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Abstract
Growing media constituents have heterogeneous particle size and shape, and their

physical properties are partly related to them. Particle size distribution is usually

analyzed through sieving process, segregating the particles by their width. However,

sieving techniques are best describing more granular shapes and are not as reliable

for materials exhibiting large varieties of shapes, like growing media constituents.

A dynamic image analysis has been conducted for a multidimensional characteriza-

tion of particle size distribution of several growing media constituents (white and

black peats, pine bark, coir, wood fiber, and perlite), from particles that were seg-

regated and dispersed in water. Diameters describing individual particle width and

length were analyzed, then compared to particle size distribution obtained by dry and

wet sieving methods. This work suggests the relevance of two parameters, FeretMAX

and ChordMIN diameters for assessing particle length and width, respectively. They

largely varied among the growing media constituents, confirming their non-spherical

(i.e., elongated) shapes, demonstrating the advantages of using dynamic image anal-

ysis tools over traditional sieving methods. Furthermore, large differences in particle

size distribution were also observed between dynamic image analysis and sieving

procedures, with a finer distribution for dynamic image analysis. The discrepancies

observed between methodologies were discussed (particle segregation, distribution

weighing, etc.), while describing in details methodological limitations of dynamic

image analysis.

1 INTRODUCTION

Growing media manufacturers engineer the particle size of

growing media constituents to provide the plant root sys-

Abbreviations: BrMAX, bounding rectangle length; BrMIN, bounding

rectangle width; ChordMAX, maximum chord diameter; ChordMIN,

minimum chord diameter; DIA, dynamic image analysis; FeretMAX,

maximum feret diameter; FeretMIN, minimum feret diameter; MCC,

minimum circumscribed circle; MIC, maximum inscribed circle; PSD,

particle size distribution.

© 2023 The Authors. Soil Science Society of America Journal © 2023 Soil Science Society of America.

tem the most suitable physical environment in container

production. Size fractions are developed by different indus-

trial processes (1) separation by sieving and/or screening, (2)

grinding, (3) cutting, and or (4) defibration or expansion of

raw materials. These actions result in the manufacture of par-

ticles with predefined size ranges, and also modify the shape

and surface aspects of the particles.

Particle size distribution (PSD) of growing media con-

stituents is considered as one of the main factors describing
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2 DURAND ET AL.

physical properties (Bartley et al., 2022; Caron et al., 2005;

Handreck, 1983; Raviv et al., 2019; Verdonck & Demeyer,

2004). PSD, in part, determines particle arrangement and

consequently pore size distribution affecting water and air

retention and flow properties in growing media. Several stud-

ies have described relationships between PSD and various

physical properties. Generally, the larger the particle size,

the higher the resulting air-filled porosity and the lowerwa-

ter retention properties (Abad et al., 2005; Bunt, 1983; Caron

et al., 2005; Fields et al., 2015; Handreck, 1983; Nguyen et al.,

2022; Owen & Altland, 2008).

Sieving analyses are the most common methods to ana-

lyze PSD of materials used as growing media. These methods

are easy and fast to implement, reliable, cost-effective, and

standard procedure exists in Europe for growing media (EN

15428, AFNOR, 2007). They are widely used by manufactur-

ers to produce growing media according to required physical

properties and to control their quality. However, the accuracy

of sieving procedures is limited by the number of sieves used

for separation, defining the number of particle size classes.

Moreover, they do not always accurately describe the particle

size, because the span of most particles is not the same in a

three-axis dimension, except for spherical-like particle. Siev-

ing procedures segregate particle according to their second

largest dimension, that is, their width (Bartley, 2019; Igathi-

nathane et al., 2009; Ulusoy & Igathinathane, 2016), also

called true sieve size (Allen, 2003), except for particles with

very low thickness where the diagonal aperture size should

be considered (Gil et al., 2014). Gil et al. (2014) and White

(2003) reported on poplar and corn stover (which are elon-

gated and curved materials), a sieving efficiency of 70% in

comparison with dynamic image analysis (DIA). Bartley et al.

(2019a) also concluded that the lower the width/length ratio,

the less the sieving will be able to separate the particles based

on their width. Therefore, the use of sieve size as an indicator

of particle size can lead to misinterpretation on particles that

are non-granular. Most of the raw materials used as growing

media constituents are derived from decaying organic mat-

ter (Durand et al., 2021), which are characterized by a large

diversity in particle size and shape (Figure 1). Except very few

granular materials (perlite, sand), most of them are elongated

materials (fibers, chips, etc.) like weakly decomposed Sphag-
num peat (also called white peat), bark, wood fiber, coir, etc.,

and represent more than 90% of the total volume of raw mate-

rials used as growing media (Schmilewski, 2017). Therefore,

the measurement of the particle length, in addition to that of

their widths, seems most relevant insofar as it is the largest

dimension, which is not accurately characterized by sieving

(Igathinathane et al., 2009).

Sieving results are also determined by sieving time and

intensity, and growing media moisture content (Bartley, 2019;

Liu, 2009). The EN 15428 (AFNOR, 2007) and the ISO 2591-

1 (ISO, 1988) standard methods are based on the use of dried

materials. However, the drying process can lead to a decrease

Core Ideas
∙ Particle length and width are independently mea-

sured using Feret MAX and Chord MIN diameters,

respectively.

