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Pressmud and coir pith are bulk organic substrates useful for constituting soilless media. In the instrumental 

investigation, the lignocellulosic organic substances predominant in coir pith and pressmud were characterized in terms 

of proximate constituents, elemental composition and functional groups. The elemental composition studies by X-ray 

fluorescence spectroscopy (XRF) and proximate constituent analysis showed that both coir pith and pressmud contain 

sufficient amounts of macro- and micro-nutrients, as well as important organic constituents, such as sugar, cellulose, 

protein and wax. Scanning electron micrographs (SEM) revealed the fibrous and porous nature of both substrates. UV-

visible and Fourier transform infrared spectroscopic analyses revealed the presence of lignin, hemicellulose and 

cellulose, and other characteristics of natural fibers. The cation and anion exchange reactions and the adsorption 

phenomenon exhibited by coir pith and pressmud were attributed to the functional groups on their surfaces. Hence, the 

findings support their suitability as a growing substrate for soilless crop production. 
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INTRODUCTION 

Soilless crop production techniques within 

protected agriculture systems have been identified 

as a pivotal innovation to sustain profitable 

agriculture globally over the last few decades.
1
 

Soilless culture includes the methods of growing 

plants in a rooting medium without the use of soil 

material. These methods generally involve 

containerization of plant roots within a porous 

material known as ‘substrate’ or ‘growbag 

medium’.
2
 Growbag cultivation is one of the 

simplest and most user-friendly soilless 

cultivation techniques,3 which could be adopted to 

achieve prompter harvest from a small piece of 

land, alleviating the environmental risks 

associated with soil-based cultivation systems.4-7 

The selection of an appropriate substrate 

composition based on technical and economic 

feasibility is a vital aspect of research and key to 

success in any soilless production system.8 The 

composition of growbag media may be either 

inorganic (e.g. perlite, rockwool, vermiculite etc.) 

or organic in nature.9 Currently, organic materials 

have become the focus of most intensive research 

attributed  to  their  widespread  availability,   low  

 

 

cost, easy disposal, renewable and eco-friendly 

nature.
10-11 

 

Pressmud is a compressed sugar industry 

byproduct, a fibrous residue remaining after the 

crushing and extraction processes of juice from 

sugarcane stalks. Pressmud is also useful for 

agricultural and horticultural crops due to its 

richness in plant nutrients. It has been well 

evidenced that it contains about 1.9% N, 1.8% P, 

0.9% K, 4.3% Ca, 0.7% Mg, 3.2% S, 0.034% Mn, 

0.008% Zn and 0.053% Cu.
12

 The typical 

composition of pressmud comprises about 26.6-

54.3% cellulose, 22.3-29.7% hemicellulose and 

14.3-24.4% lignin.
13

 In sugar mills in India, about 

12 million tons of pressmud is produced as a 

waste from double sulphitation and carbonation 

processes,
14

 whereas about 54 million dry tons of 

pressmud is produced annually throughout the 

world.15 Usually, dry pressmud is disposed of in 

the open field or sold as immature compost to 

farmers. Pressmud also has the potential of energy 

generation through biological and thermal 

processing, such as biomethanation, pyrolysis and 

gasification.16  
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Dry pressmud can be exploited as a potential 

source of biogas, as it contains higher percentage 

of combustibles. Pressmud also has wide 

application in agriculture either as compost or as 

biofertilizer.17 Besides, it is used as promising 

substrate/medium for soilless crop production. It 

was suggested that the incorporation of rice hulls 

and pressmud in soilless substrates improved the 

growth, quality and flower yield of rose.
18

  

