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Abstract

Sugarcane bagasse is the fibrous material remaining after removing the sucrose, water, and other impurities
(filter mud) from the millable sugarcane. Louisiana sugarcane mills use a portion of the 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. Sugarcane bagasse ash (SBA) is a by-product of the thermal conversion of the
sugarcane bagasse. The purpose of this research was to investigate the use of SBA as an amendment to soilless
planting media for the production of vegetable seedlings. The SBA was 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%, SBA and growing media, respectively). Bean (Phaseolus vulgaris L.) var. ‘Bowie’ and Chinese kale
(Brassica alboglabra) var. ‘South Sea’ were planted in each of the 5 different planting mixtures. As the
percentage of SBA increased from 0% to 100%, the bulk densities increased, 0.118 to 0.712 g/cm®, while the
porosity, water saturation percentage, and water at field capacity decreased. Increasing the SBA percentage
significantly impacted total exchange capacity, pH, organic matter, estimated nitrogen release, and all other
nutrients measured, except for sodium. The research indicates that the addition of SBA can enhance bean and
Chinese kale seedling growth depending on the percentage of the ash added to the growth media. Bean and
Chinese kale harvest parameters typically peaked at 25% SBA, and then decreased with increasing SBA %.
Adding 25% SBA did benefit the seedling growth by providing additional nutrients for seedling growth, while
reducing the cost of production by supplementing the more expensive greenhouse media by a readily available
by-product of the sugarcane industry. Increasing the SBA % to 50% or greater is not recommend. Additional
research is needed to determine the percentage above 25% and below 50% SBA that would still benefit seedling
plant growth.
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1. Introduction
1.1 Sugarcane Bagasse Uses

In 2014, Louisiana sugarcane farmers harvested 11.6 million mt millable sugarcane from 154,000 ha, producing
1.36 million mg of raw sugar and an estimated 3.5 million mt of bagasse (American Sugar Cane League, 2015).
Global sugar production in 2015 was over 170 million mt of raw sugar, which resulted in over 300 million Mg of
bagasse (United States Department of Agriculture, 2015). Bagasse is the fibrous material remaining after
removing the sucrose, water, and other extraneous material impurities (e.g. sediment) from the delivered
sugarcane. Bagasse on a dry weight basis is composed of 40-50% cellulose, 30-35% hemicellulose, 20-30%
lignin, and a small percentage of other materials (Amin, 2011; Cardona et al., 2010; Drummond & 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 & Kallydin, 2011; Trochoulias et al., 1990), 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).
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1.2 Sugarcane Bagasse Ash Production

It is very common for Louisiana sugarcane mills to burn a portion of the 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. Sugarcane bagasse ash (SBA) is a by-product of the thermal conversion of the
sugarcane bagasse. Depending on the source of the sugarcane, harvesting methods and thermal conversion
efficiency at the mill, the percentage of ash produced from bagasse typically represents a small percentage, 1.5 to
3.0% by weight, of the original sugarcane bagasse (Amin, 2011; Garcia-Pérez, 2002). And, although SBA
content is low (1.5-3.0%) compared to other agricultural sources such as rice straw, 14.5% (Guo et al., 2009) and
wheat straw, 8.6% (Biricik et al., 1999), the large volume of bagasse used for fuel results in massive amounts of
SBA that necessitates economically and environmentally handling. If the estimated 80% (Pandey et al., 2000) of
the 3.5 million mg of bagasse produced each year in Louisiana is used for energy conversion at the sugarcane
mills, the SBA produced in Louisiana each year would range from 42,000 to 84,000 mt, and an estimated 2.25 to
4.5 million mt of sugarcane bagasse ash globally.