∙ Wet dispersion for dynamic image analysis allows

improved particle segregation than traditional siev-

ing procedures.

∙ Dynamic image analysis allows assessment of par-

ticle size distributions of materials with a wide

diversity of shapes.

in particle size for materials with an ability to shrink, and

moreover to particle aggregation of particles (Robertson et al.,

1984) that cannot be disaggregated during the sieving process.

Also, some materials are friable and may be broken down

during the sieving process. That was observed for perlite but

not for peat, coir, and pine bark by Bartley et al. (2022). In

this case, a wet sieving process is recommended (ISO, 1988).

However, there is no other mention of this phenomenon in the

literature dealing with the particle size analysis of growing

media constituents.

Methods of wet sieving have also been developed (Allen,

1997; Levesque & Dinel, 1977; Nemati et al., 2009; Robert-

son et al., 1984; Yoder, 1936), and revealed a higher content

of fine particles than by sieving dry material (Levesque &

Dinel, 1977; Nemati et al., 2009; Robertson et al., 1984).

The water helps aggregate dispersion, that is, thus particle

individualization (ISO, 1988), and favors the movement of

particles through the sieves with the help of the fluid. Par-

ticle elongation is also a factor in particle aggregation due to

their entanglement (Gil et al., 2014), leading to an underesti-

mation of the proportion of fine particles by PSD (Gil et al.,

2012). However, no study provides information on whether

wet sieving disaggregates these elongated particles.

Computer-based PSD analysis methods have been devel-

oped since 1980s for various industrial and research appli-

cations, and are now widely used, like the laser diffraction

method (Polakowski et al., 2021; Yang et al., 2019) for soil

particles usually ranged from 0.02 μm to 2 mm (Blott et al.,

2004; Keck & Muller, 2008; Polakowski et al., 2021). For

larger particle ranges like growing media constituents, DIA

may be more suitable. DIA consists of taking high-frequency

photos of randomly oriented particles passing through a cell,

then of analyzing images using imaging tools to convert

morphological characteristics into quantitative data such as

distances, shapes, or surfaces. DIA methods are also widely

used in various fields such as sedimentology, medicine, and

for pharmaceutical and food industries. However, whatever

the computer-based PSD methods, few studies have been car-

ried out on growing media constituents by these ways, except
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DURAND ET AL. 3

F I G U R E 1 Representative images of the particle shapes provided by the QicPic device.

F I G U R E 2 Diameters measured from Dynamic Image Analysis.

BrMAX, bounding rectangle length; BrMIN, bounding rectangle width;

ChordMAX, maximum chord diameter; ChordMIN, minimum chord

diameter; FeretMAX, maximum Feret diameter; FeretMIN, minimum

Feret 39 diameter; MCC, minimum circumscribed circle; MIC,

maximum inscribed circle.

Bartley (2019) and Durand et al. (2021), who initiated the first

description of some raw materials from DIA. Figure 1, below,

highlights the particle shape diversity for the study materials.

DIA offer many diameters to describe particles morphol-

ogy and then to calculate their width, length, and shape, as

illustrated in Figure 2. FeretMAX diameter is usually consid-

ered as a good indicator for characterizing particle length,

and is commonly used (Bartley et al., 2019b; Hamilton et al.,

2012; Igathinathane et al., 2009; Li & Iskander, 2020; Nguyen

et al., 2022; Trubetskaya et al., 2017). In contrast, some

descriptors are used for assessing particle width: the Feret MIN

(Hamilton et al., 2012; Li & Iskander, 2020), the ChordMIN

(Nguyen et al., 2022; Trubetskaya et al., 2017), and the

bounding rectangle, BrMIN (Bartley, 2019).

Data collected with DIA offer more detailed information

about each individual particle and PSD compared to sieving

methods where PSD analysis is dependent on the size and

number of sieves (Igathinathane et al., 2009; Li & Iskander,

2020). Furthermore, results from sieving are expressed by unit

of mass, whereas those of DIA refer to the number, size, pro-

jected surface area, or modelized volume of the particles (Li

& Iskander, 2020).

The use of DIA for growing media components is to

enhance the description of particle size beyond the smaller

diameter of a particle. Most of the traditional work on PSD

comes from the last century, are based on sieving proce-

dures, and did not consider the large diversity of particle

size and shape (fibers, chips, etc.) commonly used in grow-

ing media. These irregular sizes and shapes fall together to

create a pore size arrangement and distribution much larger

than in mineral soils (over 80% by volume), so that particle

size and shape greatly influence the resulting matric structure

of the materials, and therefore their physical and hydraulic

properties (Caron & Michel, 2021; Raviv et al., 2019). A

better knowledge of particle morphology is then of major

importance for better predicting physical and hydraulic prop-

erties (Caron & Michel, 2021), and is then also required by

substrate manufacturers to better select raw materials and/or

optimize the manufacturing processes of growing media from

raw materials.

