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Abstract: Sugarcane (Saccharum officinarum) is one of the major crops cultivated in tropical and
sub-tropical countries, and the primary purpose is to obtain raw sugar. It is an important substance
for sugar and alcohol production by both the sugar and beverage industries. During cane processing,
various byproducts are obtained, namely sugarcane bagasse, bagasse ash, pressmud cake, sugarcane
vinasse, and spent wash. There are many challenging problems in storage, and they cause great
environmental pollution. This review discusses their properties by which they can be used for
cleaner agricultural and environmental sustainability. Utilization of byproducts results in value-
added soil properties and crop yield. Replacing chemical fertilization with these organic natured
byproducts not only minimizes the surplus usage of chemical fertilizers but is also cost-effective
and an eco-friendly approach. The drawbacks of the long-term application of these byproducts in
the agricultural ecosystem are not well documented. We conclude that the agriculture sector can
dispose of sugar industry byproducts, but proper systematic disposal is needed. The need arises to
arrange some seminars, meetings, and training to make the farming community aware of byproducts
utilization and setting a friendly relationship between the farming community and industrialists.

Keywords: sugar industry; environmental pollution; sustainable productivity; soil properties;
environment sustainability

1. Introduction

Sugarcane (Saccharum officinarum) is an important cash crop belonging to the family
Gramineae, cultivated in tropical and sub-tropical regions of the world. About 200 countries
are cultivating it, amongst which Brazil is the largest producer, contributing around 25%
of the world’s total production [1]. Annual cane production in Brazil, India, China, and
Pakistan was 648, 348, 124, and 64 million tonnes, respectively [2]. The major use of cane
is its utilization for sugar production, which contributed about 92% of cane produced [1].
Brazil, India, Australia, China, and Thailand contributed about 40% of worldwide sugar
production. Amid 115 sugar-producing countries, 67 are cultivating sugarcane, 39 are using
sugar beets, and 9 countries are utilizing both sources; this indicates sugarcane is about a
70% contributor to sugar production [3]. The sugar industry is also playing a key role in
the economic development of Pakistan as one of the major and oldest agro-industries in
the country, contributing about four billion PKR to Gross Domestic Product (GDP) [4].

In addition to sugar and beverage production, sugarcane processing industries are
generating environmentally unsafe byproducts and their disposal is also a big issue [5].
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Pressmud cake (PMC; 3.4%) and sugarcane bagasse (SCB; 25–30%) are key produced
byproducts during sugar production. In Thailand, about 1.7–2 million tones PMC and
15–18 million tones SCB were obtained annually from 1994–2000 [6]. During the distillation
of cane in alcohol production, wastewater called spent wash (SW) is obtained. About
12–15 L of spent wash is released for a liter of alcohol [7]. The release of SW in nearby
watercourses by many industries results in the higher mortality rate of aquatic animals.
The organic nature of SW makes it a rich source of plant-available nutrients; hence, treated
SW can be used as an organic fertilizer in the agricultural industry [7]. Long-term input
of untreated SW in the soil causes accumulation of toxic substances resulting in induced
pollution [8].

Ethanol production also results in the release of sugarcane vinasse (SCV); processing
1-L ethanol from sugarcane releases about 10–15 L SCV [9]. In Brazil, approximately
350 working refineries are capable to produce about 16 billion liters of ethanol/year [2].
The domestic sewage discharged by a town of 1.5 lac inhabitants is equal to the direct
disposal of 1000 m3 SCV per day [10]. It also has important crop-required nutrients and is
being used as fertilizer as well as a soil conditioner in agricultural fields [11]. The fertigation
of SCV as a fertilizer source helps in controlling the addition of toxic substances in water
bodies [12]. To use the byproducts as an important input in the agricultural system requires
them to be treated before application. Thus, possible treatment methods in safe grains
production need to identified (kind and dose of byproduct, crop-specific, and site-specific
byproducts application). However, the relevant knowledge has not been well synthesized.

Here, we review the state-of-the-art knowledge for their prime role in field productiv-
ity, economic development, and suitable disposal. Particularly, we focused on important
factors influencing soil nutrients status, crop productivity, and environmental sustainability.
Principally, we review the effects of using sugar industry byproducts on plants and soil and
shed light on the mechanism reported in this regard. We aimed to answer the following
queries: What are the major sugar industry byproducts and their properties? How can they
be used in the agriculture field? What are the impacts of byproducts on soil health, plant
production, and the environment? What factors are involved in improving soil properties
and plant yield? What environmental issues will be arising or solved using industrial
wastes? What are the research queries scientists need to address in future?

The review consists of 9 sections: the introduction and background of the review
(Section 1), review methodology (Section 2), needs of the organic amendments (Section 3),
physico-chemical properties of sugar-industry byproducts (Section 4), effects of byproducts
on crop yield and soil properties along with the mechanisms (Section 5), benefits of sugar-
industry byproducts (Section 6), problems and constraints (Section 7), future aspects
(Section 8), and conclusion of the review (Section 9).

2. Review Methodology

The scope of this article is to provide a review of an eco-friendly disposal of sugar
industrial byproducts, specifically in agriculture, and to find its impact on crop yield,
soil productivity, and the environment. To ensure the quality of the review, we collected
peer-reviewed journal articles, review papers, books, and research reports indexed by
Google Scholar, Scopus, Science Direct, and Web of Science databases. Firstly, we prepared
a list of keywords related to the objectives and scope of the article. Afterward, the pool of
references was identified using the keywords “sugar industry wastes”, “pressmud cake”,
“sugarcane bagasse”, “spent wash”, “sugarcane vinasse”, and “sugarcane byproducts”.
Finally, we read and identified the references by following the given criteria.

