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Introduction 
With recent geopolitical instability and supply chain 
challenges associated with fertilizer, growers are finding it 
difficult to source affordable fertilizer for crop production. 
The price of fertilizer has increased by 30% in the first 
quarter of 2022, after jumping 80% the year before (Figure 
1). There is little expectation that fertilizer prices will fall 
in the near term (Baffes and Koh 2022). Because of these 
soaring prices, growers throughout the world are 
exploring alternatives to inorganic fertilizers, which have 
been the primary plant nutrient source for commercial 
growers since the 1950s. Many are exploring organic 
fertilizers as an option to lower their costs while ensuring 
their crops receive the proper nutrients to be productive 
(Merrigan 2022). 

 
Figure 1. Rising cost (US$/ton) of fertilizer between 2008 and 
2022. 
Credit: Baffes and Koh (2022) 

Bagasse could be an economically feasible fertilizer 
alternative to inorganic products. It is a dry and fibrous 
residue of sugarcane left after the sugar juice extraction. In 
this paper, we explore the potential of utilizing bagasse as 
a nutrient source to potentially reduce inorganic fertilizer 
inputs in the sugarcane production system. Information 
provided in this article will be useful to commercial 
sugarcane growers, crop consultants, and fertilizer 

manufacturers in helping them explore alternative 
fertilizer options. This paper provides important and 
timely information for the target audiences, considering 
the recent, rapid rise in fertilizer prices. 

The assessment of expenses includes macro- and 
micronutrient costs based on published estimates of the 
nutrient concentration of bagasse (Xu et al. 2021). While 
costs associated with logistics and application as well as 
batch inconsistency can adversely affect a grower’s 
decision to adopt bagasse in sugarcane production, we 
explore the reductions in fertilizer costs when bagasse is 
applied as an alternative viable nutrient source. 

The application of fertilizers in agriculture has been 
accepted as a fundamental requirement for crop 
production. The use of inorganic fertilizers that aim to 
boost productivity dates to the latter half of the 20th 
century, whereas traditional (mostly organic) fertilizer 
practices have been used for many millennia (Hergert, 
Nielsen, and Margheim 2015). The continuous use of 
inorganic fertilizers is expensive, and it can reduce land 
productivity (Yusuf et al. 2018). Research has shown that 
not all the fertilizer (mostly inorganic) applied to the soil is 
taken up by the crop. The rest either remains in the soil or 
is lost through leaching, physical wash-off, fixation by the 
soil, or release to the atmosphere through chemical and 
microbiological processes (Hera 1996). Recycled organic 
residues are underutilized in modern agricultural systems, 
yet research has shown that the application of organic 
amendments in conventional farming can provide long-
term benefits (van Zwieten 2018). The interactions in soil 
between organic amendments and inorganic fertilizers are 
complex. Organic amendments such as bagasse and 
compost will offset at least a portion of the cost of 
inorganic fertilizers and are documented to reduce 
nutrient loss and increase fertilizer use efficiency (Yusuf et 
al. 2018; Vanlauwe et al. 2011). 

When a grower considers adoption of a new production 
practice, one of the most important questions asked is 
“how is this going to affect my bottom line?” To understand 
the financial impact of an alternative production decision, 
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a grower needs to know the estimated changes in costs or 
revenues to accurately determine profitability. 
Additionally, the grower needs research-based information 
to evaluate the effectiveness of a new practice and how it 
can be incorporated into their existing cropping 
production system. We provide a theoretical cost-
assessment to include the economic factors related to 
utilization of bagasse as a nutrient source in sugarcane 
production. The use of bagasse likely has additional 
environmental and social benefits that are not calculated in 
this study. For example, Xu et al. (2022) reported that 
amending mineral soils with bagasse could reduce total 
organic carbon, nitrogen, and phosphorus leaching below 
the plant root zone, thus retaining more nutrients for plant 
uptake and minimizing nutrient losses to adjacent water 
bodies. 

