents. On the
other hand, the leaf N content in plants grown in PPBC was 3.22%, compared to 1.43% in
PPB (Figure 2). Thus, chl contents were highest in PPBC, likely due to the availability of N
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Figure 1. Chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and SPAD readings (D) of Alpinia zerumbet plants grown
in peat:perlite (PP), peat:perlite:biochar, and peat:perlite:biochar:compost (PPBC) media. Data are the mean + SE (n = 12).
Different letters above the bars represent significant differences according to Tukey’s HSD test at p < 0.05 level.

The growing media treatments significantly affected leaf N content, with PPBC the
highest (3.22%) followed by PP (2.57%), and PPB the lowest N (1.43%) (Figure 2). There
has been no report on the optimal N content in leaves of A. zerumbet. However, an optimal
range of N in a relative of A. zerumbet, A. purpurata was documented to be 2.19-2.7% [50],
suggesting that plants grown in PPB did not absorb needed N in this study. These findings
agree with Tian et al. [28], where N decreased following 50% replacement of peat with
biochar, perhaps due to the N binding effect of biochar. The growing media treatments
significantly affected leaf P content. Relative to PP (control) (0.49%), leaf P contents were
lower for PPB (0.15%) and PPBC (0.31%) (Figure 2). Low leaf P could be due to higher pH
values of potting media reducing P availability and limiting the ability of roots to absorb P.
The growing media treatments also significantly affected leaf K content. Plants grown in
PPB and PPBC had significantly lower leaf K contents than the control (Figure 2). These
results differ from Kim et al. [51], who reported an increase in N, P, and K contents with
1-5% rice straw biochar amendment, likely due to differences in the biochar and compost
properties and pH of the growing media.
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Figure 2. Leaf nitrogen (A), phosphorus (B) and potassium (C) contents of Alpinia zerumbet plants
grown in peat:perlite (PP), peat:perlite:biochar, and peat:perlite:biochar:compost (PPBC) media. Data
are the mean =+ SE (n = 12). Different letters above the bars represent significant differences according
to Tukey’s HSD test at p < 0.05 level.

Similar to the Chl values, the net photosynthetic rate of plants grown in PPB was
5.64 umol(CO,) m~2 s~ !, which was significantly lower than those of plants grown in PP
and PPBC media (Figure 3). However, the growing media treatments did not significantly
affect leaf gas exchange traits, which could be due to the physical properties of the growing
media. Furthermore, the feedstock of biochar and compost could have different effects on
plant physiological traits. These results support a previous study’s findings that biochar
amendment did not affect these traits [52].
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Figure 3. Photosynthesis rate [umol(CO») m~2s71; (A)], transpiration [mmol(H;O) m~2s~1 (B)]
and stomatal conductance [mol(H,O) m~2 s~ (C) of Alpinia zerumbet plants grown in peat:perlite
(PP), peat:perlite:biochar, and peat:perlite:biochar:compost (PPBC) media. Data are the mean + SE
(n =12). Different letters above the bars represent significant differences according to Tukey’s HSD
test at p < 0.05 level.

3.3. Growth of A. zerumbet in the Three Growing Media

Replacing the basal medium (PP) with biochar (PPB) or biochar-compost mix (PPBC)
maintained plant growth similar to PP, which concurred with the report of Zulfigar et al. [8]
that wheat straw biochar alone and combined with green waste compost sustained plant
growth of the ornamental plant Dracaena deremensis compared to peat-perlite (70:30 v/v).

The number of side shoots and leaf number of A. zerumbet plants grown PPB medium
were lower than those grown in PP and PPBC, however not significantly so (Table 2).
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Similarly, there were no significant differences in leaf areas, shoot diameters and leaf
thickness among plants growth in the three media. However, dry matter accumulation
varied significantly. Shoot dry mass was 2.00, 1.01, and 1.71 g plant~!, respectively, for
PP, PPB, and PPBC. The corresponding root dry masses were 8.56, 6.68, and 9.70 g plant !
(Table 2). The reduced dry matter accumulation in PPB-grown plants was closely related to
the decrease in Chl contents and Pn rate (Figures 1 and 3), which in turn were attributed to a
decline in mineral nutrient contents (Figure 2) due to the high rate of biochar amendments.
These results differ from those of Kim et al. [49], who reported enhanced root and shoot
dry biomass (192% and 150%) of kale (Brassica oleracea L. var. acephala) when rice hull
biochar 5% (w/w) was added into coir dust, perlite, and vermiculite-based growing media.
There could be numerous reasons for the different results, including variation in individual
components, amendment rate, and plant species requirements [17,53]. Housley et al. [54]
reported that the aboveground biomass of Viola x hybrid was unaffected by a 5% (w/w)
amendment with Eucalyptus saligna wood chip biochar but decreased with a 10% (w/w)
amendment, which is likely related to the concentrations of individual components (biochar
and compost).