2.1. Literature Review

In this review, we have focused on the potential use of sugar-industry byproducts.
Therefore, we do not focus on any specific byproduct and considered all the waste products
eliminated by the sugar industry. This study provides basic knowledge and information to
the farmers, industrialists, and practitioners related to the agro-industrial sector. Further-



Water 2021, 13, 3495 3 of 19

more, we selected the articles discussing the experiments using byproducts and sharing
their impacts on soil, plant, and the environment.

2.2. Selection Criteria

To guarantee the quality of the review, we selected articles and reports published in
reputed journals and organizations. Moreover, reports were excluded if they were not
related to the utilization of byproducts in agriculture. Related guidelines for selection
criteria were studied from previous studies [13].

• The disposal of industrial waste in agriculture and all other queries related to this
objective were the priority.

• While sorting out the articles, the questions discussed in the introduction section were
kept a priority.

• Excluded the data if it was not related to the agriculture and sugar industry.
• The articles not published in well-reputed journals were also excluded.
• The information for the benefits of agro-industrial sector was addressed and trans-

formed into tables and figures.

3. Why There Is a Need for Organic Amendments?

The human population has been growing rapidly in the last two centuries, leading to
industrial development worldwide that results in higher waste and hazardous material
induction in the soil and water, causing great environmental pollution [14]. It is impossible
to convert these pollution-generating industries with clean ones, but one alternative is
to treat the waste and utilize it as raw material for other industries [15]. The extended
population has also given rise to a big challenge to the farming community, as agricultural,
and environmental scientists to find ways of cleaner production with maximum yield [16].

Intensive cropping has reduced the soil capacity to supply nutrients, which shows
an incredible decline in soil fertility and damages sustainable agricultural production [17].
Alteration in physico-chemical properties of soil and deficiency of macro, micro, and
secondary nutrients has reduced optimum nitrogen (N), phosphorus (P), and potassium
(K) supply to maintain crops production. This phenomenon induced the need of identi-
fying alternative nutrients sources [18]. The microbial population, its size, activity, and
biodiversity can be enriched with appropriate organic residues [19]. Rice, wheat, and
sugarcane are highly exhaustive crops and require higher nutrient inputs to enhance their
production. In their cropping system, about 28 to 30 million tonnes of nutrients (NPK) are
removed, whereas about 18 to 20 million tonnes are added, creating a deficiency of 10 mil-
lion tonnes [18]. Study recommends the combined application of organic and inorganic
nutrient sources to meet nutrient deficiency challenges, maintaining soil fertility, better soil
health, and sustainable agriculture [20].

Sugarcane industries are releasing sufficient quantities of byproducts while producing
sugar and beverages. These byproducts could be effective in the agricultural production
system, help in environmental protection, and reduce expensive chemical fertilization [21].
Application of industrial waste to soil in agricultural production systems is considered an
easy and cost-effective technique to dispose of these substances [19]. The study [22] has
also reported that conversion of wastes in organic manures not only reduces the pollution
but also flourishes the soils and reduces fertilizer cost. In addition, continuous application
of organic substances can maintain the soil production capacity [16], fertility, and nutrient
status [23].

To enhance net income for the farming community and taking up their livelihood,
use of expensive chemical fertilizers should be de-emphasized and replaced with locally
generated organic manures to promote sustainable agriculture [16,24]. In Asian countries,
soil-water degradation and poor nutrient management have reduced the productivity in
the rice-wheat cropping system [25]. In addition, the increasing demand and reduction
in availability of fresh water has resulted in water scarcity. It has been reported that
the agriculture sector accounts for approximately 69% of the water withdrawals [26].
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Furthermore, agro-industries, specifically sugar-industries, are huge consumers of fresh
water as well as generating huge amounts of wastewater and byproducts [27]. Therefore,
proper management of wastewater can be used to tackle the water scarcity problem [28].

From sugarcane industries, SCB and PMC are highly produced wastes and have
proper dispose-of problems [18]. The major products of sugarcane industries are sugar and
alcohol but processing also gives rise to some nutrient-enriched byproducts that can be
used as fertilizers and soil conditioners in the agricultural ecosystem [21]. These organic
byproduct residues are good sources of macro and micronutrients and, when applied to
soil, result in improving the soil’s physical, chemical, as well as biological properties [18].
In addition, severe pollution issues might arise with the discharge of SW in water bodies.
Therefore, its use as fertilizer and fertirrigation or a combination with other byproducts
could be an effective practice [29].

Studies reported that PMC is highly cheaper than chemical fertilizers, has higher
productivity potential, and enhanced carbon sequestration in the soil environment [19]. Its
application, at the rate of 5 tonnes ha−1, has the potential of saving 60 and 40 kg N ha−1

in rice and wheat, respectively [20]. Composting of 3202 kg of PMC releases nutrients
approximately equal to 502 kg of triple super phosphate; grain and straw yield of rice,
dry matter yield, and P uptake were also comparable [18]. Vinasse application in the
agricultural ecosystem improves the structure of soil, water contents, cation exchange rates,
ions availability, nutrient status, microbial biodiversity, and their activity [30]. It serves as a
complete fertilizer in sugarcane production [31] and is commonly being utilized as fertilizer
in many countries [32] as it can improve total N, chloride ions, humic acid, and organic
matter contents in soil [33]. Distillery effluent application with NP fertilizers gave similar
yields as NPK, which suggests K fertilization can be skipped with SW application [34].
Studies showed that sugarcane crops have a positive response to SCV application, and it
also improves the soil properties [11]. It is also found that the combined use of SW and
inorganic fertilizers (NPK) reduced the cost with sustained production [25].

