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Abstract

Bagasse is the fibrous material remaining after removing the sucrose, water, and other impurities (filter mud)
from the milable sugarcane. Louisiana sugarcane mills use a portion of the sugarcane bagasse for fuel producing
over 20,411 mt of sugarcane bagasse ash (SBA) as a by-product. 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 soilless growing media into 5 combinations (0%:100%, 25%:75%,
50%:50%, 75%:25%, and 100%:0%, SBA and growing media, respectively). Squash var. ‘Straightneck’ and
cantaloupe var. ‘Magnum Hybrid Melon’ were planted in each of the 5 different planting mixtures. The research
indicates that the addition of SBA can enhance squash and cantaloupe seedling growth depending on the
percentage of the ash added to the growth media. Squash plant stalk lengths and total plant fresh weights (stalk,
leaves, tops, roots, and total plant) overall responded best at the 75% SBA. Squash dry weights were consistently
greater when SBA was added to the soilless media compared to no SBA. The 25% and 50% SBA media
produced the greatest cantaloupe leaf fresh weights. Cantaloupe leaf dry weights followed a similar trend, where
the 25% and 50% SBA media produced greater plant weights with lesser yields observed at the 75% and 100%
SBA levels. This data suggests that the 75% SBA and 25% SBA were certainly suitable potting media
combinations for squash and cantaloupe seedling production, respectively.
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1. Introduction
1.1 Sugarcane Bagasse Uses

In 2014, Louisiana sugarcane farmers harvested 11.6 mt of milable sugarcane from 153,784 ha, producing 1.36
million mt of raw sugar and an estimated 2.7 million mt of bagasse. Global sugar production in 2015 is projected
to be over 170 million mt of raw sugar, which would result in over 300 million mt of bagasse (United States
Department of Agriculture, 2015). Bagasse is the fibrous material remaining after removing the sucrose, water,
and other impurities (filter mud) from the milable sugarcane. The bagasse on a dry weight basis is composed of
40-50% cellulose, 30-35% hemicellulose, 20-30% lignin, and a small percentage other materials (Amin, 2011;
Cardona et al., 2010; Drummond & Drummond,1996; Martin et al., 2007; Pandey et al., 2000; Sales & Lima,
2010). The 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 (thermoconversion and ethanol) (Badger, 2002; Kilicaslan et al., 1999; Martin et al., 2007;
Peng et al., 2009; Sun & Cheng, 2002).

1.2 Sugarcane Bagasse Ash Production

It is very common for Louisiana sugarcane mills to 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
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crystallization processes. Sugarcane bagasse ash (SBA) is a by-product of the thermoconversion of the sugarcane
bagasse. Depending on the source of the sugarcane, harvesting methods and thermoconversion 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
needs to be economically and environmentally handled. If the estimated 50% (Pandey et al., 2000) of the 3
million tons 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 20,411 to 40,823 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%), AlLO; (8%-21%), Fe,05 (5%-6%), CaO (3.1-3.4%), K,O (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
the SBA with or without combining the ash with the sugarcane mill’s filter mud (Barry et al., 1998; Prasad,
1974; Sales & Lima, 2010). 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.

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,
26.625 x 13.625, 1.25 inch square x 2.5 inches 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 certified
organic squash seed ‘var. Straightneck’ (Main Street Seed & Supply, 401 Main Street, Bay City, MI 48707, 866
229-3276) or cantaloupe seed var. ‘Magnum Hybrid Melon’ (Petoseed Co., Inc., P.O. Box 4206, Saticoy, CA
93007-4206, USA). Each experiment was repeated twice in the spring of 2015 and included 1 seed type (squash
or cantaloupe) X 5 soilless media mixtures (0:100, 25:75, 50:50, 75:25, and 100:0) % 4 replications.

Five seedlings from the center of each tray were harvested 21 days after planting. Each seedling was divided into
above and below ground portions. The above ground portion was measured for plant length by measuring the
distance from the soilless media surface to the apical meristem. The upper portion of the plant was further
divided into leaves and stalks. The soilless media was removed from lower portion of the plants (roots). 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. 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

Statistical analysis determined that there were significant interactions among plant species (squash and
cantaloupe), experiments, and plant growth medium (0%, 25%, 50%, 75% and 100% SBA); therefore the results
will be discussed by plant species with each interaction addressed separately.



www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 1; 2016

3.2 Squash
3.2.1 Squash Stalk Lengths

Significant interactions were detected between the planting media and the experiments for squash stalk length;
therefore, the squash stem length data will be discussed by experiment (Table 1). In experiment 1, 75% SBA
produced longer stalk lengths than the 100% SBA, and was not different from any other SBA percentage (Table
1). In experiment 2, squash stalk lengths were the greatest for the 100% SBA with a consistent decreasing trend
to the 0% SBA (Table 1). In both experiments, the 75% SBA had one of the longest squash stalk lengths for the
soilless growth media (Table 1).