The goals of this paper were:

1. To determine PSD of some main growing media com-

ponents with various particle sizes and shapes by three

methods (1) dry sieving, (2) wet sieving, and (3) DIA;

2. To compare PSD obtained by dry and wet sieving proce-

dures with particle width and length distributions assessed

by DIA using several size descriptors;

3. To describe benefits and limits of DIA and sieving meth-

ods, and to define diameters of interest for particle size and

shape measurement derived from DIA.

2 MATERIALS AND METHODS

2.1 Growing media constituents

Six raw materials representing some of the main growing

media constituents used worldwide (Schmilewski, 2017) were

selected. They were chosen for their diversity of sizes and

shapes (Bartley, 2019; Durand et al., 2021), and also by their
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4 DURAND ET AL.

different water and air retention properties. Information about

these materials are presented in Table 1.

2.2 Sieving procedures

2.2.1 Dry sieving—Standardized method

Sieving dry material analysis was carried out on oven-dried

materials at 40˚C to reach a moisture content lower than 15%

by mass (i.e., 0.18 g of water per gram of solid), according

to the EN 15428 standard method (AFNOR, 2007). However,

the number of sieves with square aperture was increased for

a more detailed PSD analysis, increasing from four sieves for

the standard method (8-, 4-, 2-, and 1-mm aperture) to eight

sieves (8-, 5-, 4-, 2-, 1-, 0.5-, 0.2-, and 0.05-mm aperture).

Three repetitions per material of 125 mL each were shaken

for 7 min using an AS 200 sieve shaker (Retsch), with 150

strokes/min at an amplitude of 50% (∼1.5 mm). The materials

retained on each sieve were then directly weighted.

2.2.2 Wet sieving

Wet sieving was performed with the same set of sieves, same

volumes of materials, and with same duration experiment, as

dry sieving method. Experiments were carried out on materi-

als at the same moisture content they were conditioned in bags

by the suppliers, without prior drying: 2.57, 4.60, 0.96, 1.94,

0.43, and 0.01 g of water per gram of solid, for white peat,

coir, pine bark, black peat, wood fiber, and perlite, respec-

tively. After the sieving process, each sieve was rinsed with

water (∼1 L) on the column using a showerhead for few sec-

onds. The materials retained on each sieve were collected in

aluminum cans, placed in the oven at 105˚C for 48 h, then

weighted.

2.3 Dynamic image analysis

2.3.1 Dynamic image analyzer “QicPic”

DIA was performed with the QicPic (Sympatec GmbH,

Clausthal-Zellerfeld) using a wet dispersion unit called the

Flowcell. This DIA device allowed both particle size and

shape analysis from hydrated materials. This process allowed

more particle dispersion prior to analysis in contrast to mea-

suring dry materials where particle segregation was less

complete. The device was equipped with a high-resolution

camera, capturing images from 17 μm to 33.8 mm. Sample

materials were transferred from pipes (20 mm diameter) con-

nected to a 15 L- hydration tank containing the material to be T
A
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DURAND ET AL. 5

analyzed. Prior to measurement, material was agitated with

a three-armed cone-shaped agitator (VJ100 Visco Jet) for 10

min to separate the particles without cutting them. The stir-

ring process was maintained during measurement to prevent

both particle flotation and sedimentation in the tank. Three

replicates per material were measured, with 1–2 g of material

per replicate, depending on particle size, density, and ini-

tial moisture content. This amount of material was defined

to maintain an optimal optical concentration of ∼1.5%, rela-

tive to the projected area density of the particles per image.

Higher densities of particles per image impeded both observe

and analyze the particles individually. Each measurement

event was 2 min with a frequency of 80 digital images per

second, which approximately represents 107 particles per

replicate. All particles of all images were then analyzed via

the PAQXOS 4.3 software (developed by Sympatec GmbH)

provided with the QicPic device. As suggested by Bartley

(2019), the particle distribution was weighted by projected

area, corresponding to the surface of the particle observed

on the two-dimensional image. The weighting by projected

area was preferred to that by volume via three-dimensional

particle modeling (Li & Iskander, 2020), in order to mini-

mize the discrepancy in the modeling of volume due to shape

variability.

2.3.2 Particle width determination

Different diameters have been measured by DIA to assess

the particle width depending on their shapes, as suggested by

Igathinathane et al. (2009). They allow to describe particle

width in different ways, considering from the inner con-

tour to the minimum span of the particle (Figure 2). These

width diameters assessed from DIA were compared to PSD

obtained by the sieving methods, also theoretically reflecting

the particle segregation by their width (Gil et al., 2014; Li &

Iskander, 2020; White, 2003). They are defined below and are

represented in Figure 2.

• ChordMIN: a chord length is defined by the straight dis-

tance of two points of a particle contour. Software turns

the particle image by 180 degrees in steps of 9 degrees.

For each rotation, the maximum horizontal chord is deter-

mined, ChordMIN is the shortest maximum chord among all

chord measured.

• FeretMIN: the smallest distance between two parallel tan-

gents passing at the edge of the particle, considered as the

smallest caliper distance.

• Bounding RectangleMIN (BrMIN): the width of the smallest

rectangle that enclose the particle.