4. Physico-Chemical Properties in Sugar Industry Byproducts

As discussed above, sugarcane-processing industries are producing different byprod-
ucts that have different storage and disposing-of issues. Their utilization in the agricultural
ecosystem is also under consideration, and the release of these byproducts at different
processing periods is shown in Figure 1. They are being produced at milling, purifica-
tion, and fermentation stages for the production of sugarcane juice, sugar, and alcohol,
respectively. Organic natured byproducts have different nutrient pools, and chemical and
physical properties to influence the soil properties. The apparent variations in their looks of
the mostly produced three byproducts are shown in Figure 2. Physico-chemical properties
of each byproduct are discussed (Tables 1 and 2).
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Table 1. Composition of various sugarcane byproducts.

Parameter Sugarcane Bagasse Pressmud Cake Sugarcane Vinasse Spent Wash

Water 49% 80% 93%
Organic matter - 50% 19.5 g L−1

Nitrogen 0.4% 1.5–2.5% 3.3% 1200–5000 mg L−1

Phosphorus - 1.8% 1190 mg L−1 225–3030 mg L−1

Potassium - 0.9% 120 mg L−1 9600–17,400 mg L−1

Cellulose 50% 11.4% - -
Hemi cellulose 25% 10.0% - -

Lignin 25% 9.3% - -
Ash 2.4% 9–10% 3.3%

Source [35,36] [19,37,38] [2,39,40] [41]

Table 2. Chemical characteristics of sugarcane byproducts.

Parameter Sugarcane Bagasse Pressmud Cake Sugarcane Vinasse Spent Wash

pH - Acidic/alkaline 3.5–5 3.8–5
EC (dS m−1) - - 0.328 28

C:N ratio 100 14 - 15.8
Source [21] [42] [11] [34,41,43]

Sugarcane bagasse is a cellulosic agro-industrial byproduct released after crushing
and extracting juice from the canes. It is a dry, pulpy residue and is fibrous in nature [18],
composed of approximately 50% cellulose, 25% hemicellulose and also lignin, 30% pen-
tosanes, and 2.4% ash [44]. It is utilized as raw material for pulp, paper, electricity, and
fermentation, and is also involved in enzymes production, protein enrichment, and sub-
strate for microorganism culture [36]. Sugar industries are discarding a large amount of
SCB on a daily basis, causing different environmental problems. So, it is necessary to
identify an appropriate method for its disposal as soon as possible [45].

Combustion of SCB results in the production of bagasse ash (BA). About 25 kg of ash
is produced from each tonne of SCB. The ash does not contain an adequate amount of
minerals, but it is used as fertilizer. In addition, it is also used in the construction industry
as a cementing agent [46]. Pakistan sugar industries are producing an estimate of about
2.0 million tonnes BA per annum, which is a good micronutrients source [47].

The sugar industry eliminates a solid waste byproduct known as PMC. It is produced
after the filtration of sugarcane juice. For every 100 kg sugarcane crushed, about 3 kg PMC
is generated as waste. Being a waste product, it creates disposal issues and environmental
pollution, whereas it is a rich source of nutrients such as phosphorus (P), potassium (K),
and organic matter. Therefore, it can be used as compost for better crop productivity and
improving soil physical, chemical, and biological properties [22]. In addition, it is reported
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that PMC compost contains enzymes, hormones, vitamins, and plant growth regulators
that are beneficial for plant root percolation and soil aeration. Furthermore, it is free of any
unfavorable substance for microbial activity [48].

Pressmud cake (PMC) is obtained from two processes: sulphitation process and
carbonation process. In acidic soils, it is recommended to use PMC obtained through the
sulphitation process due to its acidic nature. It contains organic matter (26%), N (2.43%),
P (2.95%), and K (0.44%), whereas the latter one is alkaline, and thus considered good
for acidic soils. Its constituents are organic matter (15.07%), N (0.88%), P (0.93%), and K
(0.53%), respectively [18].

Moreover, PMC is soft, spongy, and dark brown. Its composition shows that it contains
sugar, fiber, cane wax, inorganic salts, and soil particles. Moreover, different elements
such as water, macronutrients, calcium, sulphur, and other substances are also present in
varying concentrations. It is a low-cost material with effective mulching properties. In
addition, it contains fibrous material that has a high water-holding capacity, and thus can
be considered as a soil amendment. On the other hand, its bulky nature makes it difficult
to handle and, when freshly applied, it becomes toxic to the plants by liberating a high
amount of heat and ammonia due to rapid decomposition [19]. It can be beneficially used
as organic fertilizer after wax extraction, as it improves the soil water holding capacity.

It is reported that PMC contains crude wax (5–14%), fiber (15–30%), crude protein
(5–15%), sugar (5–15%), and total ash (9–10%). It also consists of oxides of Mg, Si, P,
and Ca and other macronutrients [49]. It is rich in sulphate and carbonate and usually
consists of lime (70%), organic matter (15–20%), and sugar (2–3%) [50]. Due to complex
cellulose matrix and lignin, PMC is not easily degradable, whereas different microbes
such as fungi, bacteria, and some actinomycetes contribute to PMC decomposition [51].
Currently, as the farmers cannot afford the high-cost mineral fertilizer, PMC is a good
source of plant nutrients.