Coir pith is an indigenously available 

agricultural organic solid byproduct, generated 

during the process of extraction of fibers from 

coconut husk. Raw coir pith consists of 35% 

cellulose, 25.2% lignin, 7.5% pentosanes, 1.8% 

fat and resins, 8.7% ash, 11.9% moisture and 

10.6% of other nutrients.
19

 Coir pith also acts as 

an adsorbent for removing pollutants from waste 

water.20 Because of its low degradation rate in the 

environment, as a consequence of its high lignin 

content and C/N ratio,21 raw coir pith accumulates 

as hillocks on lands, causing serious health 

hazards. During 2012, there was an accumulated 

stock of 10 million tons of coir pith in southern 

states,22 while overall in India, about 0.75 million 

tons of coir pith are produced annually.
23

 For 

every ton of fiber extracted, the pith is produced 

to the extent of 2 tons.24 Although composting is 

an alternative method of treating raw coir pith and 

converting it into a readily usable form, the 

efficiency of composting still suffers drawbacks 

as it takes several months to obtain mature coir 

pith compost.25  

Many researchers have investigated the use of 

agro-industrial byproducts, viz., tree bark, 

sawdust, sewage sludge, municipal solid waste, as 

soilless substrates.26-27 A study on coir pith, 

sewage sludge and compost incorporated equally 

in garden soil, silt and leaf mould indicated that 

the incorporation of coir pith and compost 

lowered the pH, maintained the optimum EC and 

increased the organic carbon content, which 

helped to improve the nutrient uptake, yield and 

quality of marigold.
28

 In another study, it was 

found that a medium consisting of leaf compost 

exhibited better performance, compared to peat, 

farm yard manure and silt, for growing potted 

rose.
29

 The performance of a soilless substrate 

containing biochar from conifer wood in 

combination with peat, i.e. 40% peat/60% 

biochar, was evaluated for growing ornamental 

crops and it was found that biochar addition to 

peat increased pH, EC and K content, as well as 

porosity and bulk density.
30

  

The agronomic value of any organic soilless 

substrate, its beneficial effect on growth, yield 

and quality of crops, as well as its residual effect 

on the environment, is closely linked to the nature 

and dynamics of its constituent organic 

fractions.
31

 Besides, the organic fractions also 

improve the moisture retention, nutritional 

support and biological properties of the substrate, 

which promote plant growth.
32

 Therefore, a 

deeper investigation of the organic fractions of 

these substrates could provide information on the 

quality (stability and maturity) of growbag 

media.
33

 Fourier transform infrared (FTIR) 

spectroscopy is a modern non-destructive method 

often used for characterization of functional 

groups in organic substrates, and can thereby 

elucidate their ion exchange and adsorption 

behavior.34 A compost based growing medium 

was characterized using thermal and 

spectroscopic techniques and its suitability as 

soilless substrate was found.35 Other techniques, 

viz., scanning electron microscopy (SEM) and X-

ray fluorescence (XRF) spectroscopy analysis, 

also give information on the surface properties 

and elemental composition of growing substrates.  

Keeping in view the wide applicability of 

soilless cultivation, the present study was 

undertaken to analyze the proximate constituents, 

elemental composition and characterization of 

functional groups in pressmud, coir pith using 

modern instruments and analytical methodologies. 

The study aimed to explore the potential of 

pressmud and coir pith for use as substrates for 

soilless cultivation.  

 

EXPERIMENTAL 
Sample collection and preparation 

Crude pressmud was collected from Banari Amman 

Sugars Private Limited, Sathyamangalam, Erode, and 

raw coir pith was obtained from a commercial nursery 

unit, Coimbatore, Tamil Nadu. The pressmud was sun 

dried and dirt was removed. Similarly, coir pith blocks 

were soaked in water to loosen the pith fibers, then sun 

dried and finally stored for analysis. 

 

Analytical methodology  

The analytical techniques used to characterize the 

proximate constituents, elemental composition, 

functional groups and organic compound profile of 

pressmud and coir pith are detailed below. 