1.3 Sugarcane Bagasse Ash Content and Uses

SBA composition will vary depending on the source of the sugarcane, the harvesting and processing methods,
and the cogeneration efficiencies (Paya et al., 2002). The primary components and percentages of SBA are SiO,
(60%-81%), Al,O; (8%-21%), Fe 05 (5%-6%), CaO (3.1-3.4%), K,0 (1.4-1.5%), MgO (0.1-1.9%), and Na,O
(0.2-1.1%) (Paya et al., 2002; Zandersons et al., 1999). Sugarcane mill owners, operators, and associated
researchers have investigated and employed various uses for SBA (Sales & Lima, 2010). Due to the high SiO,
content (60-81%) and the other components, SBA is a potential replacement for silca in concrete and mortars
(Alavéz-Ramirez et al., 2012; Amin, 2011; Cordeiro et al., 2008, 2009; Paula et al., 2010; Sales & Lima, 2010),
ceramics (Souza et al.,, 2011), and as a stabilizing component in compacted clay blocks and bricks
(Alavéz-Ramirez et al., 2012; Faria et al., 2012). One of the most common practices is the field application of
SBA alone or in combination with the sugarcane mill’s filter mud (Barry et al., 1998; Prasad, 1974; Sales &
Lima, 2010). Webber et al. (2016) determined that adding 25 and 75% SBA to a certified organic growth media
produced suitable potting media for cantaloupe and squash seedling production, respectively. The purpose of this
research was to investigate the use of SBA as an amendment to soilless planting media for the production of
additional vegetable seedlings.

2. Material and Methods
2.1 Sugarcane Bagasse Ash

Sugarcane bagasse ash was obtained from the Raceland Raw Sugar Corporation, sugarcane mill, Raceland, LA.
The Raceland mill is one of 11 sugarcane mills that together processed approximately 153,783 ha and 11,576,403
mt of Louisiana sugarcane in 2014 (American Sugar Cane League, 2015). The SBA was combined by volume with
a commercial growing media (Sunshine, Natural & Organic Professional Growing Mix, Sun Gro Horticulture
Canada Ltd, 52130 RR 65, P.O. Box 189, Seba Beach, AB TOE 2BO Canada) into 5 combinations (0%:100%,
25%:75%, 50%:50%, 75%:25%, and 100%:0%, SBA and growing media, respectively) which served as
experimental treatments. Each of the soilless media treatments were thoroughly mixed prior to placing the
mixtures in Speedling (Speedling In., 4447 Old HWY 41, Ruskin, FL 33570, 800-881-4769) 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 beans
(Phaseolus vulgaris L.) var. ‘Bowie’ (Harris Seed Co., 355 Paul Road Rochester, NY 14624 (800) 544-7938) or
Chinese kale (Brassica alboglabra) var. ‘South Sea’ (Evergreen Y.H. Enterprises, P.O. Box 17538, Anaheim, CA
92817, USA). The bean and kale experiments were repeated twice in spring of 2016 and included 1 seed type
(bean or kale) x 5 soilless media mixtures (0:100, 25:75, 50:50, 75:25, and 100:0) x 4 replications.

2.1.1 Physical Analysis

Each of the 5 soilless media mixtures were analyzed for bulk density (g/cm?®), porosity (%), water saturation
percentage, and water at field capacity (5). Each physical test on the 5 soil media mixtures were 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’.

2.1.2 Chemical Analysis

Four representative samples for each media combination were collected and chemically analyzed (Brookside
Laboratories, Inc., 200 White Mountain Drive, New Bremen, Ohio, 45869, www.blinc.com). The chemical data
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were subjected to ANOVA procedure and mean separation using LSD with P = 0.05 (SAS Inc., SAS, Ver. 9.0,
Cary, NC).

2.1.3 Plant Growth and Analysis

Five seedlings from the center of each tray were harvested 20 days after planting for the bean seedlings and 33
days after planting for the kale. Each seedling was divided into above and below ground plant portions. The
above ground portion was measured for plant length 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 planting media
was removed from lower portion of the plants (roots) for measuring. The fresh weight of the leaves, stalks, and
the roots were then determined. The plant portions were then oven dried for 2 days at 60 °C and then 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 Statistical Analysis

When the statistical analysis determined that there were significant interactions between experiments within
plant species and plant growth media (0%, 25%, 50%, 75% and 100% SBA), the results will be discussed by
experiments rather than averaged across experiments. Otherwise, when there is not an experiment by growing
media interaction, the results will be discussed across experiments.