Sugarcane vinasse has high chemical oxidation demand (COD) and low pH. It consists
of various organic compounds such as acids, ketones, esters, sugars, etc., total soluble
solids (2–4%), and has high turbidity [11]. Moreover, it also contains dry matter (8.4%),
total ash (3.3%), crude protein (4%), total carbohydrates (0.95%), reducing sugar (0.75%),
Na (0.29%), K (0.94%), water (93%), and organic solids and minerals (7%) [52]. In addition,
SCV contains different organic compounds such as glycerol, ethanol, acetic acid, lactic acid,
and organic acids such as lactate, acetate, malate, and oxalate. Moreover, phenol contents
and alcoholic compounds are also present [53].

The chemical composition of SCV showed that it contains a high amount of Ca and K,
along with moderate levels of N. It is dark brown in color, acidic, and has an unpleasant
odor [52]. Moreover, SCV is also useful in detoxification of soil impurities. Bioremediation
is a process in which microorganisms or plants are used to detoxify contaminants. The
microbial activity of the microbes is stimulated by the addition of nutrients. Therefore,
to detoxify the soil contaminants, SCV can be used as a nutrient supplier for microorgan-
isms [2].

The continuous application of SCV for 2–3 years reduced the soil bulk density and clay
contents, enhanced the soil K contents, and total and capillary porosity in the sugarcane
field [54]. It has also been revealed that it decreases the soil pH level but significantly
increases the availability of N, Mg, and K contents in the soil [55]. Thus, using SCV as
an organic amendment is a conversion of waste to wealth. Other than as an organic
fertilizer, it has also been used for the production of livestock feed due to its high nutrient
concentration [56].

It has high organic contents and dissolved solids that make it hazardous to the envi-
ronment when directly disposed of, causing soil and water pollution [40]. When produced
from sugarcane molasses, it has low pH and total solid contents (2 to 4%) but high COD [11].
Moreover, SCV is a corrosive material, having high biological oxidation demand (BOD);
therefore, its disposal in rivers may harm aquatic life, especially in large amounts [57].
According to some researchers, its COD is about 70,000–80,000 mg L−1 and BOD is about
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45,000–65,000 mg L−1 [58]. Moreover, it could also be a source of fats, oil, and grease, and
thus considered unsafe [59].

Spent wash is a distillery liquid having dark brown color and an unpleasant odor [41].
It is acidic in nature and has high BOD (40,000 to 60,000 mg L−1) and COD (1,00,000 to
1,20,000 mg L−1). Moreover, it contains organic matter and plant nutrients (N, P, K, Ca, Mg,
Na, and S) and its properties resemble humic acid [60]. The compounds present in SW are
highly recalcitrant and have antioxidant properties, which might be toxic to microbes [60].
It also consists of low molecular mass bioactive substances such as hormones, humic acids,
and vitamins [25]. Moreover, it has a considerable amount of Ca that makes it useful for
reclamation of sodic soils [61].

The dark brown color of SW is due to melanoidin, a polymer compound. It is formed
by the non-enzymatic reaction between sugar and amino compounds at high temperature.
Melanoidin is about 2% of the SW by mass; however, its concentration may vary in distillery
SW and sugar industrial SW [62]. With the advancement in agribusiness, the production of
waste materials in agriculture and related industries is increasing day by day. Therefore,
it is necessary to introduce multiple techniques to minimize and/or re-use the waste
products [63].

5. Effects of Products on Crop Yield and Soil Properties

Sugarcane byproducts significantly impact crop yield and soil properties (Figure 3).
The study [22] reported that the application of 1.25 tonnes ha−1 enriched PMC compost
reduces the mineral fertilizer requirement up to 20% for rice crop. PMC compost maximizes
the crop yield and also improves the soil fertility when applied as a basal dose along with
three splits of nitrogen mineral fertilizer in kharif season. Application of 6 tonnes ha−1

PMC alone and 4 tonnes ha−1 PMC along with 5 kg Azotobacter ha−1 both give similar
results when applied in sugarcane fields [64]. It was studied [65] that PMC increases
nutrients in soil and also maximizes the agronomical performance of eggplant when used
in low proportion (up to 40%).

Application of PMC along with nitrogen improves dry matter, sugarcane yield, and
sugar production [66]. Moreover, PMC also contains N, and thus its excessive amount
leads to the depression in cane quality [67]. The effects of PMC on soil properties include
improved N, P, and Ca contents and decreased aluminum concentration [21]. It also
increases the soil cation exchange capacity (CEC) and its residual effects last for 4 years [68].
As described earlier, PMC contains macro and micronutrients, and along with 21% organic
carbon thus promote microbial activity and supplies plant nutrients [18].

Pressmud cake is a rich source of moisture contents, P, and organic matter and it
can be used as a complete/partial substitute for chemical fertilizers in cane crop. It is
also used in composting, vermicomposting, and production of seedlings [21]. In the
Midlands, an excellent response was observed when PMC was applied in large quantity
as a phosphatic fertilizer in the soils having high phosphorus fixation. Distillery effluent,
when incorporated with PMC, increases the plant nutrients (N, P, K, and S) due to improved
microbial activity [18].

Excessive use of inorganic fertilizers decreases the nitrogen use efficiency (NUE);
thus, a very large amount of N fertilizer will be required to fulfill the food requirement
of 9.3 billion people in 2050 [69]. The study [70] concluded that the application of PMC
and urea (1:3) improved the maize yield, NUE, and N uptake, as well as reduced N losses
in poor soils. By applying PMC, the soil carbon sequestration rate can be boosted, along
with the betterment of soil and mitigation of climate change. Moreover, organic carbon
increases up to 150% after the first application when PMC is applied as organic manure,
whereas a 36.36 and 30.67% increase was observed in subsequent growing seasons [19]. It
also minimizes the nutrient losses through leaching and runoff as it prevents the soils from
water and wind erosion [24].

