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Abstract

Louisiana sugarcane farmers in 2016 harvested 11.7 million Mg millable sugarcane from 163,000 ha, producing
1.47 million Mg of raw sugar and an estimated 3.5 million Mg of bagasse. Even though Louisiana sugar mills
use 80 to 90% of the bagasse for fuel production, another 350,000 to 700,000 Mg of bagasse accumulates each
year. The conversion of the excess bagasse into biochar is an excellent option with numerous uses. Research was
conducted to determine the impact of sugarcane biochar as an amendment to soilless planting media for the
production of cucurbit seedlings. Two biochars were combined by volume with a commercial certified organic
soilless growing media into 5 combinations (0%:100%, 25%:75%, 50%:50%, 75%:25%, and 100%:0%, biochars
and growing media, respectively). Squash (Cucurbita pepo L.) var. ‘Enterprise’ and cantaloupe (Cucumis melo
L.) var. ‘Magnum .45” were planted in each of the 5 different planting mixtures. The higher heating value
(HHV), lower heating value (LHV), and fixed carbon (FixC) were greater for the standard bagasse biochar
(SBB), therefore, making it more valuable as a potential fuel source than the pneumatic bagasse biochar (PBB).
All of the biochar mixture combinations compared favorably to the commercial media with low bulk densities
(0.11 to 0.14 g cm™) and high water holding capacities (80-87%). In respect to seedling production, the biochars
(SBB and PBB) performed well, especially at the 25 and 50% levels for both plant species. The squash seedlings
responded better at the 75% level than the cantaloupe seedlings, which reflect differences in nutrient
requirements. The 100% biochar growing media are not recommended because both plant species often had a
decrease in organic matter. These results indicate that the volume of a standard soilless greenhouse growing
media can be successfully extended by adding 25 to 50% sugarcane biochar without a reduction in squash and
cantaloupe seedling production. Future research should investigate the impact of additional plant species, as well
as different biochar sources on seedling production.
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1. Introduction

Louisiana sugarcane farmers in 2016 harvested 11.7 million Mg millable sugarcane from 163,000 ha, producing
1.47 million Mg of raw sugar and an estimated 3.5 million Mg of bagasse (American Sugar Cane League, 2017).
Global sugar production in 2016 was over 170 million Mg of raw sugar, which resulted in over 300 million Mg
of bagasse (United States Department of Agriculture, 2017). Bagasse is the fibrous plant by-product remaining
after removing the sucrose, water, and other extraneous material impurities (e.g. sediment) from the sugarcane
brought to the mill. Bagasse, on dry weight basis, is composed of 40-50% cellulose, 30-35% hemicellulose,
20-30% lignin, and a small percentage of other materials (Cardona et al., 2010; A. R. F. Drummond & 1. W.
Drummond, 1996; Martin et al., 2007; Pandey et al., 2000; Sales & Lima, 2010;). Sugarcane bagasse has been
used for paper and fiber board production (Amin, 2011; Xin et al., 2002), cattle feed (Nigam, 1990; Pandey et
al., 2000), potting media (Jhurree-Dussoruth et al., 2011; Trochoulias et al., 1990), a mulch for crop production
(Webber et al., 2017a), a source for value added products (i.e. pigments, enzymes, amino acids, and drugs)
(Pandey et al., 2000), and energy production (thermal conversion and ethanol) (Badger, 2002; Kilicaslan et al.,
1999; Martin et al., 2007; Peng et al., 2009; Sun & Cheng, 2002; ).

Louisiana sugarcane mills burn sugarcane bagasse to produce steam power to run equipment within the mill
and/or as a boiler fuel for the clarification, evaporation, and crystallization processes. Although the composition
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of ash produced is dependent on the source of the sugarcane, bagasse ash content is predominately (60-81%)
silica dioxide (SiO,) with low percentages of plant nutrients (Paya et al., 2002; Zandersons et al., 1999).
Investigating the use of sugarcane bagasse ash as an amendment to soilless greenhouse growing media, it was
determined that the amended media functioned well in many respects for the seedling production for squash,
cantaloupe, bean (Phaseolus vulgaris L.), and Chinese kale (Brassica alboglabra). Unfortunatly, as the
percentage of bagasse ash increased from 0 to 100% ash, the bulk densities also increased (0.12 to 71 g cm™),
resulting in decrease in the physical growing media (Webber et al., 2016, 2017b).