3.2 Physical Analysis: Bulk Density and Porosity

The bulk densities of the media mixtures consistently increased from 0.118 to 0.712 g/cm’ as the SBA percentage
increased from 0% to 100% (Table 1). And, as the media mixtures increased in SBA percentage and bulk density,
the porosity, water saturation percentage, and water at field capacity decreased (Table 1). As the growing media’s
porosity, water saturation and field capacity decreased with higher SBA percentages, the growing media’s ability
to provide available water to the growing seedlings also decreased (Table 1). Decreased water availability might
necessitate increasing irrigation frequency compared to the standard greenhouse media (0% SBA). The increase
bulk density and decrease in the other media parameters may by increase the potential plant stress in a
greenhouse environment.

Table 1. Impact of sugarcane bagasse ash (SBA) percentage of growth medium on growing media bulk density
(g/cm’), percent total pore space, percent water saturation, and percent water at field capacity

SBA” Bulk Density Pore Space Water Saturation Water at Field Capacity
% - g/em’ % % %

0 0.118 ¢’ 71.18 a 85.82a 83.53a

25 0.374d 64.56 b 63.27b 61.94b

50 0.528 ¢ 59.62 ¢ 50.02 ¢ 52.54¢

75 0.615b 59.98 ¢ 49.38d 48.18d

100 0.712 a 63.79b 4723 ¢ 4540 ¢

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

3.3 Chemical Analysis

Increasing the SBA percentage significantly influenced total exchange capacity, pH, organic matter, estimated
nitrogen release, soluble sulfur (S), and phosphorus (P) (Table 2). The total exchanged capacity was decreased
by 53% (14.5 ME/100 g, 0% SBA compared to 6.8 ME/100 g, 100% SBA), while the pH increased from 6.4 to
7.7 (Table 2). Decreasing the total exchange capacity and increasing the pH could decrease the available of
nutrients to the plant seedlings. There was a twelve fold decrease in the percentage organic matter, 67.7% to
5.6%, 0% SBA and 100% SBA, respectively (Table 2). This decrease in organic matter was the primary adverse
influence affecting the physical characteristics of the SBA media combinations (Table 1). The changes in
estimated N release were less dramatic with only a 21% decrease from 145.6 kg/ha to 115.4 kg/ha, 0% SBA and
100% SBA, respectively (Table 2). Fertilization during production should compensate for the decrease in N
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availability. Sulfur (S) had an 8 fold decrease as SBA percentage increased, compared to phosphorus (P as P,Os
and P, Mehlich III; P as P,Os and P, Bray II) which increased (Table 2).

Table 2. The impact of adding sugarcane bagasse ash (SBA) to a soilless greenhouse media on total exchange
capacity (ME/100 g), pH, organic matter (%), estimated nitrogen release (kg/ha), soluble sulfur (ppm),
phosphorus as P,Os (kg/ha), and phosphorus (ppm)

Total Organic .
SBA* Exchange pH Matter Estimated N Soluble S P asP,0s" PY P as P,Os* P*
Capacity (H,O 1:1) (humus) Release
---%--- ME/100 g - % --- ---kg/ha--- --ppm-- --kg/ha-- --ppm-- --kg/ha-- --ppm --
0 14.5 a" 64¢ 67.7 a 145.6 a 181.5a 1053 ¢ 20.5¢ 174.5¢ 340e
25 12.8 a 6.7d 2340 145.6 a 138.8b 682.4 d 133.0d 893.8d 1743 d
50 9.7b 7.0c 129¢ 141.5Db 82.5¢ 899.1¢ 1753¢c 10523 ¢ 2298 ¢
75 8.5bc 73b 93d 136.1 ¢ 57.5¢ 1106.9 b 2158b 11383 Db 248.5b
100 6.8¢c 7.7 a 56¢ 115.4d 22.0d 13222 a 257.8a 1178.6a 262.0a

Note. "Percentage of sugarcane bagasse ash (SBA) in the growth medium based on volume; YMehlich IIT; *Bray
IT; "Means in a column followed by the same lower case letter are not significantly different at P < 0.05, ANOVA.