 

Proximate composition analysis 
The coir pith and pressmud were analyzed to 

determine the proximate composition of the samples 

collected in triplicates. Moisture, ash, dry matter, 
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nitrogen, crude protein, sugar and crude wax contents 

were estimated as per standard methods.36-37 

 

Analysis of elemental composition by XRF  
The elemental composition of pressmud and coir 

pith was determined by using an X Supreme 8000 XRF 

spectrometer (Oxford Instruments), configured for 

Energy Dispersive X-ray fluorescence (EDXRF) with 

sequential measurement, which complies with ASTM 

D4294, ISO8754, ISO20847 and ISO13032 test 

methods. This spectrometer is equipped with an X-ray 

tube having W, Pd or Ti targets and a maximum of 5 

filters. It has 10 sample holding tubes with an analysis 

diameter of 47 mm. Helium gas was used in the helium 

purge unit as quench gas, with a mean flow rate of 3 

L/min. The detector used was high resolution silicon 

drift (SDD). The detection limit ranges from ppm to %. 

Finely ground, 0.5 mm mesh powdered samples of 

pressmud and coir pith were fed into the instrument for 

analysis. 

 

SEM analysis  

The scanning electron microscopy (SEM) analysis 

of pressmud and coir pith was carried out using a FEI-

Quanta 250 model SEM, with an acceleration voltage 

of 30 kV, to study the surface features and 

morphology. The sample was fed in the form of fine 

powder (0.5 mm mesh). It was sputtered with a thin 

layer of gold prior to SEM analysis. The instrument is 

equipped with field emission gun (FEG) systems that 

take surface images with a resolution of 1.4 nm. 

 

UV-visible spectrometric analysis 
A known quantity (10 g) of both pressmud and coir 

pith was extracted using hexane as solvent (250 mL) 

for spectroscopic measurement. The solvent was 

scanned across the wavelength range from 200 to 700 

nm, with a maximum scanning speed of 400 nm/s and 

resolution of 1.5 nm, by using a Varian Cary 50 UV-

VIS spectrophotometer. 

 

FTIR spectroscopic analysis 

A JASCO FTIR-6800 model FTIR spectrometer, 

with pyroelectric TGS (triglycine sulfate) detector, was 

employed to determine the presence of functional 

groups in pressmud and coir pith. The solid film 

technique was used for sample preparation. The FTIR 

spectrometer scanned over the frequency range of 

4000-350 cm
-1

 at a resolution of 4 cm
-1

. The spectrum 

was collected using Spectra Manager TM Cross-

Platform Software.  

 

Statistical analysis 
The analytical data recorded for the 

characterization of proximate composition and 

elemental composition of pressmud and coir pith were 

subjected to statistical analysis using SPSS 13.0 

version software for Windows. The analysis was 

carried out in triplicates and the results were expressed 

as means of three replications ± standard deviation 

(SD). The significant differences (P < 0.01) of the 

mean values calculated for each element in different 

analyses were compared by one-way ANOVA.  

 

RESULTS AND DISCUSSION 

Proximate composition 

The data on proximate constituents (Table 1) 

showed that pressmud contained moisture 

(62.39%), sugar (12.67%), crude wax (8.11%), 

crude protein (10.38%) and nitrogen (1.66%). 

Similar proximate constituents in pressmud have 

been also reported earlier.
38-39

 Similarly, coir pith 

was found to have high content of crude fibre 

(52.53%), consisting of hemicellulose (9.70%), 

cellulose (11.52%) and lignin (31.31%), hence 

coir pith remains a recalcitrant agro-residue, 

resisting decomposition by microorganisms under 

natural conditions.
40

 The presence of such natural 

fibers in Argan press cake, an agricultural waste, 

was also confirmed in previous studies.41 

The C:N ratio is an indicator of OM origin, 

stability and maturity. There was a great 

variability in the C:N ratio between the media. 

The pressmud recorded a C:N ratio of 31:1. 