Pressmud cake also increases the microbial population in soils which contributes
to the organic matter decomposition and subsequently releases nutrients for plants [19].
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The low C/N ratio of PMC composting results in N losses which can be minimized by
preparing a mixture compost of SCB and PMC. It has been reported that PMC added as
an organic amendment at the rate of 60 tonnes ha−1 prevents weeds competition and also
increases manioc crop productivity by 50% as compared to chemical fertilization [21].

In sugarcane field, when applied as a base fertilizer, SCV improves the soil fertility
status and increases the sugarcane and sugar yield without causing any hazardous effects
on groundwater [54]. It is revealed that the spray of SCV without any mineral fertilizer en-
sures good growth of sugarcane plants and also improves sucrose contents [71]. Moreover,
it is responsible for increasing Na and manganese (Mn) concentrations but not to toxic
levels, while the increase in K levels is useful. Furthermore, the application of SCV also
effects soil physico-chemical properties. It increased the concentration of K, Na, and Mg in
soil [72]. In Spain, SCV based organic compounds were applied on beet and maize crop.
Results indicate that SCV is a good alternative form for chemical fertilizers, thus reducing
environmental pollution [21].

The top creepers vegetables can be cultivated using SW only and without any organic
or inorganic fertilizers. Thus, it reduces the cultivation cost and upgrades the economy
of farmers [73]. Application of SW (80 tonnes ha−1) + fertilizer (84:56:56 kg NPK ha−1)
improved the cane production [25]. Moreover, it also increases the zinc (Zn), copper (Cu),
Mn, and iron uptake in wheat and maize, with lower dilution levels [73]. This study [8]
revealed that it is a good source of plant nutrients as well as a sodic soil reclaiming agent.
When applied at the rate of 180 m3 ha−1, the physical, chemical, as well as biological
properties of sodic soils were improved. However, it hinders seed germination due to the
high sticky nature. It blocks the relationship between soil, groundwater, and plant. As time
passes, its high viscosity and gravity make it percolate down to the groundwater [74].

It was concluded that the application of distillery effluent improved the soil physical
properties as well as gave similar yield to that of 100% recommended NPK + manure in
soybean. Thus, it can be used as a soil amendment, but in prescribed limits to avoid soil
salinity development. Organic carbon, available K, saturated hydraulic conductivity, bulk
density, and volumetric water content improved with effluent application [7]. There was
no change in pH while soil EC increased which shows that it might increase the soil salinity
in the long run [75].

The high concentration of SW decreases the seed germination, seedling growth, and
chlorophyll contents in Brassica napus [76] and sunflower [77]. Spent wash improved the
germination and growth of groundnut (VRI-2) and gingelly (CO-1) when applied at 10
and 20% dilution. It improved the biomass yield of Cumbu Napier hybrid fodder (three
cuttings) when applied at the rate of 37.5 m3 ha−1 with supplementation of recommended
NP 25 and 60% [41]. However, inappropriate discharge of SW results in soil pollution and
acidification. It might disturb seed germination rate, reduce soil alkalinity, and adversely
affect crop production [78].

Moreover, SW application increases the soil organic carbon and microbial biomass,
and ultimately improves oil fertility status. It is a nutrient rich source for microbes and also
provides energy, proteins, and sugar, which contribute to growing the microbial population
and activities in soil. It also improves nutrient uptake in plants that can be associated with
the improved soil properties and enzymatic activities [27].

Bagasse ash and rice husk biochar, when applied in the sandy soils of Florida, resulted
in better sugarcane yield [79]. Moreover, it can be used in rice-wheat cropping systems
for improved productivity with no harm to soil health [16]. Potassium partial factor
productivity increased with the combined application of PMC and mineral fertilizers.
Meanwhile, physiological K efficiency enhanced with the use of BA and microbial inoculant.
This shows that the combined application of organic, inorganic, and biofertilizers can
effectively improve the sugarcane yield along with N and K use efficiency [80].
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5.1. Mechanisms Involved in Effecting Crop Yield

Sarwar [82] reported that the application of PMC and urea (1:1) increases the number
of millable canes and cane yield as compared to PMC alone. Pressmud cake, when applied
in sugarcane field, improves the growth and yield parameters, including weight and
number of millable canes [18]. Moreover, it is reported that the combined application of
PMC and mineral fertilizers increases the number of tillers in rice, whereas a high dose of
PMC compost leads to the reduction in productive tillers [83]. It might be due to the poor
mineralization of N at the requirement stage and soil native N immobilization [84].

The application of SCB and PMC decreases the soil bulk density and improves the soil
macropores, which lead to better root growth, and better cane yield is ultimately attained.
Moreover, plant P uptake from water-soluble P fertilizers increases due to the addition of
organic acids in soil [18]. Bagasse and PMC (5 g kg−1 of soil), when applied in combination
with rice straw, increase the P availability (68%) and decrease the soil P fixation (20%) [18].
Pressmud cake when applied increases the CEC of soil for 2.5 years [68].

In sugarcane fields, diluted SCV is being used by researchers as liquid fertilizer. The
application showed improvement in soil properties as well as crop productivity [31]. Patil
and Shinde [85] observed an increase in dry matter production of maize with the appli-
cation of spent slurry PMC and SW. It has been observed that SCV concentration up to
2.5% increases the activity of growth enzymes and chlorophyll contents and protein con-
tents of Pisum sativum and Helianthus annuus. However, its higher concentration decreases
these parameters. Seed germination percentage and germination index of these crops also
retard with the increase in SCV concentration [58].