Even after Louisiana sugar mills use 80 to 90% of the bagasse for fuel production (Hass & Lima, 2017; Pandey
et al., 2000) it results in 350,000 to 700,000 Mg bagasse accumulation annually. The conversion of the excess
bagasse into biochar is an excellent option with numerous uses. Biochar is the incomplete carbonization of
organic material under limited oxygen (pyrolysis). Substantial research has been conducted concerning the
impact of biochars and “slash and burn” practices on mineral soils with a much smaller quantity directed towards
biochars as an amendment to soilless growing media (Barrett et al., 2016; Vaughn et al., 2013). In a research
review of environmentally sustainable amendments for soilless growing media, 27 different organic materials
were listed, including 4 amendments related to sugarcane waste (Barrett et al., 2016). The sugarcane waste
materials included as amendments for soilless growing media were filtercake compost (Stoffella et al., 1996),
sugarcane trash/sewage sludge compost (Jayasinghe et al., 2010), sugarcane bagasse ash (Webber et al., 2016),
and sugarcane bagasse/manure vermicompost (Khomami & Moharam, 2013). The three primary criteria for
selecting amendments used in soilless growing media are performance, economics, and the increasing emphasis
on the environmental impact (Barrett et al., 2016). The primary environmental concern is the identification of
suitable alternatives to replace peat in soilless growing media due to several negative environmental impacts of
peat harvesting (Alexander et al., 2008; Schmilewski, 2014). Vaughn et al. (2013) investigated the use of
biochars from pelletized wood and wheat straw as a replacement (5 to 15%) for peat in soilless growing media
and determined that both biochars would be suitable replacements for peat at 5 to 15% rates.

The reported advantages of adding biochars to soils and soilless growing media include a greater ability to retain
plant nutrients and reduce leaching of those nutrients, the addition of nutrients to the soil system, and decreasing
the existing bulk densities, which increases aeration and root penetration (Laird, 2008; Vaughn et al., 2013;
White et al., 2015). In contrast to sugarcane bagasse ash, adding biochar to a soilless growing media should
provide a more ideal physical environment (Laird, 2008; Webber et al., 2016; 2017b). Although, in general,
biochars have many characteristics in common, the plant material source and the preparation methods employed
can greatly influence the properties and effectiveness when used as an amendment in soilless growing media
(Vaughn et al., 2013).

In 2016, United State farmers harvested 162,000 ha of cucurbits (cucurbitaceae) with a value of 1.6 billion
dollars (USDA, 2017). The value of the 14,690 ha of squash and 21,850 ha of cantaloupe harvested was worth
162.7 and 207.5 million dollars, respectively (USDA, 2017). Transplanted cucurbit seedlings can mature from 5
to 25 days earlier compared to the same varieties direct-seeded. As a result of the importance of these crops to
the United States fresh market production, the environmental concern of harvesting peat moss, and the excess
supply of sugarcane bagasse research was conducted to determine the impact of sugarcane bagasse biochar as an
amendment to soilless planting media for the production of squash and cantaloupe seedlings.

2. Material and Methods
2.1 Experimental Design

The two biochars used in the greenhouse experiments were produced and provided by American Biocarbon LLC
(White Castle, LA) using proprietary methods. American Biocarbon’s torrefaction unit was used to convert the
bagasse from the adjacent sugarcane mill (Cora Texas Manufacturing Co., White Castle, LA) into two different
biochars. One biochar was produced using a pneumatic transport system while the other was not, but both were
produced from sugarcane bagasse. The pneumatic bagasse biochar (PBB) and the standard bagasse biochar (SBB)
were produced from sugarcane harvested in 2015 and transported in large tote bags to the USDA, ARS, Sugarcane
Research Unit (Houma, LA) for storage inside until used. Both biochars were produced at 343 °C. The Cora Texas
sugar mill is one of 11 sugarcane mills that together processed approximately 163,000 ha and 11.7 million Mg of
Louisiana sugarcane in 2016 (American Sugar Cane League, 2017).

The PBB and SBB were combined by volume with a commercial growing media (Sunshine, Natural and Organic
Professional Growing Mix, Sun Gro Horticulture Canada Ltd, Seba Beach, Canada) into 5 combinations (0:100%,
25:75%, 50:50%, 75:25%, and 100:0%, sugarcane bagasse biochar (PBB or SBB) and growing media,
respectively) which served as experimental treatments. Each of the soilless media treatments were thoroughly
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mixed prior to placing the mixtures in Speedling® (Speedling Inc., Ruskin, FL) trays (128 cells, 67.6 cm x 34.6 cm
trays, cells: 3.1 cm square x 6.35 cm deep). The mixtures were moistened to facilitate the complete and consistent
filling of each of the Speedling trays. The Speedling trays were then planted with either squash (Cucurbita pepo
L.) var. ‘Enterprise’ (Otis S. Twilley Seed Co., Inc., Hodges, SC) or cantaloupe (Cucumis melo L.) var.
‘Magnum .45’ (Petoseed Co., Inc., Saticoy, CA). ‘Enterprise’ squash and ‘Magnum .45’ cantaloupe are high
yielding hybrid cucurbit varieties that widely adaptive for production. ‘Enterprise’ matures in 41 days, and
produces a yellow fruit, while. ‘Magnum .45’ produces a deep orange fruit, a small seed cavity and early fruit set
(McCreight, 2017).