However, the coir pith recorded a higher C:N 

ratio (105:1). This might be due to the presence of 

carbon-rich long-chain polymeric organic 

compounds, characteristics of natural fibre.
24

 The 

high C:N ratio in such substrate could cause 

temporary immobilization of soluble nitrogen, 

when used as growing medium. This N deficit can 

be overcome when using coir by applying N 

fertilizers.42  

 

Mineral elemental composition 

The mineral elemental composition of both 

pressmud and coir pith (Table 2) was studied by 

the XRF technique. It was recorded that pressmud 

contained 1.66% N, 4.17% P2O5, 1.13% K2O and 

3.04% SO2.  

However, coir pith had macronutrients, viz., 

0.51% N, 0.07% P2O5 and 0.86% K2O. In 

comparison with coir pith (0.84% SO2, 0.41% 

CaO), the pressmud was found to be a rich source 

of sulphur and calcium (3.04% SO2, 4.38% CaO). 

Besides, pressmud and coir pith were found to 

also contain measurable micronutrients (Fe, Cu, 

Mn and Zn). Silicon was present in non-

detectable quantity in both pressmud and coir 

pith. Other elements, such as Ti, Sr, Zr, Ba and 

Rb, were found in traces. Moreover, toxic heavy 

metals, such as Hg, Pb, As and Cd, were absent 

from both samples.
43
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Table 1 

Proximate composition (%) of pressmud and coir pith 

 

Parameter Pressmud Coir pith 
Moisture 62.39 ± 0.01 5.59 ± 0.56 
Dry matter 37.61 ± 0.14 94.41 ± 0.27 

Ash content 10.27 ± 0.16 7.92 ± 0.11 

Organic matter 89.73 ± 0.23 92.08 ± 0.34 

Crude wax 8.11 ± 0.02 - 

Crude protein 10.38 ± 0.05 3.19 ± 0.07 

Crude fibre 32.6 ± 0.09 52.53 ± 0.15 
Sugar 12.67 ± 0.27 - 

Cellulose 12.4 ± 0.01 11.52 ± 0.08 
Hemicellulose 10.7 ± 0.07 9.70 ± 0.19 

Lignin 9.5 ± 0.03 31.31 ± 0.10 

Total nitrogen (%) 1.66 0.51 
C:N ratio 31:1 105:1 

Values are expressed as mean ± SD of three replications for each parameter 

 

Table 2 

Elemental composition (%) of pressmud and coir pith determined by XRF on dry weight basis  

  

Elemental composition Pressmud Coir pith 

Na2O 0.11 0.09 

MgO 1.23 1.89 

Al2O3 0.65 0.27 

SiO2 ND ND 

P2O5 4.17 0.07 

SO2 3.04 0.84 

K2O 1.13 0.86 

CaO 4.38 0.41 

Cl 0.007 0.11 

Ti, Sr, Zr, Ba and Rb Tr Tr 

Micronutrients (ppm)  

Fe2O3 170.35 3.79 

CuO 4.31 5.39 

MnO2 30.38 29.42 

ZnO 140.31 12.09 

Minimum detection limit is 1 ppm for all tested elements; Tr stands for trace amount and ND for not detectable; Values 

are expressed as mean ± SD of three replications for each parameter 

 

 

Scanning electron microscopic studies 

SEM is widely used to study the 

morphological features and surface characteristics 

of adsorbent materials.44-45 The resulting SEM 

micrographs of pressmud and coir pith shown in 

Figure 1 (a, b) provide a qualitative confirmation 

of morphology, surface texture and porosity. In 

the pressmud sample, the aggregates of biomass 

were arranged into cellulose fibers and the protein 

matrix was strongly bound.46-47 The SEM image 

of pressmud extracted from sugar beet and 

sugarcane presents a fibrous structure with 

surface porosity of 20-25 µm.48 

The SEM micrograph of coir pith indicates the 

existence of an open mouth matrix and thickly 

packed thin-walled ribbon-shaped cells with 

intermediate pores between the pith tissues. The 

matrix looked like a tubular honey comb with a 

large number of void space or pores
49

 and was 

indicative of a robust and relatively contiguous 

structure, apparently bound to lignin containing 

fibers.
50

 Such surface morphology might be due to 

the fibrous nature of the raw material, as it is 

extracted from coconut shell through the retting 

process.
51

 Similar thin-walled cells and pores in 

coir pith were also observed during the evaluation 

of radium adsorption from aqueous solution.
52 

 