Calcium (Ca) and magnesium (Mg) exchange cations decreased, potassium (K) cations increased, and sodium (Na)
cations remained constant as the SBA increased from 0% to 100% (Table 3). Although these results are consistent
with what might be expected, they should be considered when deciding how to provide the required nutrients for
various seedling or bedding plants.

Table 3. Impact of sugarcane ash percentage (SBA %) on the exchangeable cations (calcium, magnesium,
potassium, and sodium) for the five sugarcane bagasse ash and greenhouse media growing mixtures

SBA” Ca’ Ca’ Mg’ Mg’ K KY Na’ Na’
---%----  --—kg/a--- -—-ppm-- --kgha-- --—-ppm--- --kgha-- --ppm-- --kg/ha-- --ppm--
0 3816.4a" 1703.8 a 952.6a 4253 a 154.6 ¢ 69.0 ¢ 1226 a 548 a
25 32704 b 1460.0 b 864.6 a 386.0 a 740.9 d 330.8d 127.1a 56.8 a
50 2334.6¢ 10423 ¢ 724.6b 32350 950.9 ¢ 4245 ¢ 1249a 558 a
75 18542 ¢ 827.8 ¢ 694.0 be 301.8 be 1131.2b 505.0b 1254 a 56.0 a
100 1182.2d 527.8d 5919¢ 2643 ¢ 1321.6a 590.0 a 114.8 a 513a

Note. “Percentage of sugarcane bagasse ash (SBA) in the growth medium based on volume; *Mehlich III;
“Means in a column followed by the same lower case letter are not significantly different at P <0.05, ANOVA.

Although the base saturation percentages of calcium (Ca), magnesium (Mg), potassium (K), other bases, and
hydrogen (H) were significantly different among most SBA growing media, the range between the highest and
lowest values were not that extreme, except for the percentage of K, which would be expected, and the absence
of % H in the 50% to 100% SBA range (Table 4). Although the impact of these differences may not be readily seen
in a short term seedling production (3-4 weeks), the impact may be more obvious when seedlings are grown for
longer periods of time (4-8 weeks).



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 7; 2017

Table 4. Impact of sugarcane ash percentage (SBA %) as an amendment on the base saturation percentages for the
five sugarcane greenhouse growing mixtures.

SBA” Ca Mg K Na Other Bases H

------ % ------ el . Rl e i
0 58.7 a¥ 24.44d 122 ¢ 1.64 ¢ 5.00a 9.0a

25 57.1a 25.15d 6.63d 1.93d 4.70b 45b

50 5330 2798 ¢ 11.36 ¢ 253¢ 443 c 00c

75 484 c 29.44b 15.17b 2.85b 4.13d 00c

100 38.5d 3228 a 2221 a 328a 3.70e 00c

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

All of the extractable essential minor elements concentrations (ppm) of boron (B), iron (Fe), manganese (Mn),
copper (Cu), zinc (Zn) and aluminum (AL) increased as the % SBA increased (Table 5). The addition of these
extractable essential minor elements through the addition of the SBA has the potential to increase the nutrient
status of the growing media. These results may explain earlier research by Webber et al. (2016) where 25% and
75% SBA increased cantaloupe and squash seedling growth, respectively.

Table 5. Impact of sugarcane ash percentage (SBA %) on extractable essential minor elements (ppm) for the five
sugarcane bagasse ash (SBA) growing media

SBA” B Fe Mn Cu Zn Al

-------- % -ww-w == PPM--=- s PPM e s PPM -e- ee- PPM we- <e- PPM ---- <o PPM <o
0 0.20 ¢¥ 48.8 ¢ 2.50¢ 0.71c¢ 1.20d 46.50 ¢

25 0.46 b 163.8d 12.75d 1.02 b 3.05¢ 293.75d

50 0.59 a 198.5 ¢ 17.25¢ 1.33a 3.87b 364.50 ¢

75 0.64 a 227.0b 20.75b 1.48 a 4.60 a 421.25b
100 0.65a 2533 a 24.00 a 1.44 a 483 a 47425 a

Note. "Percentage of sugarcane bagasse ash (SBA) 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.