The squash and cantaloupe greenhouse experiments (USDA, ARS, Sugarcane Research Unit, Houma, LA) were
repeated twice in the spring of 2016 for 20 days. The first squash and cantaloupe experiments were planted on
May 6, 2016 and harvested on May 26, 2016. The second set of experiments was planted on June 2 and
harvested on June 22, 2016. Each experiment included the 2 types of biochar (PBB and SBB) X 5 soilless media
mixtures (0:100%, 25:75%, 50:50%, 75:25%, and 100:0%) X 4 replications/experiment.

2.2 Biochar Laboratory Analysis

Proximate analyses for all samples were performed in triplicate by following American Society for Testing and
Materials (ASTM) method D5142-09 using a thermo-gravimetric analyzer (TGA701, LECO, St. Joseph, MI).
Moisture was determined as the weight loss after heating the sample under N, atmosphere in open crucibles to
107 °C to stable sample weight. Volatile matter was determined as weight loss after heating sample under N,
atmosphere in covered crucibles to 950 °C for 7 min. Ash was calculated from remaining mass after heating
sample under O, atmosphere in open crucibles to 750 °C and holding to stable weight. Fixed carbon was calculated
by difference.

Surface area measurements (duplicate samples) were obtained from nitrogen adsorption isotherms at 77 °K using a
Nova 2200e Surface Area Analyzer (Quantachrome Corp., Boynton Beach, FL). Specific surface areas (BET,
Brunner-Emmett-Teller) were taken from adsorption isotherms using the BET equation. The micro pore size
distributions were calculated using t-plots derived from the Nova 2200 software. A Thermo Orion pH meter
(Beverly, MA) was used to measure pH, where 1.0 g of sample was placed in 100 mL of deionized water, covered
with Parafilm, and allowed to equilibrate by stirring at 300 rpm for 48 h (duplicate samples).

2.3 Physical Analysis of Biochar Amendment Combinations

Each of the 5 soilless media mixtures were analyzed for bulk density (g cm™), porosity (%), water saturation (%),
and water at field capacity (%). Each physical test on the 5 soil media mixtures was repeated 4 times. The
measuring chamber was a cylinder with a 40 mm inner diameter and an interior height of 64.5 mm with a measured
volume of 81 cm’.

2.4 Plant Growth and Analysis

Five seedlings from the center of each tray were randomly harvested 20 days after planting the squash and
cantaloupe. Each seedling was divided into above and below ground plant portions. Plant height was determined
by measuring the distance from the media surface to the apical meristem. The upper portion of the plant was
further divided into leaves and stalks. The plant roots were weighted after removing all planting media from root
system. Fresh weight of the leaves, stalks, and roots was recorded. The plant portions were then oven dried for 2
days at 60 °C and then subsequently reweighed to determine dry weights. Plant establishment was determined at
harvest by calculating the percentage of Speedling® planting cells containing viable seedlings. All data were
subjected to ANOVA and mean separation using LSD with P = 0.05 (SAS Inc., SAS, Ver. 9.0, Cary, NC).

3. Results and Discussion
3.1 Laboratory Analysis of Biochars

The laboratory analysis determined that PBB moisture and ash content were at least twice as large, (2.05x and
2.75x, respectively), than what was obtained for the SBB material (Table 1). An increase in ash content typically
will increase the biochar’s bulk density and potential nutrient availability for seedling production (Table 1)
(Webber et al., 2017b). The greater fixed carbon percentage increases the energy value (HHV and LHV) of the
SBB compared to the PBB, and may influence the potential income streams for the two biochars (Table 1).
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Table 1. Laboratory analysis of the two biochars for % moisture content (MC), % volatile matter (VOL), % fixed
carbon (FixC), % ash (ASH), higher heating value (HHV), lower heating value (LHV), and pH

Biochar MC VOL FixC Ash HHV LHV pH

% MJ kg’
SBB* 6.9+0.41 44.0+£1.00 38.8+0.43 17.2+1.13 20.5+0.24 19.0£0.23 5.80+0.05
PBBY 14.2+0.73 35.5+0.46 17.7+£0.17 46.8+0.56 14.4+0.12 9.8+£0.15 6.05+0.05

Note. “SBB = Standard Bagasse Biochar produced by American Biocarbon LLC."PBB = Pneumatic Bagasse
Biochar produced by American Biocarbon LLC. Volatiles, fixed carbon, and ash in percent dry basis.