Table 2. Effect of growing media on number of side shoots, number of leaves, leaf area, shoot diameter, leaf thickness, shoot

and root dry biomass weight, and visual quality of potted Alpinia zerumbet plants.

Number of Number of Shoot Leaf Shoot Dry Root Dry .
. . Leaf Area . . Visual
Medium Side Leaves per (cm?) Diameter Thickness Mass Mass Qualit
Shoots Plant (mm) (mm) (g) (g Y
PP 4.0a 10.83a 36.68a 11.95a 0.17a 2.00a 8.56a 4.0a
PPB 3.5a 8.33a 29.83a 11.08a 0.19a 1.01b 6.68a 3.3b
PPBC 4.3a 9.16a 27.31a 9.96a 0.19a 1.71a 9.70a 4.0a

PP, PPB, and PPBC were peat:perlite (70:30 by volume), peat:perlite:biochar (40:30:30), and peat:perlite:biochar:vermicompost (30:30:35:5),
respectively. Values in columns followed by the same letter do not significantly differ at the p < 0.05 level based on the Tukey HSD test (n = 12).

3.4. Visual Quality

The visual quality of the Alpinia plants grown in PPB medium significantly decreased
(3.3) compared to PP and PPBC (4.0) (Table 2). Decreased visual quality is likely linked to
the lower leaf N concentration compared to control or to growing media characteristics,
while enhanced visual quality might be associated with enhanced leaf N concentration.
Visual quality is related to the appearance/ornamental marketability of plant vigorousness,
overall look, and discoloration, symptoms, or marks. Usually, it is these criteria the
customer considers when purchasing potted ornamentals, not plant biomass or size. In
general, ornamental plants with a visual quality rating of >3.0 are considered saleable
in the marketplace [55]. However, high price is generally given to plants with higher
quality. Thus, to produce highly marketable A. zerumbet plants, a medium comprised of
peat/perlite /biochar/compost at a ratio of 30/30/35/5 should be used.

3.5. Principal Component Analysis

To evaluate the effects of PP, PPB, and PPBC on the growth parameters of potted
A. zerumbet plants, the score and loading plots of PCA were implemented (Figure 4). The
first two components, PC1 (33.50%) and PC2 (17.45%), exhibited the greatest contribution
and represented 50.95% of the total variance in the dataset. The replications of the same
treatments (media) were clustered nearby, while the different treatments were clearly
divided by the first two components (Figure 4A). This division of the treatments clearly
indicated that the PP, PPB, and PPBC treatments had a considerable ameliorative influence
on the evaluated parameters of potted A. zerumbet plants. Moreover, the first group of
variables PCA, such as PCl, is positively correlated with several parameters like shoot
dry weight, number of side shoots per plant, leaf area, number of leaves, root dry mass,
visual quality, leaf N, leaf P, leaf K, photosynthesis rate Pn, E, chlorophyll a, chlorophyll
b, total chlorophyll, and SPAD (Figure 4B). On the other hand, a significant negative
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correlation of PC1 variables including shoot diameter, container capacity, Gs, bulk density,
total porosity, pH, air space, and leaf thickness was found with the variables associated

with PC2 (Figure 4B).
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Figure 4. Principal component analysis (PCA) of (A) individual treatments PCA and (B) different
parameters/variables PCA of potted A. zerumbet grown in peat:perlite (PP), peat:perlite:biochar
(PPB), and peat:perlite:biochar:compost (PPBC) media, respectively. (A) The score plot indicates the
distribution of treatments (media). The numbers (1-6) with PP, PPB, and PPBC represent the number

of replications.
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4. Conclusions

Our study showed that marketable Alpinia plants were produced in modified potting
media supplemented with 30% of rice biochar (PPB) or 35% of the biochar with 5% of
compost (PPBC). The TP, AS, and BD of the PPN and PPBC were within or very close to
the ideal ranges for the physical properties required to grow plants in containers. However,
PPB suppressed the growth of Alpinia, as reflected by significantly lower dry matter
accumulation and a lower visual quality rating. The addition of vermicompost at 5%
alleviated the suppression. The reduced growth may be due to high pH/EC, or to increased
binding of N by a high rate of biochar. On the other hand, 5% vermicompost addition
might act as a buffer to mediate the physiochemical and biological activities of the potting
medium and provide additional nutrients for improved plant growth. Since ornamental
plants are valued for their aesthetic appearance, it is recommended that A. zerumbet plants
should be produced in a potting medium comprised of peat:perlite:biochar:vermicompost
at 30:30:35:5 by volume. Such a practice can produce high quality plants and benefit
growers in the foliage plant industry. Furthermore, this practice can substantially reduce
peat use in the formulation of potting medium, thus contributing to the conservation
of peatlands.
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