Table 1. Impact of sugarcane bagasse ash percentage of growth medium on squash seedling stalk length (mm)
averaged across two experiments, four replications per experiment, and five seedlings per replication

SBA” Experiment 1 Experiment 2
---mm--- ---mm---

0% 79.5 ab’ 56.5 c

25% 79.8 ab 61.3 be

50% 74.5 ab 69.0 b

75% 83.2 a 70.3 ab

100% 72.8 b 82.5 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.

3.2.2 Squash Fresh and Dry Plant Weights

No significant interactions were detected between the experiments and the growth media, therefore the squash
plant fresh and dry weights will be discussed averaged across experiments (Tables 2 and 3). The squash seedling
fresh weights for the leaves, seedling tops (stalks + leaves), and seedling total fresh weight (stalks + leaves +
roots] increased from the 0% SBA to 75% SBA (Table 2). The squash root fresh weights were not consistent, but
did peak at the 100% SBA, whereas the stalk fresh weights were not different across the SBA percentages (Table
2). Squash dry weights varied considerably depending on the plant components involved (Table 3). The squash
stalks (0.42 g), leaves (0.94 g), and tops (stalks +leaves) (1.35 g) peaked at the 50% SBA, while the root dry
weights and total plant weights peaked at the 100% SBA (Table 3).

Table 2. Impact of sugarcane bagasse ash percentage of growth medium on squash seedling fresh plant weights
(g) averaged across two experiments, four replications per experiment, and five seedlings per replication

Fresh Weights

SBA”

Stalk Leaves Tops Roots Total
% g g g g g
0% 3.12 a 654 ¢ 9.65 b 1.72 ab 1137 ¢
25% 3.25 a 692 bc 10.17 b 2.02 a 12.19  be
50% 3.40 a 1770 ab 11.11 ab 1.53 b 12.64  abc
75% 3.73 a 826 a 11.98 a 1.98 ab 1397 a
100% 3.40 a 1773 ab 11.14 ab  2.20 a 1333 ab

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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Table 3. Impact of sugarcane bagasse ash percentage of growth medium on squash seedling oven dried plant
weights (g) averaged across two experiments, four replications per experiment, and five seedlings per replication

SBA? Dry Weights

Stalks Leaves Tops Roots Total
% g g - g g g
0% 0.30 b 0.71 b 1.01 b 050 c 1.51 c
25% 0.35 ab 0.83 ab 1.18 ab 0.82 b 2.00 b
50% 0.42 a 094 a 1.35 a 0.77 b 2.12 ab
75% 0.36 ab  0.92 a 1.28 a 1.04 a 2.32 ab
100% 0.34 ab 0.85 ab 1.18 ab 1.19 a 2.37 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.

3.2.3 Squash Data Summary

The squash seedling lengths, fresh and dry weights indicate that although there does not seem to be a clear and
unequivocal advantage of adding the sugarcane bagasse ash to the squash seedling growth media, there is also
not a disadvantage, as far as squash seedling growth, to adding 50% to 75% sugarcane bagasse ash to the growth
media. Adding at least the 25% amount consistently shows a positive response, although not always of statistical
significance.

3.3 Cantaloupe
3.3.1 Cantaloupe Seedling Analysis

Significant interactions were detected between the planting media and experiments for cantaloupe leaves, fresh
(P <£0.0499) and dry (P < 0.0481) weights (Table 4), therefore the leaf data will be discussed by experiments
(Table 4). Due to the absence of interaction by experiments, the cantaloupe stalk lengths and other seedling fresh
and dry weights will be discussed averaged across experiments (Tables 5 and 6).

3.3.2 Cantaloupe Fresh and Dry Leaf Weights

In both experiments, the cantaloupe leaf fresh weights were the greatest for the 25% and 50% SBA media,
decreasing with either a lower or greater percentage of SBA (Table 4). The leaf fresh weight interaction between
experiments was due to a greater decrease between the 75% and 100% SBA in experiment 2 (2.24 g vs. 1.52 g)
compared to experiment 1 (2.07 g vs. 1.62 g) (Table 4). Cantaloupe leaf dry weights followed a similar trend,
where the 25% and 50% SBA media produced greater plant weights with lesser yields observed at the 75% and
100% SBA levels (Table 4). Unlike the leaf fresh weights, the interaction between experiments 1 and 2 for the
leaf dry weights occurred when comparing the differences between the 25% SBA media and the 0% SBA media
(Table 4). Whereas, in experiment 1, there was a significant decrease between the 25% and the 0% SBA media,
there was no difference between the 25% and 0% SBA media in experiment 2 (Table 4).