• Maximum Inscribed Circle (MIC): the diameter of the

maximum inscribed circle that can be placed into the

particle contour.

2.3.3 Particle length determination

As for particle width, four diameters have been measured by

DIA to assess particle length. They are defined below and

represented in Figure 2.

• ChordMAX: the maximum chord length among all chord

measured.

• FeretMAX: the longest distance between two parallels tan-

gent to the particle contour, considered as the longest

caliper distance.

• Bounding RectangleMAX (BrMAX): the length of the small-

est rectangle that enclose the particle.

• Minimum Circumscribed Circle (MCC): the diameter of

the minimum circle that enclose the particle.

2.4 Methods of expression of
results—Statistical analysis

PSD analyses are presented as cumulative curves for com-

paring DIA and sieving results. However, PSDs are weighted

differently: by mass of material for sieving procedures, and

by the projected area of the particles for DIA. The particle

size at the 10th, 50th, and 90th percentiles of the cumulative

distribution, the arithmetic means (i.e., the mean weight diam-

eter) and their corresponding standard deviations, considered

as interest values for PSD (Igathinathane et al., 2009), were

determined (Table 3). The 10th and 90th percentiles, describ-

ing the size of the 10% smallest and largest particles, provide

information on the span of distribution without including the

extreme values, while the 50th percentile defines the median

particle size. They are considered more descriptive than stan-

dard size statistics (Blott & Pye, 2001). Percentiles were

determined from linear interpolations, and arithmetic means

were also calculated, as suggested by Blott and Pye (2001).

Statistical analysis has been carried out with the soft-

ware R studio (version 4.1.1). The following tests have been

performed: Pearson’s correlation matrix (package Hmisc)

to study linear relationship between diameters, analysis of

variance, and Tukey’s honest significant difference test for

mean comparison with “diameters” as qualitative variable and

“mean size” as quantitative variable.

3 RESULTS

3.1 DIA width assessment

In general, the width diameter values ranged in ascending

order as follows: MIC ≤ ChordMIN ≤ FeretMIN = BrMIN for

all materials studied. In details, the mean comparison test

(Tukey test) significantly confirmed this tendency for white

and black peats, coir, and wood fiber. However, almost no
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6 DURAND ET AL.

F I G U R E 3 Wood fiber particles showing convex parts explaining

discrepancy in various diameters assessing the width.

differences were observed between these width parameters

for bark and perlite (Table 2). Bark particles were straighter

and more convex, whereas perlite was more granular (attested

by the lower FeretMAX/ChordMIN ratio compared to the other

materials), which might explain the fewer differences between

width diameters measured by DIA.

Maximal differences between width diameters (calculated

between MIC and BrMIN diameters) were close to 100 μm

approximately for all materials, except for wood fiber where

they reached ∼300 μm. This largest difference in width diam-

eters for wood fiber might be due to the curvature of the

long fibers and concave shapes of branched particles, largely

influencing the width determination, as shown in Figures 2

and 3.

Pearson’s correlation matrix of arithmetic means of size

diameters highlighted that ChordMIN is the highest correlated

diameter with the other indicators of width (Table 3). FeretMIN

and BrMIN vary together (r = 1), as well for dry sieving and

wet sieving (r = 0.99).

3.2 DIA length assessment

For the same material, the mean length diameters measured

were very close, and the mean comparison test (Tukey test)

reported no significant differences, except for black peat

(Table 2). Moreover, the Pearson correlation matrix showed

that the arithmetic means of particle length diameters were

correlated with each other (Table 3). Among these four parti-

cle length descriptors, FeretMAX always showed the highest

value, whereas the other indicators were not ranged in any

particular order. The mean FeretMAX values indicated that the

particle length varied from 1.6 to 3.9 times larger than the

width expressed by the ChordMIN diameter, for perlite and

wood fiber, respectively (Table 2).

3.3 Sieving

Considering the arithmetic mean size for all samples studied, a

strong correlation was observed between dry sieving and wet

sieving methods (Table 3). Wet sieving showed differences

(Tukey HSD) only for white peat and coir compared to dry

sieving, with a higher proportion of fine particles (Table 2).

This predominance of finer particles measured from wet siev-

ing was also observed for bark and perlite of the particle size at

the 10th percentile (D10). Levesque and Dinel (1977), Robert-

son et al. (1984), and Nemati et al. (2009) have also reported

this shift in distribution towards finer particles for wet siev-

ing in comparison to dry sieving. This demonstrates the effect

of water disaggregation of particle, allowing them to pass

through a smaller sieve.

In contrast, no significant difference in particle size distri-

bution was observed for black peat and wood fiber, whatever

the sieving procedures. However, for black peat, wet sieving

showed a higher proportion of finer particles in the range

from 0.5 to 4 mm, in comparison to dry sieving, but no

difference between the two methods is observed within the

distribution of the finest particles (<0.5 mm). In view of

these results, it is assumed that the disaggregation for black

peat from wet sieving is less. Moreover, FeretMAX measured

by DIA showed smaller size particles for black peat than

those analyzed by sieving, and supports this hypothesis. With

wood fiber, particle segregation by both sieving methods

was much less accurate, seemingly due to its very elongated

shape. Some particles remained entangled during dry sieving,

whereas wood fiber formed mats on the sieve surface during

wet sieving, considerably limiting the dispersion of particles

in water.