3.4 Seedling Analysis
3.4.1 Bean
(1) Bean Stalk Lengths and Impact of Population

Significant interactions were detected between the planting media and experiments for bean stalk length and
plant establishment; therefore, this data will be discussed by experiment (Table 6). In experiments 1 and 2 there
were no consistent correlation between SBA content and bean seedling stalk lengths (Table 6). Bean plant
establishment was the greatest for the 0% and 25% SBA, along with the 100% SBA in experiment 1 and 25%
and 50% SBA for experiment 2 (Table 6).
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Table 6. Impact of sugarcane bagasse ash (SBA) percentage of growth medium on bean seedling stalk length
(mm) and plant population (%) for two experiments, four replications per experiment, and five harvested
seedlings per replication

SBA? Stalk Length Plant Establishment

Exp. #1 Exp. #2 Exp. #1 Exp. #2
% mm mm % %

0 89.3 ab’ 133.1 ab 90.6 a 55.1 be

25 96.5 ab 141.0 a 883a 76.2 a

50 78.5b 123.6 ab 58.6¢ 68.1 ab

75 95.5 ab 107.0 be 63.7 be 58.6b

100 107.0a 904 c 76.6 ab 39.8¢

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

(2) Bean Seedling Fresh Plant Weights

No significant interactions were detected between the experiments and the growth media for the seedling fresh
weights of the stalks, leaves, plant tops, and total plant weights, although there was an interaction between
experiments and fresh root weights (Table 7). Therefore, except for the fresh root weights, the data will be
discussed across both experiments. The 25% SBA produced the greatest bean fresh weights for the stalks, leaves,
tops, and whole plants, while the fresh root weights peeked at 0% SBA in experiment 1 (4.67 g) and at 25% SBA
in experiment 2 (4.59 g). These results were similar to those reported by Webber et al. (2016) for 25% SBA
planting media for cantaloupe seedling production.

Table 7. Impact of sugarcane bagasse ash percentage (SBA %) of growth medium on bean seedling stalk, leaves,
tops, and total fresh weights (g) averaged across two experiments, four replications per experiment, and five
seedlings per replication

Bean Seedling Fresh Weights

SBA Stalk Leaves Tops Total Exp. #1 Roots Exp. #2 Roots
%o g g g g g g
0 3.51  ab’ 6.50 ab 10.01 ab 13.68 bc 467 a 267 ¢

25 395 a 720 a 11.15 a 16.63 a 436 ab 459 a

50 338 b 596 b 934 b 1284 ¢ 337 «cd 364 b

75 383 ab 6.59 ab 10.42 ab 1456 ab 379 be 449 a

100 342 ab 6.10 b 952 b 1259 ¢ 267 d 348 b

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

(3) Bean Seedling Dry Plant Weights

As a result of significant interactions between the planting media and experiments for the dry weights of the
bean leaves, plant tops, and total plants, these results will be discussed by experiments (Table 8). Due to the lack
of experiment by media interaction, the bean dry stalk and root weights will be discussed across experiments
(Table 8). There were small but significant differences for bean dry weights of the leaves, tops, and total seedling
weights, but the results were not consistent between experiments or plant materials measured (Table 8). In many
cases (i.e. leaves dry weights experiments 1 and 2, top dry weights experiment 1, total plant dry weights
experiments 1 and 2), the 25% SBA produced the greatest plant weigh, although not significantly different from
all other SBA media combinations (Table 8). The dry weights of the stalks and roots combined across
experiments followed a similar pattern as the other dry weights (leaves, tops, and total dry weights) which had
the experiment by SBA % interactions (Table 8).
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Table 8. Impact of sugarcane bagasse ash percentage (SBA %) of growth medium on bean seedling oven dried
weights (stalk, leaves, tops, roots and total) two experiments, four replications per experiment, and five seedlings
per replication