Different varieties of pulses were influenced by the 33% SW irrigation. This might be
due to the better nutrient absorption by plants at higher dilution of SW [77]. The higher
concentrations of effluent are not recommended for irrigation as they cause toxicity due to
excess nutrients. Therefore, proper dilution of effluents is required for better growth and
yield [86]. Moreover, when applied to sodic soils, SW significantly improved the rice grain
yield [41]. It has been reported that high CO2 evolution is due to the acidic nature of SW
which significantly affects the dry matter yield of maize crop [85]. The protein percent in
wheat grains increased at lower dilutions, while the opposite trend was observed in maize
grains when starch percent was studied [34].

According to [87], in acidic soil conditions, PMC and BA are good nutrients sources
and also correct the soil pH. Authors also observed that BA used in a lesser amount
than PMC gave higher wheat yield in low fertile soils. The application of PMC and SCV
improves the soil fertility and biological properties [5]. It also contributes to enhancing the
sugarcane productivity and reduces the use of chemical fertilizer. Previous studies indicate
that the application of PMC improved the yield of finger millet, enhanced the wheat yield
and yield components, and produced higher cane yield and stalks (Table 3). Application of
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PMC significantly improved the sweet potato yields and maize production along with the
soil organic matter [88].

Table 3. Crop yield obtained using byproducts.

Country Crop Byproduct Yield (T ha−1) Reference

China Sugarcane Pressmud 104.5 [5]
China Sugarcane Vinasse 109.4 [5]

Swaziland Maize Pressmud 5.2536 [88]
Swaziland Sweet Potato Pressmud 13.4274 [88]

India Fish Millet Pressmud 3.215 [89]
Mauritius Sugarcane Vinasse 84.9 [90]
Pakistan Rice Spent wash 7.41 [91]
Pakistan Wheat Pressmud 5.80 [47]
Pakistan Sugarcane Spent wash 117.6 [92]
Sudan Sugarcane Pressmud 100 [93]

Spent wash application increased the yield and quality of maize fodder [85]. Moreover,
SCV application gave higher sugarcane yield as compared to mineral fertilizer alone
(77.3 tonnes ha−1). In addition, [91] reported that rice growth and yield were enhanced
significantly by the fertigation of distillery SW.

5.2. Mechanisms Involved in Change of Soil Properties

Application of organic residues having a wider C:N ratio initially immobilizes soil
N, and when mineralization sets in, nitrate is released [18]. With the application of PMC
compost and other organic residues, plant height increases, which might be due to the
mineralization process which releases and supplies N [94]. The available soil N increases
with the application of PMC; this shows that N in PMC is readily available to the crop.
This might be due to the activity of microbes involved in soil N transformation [5]. The
mineralization of N fertilizers and organic residues might fulfill the requirement for N at
plant growth stages, leading to improved plant height [94].

Results of many authors confirmed that the soil available P increases with the appli-
cation of PMC compost, which might be due to the P contents present in compost which,
upon decomposition of organic matter, is solubilized by the organic acid and results in
an insoluble form of P [18]. The effect of organic acids on P adsorption was identified
by three possible mechanisms, including competition for P adsorption sites, dissolution
of adsorbents, and change in the adsorbents surface charge. Organic acids solubilize P
compounds by forming complexes with metal ions. Complex formation depends upon
position and number of carboxyl and phenolic functional groups [18].

The application of enriched PMC (1.25 and 2.50 tonnes ha−1) positively affects the
availability of K. This effect could be due to the easily degradable organics which create
reducing conditions with the release of K ions in soil solution [95]. PMC not only improves
the soil structure but also makes the salts leach down; this effect is due to the acidification
of soil and availability of the soluble calcium [96]. Moreover, when applied alone or in
combination with gypsum, PMC decreases the soil pH, electrical conductivity, and ESP [50].
Application of organic amendments flocculates the clay minerals, increases soil porosity,
and decreases the soil bulk density, thus improving the soil structure of sodic soils [97].

The application of SCB increases the larger macroaggregates formation and reduces
the microaggregates as a result of the bulk density decrease [98]. Similar results were
observed by Wang et al., 2014, that organic amendments reduce the dry bulk density (11%)
and increase the total porosity (25%) as compared to control. Unlike PMC, SCB decreases
the soil particle density. Because SCB is a lower density organic matter, it decreases the
mean density of the solid phase.

The application of organic manures, such as PMC, composts, etc., effectively decreases
the soil pH as compared to control (no organic manure) [99]. Moreover, a study revealed
that soil organic carbon concentration increases with the use of PMC [100]. Thus, an
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increase in pH can be related to the high organic carbon concentration and microbial
activity. Furthermore, decomposition of organic matter produces carbonic acid which also
reduces soil pH [50].

Sugarcane byproducts contain sugar that increases microbial decomposition; thus, P is
released in soil [101]. It has been revealed that organic wastes release organic acids, which
compete for P fixation sites, and thus reduce the soil P fixation capacity [102]. Additionally,
application of PMC increases the nutrient availability due to the presence of organics,
microbial activity, and soil nutrients mineralization [103].

The high level of PMC reduces the soil pH, thus improving the availability of P and
other micronutrients. Such changes in soil are significantly important for the better crop
productivity. Therefore, as the levels of PMC increase, growth, yield, and productivity of
wheat also increase [47]. Organic fertilizers have positive effects on soil properties and crop
production [104]. Similar results were found that organic fertilizers not only improved
physical properties of soil but also enhanced microbial activity in crop rhizosphere [47].
The rate of soil carbon sequestration can be boosted, and the role of organic matter can be
elucidated for the improvement of soil health and to mitigate climate change [105].