Benefits of Bagasse 
Approximately 18 million tons (mt) of sugarcane were 
produced in Florida in 2020 (USDA NASS 2021), which 
corresponds to nearly 2.8 million mt of bagasse by-product 
(Bhadha et al. 2020). There exists an opportunity for 
utilizing the material as a soil amendment when applied on 
mineral soils, possibly offsetting some of the cost of 
inorganic fertilizer inputs (Figure 2). Typically, south 
Florida’s mineral soils are low in nutrient content due to 
their low soil organic matter content and nutrient 
retention capacity as shown in Table 1. Bhadha et al. 
(2020) have previously summarized the potential benefits 
of utilizing bagasse as a soil amendment in sugarcane 
production in south Florida (EDIS #SL477). Bagasse can 
alter the soil physiochemical properties, enhance soil 
quality, and increase crop yield (Xu et al. 2021). Its low 
bulk density (0.06 oz/in3) and low pH (4.0 + 0.1) can be 
beneficial when applied to mineral soils with high pH. 
Bagasse has high organic matter (95%) and high water-
holding capacity (>50%) (Xu et al. 2021). Bagasse also has 
a high nutrient content that could be beneficial for plant 
growth (Table 2) and is a food source for soil biota. 
Previous studies have reported an increase in microbial 
biomass and communities in the soil where bagasse mulch 
was applied (Miura et al. 2013; Silvia 2014). 

 
Figure 2. Left: Pile of bagasse being generated at the U.S. 
Sugar processing plant in Clewiston, FL. Right: Application of 
bagasse on mineral soils where sugarcane is grown. 
Credit: Stewart Swanson and Jehangir Bhadha, UF/IFAS 

Cost-Assessment Method 
We conducted a theoretical cost-assessment based on the 
total amount of macronutrients (N, P, K, S, Ca, Mg) and 
micronutrients (B, Cl, Cu, Fe, Mn, Mo, Ni, Zn) present in a 
typical mineral soil (siliceous, hyperthermic Mollic 
Psammaquents) in Clewiston, Florida. It is a common 
agricultural soil that is used for commercial sugarcane 
production in this area. Thus, it has been fertilized in the 
past based on the fertilization recommendations from the 
U.S. Sugar Corporation. The soil samples used for this 
study were collected before sugarcane was planted; thus, 
the last fertilization was done at least one year before 
sample collection. Bagasse samples were obtained from 
the U.S. Sugar Corporation sugarcane mill in Clewiston, 
Florida. Multiple bagasse samples were analyzed for 
elemental concentration (lb/ton) of N, P, K, Ca, Mg, B, Cu, 
Fe, Mn, Zn, and Si (Table 1). Total nutrients for all the soil 
and bagasse samples were measured by ashing samples for 
at least 5 hours (not exceeding 16 hours) at 550°C in a 
muffle furnace, followed by extraction with 6M HCl and 
analysis using an Agilent 5110 inductively coupled plasma-
optical emission spectrometer (ICP-OES, Santa Clara CA) 
(Xu et al. 2019). Bagasse contains similar or greater 
concentration of N, P, K, Si, Cu, Mn, and Zn than the mineral 
soils used in this assessment (Entisol from Clewiston, FL) 
(reported as dry basis shown in Table 1). Ca, Mg, and Fe 
concentrations were lower in bagasse compared to the 
mineral soil. 

Various mixes and blends of granular fertilizer are 
typically used during planting. Some of the common 
fertilizers are diammonium phosphate, muriate of potash, 
and ammonium nitrate. Other compounds in the form of 
calcium silicate and slag can also be added as required. In 
addition, micronutrients can also be applied based on soil 
test recommendations for mineral soils. The exact mixes 
and rates are typically confidential information retained by 
individual growers shared at their discretion. Given that 
detailed access to fertilizer applications by growers is 
unavailable, our analysis utilized a reasonable estimate of a 
“typical” nutrient requirement delivered as fertilizer to 
sugarcane grown on the south Florida mineral soils over 
three sugarcane crop cycles (plant cane and two ratoons) 
(Table 2). We estimated that 194 lb/ac N, 48 lb/ac P, 208 
lb/ac K, and 60 lb/ac Mg, in addition to other macro- and 
micronutrients, would be applied through typical 
fertilization practices. 

For this study, we estimated a one-time uniform 
application of bagasse (2-inch layer) corresponding to 
approximately 38 ton/ac across three sugarcane crop 
cycles. Generally, fresh bagasse moisture content can 
exceed 50%. For this assessment we used a 56.17% 
moisture content for bagasse from the estimates recorded 
by Xu et al. (2021). Based on the nutrient concentration of 
the bagasse (Table 1) and after correcting for moisture 
content, this bagasse application rate is expected to deliver 
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93 lb/ac of N, 9 lb/ac of P, 33 lb/ac of K, 70 lb/ac of Ca, and 
0.54 lb/ac of Mg (Table 2), as well as varying quantities of 
micronutrients. In addition to losses via leaching, the 
process of mineralization may be slow, and all the 
nutrients are likely not to be available to the plant in the 
same growing season. A field incubation study conducted 
in a typical commercial sugarcane production system on 
mineral soils in south Florida estimated the decomposition 
rate of bagasse and mineralization rates of N, P, and K is 
shown in Figure 3. Approximately 40% of bagasse had 
been decomposed in 130 days, and approximately 30% of 
N was released from bagasse after 7 days of application. 
However, net N immobilization was observed afterwards 
due to its high C/N ratio (Xu et al. 2021). Much like N, 
approximately 50% of P was released from bagasse after 
14 days of application, and P immobilization tended to 
have occurred afterwards. The potassium release pattern 
was different from N and P. There was a rapid release of K 
after about one week of bagasse application, and 
approximately 80% of K had been released in 130 days. 