3.4 Particle size distribution of growing
media constituents

In general, the range in PSD obtained by sieving was close

to that determined by particle length (expressed from the

FeretMAX diameter; Figure 4), and also to that given by the

suppliers (Table 1).

The classification of materials based on their mean arith-

metic sizes varied depending on the diameters used for

characterizing particle size by DIA (Table 2), but moreover

on the methods used (i.e., DIA vs. sieving).

Particle width assessed by DIA from ChordMIN, BrMIN, and

FeretMIN diameters developed similar classifications (black

peat < white peat < coir < pine bark < wood fiber < perlite),

but MIC moved the wood fiber up in the distribution hier-

archy (black peat < white peat < wood fiber < coir < pine

bark < perlite) presumably due to its convex and branched

shapes (Figure 3). Classification differed when considering

particle length assessed by DIA from Feret Max diameter

(black peat < white peat < coir < pine bark < perlite < wood

fiber).

A same classification according to arithmetic mean par-

ticle size was described for both sieving methods (white
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F I G U R E 4 Cumulative particle size distribution of white peat, coir, pine bark, black peat, wood fiber, and perlite measured through dry and

wet sieving and dynamic image analysis (where FeretMAX and ChordMIN were chosen as representative particle length and width descriptors,

respectively). ChordMIN, minimum chord diameter; FeretMAX, maximum Feret diameter.
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peat < coir < perlite < black peat < pine bark < wood fiber).

However, classifications from DIA and sieving procedures

largely differed.

4 DISCUSSION

4.1 Prior comment about sieving
procedures

The number of sieves used in this study was twice that of

EN 15428 standard procedure (AFNOR, 2007), and thus gave

a more detailed PSD and robust statistical analysis, as also

reported by Blott and Pye (2001). The high proportion of

particles smaller than 1 mm demonstrated the use of com-

plementary sieves (50, 200, and 500 μm) in our study. Note

that in the case of perlite, <50 μm particles represented ∼15%

by mass, and then did not allow to accurately assess the

particle size at the 10th percentile of the cumulative size

distribution.

4.2 Diameters of interest and choice of
relevant diameters from DIA

There are various ways to describe particle width (White,

2003); each diameter providing relevant information. How-

ever, FeretMIN and BrMIN diameters are influenced by the

curvature of the particles, and MIC minimizes the value of the

width for particles presenting concave and/or convex shapes.

Considering the irregular shapes of raw materials used as

growing media components, and the presence of more or less

curved shapes of the elongated particle (fibers), the ChordMIN

was chosen as the reference diameter for particle width. This

diameter is strongly correlated with the other descriptors,

FeretMIN and BrMIN on the one hand and MIC on the other,

although these parameters are not related to each other. Thus,

in view of this relation, it seems to be a good choice. It may

also be considered as the most suitable descriptor of particle

width, when characterized using sieving and DIA (Trubet-

skaya et al., 2017). This diameter was also previously used

by Nguyen et al. (2022) to describe particle width of growing

media components.

In contrast with the particle width assessment, all parti-

cle length diameters measured on the same material were

very similar, whatever the curvature and the concave or con-

vex shapes of particles (as described in Figure 2). Hence,

FeretMAX has been chosen as an indicator of particle length,

because this diameter is usually used as a reference to

describe particle length (Igathinathane et al., 2009) and previ-

ously served for growing media components (Bartley, 2019;

Nguyen et al., 2022).
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DURAND ET AL. 11

T A B L E 4 Main characteristics and discrepancies of methods used.

Sieving QicPic
PSD by unit of mass PSD by projected area, modeled volume, size, or number of

particles; here projected area

Volume of materials per replicate: 125 mLa (i.e., 10–20 g) Mass of materials per replicate: 2–3 g (several hundreds of

thousands of particles)

Material preparation: oven dried materials at 40˚C (dry sieving)a, or

hydrated materials (wet sieving)

Material preparation: dry or wet materials, depending on the

QicPic particle dispersion system used; here preliminary

dispersion in water by stirring

Particle separation: shaking of the sieve set Particle separation: depending on the QicPic particle dispersion

system used; here wet dispersion unit (Flowcell)

Experiment duration: 7 min shakinga Experiment duration: 2 min maximum (+10 min preliminary

dispersion in water)

Range of measurement: 50 μm–30 mm, depending on the sieve set

(minimum 4 sievesa); here eight sieves used

Range of measurement: depending of the lens used; here

17 μm–34 mm for lens M9, but limited to 20 mm in width

Particle size fractions generated

Single dimensional particle characterization

Discrete values

Particle individualization

Multidimensional particle characterization

Continuous values

Accuracy of PSD depending on:

- the number and size apertures of sieves used,

- the particle shape

Accuracy of the PSD depending on the orientation of the particles

in front of the camera

Particle size measurement accuracy <0.1 μm

Low-cost tool Expensive cost tool

DM: standardized method (EN 15428, AFNOR , 2007 for growing media) No standard

Many scientific references based on this method Few scientific references

aEN 15428 standard method.