The particle size distribution analysis (Table 2) is in agreement with greater ash percentage for the PBB as
reported in Table 1. The 29% greater ash percentage for PPB (46.8%) compared to SBB (17.2%) is partially
reflected in the shift in the particle size distribution between the two biochars (Tables 1 and 2). The SBB particle
median, mean, geometric mean, and mode size were greater in all cases compared to the PBB values (Table 2).

Table 2. Laser scattering particle size distribution analysis (LA-950) of the two biochars (SBB and PBB) used as
amendments to the greenhouse soilless growing media

Biochar Median Mean Geometric Mean Mode
pm

SBB” 142.03 166.53 111.19 213.84

PBBY 101.15 123.81 88.36 162.80

Note. “SBB = Standard Bagasse Biochar produced by American Biocarbon LLC."PBB = Pneumatic Bagasse
Biochar produced by American Biocarbon LLC. Volatiles, fixed carbon, and ash in percent dry basis.

3.2 Physical Characteristics of the Media Mixtures

The bulk densities of the media mixtures increased from 0.11 g cm™ (0% SSB and 0% PBB) to 0.14 and 0.13 g
cm” for the 25 and 50% SBB, respectively, and to 0.13 g cm™ for the 25% PBB (Table 3). The bulk densities then
decreased from their highs at 25 and 50% levels as biochar content increased to 100%, 0.11 g cm™ (SBB) and 0.11
g cm” (PBB) (Table 3). These results are in contrast to similar research using the same mixture combinations with
sugarcane bagasse ash instead of sugarcane biochar (Webber et al., 2017b). The bulk densities remained in an
ideal range when the biochars were added, unlike earlier research where the addition of sugarcane bagasse ash
increased bulk densities from 0.12 to 0.71 g cm™ (Webber et al., 2017b). In contrast to Vaughn et al. (2013) who
used biochar wood (0.622 g cm™) and straw pellets (0.238 g cm™) as a suitable replacement for peat at
substitution rates of 5-15%, the sugarcane bagasse biochars (SBB and PBB) bulk densities were 0.11 g cm™
(Table 3). The bagasse biochars (SBB and PBB) bulk densities were not different from the commercial soilless
growing media used in the research (Table 3) and comparable to the bulk density of peat, 0.157 g cm™, measured
by Vaughn et al. (2013). The lower bulk density values of the bagasse biochars maintained bulk densities in a
suitable range as the biochar content increased from 0 to 100% of the growing media (Table 3).

As the biochar percentage increased in the media mixtures, the pore space, water saturation, and water at field
capacity percentages tended to peak at 100% PBB and were inconsistent with the SBB (Table 3). The pore space,
water saturation, and water field capacity values for all mixture combinations for both biochars were at adequate
levels to provide sufficient water availability to young seedlings. This is in contrast to research with sugarcane
bagasse ash where the porosity, water saturation, and water at field capacity decreased significantly as the
percentage of ash increased in the greenhouse growing mixtures (Webber et al., 2017b).
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Table 3. Impact of sugarcane biochar percentage as an amendment to greenhouse growing media on bulk density
(g cm™), percent total pore space, percent water saturation, and percent water at field capacity

Composition” Bulk Density Pore Space Water Saturation Water at Field Capacity
gcm™ %
SBBY
0% 0.11 d% 71.18 d 86.49b 84.35 bed
25% 0.14a 76.79 be 84.92 cd 79.64 ¢
50% 0.13 ab 71.47d 84.96 cd 83.48d
75% 0.12 cd 73.13 cd 86.28 b 84.34 bed
100% 0.11d 73.80 cd 86.92 ab 85.28 abc
PBB*
0% 0.11d 71.18d 86.49b 84.35 bed
25% 0.13 ab 72.17 cd 84.57d 83.53 cd
50% 0.12 be 76.28 be 85.00 be 84.73 bed
75% 0.12cd 79.80 ab 87.15 ab 85.79 ab
100% 0.11d 82.14 a 88.21 a 86.62 a

Note. “Percentage of sugarcane biochar in the growth medium based on volume; "SBB = Standard Bagasse
Biochar produced by American Biocarbon LLC. *PBB = Pneumatic Bagasse Biochar produced by American
Biocarbon LLC. “Means in a column followed by the same lower case letter are not significantly different at P =
0.05, ANOVA.