The agronomical performance of Trigonella foenumgraecum crop increases at lower dilu-
tions as compared to higher ones. The maximum growth was attained at 50% concentration.
It might be due to the low accumulation of plant nutrients leading to better growth perfor-
mance [106]. Moreover, the soil enzyme activity promoted even at high concentrations of
SW [107]. The addition of organic manure stimulates the activity of microbes which results
in synthesis of various soil enzymes [108]. Spent wash is a good organic amendment as
it contributes huge amounts of K and organic matter, and considerable quantities of N,
P, and traces of micronutrients. It also serves as a source of food for soil microorganisms
which, in turn, synthesis enzymes. It involves in the conversion of native soil nutrients to
plant-available forms and also forms stable chelates [34].

Spent wash contains a small amount of N but its application leads to an increase in
the soil N status. It might be due to the mineralization of organic matter in SW. Moreover,
SW has acidic nature and HCO3 in it which solubilize the native insoluble P and improves
P uptake [41]. It also supplies nutrients directly which might increase the microbial
activity, mineralization, or chelating effect, thus releasing the native N and micronutrients
availability. Potassium is the main component of SW; therefore, it improves the soil
available K concentration [34]. The use of SW also increases soil CEC and the release
of Ca2+ shows reduction in exchangeable Na+, thus reducing the exchangeable sodium
percentage in soil [27].

Due to high BOD, the application of SW results in depletion of oxygen in soil, thus
reducing the number of microorganisms initially. However, after 7 days, the population
increased more than the original level. About 1 kg N, 0.2 kg phosphorus oxide, and 10 kg
potassium oxide are present in every cubic meter of SW. These nutrients are easily plant
available as most of them are present in soluble forms [41]. It has also been reported that
the addition of SW in dry soils at the rate of 125 m3 ha−1 increased the soil enzyme activity,
such as the phosphatase, dehydrogenase, and urease. Nitrogen is in colloid form, thus
acting as a slow-release fertilizer, as compared to mineral N sources, and classified as a
liquid fertilizer that contains high K concentration [41].

6. Benefits of Using Sugarcane Industries Byproducts

Sugarcane is rich in carbohydrates; all over the world, this crop is used as food for
human beings (sucrose, syrups), and is also used as animal fodder (green leaves), fertil-
izer (SCB and PMC), fiber (cellulitis materials), fuel (residue/waste materials), chemicals
(alcohol), and binding material [18]. Bagasse is rich in nutritive value, and it can also be
used as bran for ruminants during scarcity [109]. Moreover, fermentation-based products,
pulp, and paper production, along with protein-enriched enzymes and cattle feed, can also
be prepared using SCB [36]. Sugar industry byproducts also have positive impacts in the
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agriculture sector, as they reduce the requirement of mineral fertilizers and improve soil
organic matter and crop yield [18].

The most economical application of SCB is its use as fuel in the sugar industries.
The entire quantity of SCB produced in the sugar industries is used as boilers and a small
proportion is used in manufacturing other products (enzymatic products, drugs, etc.). Thus,
supply of SCB to bioprocessing is not limited to sugar industries [36]. Moreover, it is used
as a good substrate for the growth of cellulolytic and ligninolytic microbes and a carrier
for bacterial inoculants [110]. It is also reported that N losses can be minimized with the
application of PMC and SCB (2:1 ratio) as it reduces the C:N ratio during compositing [6].

In Tamil Nadu, about 6.83 lakh tonnes of PMC were available and, as its use was
unidentified, dumped in heaps near the sugar industries [111]. In India, about 600 sugar
industries produce more than 8 M tonnes of PMC, 43.8 Mt SCB, 7.5 M tonnes molasses,
and 7.4 Mt BA annually [18]. By encouraging the industrialist to manufacture alcohol
using molasses, power generation using bagasse, compost using PMC, the disposal issues
regarding these byproducts are solved by the Indian government. The organic fertilizers
can also be packed and marketed with the inorganic fertilizers for specific cropping systems.
PMC enhances the macro and micronutrients in the soil when used in combination with
biofertilizers [18]

Molasses is a viscous liquid produced during sugar production, separated by masse-
cuite. On average, about 23 liters of molasses is produced from one tonne of sugarcane. As
it is used in the alcohol and ethanol production and has high microbial activity [18], it is an
economical byproduct of sugar factories as it is used in alcohol generation, animal feed
preparation, and other food products. Moreover, it is also used as a cattle feed supplement,
in yeast propagation, and as a flavoring agent in food products [112]. Biomethanated SW
contains many plant nutrients and can thus be used as liquid manure in agriculture [18],
and it can also be used for irrigation purposes after making dilutions [86].

Bagasse ash is an effective product for the removal of phenolic compounds from
wastewater [113]. It also remediates the expansive soils and it can be utilized as sand in
concrete [114]. Phenanthrene present in contaminated soils can be removed using SCB
isolated fungi [115] and as an absorbent for dyeing wastewater [116]. Moreover, SCV
produces biochar when applied in sandy clay loam soils and reduces runoff and soil losses
due to water erosion [117]. Application of SCV improves the soil’s physical as well as
biological properties. It can also be used for yeast production [2] (Figure 4).
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To dispose of wastes and recycle the organic matter, composting is an efficient method.
Pressmud cake can be used as compost for better crop yield [48] and also has mulching
properties [119]. When applied with gypsum, it reduces the soil salinity and sodicity [50].
The conversion of atmospheric carbon to soil organic carbon via organic matter is known
as carbon sequestration. It has been reported that it is very functional to use PMC as a
mulching agent as well as compost to improve the soil carbon sequestration rates [119].
Spent wash is also a good amendment for the reclamation of alkali soils and improves crop
yield [120].