4.3 Interest of DIA and limits

4.3.1 Multidimensional characterization

Describing growing media components from sieving is sim-

ple, but simplistic, because these materials largely differ by

their width, length, and shapes, which influence the sieving

results (Bartley, 2019; Ulusoy & Igathinatane, 2016). The use

of DIA is then relevant to assess the particle width, length,

and shape, and thus to allow a better description of particle

morphology. That represents an important step forward and

will help in the analysis and understanding of resulting par-

ticle arrangement and physical properties. The present study

was conducted on only six materials, chosen both for their

representativeness as main growing media constituents and

their diversity in terms of physical properties (Table 1) and

particle size (Table 2). However, this low number of samples

could not allow to accurately draw conclusions linking par-

ticle morphology and physical properties. However, from a

large diversity of growing media constituents, Durand et al.

(2022) have already fitted polynomial regressions describing

strong relationships between increasing water holding capac-

ity and decreasing mean particle width, and even more mean

particle length (considering ChordMIN and FeretMAX, respec-

tively); whereas correlation was conversely very low between

water holding capacity and mean particle size determined

from dry sieving. That proves the relevance of measuring par-

ticle length and width by DIA, to which analysis of solid phase

and pore space organization should also be developed, in order

to better predict physical properties.

4.3.2 Weighing according to the projected
area

Traditional soil science has an inherent bias toward mass-type

measurements. In horticultural substrates, volumetric mea-

sures are much more common and descriptive, as components

and substrates are much lighter and much less dense. DIA

measurements are more descriptive for shape and size analysis

than sieving for substrates, in part, because of the multidimen-

sional and therefore more volumetric nature of their data.

However, our works suggested to express PSD from DIA

in reference to the projected area of particles. However, Li

and Iskander (2020) reported that the projected area-weighted

distribution gives more importance to smaller particles than

to larger ones, in contrast to PSD by mass (sieving) or vol-

ume. Weighting by volume is possible with some DIA tools

(including the QicPic) and would be preferable, but is unfortu-

nately based on a single and predefined shape model (sphere,

ellipse, or cylinder). It is then not suitable for growing media

components, due to their large diversity of shapes (Bart-
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12 DURAND ET AL.

ley, 2019; Durand et al., 2021), because it would induce a

poor estimation of the real weight of the particles in the

distribution.

4.3.3 Other methodological limits of QicPic

The measurement range for the QicPic device extends from

17 to 20 mm in particle width, corresponding to the minimal

resolution of the camera lens used and to the aperture size of

the wet dispersion unit of the QicPic, respectively. This mea-

surement range is then suitable for most of the growing media

components. Although analyzing growing media PSD from

DIA on wet materials is more relevant, the use of the QicPic

can be problematic for materials like perlite. The low den-

sities coupled with trapped air created in particle expansion

of perlite create buoyant particles on the water surface of the

tank, that have to be manually inserted in the pipe driving the

particles to the wet dispersion unit.

The orientation of particles for DIA analysis as they pass

randomly in front of the camera can also substantially influ-

ence the assessment of particle length and width (Hamilton

et al., 2012; Trubeskaya et al., 2017) that can lead to an under-

estimation of particle length. It also underestimates particle

width for particles presenting a thickness much smaller than

its width in case of the particle thickness is exhibited in front

of the camera (e.g., bark particles). Conversely, an overestima-

tion of particle width is also possible if the width and thickness

are both exhibited in front of the camera.

4.4 Discrepancies between methods

4.4.1 DIA and sieving

Except FeretMAX which refers to the particle length, the

particle size distributions and resulting classifications of

materials according to their mean particle size obtained by

DIA (ChordMIN, BrMIN, FeretMIN, and MIC) and sieving

procedures differed although they theoretically consider the

width of the particles.

The principle of particle segregation and the quantities used

between methods are two of the criteria that may influence

these differences. Only 2–3 g of materials are used and previ-

ously stirred in water for 10 min, allowing an efficient particle

segregation before DIA analysis of each particle. In contrast,

a much larger quantity of materials (125 ml, i.e., 10–20 g

approximately depending on the materials) is directly shaken

for 7 min and segregated through a column of eight sieves.

However, particle separation during sieving procedures, with

or without water, appeared to be incomplete, especially for

black peat particles where the cohesion of aggregates is

strong, and inaccurate for elongated materials such as wood

fiber particles due to their shapes, as already reported by Bart-

ley (2019) and Gil et al. (2014), but also because a tangle of

fibers is often observed, limiting particle separation.

Also, sieving results are plotted within nine classes (cor-

responding to the use of 8 sieves) according to cumulative

undersize mass distribution, for which the proportion is

affected by the upper sieve size aperture. Particle size is then

overestimated within a class, in contrast with DIA where all

particle sizes are considered. Consequently, sieving results in

a coarser, and less descriptive PSD in comparison with DIA.

Moreover, particle size distributions obtained from sieving

and by DIA are not expressed by the same unit of reference:

by unit of mass for sieving, and by projected surface area for

DIA. But, weighting the distribution by projected area for DIA

(vs by mass for sieving) increases the weight of small particles

in the distribution, as demonstrated by Bartley (2019).