3.3 Seedling Analysis
3.3.1 Squash
(1) Squash Seedling Fresh and Dry Weights

The squash fresh weights were consistent across experiments with no significant experiment x biochar treatment
interactions at the P = 0.05 level (Table 4), therefore, the squash fresh weights will be discussed averaged across
experiments (Table 5).

Table 4. Analysis of variance (ANOVA) for squash fresh and dry weights for source factors experiments,
treatments, and experiment x treatment

Squash Seedling Fresh Weights

Source
Stalk Leaves Tops Roots Total
Pr>F Pr>F Pr>F Pr>F Pr>F
Experiment <.0001 0.0005 0.0633% <.0001 0.0131
Treatment 0.0025% 0.0053 0.0021 0.0668 0.0041
Experiment x Treatment 0.1651% 0.9948% 0.9225% 0.2205% 0.9117%
Squash Seedling Dry Weights
Source
Stalk Leaves Tops Roots Total
Pr>F Pr>F Pr>F Pr>F Pr>F
Experiment <.0001 0.8879” 0.0027 <.0001 <.0001
Treatment 0.0040 0.0017 0.0010 0.0094 0.0017
Experiment x Treatment 0.4903% 0.9354% 0.9803% 0.0114 0.9826”

Note. “Not Significantly Different at P = 0.05, PROC ANOVA.

Squash fresh weights peaked at 25% SBB and 50% PBB, except for the SBB fresh root weights which were the
greatest at 100% SBB (Table 5). Although the 25% SBB was numerically better that the 0% SBB, except for the
root values, the weights were not significantly different, an indication there was not a significant advantage of
adding the SBB, but also not a disadvantage at 25% SBB. In all cases, the 50 and 75% SBB was as productive as
the 0% control. The PBB fresh weights peaked at the mid ranges (25%-75%), but tended to also drop off at the
highest PBB level, 100%, with the roots again being the exception.

108



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 2; 2018

Table 5. Impact of sugarcane biochar percentages on squash seedling fresh weights (stalks, leaves, tops, roots,
and total plant) averaged across two experiments, four replications per experiment, and five seedlings per
replication

Squash Seedling Fresh Weights

Biochar”
Stalk Leaves Tops Roots Total
g

@Y

0% 3.64 abc% 10.87 bce 1451 b 0.88 bc 1539 b
25% 3.80 abc 11.42 ab 15.22 ab 0.82 ¢ 16.04 ab
50% 3.47 bc 10.76 be 14.23 bce 0.91 be 15.13 be
75% 3.52 be 11.00 b 1452 b 0.90 bc 1543 b
100% 296 d 9.94 12.90 0.99 ab 13.89 ¢
mx ________________________________________________________________________________________________________
0% 3.64 abc 10.87 bce 1451 b 0.88 bc 1539 b
25% 3.82 ab 11.31 ab 15.14 ab 0.88 bc 16.02 ab
50% 4.02 a 12.24 a 16.26 a 1.04 a 17.30 a
75% 3.56 bc 11.61 b 15.17 ab 0.88 bc 16.05 ab
100% 3.36 dc 10.58 be 13.94 be 0.95 ab 14.90 be

Note. “Percentage of sugarcane biochar in the growth medium based on volume; YSBB = Standard Bagasse
Biochar produced by American Biocarbon LLC. *PBB = Pneumatic Bagasse Biochar produced by American
Biocarbon LLC. “Means in a column followed by the same lower case letter are not significantly different at P =
0.05, ANOVA.

Except for root dry weights, there were no significant experiment x biochar treatment interactions (P = 0.05)
(Table 4) for the squash seedling dry weights, therefore, all the squash dry weight data other than the dry root
data will be discussed across experiments (Table 6).

Squash seedling dry weights (Table 6) were not as consistent as the squash fresh weights (Table 5) across the two
biochars and the media combinations (Tables 5 and 6). A single media combination did not predominate across a
specific plant portion, but there was a significant experiment x biochar interaction for dry root weights (Table 4).
In general, the PBB mixtures percentages (25-100%) had numerically greater dry weights compared to their
corresponding SBB mixtures, but not consistently significantly greater. The stalk dry weights were consistent for
the 25-75% SBB, but dropped off at the 100% SBB (Table 6). A similar pattern was seen with the leaves, tops,
and total plant weights for 100% SBB, an indication that 100% SBB is not advisable for squash seedling
production (Table 6). Except for dry roots in experiment 1, the SBB plant dry weights for the 25-75% SSB media
combinations were either numerically or significantly greater than the 0% SBB (commercial growing media)
values (Table 6). Except for the PBB root dry weights in experiment 2, the 50% PBB treatment was either
significantly or numerically greater than the other PBB percentages (Table 6). The 50% PBB treatment was also
typically greater than SBB plant dry weights (Table 6). This data suggests that 50% PBB media combination
performed at a high production level and outperforming the commercial growing media.
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Table 6. Impact of sugarcane biochar percentages on squash seedling dry weights (stalks, leaves, tops, roots, and
total plant) for two experiments, four replications per experiment, and five seedlings per replication

Squash Seedling Dry Weights

Biochar?