Bean Seedling Dry Weights

SBA” Exp. #1 Exp. #2 Exp. #1 Exp. #2 Exp. #1 Exp. #2
Stalk Roots
Leaves Leaves Tops Tops Total Total

- % --- g g g g g gt g g
0 0.58 b’ 0.75b 1.02a 1.24 ¢ 1.70 a 0.34a 1.60 ¢ 2.00 ab
25 0.68 a 0.98 a 1.05a 1.57a 1.18a 0.37a 1.94a 2.18a
50 0.56 be 0.87 ab 093 a 1.36 bc 1.57a 033 a 1.67 be 1.90 ab
75 0.60 ab 097 a 0.87a 1.53 ab 1.51a 0.36a 1.88 ab 1.87b
100 0.49 ¢ 0.86 ab 0.67b 1.41 abc 1.12b 0.33a 147 c 147 c

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

(4) Bean Seedling Summary

There were no consistent correlation between SBA content and bean seedling stalk lengths. Bean plant
establishment was the greatest for the 0% and 25% SBA, along with the 100% SBA in experiment 1 and 25%
and 50% SBA for experiment 2. The 25% SBA produced the greatest bean fresh weights for the stalks, leaves,
tops, and whole plants, while the fresh root weights peeked at 0% SBA in experiment 1 and at 25% SBA in
experiment 2. There were small but significant differences for bean dry weights of the leaves, tops, and total
seedling weights, but the results were not consistent between experiments or plant materials measured. In many
cases (i.e. leaves dry weights experiments 1 and 2, top dry weights experiment 1, total plant dry weights
experiments 1 and 2), the 25% SBA produced the greatest plant weights, although not significantly different
from all other SBA media combinations. The dry weights of the stalks and roots combined across experiments
followed a similar pattern as the other dry weights (leaves, tops, and total dry weights) which had the experiment
by % SBA interactions. These results were similar to those reported by Webber et al. (2016) for 25% SBA
planting media for cantaloupe seedling production.

3.4.2 Chinese Kale Seedling Analysis

Except for the Chinese kale root fresh weights and plant establishment data, there were no significant
interactions detected between the experiments and SBA planting media data. As a result, the Chinese root fresh
weights and percent plant established will be discuss by experiment (Table 9), while the other harvest data will
be discussed across experiments (Tables 10 and 11).

(1) Chinese Kale Seedling Fresh Root Weights and Establishment

Although there were significant interactions between SBA growing media and experiments for the Chinese kale
fresh root weights and plant establishment, in all cases the values peaked at either 25% or 0% SBA media (Table
9).

Table 9. Impact of sugarcane bagasse ash (SBA) percentage of growth medium on Chinese kale fresh root
weights (g) and plant establishment by experiments 1 and 2, four replications per experiment, and five seedlings
per replication

SBA” Roots Fresh Weight Plant Establishment

Exp. #1 Exp. #2 Exp. #1 Exp. #2

% g g g g

0 0.55 be” 0.32 ab 71.49 a 96.10 a
25 0.85a 0.37a 80.08 b 94.92 a
50 0.79 ab 0.21 be 33.99b 58.60 b
75 0.40 ¢ 0.23b 17.58 ¢ 53.52b
100 0.31c 0.10¢ 25.39 be 13.28 ¢

Note. "Percentage of sugarcane bagasse ash (SBA) 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) Chinese Kale Stalk Lengths, and Fresh Weights of Stalks, Leaves, Tops, and Total Plant

The 25% SBA growing media consistently produced the greatest Chinese kale stalk lengths and fresh plant
weights (stalks, leaves, tops, and total plant) (Table 10). As the SBA content increased from 25% to 100% SBA,
the plant lengths and fresh weights consistently decreased (Table 10). These results follow a similar pattern as
the impact of the SBA % on bean fresh weights (Table 7), and cantaloupe seedling data reported by Webber et al.
(2016).

Table 10. Impact of sugarcane bagasse ash (SBA) percentage of growth medium on Chinese kale seedling stalk
lengths (mm) and plant fresh weights (g) averaged across two experiments, four replications per experiment, and
five seedlings per replication.