Table 4 summarizes some of the main characteristics of

both DIA (coming from the QicPic tool) and sieving methods.

4.4.2 Sieving methods

Although results from both sieving methods are highly corre-

lated, PSD obtained from wet sieving systematically showed

smaller particles than those from dry sieving, especially since

shrinkage was observed for some materials after drying (in

particular, peats). The differences in the arithmetic mean size

are in the order of hundreds of microns, representing a gap

varying from 5% to 20% for perlite and white peat, respec-

tively, that confirmed the better individualization of particles

due to the disaggregation, already reported by Nemati et al.

(2009). However, particle segregation seemed to be still

incomplete when comparing these values to the particle size

measured from DIA.

5 CONCLUSION

DIA provides a multidimensional description of PSD accord-

ing to particle morphology of growing media constituents,

which is highly relevant due to their diversity in shapes. The

use of Chord MIN and Feret MAX are direct measurements of

individual particles that have been suggested to assess par-

ticle width and length, respectively. Although DIA tools are

expensive, they are quite easy and fast to use, and the QicPic

device with a wet dispersing unit allows the better particle seg-

regation and provides a more descriptive and detailed PSD

analysis than sieving methods. These measurements directly

describe particle morphology in ways never before reported.

That should lead to describing particle arrangement, and

resulting physical properties.

 14350661, 0, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/saj2.20518 by N

orth C
arolina State U

niversit, W
iley O

nline L
ibrary on [27/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



DURAND ET AL. 13

AU T H O R C O N T R I B U T I O N S
Stan Durand: Conceptualization; data curation; formal

analysis; investigation; methodology; resources; software;

visualization; writing—original draft; writing—review and

editing. Brian Jackson: Writing—review and editing.

William Fonteno: Project administration; supervision; vali-

dation; writing—review and editing. Jean-Charles Michel:
Conceptualization; funding acquisition; project administra-

tion; supervision; validation; visualization; writing—original

draft; writing—review and editing.

A C K N O W L E D G M E N T S
This research was conducted in the framework of the

regional program “Objectif Végétal, Research, Education

and Innovation in Pays de la Loire,” supported by the

French Region Pays de la Loire, Angers Loire Métropole

and the European Regional Development Fund. The authors

would also like to thank the company partners, EVADEA,

Floragard, Klasmann-Deilmann, Premier Tech Horticulture,

and TurfTech Ltd., for providing the materials and fund-

ing this work. We also thank the Fulbright program for

financial support to enhance the collaboration between the

Horticultural Substrate Lab (North Carolina State University)

and the EPHor research unit (L’Institut Agro).

C O N F L I C T S O F I N T E R E S T
S T AT E M E N T
The authors declare no conflicts of interest.

O R C I D
Stan Durand https://orcid.org/0000-0002-3283-3870

R E F E R E N C E S
Abad, M., Fornes, F., Carrion, C., & Noguera, V. (2005). Physical prop-

erties of various coconut coirs compared to peat. Hortscience, 40(7),

21382144. https://doi.org/10.21273/hortsci.40.7.2138

AFNOR. (2000). Amendements du sol et supports de culture—
Détermination des propriétés physiques—Masse volumique appar-
ente sèche, volume d’air, volume d’eau, valeur de rétraction et
porosité totale (NF EN 13041). AFNOR.

AFNOR. (2007). Amendements du sol et supports de culture—
Détermination de la répartition granulométrique (NF EN 15428).
AFNOR.

Allen, T. (1997). Particle size measurement. Powder sampling and
particle size measurement (Vol. 1). Chapman & Hall.

Allen, T. (2003). Powder sampling and particle size determination.

Elsevier.

Bartley, P. C. (2019). Multidimensional characterization of horticultural

substrates [Doctoral dissertation, North Carolina State University].

North Carolina State University Digital Repository. http://www.lib.

ncsu.edu/resolver/1840.20/36835

Bartley, P. C., Fonteno, W. C., & Jackson, B. E. (2022). A

review and analysis of horticultural substrate characterization by

sieve analysis. Hortscience, 57(6), 715725. https://doi.org/10.21273/

HORTSCI16583-22

Bartley, P. C., Jackson, B. E., & Fonteno, W. C. (2019a). Effect of par-

ticle length to width ratio on sieving accuracy and precision. Powder
Technology, 355, 349–354. https://doi.org/10.1016/j.powtec.2019.07.

016

Bartley, P. C., Jackson, B. E., & Fonteno, W. C. (2019b). Computerized

particle analyzer: The next generation of particle analysis. Acta Hor-
ticulturae, 1266, 97102. https://doi.org/10.17660/ActaHortic.2019.

1266.14

Blott, S. J., Croft, D. J., Pye, K., Saye, S. E., & Wilson, H. E. (2004).

Particle size analysis by laser diffraction. Geological Society, London,
Special Publications, 232(1), 6373. https://doi.org/10.1144/GSL.SP.

2004.232.01.08

Blott, S. J., & Pye, K. (2001). GRADISTAT: A grain size distribution

and statistics package for the analysis of unconsolidated sediments.