Stalk Leaves Tops Roots #1 Roots #2 Total

g

SBBY
0% 0.40 cd%¥ 1.16 b 1.56 b 0.28 ab 0.21 cd 1.80 bc
25% 0.46 bed 1.25 ab 1.71 ab 023 ¢ 0.22 bed 193 b
50% 0.47 abc 1.18 b 1.64 b 0.27 be 0.20 d 1.87 b
75% 0.46 abc 1.20 ab 1.66 b 0.26 bc 0.22 bed 1.90 b
100% 039 d 093 ¢ 1.32 0.24 be 025 a 1.57 ¢
mx ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0% 040 cd 1.16 b 1.56 b 0.28 ab 0.21 cd 1.80 bc
25% 0.50 ab 1.27 ab 1.77 ab 0.26 bc 0.22 bed 2.01 ab
50% 0.53 a 1.37 a 1.90 a 032 a 0.25 ab 2.18 a
75% 0.50 ab 1.29 ab 1.78 ab 0.24 bc 0.23 abc 2.02 ab
100% 0.47 ab 1.14 b 1.61 b 0.26 bc 0.26 a 1.87 b

Note. “Percentage of sugarcane biochar in the growth medium based on volume; YSBB = Standard Bagasse
Biochar produced by American Biocarbon LLC. *PBB = Pneumatic Bagasse Biochar produced by American
Biocarbon LLC. “Means in a column followed by the same lower case letter are not significantly different at P =
0.05, ANOVA.

(2) Squash Seedling Height and Establishment

Although there was not a significant (P = 0.05) experiment x treatment interaction for squash seedling height
(Table 7), the squash seedling establishment did reveal an experiment x treatment interaction (Table 7), therefore
the squash seedling height will be discussed averaged across experiments (Table 8), while the squash seedling
establishment will be discussed by experiment (Table 8).

Table 7. Analysis of variance (ANOVA) for squash seedling height and seedling establishment source factors;
experiments, treatments, and experiment x treatment

Source Height Seedling Establishment
Pr>F Pr>F

Experiment <.0001 0.0093

Treatment 0.0925” 0.0009

Experiment x Treatment 0.4955% 0.0114

Note. “Not significantly different at P = 0.05, PROC ANOVA.

SBB and PBB percentages made very little difference in plant heights, except with a slight advantage for the
50% PBB (Table 8). Plant establishment values were excellent for Experiment 1 and 2, typically at the 95% level
or greater, but there was a significant reduction in plant establishment for the 100% SBB and PBB mixtures,
93.36% and 94.92%, respectively (Table 8).
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Table 8. Impact of sugarcane biochar percentages on squash seedling height and establishment

Seedling Establishment

Biochar? -

Height Exp. #1 Exp. #2
SBBY cm %
0% 5.65 be" 9844 a 98.05 a
25% 6.07 ab 100.00 a 96.48 ab
50% 5.76 abc 9922 a 97.27 ab
75% 5.89 abc 98.05 ab 98.05 a
100% 531 ¢ 95.70  bc 9492 b
PBB*
0% 5.65 bc 9844 a 98.05 a
25% 5.99 ab 99.22 a 96.88 ab
50% 6.33 a 9922 a 96.09 ab
75% 5.87 abc 97.66 ab 96.09 ab
100% 5.61 bc 9336 ¢ 96.88 ab

Note. “Percentage of sugarcane biochar in the growth medium based on volume; "SBB = Standard Bagasse
Biochar produced by American Biocarbon LLC. *PBB = Pneumatic Bagasse Biochar produced by American
Biocarbon LLC. “Means in a column followed by the same lower case letter are not significantly different at P =
0.05, ANOVA.

3.3.2 Cantaloupe
(1) Cantaloupe Seedling Fresh and Dry Weights

Due to significant experiment x biochar treatment interactions (Tables 9), the cantaloupe fresh (Table 10) and
dry weights (Table 11) will be discussed by experiment.