Although bagasse is not a fast-release type of nutrient 
source, it adds organic matter, which improves the water-
holding capacity, reduces bulk density, and increases 
microbial population in the soil. Not all the nutrients listed 
will be released and made bioavailable at the same time. A 
portion of these nutrients get incorporated as recalcitrant 
organic matter in the soil; hence, only a percentage 
reduction in fertilizer savings can be expected. 

The cost assessment estimations are based on the bagasse 
nutrient concentration (lb/ton) and the amount of bagasse 
added (lb/ac) when applying a 2 in. layer of bagasse 
corresponding to proposed 38 tons/ac, the application rate 
used in this assessment over three sugarcane crop cycles. 
Given the estimated bagasse N concentrationof 5.58 lb/ton, 
the bagasse application rate of 38 tons/ac, and adjusting 
for the 56.17% bagasse moisture content, the resulting N 
application rate (lb/ac) = 5.58 × 38 × (1-0.5617) = 93 lb/ac 
(Table 2). 

Based on information provided by a local fertilizer vendor 
(April 2021), we were able to estimate the cost of 
individual nutrients applied on mineral soils on a $/lb 
basis over three sugarcane crop cycles (Table 3). Based on 
the bagasse nutrient concentration (Table 1), we estimated 
a potential nutrient cost savings of approximately $109/ac 
when 38 ton/ac of bagasse is applied to mineral soils over 
a period of three sugarcane crop cycles (Table 3). It is 
important to reiterate here that not all the nutrients are 
bioavailable at the same time. This estimate is simply 
based on the unit costs ($/lb) of inorganic nutrients 
present in fertilizer sources routinely used by sugarcane 
growers (Table 3). For example, with an expected N 
fertilizer application of 194 lb/ac (Table 2) that costs 
$0.68/lb (Table 3), the total cost of N would be $132 over 
three sugarcane crop cycles (plant cane plus two ratoons) 
(Table 3). As bagasse delivers 93 lb/ac N when applied at 

38 ton/ac (Table 2), the cost saving from bagasse would be 
$63/ac, because 93 lb of N fewer would need to be applied 
per ac. 

 
Figure 3. Bagasse decomposition and nutrient mineralization. 

Other Considerations 
While only the nutrient costs are considered in this study, 
there are other application costs that need to be 
considered in the bagasse cost assessment as a potential 
soil amendment. Some of these include: 

(a) Additional transport costs—The cost of transporting 
the bagasse and spreading it uniformly across a field may 
vary depending on the distance the material is hauled. It is 
more cost-effective to amend fields that are closer to the 
bagasse facility (sugar mill) than sites that are many miles 
away. Additionally, applying bagasse may imply additional 
labor and use of tractors equipped with bagasse-spreading 
applicators. 

(b) Moisture content—Moisture can play a critical role in 
the cost of transporting bagasse. For example, for 1,000 lb 
of bagasse containing 30% moisture, a grower is effectively 
paying to move 700 lb of bagasse and 300 lb water, 
whereas a grower would incur the same transport 
expenses for only 300 lb of bagasse containing a 70% 
moisture content. 

(c) Batch consistency—The nutrient content of bagasse 
can be variable. Certain batches contain variability in N, P, 
and K concentration. This difference will ultimately affect 
the amount of additional inorganic fertilizer that needs to 
be applied and cost associated with it, including the testing 
of each batch of bagasse to quantify nutrient content. 

(d) Availability of nutrients—While bagasse can provide 
some labile (plant-available) nutrients as soon as it is 
applied, most of the bagasse needs to be mineralized for 
nutrients to be available for plant uptake. In addition to 
losses via leaching, the process of mineralization is slow, 
and all nutrients will not be available to the plant in the 
same growing season, as shown by the slow decomposition 
rate. However, bagasse adds organic matter, which 
improves the water-holding capacity, reduces bulk density, 
and increases microbial population in the soil. These 
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factors are relevant when considering bagasse applications 
for nutrient delivery. 