UV-visible spectroscopic studies 
UV-visible spectra of pressmud and coir pith 

(Fig. 2) were studied over a wavelength range of 
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200-700 nm with due sharpness of the peak and a 

proper baseline. The spectrum of pressmud (Table 

3) showed peaks at 229 and 276 nm, in the UV 

range of 200-400 nm, with absorbance of 2.630 

and 1.253 respectively. This could be attributed to 

the fact that fatty acids, conjugated dienes and 

hydro peroxides formed as a result of lipid 

oxidation in pressmud wax, absorbed UV light at 

about 230 nm and conjugated trienes at about 270 

nm.
53

 Also, in the visible range (500-600 nm), no 

peaks were found, indicating the absence of 

carotenoids.54 The wax extracted from Linum 

usitatissimum,
55

 sugarcane peel and straw,
56

 has 

shown similar UV-vis patterns. 

 

  
Figure 1: Scanning electron micrographs of pressmud (a) and coir pith (b) 

 

  
Figure 2: UV-visible spectra of pressmud (a) and coir pith (b) extracted with hexane 

 

Table 3 

UV-visible spectral peak values of pressmud and coir pith extracted with hexane 

 

Sample Wavelength (nm) Absorbance Detectable compounds 

229 2.630 
Fatty acids, conjugated dienes and hydro 

peroxides Pressmud 

276 1.253 Conjugated trienes 

254 0.772 Guaiacyl and syringyl ortho and para quinones 

Coir pith 
365 0.345 

Carbonyl groups and/or double bonds 

conjugated with aromatic ring of lignin 

 

Similarly, the UV-visible spectrum of coir pith 

(Table 3) recorded two characteristic peaks at 254 

nm and 365 nm, with absorbance of 0.772 and 

0.345, which might be indicative of the presence 

of complex polyphenols and quinones in the 

lignin backbone.57-58 The free and etherified 

hydroxyl groups of guaiacyl and syringyl ortho- 

and para-quinones contribute to the characteristic 

absorption maximum of lignin near 250 nm.59 The 

absorption peak at 300 to 400 nm is due to 

carbonyl groups and/or double bonds conjugated 

with an aromatic ring of lignin.
60

 This might be 

attributed due to the fact that lignin absorbs more 

strongly in the UV and visible regions than 

polysaccharides, such as cellulose and 

hemicellulose.61 

 

FTIR spectroscopy studies 
The FTIR technique is an important tool to 

identify the characteristic functional groups in 

b 

a b 

a 
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compounds. The chemical structure of adsorbents 

is also of vital importance in understanding the 

adsorption process. Hence, this technique was 

used for structural characterization of pressmud 

and coir pith. 

 

FTIR analysis of pressmud 

The FTIR analysis of pressmud (Fig. 3) 

revealed the presence of many organic functional 

groups, indicating their respective compounds by 

comparison of the absorption frequencies of 

various organic functional groups.
53

 It showed a 

broad band between 3000 and 3800 cm
-1

, with 

little peaks around 3267.79 and 2916.81 cm-1. 