Table 9. Analysis of variance (ANOVA) for cantaloupe fresh and dry weights for source factors experiments,
treatments, and experiment X treatment

Cantaloupe Seedling Fresh Weights

Source
Stalk Leaves Tops Roots Total
Pr>F Pr>F Pr>F Pr>F Pr>F
Experiment <.0001 <.0001 <.0001 <.0001 <.0001
Treatment <.0001 <.0001 <.0001 0.1611% <.0001
Experiment x Treatment 0.0003 0.0007 0.0005 <.0001 0.0004
Cantaloupe Seedling Dry Weights
Source
Stalk Leaves Tops Roots Total
Pr>F Pr>F Pr>F Pr>F Pr>F
Experiment <.0001 <.0001 <.0001 <.0001 <.0001
Treatment <.0001 <.0001 <.0001 0.0404 <.0001
Experiment x Treatment <.0001 0.0010 0.0004 <.0001 <.0001

Note. “Not significantly different at P =0.05, PROC ANOVA.

Averaged across biochar treatments, experiment 2 had significantly greater fresh and dry weights than
experiment 1. The yield advantages for experiment 2 may be the result of additional heat units and solar
radiation received due to the sequential nature of the experiments (experiment 1, May 6 to May 26, 2016, and
experiment 2, June 2 to June 22, 2016). In experiment 1, the fresh weights for cantaloupe seedlings plant parts
were numerically greater than their corresponding weights in experiment 1, except for leaf and top weights at
100% SBB (Table 10). Only in 3 situations the cantaloupe dry weights in experiment 1 were greater than
experiment 2; the leaves, tops, and total weights for 100% SBB (Table 11).

The cantaloupe fresh and dry weights in many respects were inconsistent by experiment and the biochar
percentages they contained (Tables 10 and 11). Total fresh and dry weights were often not significantly different
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at the 0, 25, and 50% biochar levels, in contrast to 100% SBB and PBB treatments which were typically lower
(Tables 10 and 11). These data suggest that the biochar percentage can be increased up to 50% as a growing
media component without reducing cantaloupe seedling production, but 75 and 100% biochar should be avoided.

Table 10. Impact of sugarcane biochar percentage of growth medium on cantaloupe seedling fresh weights (stalk,
leaves, tops, roots and total) two experiments, four replications per experiment, and five seedlings per replication

Cantaloupe Seedling Fresh Weights (Experiments 1 and 2)

Biochar” #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
Stalks Stalks Leaves Leaves  Tops Tops Roots Roots Total Total
g
SBBY
0% 053bcY  1.15a 236bc  4.58a 2.89cd 573a 0.14d 042b 303cd 6.15a
25% 0.78 a l.1la 3.17a 4.6l a 395a 572a 0.17bcd 0.49a 412 a 621 a
50% 0.53 be 1.17a 224cd 425a 277cd 542a 0.21 ab 044ab 298cd 586a
75% 0.47c 0.69b 2.16cd 2.87bc 2.63cd 3.56ab 0.20abc 041bc 2.83cd 3.97bc
100% 041lc 047b 2.05d 198 ¢ 247d 245¢ 0.22 ab 039bc 2.68d 284c¢
@X ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0% 0.53 be 1.15a 236bc 4.58a 289cd 573a 0.14d 042b 303cd 6.15a
25% 0.76 a 1.17a 297ab 4.52a 373ab  5.69a 0.15d 046ab 388ab 6.15a
50% 0.74 a 1.17a 292ab 4.16a 3.66ab 5.33a 0.16 cd 041bc 382ab 574a
75% 0.65 ab 1.00a 2.59bc 3.73ab 324bc 4.73ab 0.22ab 042ab 346bc 5.15ab
100% 0.48 ¢ 0.53b 2.10d 2.18¢ 2.58d 271¢ 024 a 035¢ 282cd 3.06¢

Note. “Percentage of sugarcane biochar in the growth medium based on volume; 'SBB = Standard Bagasse
Biochar produced by American Biocarbon LLC. *PBB = Pneumatic Bagasse Biochar produced by American

Biocarbon LLC. “Means in a column followed by the same lower case letter are not significantly different at P =
0.05, ANOVA.

Table 11. Impact of sugarcane biochar percentage of growth medium on cantaloupe seedling oven dry weights
(stalk, leaves, tops, roots and total) for two experiments, four replications per experiment, and five seedlings per
replication

Cantaloupe Seedling Dry Weights (Experiments 1 and 2)