Conclusion 
With recent global fertilizer shortages, and the resultant 
explosion in fertilizer prices and assessments indicating 
that this situation will not be resolved quickly, the issue of 
alternative fertilizer sources is of prime importance. Based 
solely on estimated nutrient costs, bagasse can be an 
economically feasible organic supplement that can be 
incorporated in the sugarcane production cycle. 
Incorporation of bagasse in soil could be a good option for 
sugarcane growers to improve their soil conditions while 
utilizing large tonnage of bagasse (by-product) produced 
each year in sugar production. Future research is 
recommended where the analysis includes the application 
of bagasse and the incorporation of it in the soil over time 
so that mineralization and stabilization can occur. This 
evaluation would need to be followed by subsequent soil 
analyses to verify actual bagasse contributions. Additional 
analysis is also necessary to fully understand the value of 
the environmental benefits (i.e., reduced water pollution 
and improved soil quality) and social benefits (i.e., higher-
quality drinking water) from using bagasse, an organic 
fertilizer, instead of inorganic alternatives. 
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Table 1. Macro and micronutrient concentration in mineral soils, bagasse, and plant tissue (all values are 
reported on a dry-weight basis). 

Nutrient Mineral 
Soil(lb/ton) 

Bagasse Concentration 
(lb/ton) 

Typical Plant Content*Avg (Range) 
(lb/ton) 

N 2.68 5.58 30 (10–100) 

P 0.52 0.52 4 (2–10) 

K 0.54 2.0 20 (10–100) 

Ca 5.74 4.2 10 (10–100) 

Mg 1.68 0.027 4 (2–20) 

Fe 3.62 0.66 0.2 (0.1–2) 

Si 0.55 0.8 n.a. 

B n.a. 0.021 0.040 (0.002–0.2) 

Cu 0.01 0.013 0.006 (0.004–0.02) 

Mn 0.09 0.065 0.1 (0.04–0.4) 

Zn 0.02 0.026 0.040 (0.02–0.2) 

*Data obtained from University of Idaho Extension (Mahler 2004). 

n.a. corresponds to not available. 

Table 2. Approximate quantity of nutrients in the form of fertilizer applied compared to the quantity of 
nutrients that bagasse can potentially deliver to the soil when 38 tons/ac (2-inch layer) of bagasse is applied 
with a 56.17% moisture content. 

Nutrient Fertilizer Applied 
(lb/ac) 

Bagasse Provides 
(lb/ac) 

Nutrient Delivery from Bagasse Relative to 
Fertilizer Applied (%) 

N 194 93 47.9 

P 48 9 18.7 

K 208 33 15.9 

Ca 360 70 19.4 

Mg 60 0.54 0.9 

Fe 5.3 11 207.5* 

Si 580 13 2.3 

B 0.98 0.36 36.7 

Cu 4.3 0.22 5.2 

Mn 8.0 1.07 13.4 

Zn 2.9 0.45 15.5 

*>100% corresponds to a surplus in fertilizer required. 
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Table 3. Estimated cost ($/ac) of fertilizer for sugarcane over three sugarcane crop cycles (plant cane plus two 
ratoons) at the recommended rate on mineral soils compared to the estimated cost saving associated with the 
one-time application of 38 ton/ac bagasse, assuming that all nutrients are made bioavailable.* 

Nutrient Unit Cost of Nutrients as 
Fertilizer ($/lb) over Three 

Sugarcane Crop Cycles 

Estimated Cost ($/ac) of Using 
Fertilizer over Three 

Sugarcane Crop Cycles 

Estimated Cost Savings 
($/ac) of Applying 38 
ton/ac of Bagasse* 

N 0.68 131.9 63.2 

P 0.76 36.5 6.8 

K 0.45 93.6 14.9 

Ca 0.09 32.4 6.3 

Mg 1.46 87.6 0.8 

Fe 0.92 4.9 10.1 

Si 0.10 58.0 1.3 

B 3.32 3.3 1.2 

Cu 5.89 25.3 1.3 

Mn 1.64 13.1 1.8 

Zn 2.43 7.0 1.1 

Total  494.0 108.8 

1 This document is FE1121, one of a series of the Department of Food and Resource Economics, UF/IFAS Extension. Original publication date 
December 2022. Visit the EDIS website at https://edis.ifas.ufl.edu for the currently supported version of this publication. 
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