Additionally, SW can be used as a fertilizer reduction agent, as its application in
combination with chemical fertilizers reduces the production cost and excessive fertilizer
use. Moreover, it improves the sugarcane production. It might be related to the improved
soil physical, chemical, and biological properties, prevent nutrient fixation, and enhance
nutrient efficiency and uptake [92]. Another study reported that the use of sugar industrial
byproducts not only improved the rice productivity but also increases the cost-benefit
ratio [118].

7. Problems and Constraints

There are a large number of sugar industries (about 579) and distilleries (about 285)
in India. These mills generate 5 million tonnes PMC, 7.5 million tonnes molasses, and
45 million tonnes of SB along with sugar and alcohol [61]. Pressmud cake causes some
problems due to its bulky nature and wax contents. When utilized as soil conditioner, its
wax contents remain unutilized and accumulate in soil, thus degrading fertility [38]. It
has been reported that PMC contains heavy metals (Zn, Cu, and Pb) in trace amounts.
Presence of these harmful chemicals in large amounts may disturb the plant growth and
soil properties when used as organic amendments [65].

Sugarcane vinasse, due to its rich chemical composition, causes pollution in land and
rivers near sugarcane industries [58]. A distillery that produces 100 m3 ethanol daily has a
discharge of 1300 m3 SCV. It has a high BOD (30 to 60 g O2/L), causing high pollution load.
Moreover, the direct discharge of SCV (1000 m3/day) and the domestic sewage output
of a community of 1.5 lac people are equal [10]. The high BOD of SCV can be harmful to
the aquatic life when disposed of in rivers. Due to its corrosive nature, researchers have
recommended that its disposal in rivers and lakes is not a good solution [57]. Due to its
high nutritional value, it is suggested to transport distillery effluents to agriculture fields
through pipelines or tankers [34].

Spent wash is harmful to plant growth as its high organic and inorganic pollutants
reduce the seed germination in wheat, peanut, and green gram [121]. Moreover, it reduces
soil fertility and productivity. So, the untreated discharge of SW should be banned. Because
it is observed that the heavy metals Fe, Zn, Cd, Cu, Pb, and Cr accumulate in soil and their
concentration increases in plants with the increase in SW applied concentration [106]. The
accumulation of toxic elements increases with the higher concentration of SW. Approx-
imately, 5% concentration is acceptable for better rice growth and productivity, as well
as being non-hazardous to health [91]. The application of SW increased the soil salinity
induced by accumulation of salts [61].

8. Future Aspects

All the published results are limited to short-term experiments. The effects of organic
wastes in the long run are still unknown. There is a need to publish such information so that
the scientific community can find the best solution for the disposal of nutrient-rich wastes.
Different techniques should be introduced to the farming community and scientists should
convince them to adopt such practices which would be economical for the agriculture
sector. Awareness should be given to the farmers about the benefits of using organics
as a cheap alternative to mineral fertilizers. Composting is feasible at a small scale, but
it requires greater labor and cost when made on a large scale. So, better techniques and
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methodologies for utilizing raw wastes, recycling, or composting should be considered on
a large scale.

The researchers gave different toxic levels of using organic wastes, but the harmful
effects have not been discussed. The combined application of two or more sugar industry
wastes is not studied properly. There is a need to study the impacts of soil application of
organic amendments along with the fertigation of effluents on different crops so that the
wastes can be utilized in a better way. The continuous use of different organic wastes for
specific cropping sequences is also a research gap. Moreover, the impacts of industrial
byproducts on crop physiological properties and the mechanism behind it needs to be
addressed. The effects of industrial effluents on plant–water relations should be an aim
in the future. However, it might increase the demand for organic wastes in farming
communities. The proper management strategies need to be introduced to the industrialists
through which they can store or transport waste to the farmers. In this way, waste will be
utilized properly, on time, without causing any pollution.

9. Conclusions

Sugarcane crop is an important cash crop grown for the preparation of sugar and
related products. The sugar industry is an agro-based industry that discharges different
waste products during sugar and alcohol formation. These wastes, including SCB, BA,
PMC, molasses, SCV, and SW, are produced in large amounts and their disposal causes
environmental issues. Byproducts are organic and are rich in nutrients that were taken up
by the sugarcane crop. This property makes these organic wastes beneficial to be utilized
in agriculture with no environmental hazards. The solid wastes can replace inorganic
fertilizers, while distillery effluents can also solve the problem of water shortage.

Sugar industries produce different organic byproducts that have a great potential to
improve the soil’s physical, chemical, and biological properties and crop productivity. It is
recommended to use these organic byproducts along with mineral fertilizers to enhance
the plant nutrient availability. Thus, it can contribute to minimizing the fertilizer shortage
for heavy nutrient feeder crops such as sugarcane.

The organic wastes are rich in different macro and micronutrients that are essential for
plant growth. The increasing cost of mineral fertilizers and the degradation of soil health is
a major issue that can be efficiently solved by the use of these organics. Bagasse improves
the soil properties while PMC and SCV are good sources of plant nutrients and organic
matter. Distillery SW can also be used as fertilizer, but it should be diluted to certain levels
to avoid heavy metal accumulation. Bagasse ash contains fewer nutrients, but it can also
be utilized as fertilizer. All the wastes products have the potential to replace or minimize
the use of mineral fertilizers along with the improvement of soil physical, chemical, and
biological properties.
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