This indicated the presence of both free and 

hydrogen bonded OH groups in the alcohols from 

the cellulose structure62 or due to the stretching of 

the silanol group (Si-OH) on the adsorbent 

surface.
63

 The peak at 2916.21 cm
-1

 could be due 

to the symmetric and asymmetric H-C-H 

stretching in alkanes. A similar peak at 2921.73 

and 2851.64 cm
-1

 was also observed in sugarcane 

peel wax.56  

The transmittance in the 1027.87 cm-1 region 

could be attributed to –OCO- and –C-O stretch in 

alcohols, esters and ethers, which would also 

indicate the presence of lactones and 

polysaccharides.64 Such peaks were comparable 

with the band at 1078.66 cm
-1

 in pressmud.
46

 The 

IR spectra indicated a weak and broad peak at 

1593.88 cm-1, corresponding to C=C bending in 

aromatic ring and alkenes.
65

 The presence of such 

polar groups on the surface is likely to impart 

considerable cation exchange capacity to the 

adsorbents.
66

 The peak at 550.58 cm
-1

 indicated 

the presence of the Si-H group.  

 

FTIR analysis of coir pith 
The absorption spectrum of the infrared region 

in coir pith (Fig. 4) is mainly attributed to the 

presence of lignin, hemicellulose and cellulose, 

characteristic of natural fibers. In general, the IR 

spectra for native and chemically modified fibers 

are represented in the 3200-3600 cm-1 range.67 

This formation of a broad, round band could be 

attributed to axial deformation of the hydroxyl 

(O-H) group depicting the presence of alcohols. 

For the coir pith used in the study, such a peak 

appeared at 3326.61 cm-1. At 2083.71 cm-1, the 

observed absorption band might be due to very 

week stretching of C≡C bonds in alkynes present 

internally in the structural C framework.  

 

 
Figure 3: FTIR spectrum of pressmud 
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Figure 4: FTIR spectrum of coir pith 

 

The peak at 1611.23 cm-1 might be associated 

with the presence of the carbonyl group (C=O) of 

hemicellulose in coir pith.68 The band at 3790.40 

cm-1 could have been formed due to weak 

stretching of N-H groups, and might be an 

indication of the presence of primary amines and 

amides. At 1512.88 cm-1, the band could be 

related to axial starch of aromatic C=C groups 

that typically signify the presence of lignin, a 

prominent constituent of coir pith.69 The presence 

of lignin, in turn, imparts resistance against 

degradation, due to the complex carbon backbone 

and high degree of polymerization. The strong 

absorption band at 997.98 cm
-1

 is indicative of the 

C-O bond stretch in alcohols and esters. The 

stretched adsorption peak at 510.08 cm-1 could be 

assigned to the presence of alkyl halide and 

disulphide groups.
70 

 

CONCLUSION 
The elemental composition studies by the XRF 

method and proximate composition analysis 

revealed that both pressmud and coir pith contain 

sufficient amounts of macro- and micro-elements, 

as well as other important organic constituents, 

including sugar, cellulose, protein and wax, and 

thus could serve as a substantial source of primary 

nutrients for crop growth. The analysis of FE-

SEM micrographs revealed the fibrous and porous 

nature of both pressmud and coir pith, their high 

surface area and porosity, which would impart 

proper aeration for roots in a growing substrate. 

Spectroscopic techniques, such as UV-Visible 

spectroscopy and FTIR analysis, confirmed the 

presence of lignin, hemicellulose and cellulose, 

which are the main characteristics of natural 

fibers, capable of absorbing a large volume of 

water. FTIR analysis also showed that the studies 

materials exhibited cation exchange reactions and 

the adsorption phenomenon, due to the presence 

of functional groups on their surfaces. This, in 

turn, provides a conductive physical, chemical 

and biological environment for crop growth. 

Therefore, these renewable and environmentally 

sustainable lignocellulosic organic materials, viz., 

pressmud and coir pith, could be recognized as 

ideal soilless substrates for protected cultivation. 

Further, such use of these organic materials paves 

the way for recycling wastes and byproducts, 

contributing to alleviating environmental 

pollution, minimizing the risks associated with 

soil-based cultivation, while also improving crop 

productivity. 
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