Table 4. Impact of sugarcane bagasse fly ash percentage of growth medium on cantaloupe fresh and dry leaf
weights (g) averaged across two experiments, four replications per experiment, and five seedlings per
replication.

SBA? Leaves Fresh Weight Leaves Dry Weight
Exp. 1 Exp. 2 Exp. 1 Exp. 2
% —-g-- - g- - g-- - g---
0% 1.64 b 2.42 b 0.29 b 0.59 a
25% 2.66 a 3.02 a 0.53 a 0.56 a
50% 2.58 a 3.20 a 0.46 a 0.62 a
75% 2.07 b 224 b 0.33 b 0.40 b
100% 1.62 b 1.52 c 0.25 b 0.38 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.
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3.3.3 Cantaloupe Stalk, Plant Tops, Roots, and Total Plant Fresh and Dry Weights

The cantaloupe seedling stalk lengths and other fresh weights (stalks, seedling tops, roots, and total seedling)
followed a similar trend as the leaf fresh and dry weights, typically peaking at the 25% or 50% SBA media
(Table 5), but never producing higher values at either the 75% or 100% SBA levels compared to the 25% and
50% media. The cantaloupe seedling dry weights also peaked in the 25% and 50% SBA range, with the stalk dry
weights not differening among soil media contents (Table 6).

Table 5. Impact of sugarcane bagasse ash percentage of growth medium on cantaloupe seedling stalk lengths and
plant fresh weights (g) averaged across two experiments, four replications per experiment, and five seedlings per
replication

Fresh Weight
SBA” Stalk Length
Stalks Tops Roots Total

% ---Cm--- -g- g- g- g

0% 2.26 be” 0.42 cd 2.45 b 1.39 ab 3.84 b
25% 2.96 a 0.69 ab 3.53 a 1.65 a 5.17 a
50% 2.93 a 0.70 a 3.59 a 1.29 b 4.89 a
75% 2.48 b 0.55 be 2.70 b 1.26 b 3.97 b
100% 2.12 c 0.37 d 1.94 c 0.69 c 2.63 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.

Table 6. Impact of sugarcane bagasse ash percentage of growth medium on cantaloupe seedling oven dried
weights (g) averaged across two experiments, four replications per experiment, and five seedlings per replication

Dry Weights

SBA”

Stalks Tops Roots Total
% —g- g- g g
0% 0.16 a’ 0.60 ab 0.37 b 097 be
25% 0.19 a 0.73 a 0.57 a 1.30 a
50% 0.18 a 0.72 a 0.55 a 1.27 a
75% 0.19 a 0.55 b 0.56 a 1.11 ab
100% 0.16 a 0.47 b 0.34 b 081 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.

3.3.4 Cantaloupe Seedling Summary

The 25% SBA consistently produced the greatest cantaloupe seedling growth across the various plant parameters
measured, although the 50% SBA media was often not significantly different from the 25% SBFA results (Tables
5 and 6). This data suggests that 25% SBA was certainly a suitable soilless media combination for cantaloupe
seedling production.

4. Conclusions

The research indicates that the addition of sugarcane bagasse ash can enhance squash and cantaloupe seedling
growth depending on the percentage of the ash added to the growth media. Squash plant stalk lengths and plant
fresh weights (stalk, leaves, tops, roots, and total plant) overall responded best at the 75% SBA and the 25% to
100% SBA squash dry weights were consistently greater than the 0% SBA. The 25% and 50% SBA media
produced the greatest cantaloupe leaf fresh weights. Cantaloupe leaf dry weights followed a similar trend, where
the 25% and 50% SBA media produced greater plant weights with lesser yields observed at the 75% and 100%
SBA levels. This data suggests that the 75% SBA and 25% SBA were certainly suitable potting media
combinations for the squash and cantaloupe seedling production, respectively. Further research should
investigate the impact of adding starter fertilizers to the bagasse amended media to further enhance the growth of



www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 1; 2016

the squash and cantaloupe seedlings. Also additional plant species should also be evaluated in their response to
bagasse ash amended growth media.
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