Biochar” #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
Stalks Stalks Leaves Leaves Tops Tops Roots Roots Total Total
g
SBBY
0% 0.11bc" 023a 037cd 0.67ab 048cd 090ab 0.06¢ 0.14b  0.54cde 1.04ab
25% 0.14a 02lab 0.50a 0.73a 0.64a 094a 0.07cde 0.17a 0.71a I.11a
50% 0.09 be 022ab 037cd 0.64ab 047cde 0.86ab 0.08bcd 0.15ab 0.55cde 1.00 ab
75% 0.07de 0.12¢ 033d 044cd 040de 056cd 0.08bcd 0.13bc 0.48 de 0.69 cd
100% 0.07 e 0.07d 032d 0.28e 0.38e 0.35e  0.09ab 0.11d 048e 0.46 ¢
@X _______________________________________________________________________________________________________________
0% 0.11 be 023a 037cd 0.67ab 0.48cd 090ab 0.06¢ 0.14b  0.54cde 1.04ab
25% 0.14a 023a 049a 0.72a 0.64a 095a 0.06¢ 0.15ab  0.70 ab 1.10 ab
50% 0.13ab 0.22ab 045ab 0.66ab 0.58ab  0.88ab 0.06de 0.14b  0.64abc 1.02 ab
75% 0.10bc  0.18b 040bc 0.56bc 0.50bc  0.74bc 0.09abc 0.15ab 0.59bcd 0.89 bc
100% 0.07¢ 0.08cd 031d 031de 0.38e¢ 0.39de 0.1l1a 0.12cd 0.49de 0.51 de

Note. “Percentage of sugarcane biochar in the growth medium based on volume; YMeans in a column followed by
the same lower case letter are not significantly different at P = 0.05, ANOVA.
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(2) Cantaloupe Seedling Height and Establishment

There was not a significant (P = 0.05) experiment X treatment interaction for cantaloupe seedling height and
seedling establishment (Table 12), therefore, the cantaloupe seedling height and seedling establishment will be
discussed averaged across experiments (Table 13).

Table 12. Analysis of variance (ANOVA) for cantaloupe seedling height and seedling establishment source factors;
experiments, treatments, and experiment x treatment

Source Height Seedling Establishment
Pr>F Pr>F

Experiment 0.0007 0.1818”

Treatment 0.0040 0.9899”

Experiment x Treatment 0.1026” 0.4966”

Note. “Not significantly different at P = 0.05, PROC ANOVA.

Cantaloupe seedling heights peaked at the 50% PBB, while there was no difference among the other PBB% or
within the SBB treatments (Table 13). Numerically, there was a decreasing trend for plant heights for both
biochars above the 50% amendment level; perhaps a reflection of the decrease in total plant weights at the 100%
biochar levels (Tables 10 and 11). Cantaloupe seedling establishment was consistent across biochar and
amendment percentages, averaging in the 95 to 96% range (Table 13).

Table 13. Impact of sugarcane biochar percentage on cantaloupe seedling height and seedling establishment
averaged across 2 experiments

Biochar” Height Seedling Establishment
cm %

SBB”

0% 2.67 be" 96.1a

25% 2.73 be 953a

50% 2.60 be 96.1 a

75% 2.14 be 96.1 a

100% 2.04c 96.5a

PBB*

0% 2.67 be 96.1 a

25% 281b 95.7a

50% 3.56a 959a

75% 2.58 be 96.7 a

100% 2.12be 96.7 a

Note. “Percentage of sugarcane biochar in the growth medium based on volume; YSBB = Standard Bagasse
Biochar produced by American Biocarbon LLC. *PBB = Pneumatic Bagasse Biochar produced by American.

4. Conclusions

When using biochars as amendments for growing media it is important to evaluate its various physicochemical
properties. Biochars herein utilized were sourced from the same sugarcane bagasse but produced under slightly
different conditions that resulted in different physical and chemical compositions. Although these differences
may not be critical to all biochar uses, the information may be critical in understanding the potential applications
of the biochars. The increase in ash content for the PBB would tend in increase the biochar’s bulk density and
potential nutrient availability for seedling production. The HHV, LHV, and fixed C were greater for the SBB,
therefore, making it more valuable as a potential fuel source than the PBB. The physical analysis of the soilless
media combinations were excellent, producing low bulk densities (0.11 to 0.14 g cm™) and high water holding
capacities (80-87%)).
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As an amendment to the soilless greenhouse growing media, the biochars (SBB and PBB) functioned very well
especially at the 25 and 50% levels across both plant species. The squash seedlings did respond better at the 75%
level than did cantaloupe seedlings, which reflect differences in nutrient requirements. The 100% biochar
growing media are not recommended because both plant species often had a decrease in organic matter. These
results indicate that the volume of a standard soilless greenhouse growing media can be successfully extended by
adding 25 to 50% sugarcane biochar without reducing cucurbit seedling production. This research did not
include weekly supplemental fertilizer applications, which in future research may compensate for any differences
in nutrient requirements. Besides the impact of supplemental fertilizer applications, future research is needed to
evaluate different biochar sources for seedling production with additional plant species.
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