Fresh Weight
SBA” Stalk Length
Stalks Leaves Tops Total
% mm g g g g

0 199 b 0.15b 0.59 be 0.74b 1.17b
25 235a 021a 0.75 a 0.96 a 1.57 a
50 19.8b 0.15b 0.59b 0.74b 1.24b
75 16.6 ¢ 0.11¢ 0.57 be 0.68 bc 0.99 be
100 15.8 ¢ 0.09¢ 0.46 ¢ 0.55¢ 0.76 ¢

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

(3) Chinese Kale Seedling Dry Weights

Chinese kale seedling dry weights (Table 11) responded to SBA% in the same manner as the Chinese kale fresh
weighs (Table 10). The stalks, leaves, tops, and total plant dry weights peaked at the 25% SBA, and significantly
decreased as the percentage of SBA was added to the growing media (Table 11), while root weights were not as
significantly different, but tended to decrease as the SBA percentage increased (Table 11). These results are also
consistent to those reported by Webber et al. (2016) concerning cantaloupe seedling dry weights.

Table 11. Impact of sugarcane bagasse ash (SBA) percentage of growth medium on Chinese kale seedling on
Plants dry weights (g) averaged across two experiments, four replications per experiment, and five seedlings per
replication.

Dry Weights
SBA”
Stalks Leaves Tops Roots Total

% g g g g g
0 0.018 b 0.11b 0.12b 0.074 a 0.20 ab
25 0.032a 0.15a 0.18 a 0.053 ab 024a
50 0.018b 0.10b 0.12b 0.044 ab 0.17 be
75 0.016 b 0.07 ¢ 0.08 ¢ 0.026 ab 0.11 cd
100 0.0l c 0.05¢ 0.06 ¢ 0.015b 0.08 d

Note. “Percentage of sugarcane bagasse ash (SBA) 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.

(4) Chinese Kale Seedling Summary

Although there are significant interactions between SBA growing media and experiments for the Chinese kale
fresh root weights and plant establishment, in all cases the values peaked at either 25% or 0% SBA media. The
25% SBA growing media consistently produced the greatest Chinese kale stalk lengths, and fresh and dry plant
weights (stalks, leaves, tops, and total plant). In addition, as the SBA content increased from 25% to 100% SBA,
the plant lengths and weights consistently decreased. These results follow a similar pattern as the impact of the
SBA % on bean fresh weights (Table 7). Webber et al. (2016) also observed a beneficial impact of adding 25%



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 7; 2017

SBA to a soilless growing media on cantaloupe seedling growth with a corresponding decrease in growth at the
higher SBA percentages.

4. Conclusions

The SBA mixture bulk densities consistently increased from 0.118 to 0.712 g/cm’ as the SBA percentage

increased from 0% to 100%, while the porosity, water saturation percentage, and water at field capacity
decreased. As the bulk densities increased and the water holding capacity decreased, the growing media became
less conducive to plant growth and more difficult to manage, increasing the potential for plant stress in a
greenhouse environment.

Increasing the SBA percentage significantly influenced total exchange capacity, pH, organic matter, estimated
nitrogen release, and all other nutrients measured, except for sodium. Although the bean and Chinese kale
seedlings neither exhibited deficiency nor toxicity symptoms, the impact of the pH alone would need to be
addressed in the future use of SBA depending on the seedlings grown. Additional nutrient requirements could be
supplied at planting and through maintenance fertilizers during production.

Bean and Chinese kale plant parameters at harvest typically peaked at 25% SBA, and then decreased with
increasing SBA %. Adding 25% SBA to a commercial greenhouse media did benefit the seedling growth,
providing additional nutrients for seedling growth, while reducing the cost of production my supplementing the
more expensive greenhouse media by a readily available by-product of the sugarcane industry. Increasing the
SBA % to 50% or greater is not recommend, but additional research should explore at what percentage of SBA
above 25% and below 50% would still benefit seedling plant growth.
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