Earth Surface Processes and Landforms, 26(11), 12371248. https://

doi.org/10.1002/esp.261

Bunt, A. C. (1983). Physical properties of mixtures of peats and minerals

of different particle size and bulk density for potting substrate. Acta
Horticulturae, 150, 143145.

Caron, J., & Michel, J. S-C. (2021). Understanding and optimizing

the physical properties of growing media for soilless cultivation. In

N. Gruda (Ed.), Advances in horticultural soilless culture (1st ed.,

pp. 107138). Burleigh Dodds Science Publishing. https://doi.org/10.

19103/AS.2020.0076.04

Caron, J., Rivière, L. -M., & Guillemain, G. (2005). Gas diffusion and

air-filled porosity: Effect of some oversize fragments in growing

media. Canadian Journal of Soil Science, 85(1), 5765. https://doi.org/

10.4141/S03-086

Durand, S., Jackson, B. E., Bartley, P. C., Fonteno, W. C., & Michel, J. -C.

(2021). New tools for particle shape analysis of substrate components:

Initial results and future prospects. Acta Horticulturae, 1317, 335342.

https://doi.org/10.17660/ActaHortic.2021.1317.39

Durand, S., Jackson, B. E., Fonteno, W. C., & Michel, J.-C. (2022).

Advances in substrate particle characterization using dynamic image

analysis compared to sieving procedure for predicting water retention

properties. Proceedings of the International Symposium on Innovative
Technologies and Production Strategies for Sustainable Controlled
Environment Horticulture. Acta Horticulturae. Angers.

Fields, J. S., Owen, J. S., & Scoggins, H. L. (2015). Exploring the influ-

ence of particle size on plant water availability in pine bark substrates.

In N. Gawel (Ed.), Proceeding of the 60thSNA Research Conference
(pp. 19–27). Southern Nursery Association.

Gil, M., Arauzo, I., Teruel, E., & Bartolomé, C. (2012). Milling and han-

dling Cynara cardunculus L. for use as solid biofuel: Experimental

tests. Biomass and Bioenergy, 41, 145–156. https://doi.org/10.1016/

j.biombioe.2012.02.023

Gil, M., Teruel, E., & Arauzo, I. (2014). Analysis of standard sieving

method for milled biomass through image processing. Effects of par-

ticle shape and size for poplar and corn stover. Fuel, 116, 328340.

https://doi.org/10.1016/j.fuel.2013.08.011

Hamilton, P., Littlejohn, D., Nordon, A., Sefcik, J., & Slavin, P. (2012).

Validity of particle size analysis techniques for measurement of the

attrition that occurs during vacuum agitated powder drying of needle-

shaped particles. Analyst, 137(1), 118125. https://doi.org/10.1039/

C1AN15836H

Handreck, K. A. (1983). Particle size and the physical properties

of growing media for containers. Communications in Soil Sci-
ence and Plant Analysis, 14(3), 209222. https://doi.org/10.1080/

00103628309367357

 14350661, 0, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/saj2.20518 by N

orth C
arolina State U

niversit, W
iley O

nline L
ibrary on [27/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-3283-3870
https://orcid.org/0000-0002-3283-3870
https://doi.org/10.21273/hortsci.40.7.2138
http://www.lib.ncsu.edu/resolver/1840.20/36835
http://www.lib.ncsu.edu/resolver/1840.20/36835
https://doi.org/10.21273/HORTSCI16583-22
https://doi.org/10.21273/HORTSCI16583-22
https://doi.org/10.1016/j.powtec.2019.07.016
https://doi.org/10.1016/j.powtec.2019.07.016
https://doi.org/10.17660/ActaHortic.2019.1266.14
https://doi.org/10.17660/ActaHortic.2019.1266.14
https://doi.org/10.1144/GSL.SP.2004.232.01.08
https://doi.org/10.1144/GSL.SP.2004.232.01.08
https://doi.org/10.1002/esp.261
https://doi.org/10.1002/esp.261
https://doi.org/10.19103/AS.2020.0076.04
https://doi.org/10.19103/AS.2020.0076.04
https://doi.org/10.4141/S03-086
https://doi.org/10.4141/S03-086
https://doi.org/10.17660/ActaHortic.2021.1317.39
https://doi.org/10.1016/j.biombioe.2012.02.023
https://doi.org/10.1016/j.biombioe.2012.02.023
https://doi.org/10.1016/j.fuel.2013.08.011
https://doi.org/10.1039/C1AN15836H
https://doi.org/10.1039/C1AN15836H
https://doi.org/10.1080/00103628309367357
https://doi.org/10.1080/00103628309367357


14 DURAND ET AL.

Igathinathane, C., Pordesimo, L. O., Columbus, E. P., Batchelor, W. D.,

& Sokhansanj, S. (2009). Sieveless particle size distribution analy-

sis of particulate materials through computer vision. Computers and
Electronics in Agriculture, 66(2), 147158. https://doi.org/10.1016/j.

compag.2009.01.005

International Organization for Standardization (ISO). (1988). Part 1:
Methods using test sieves of woven wire cloth and perforated metal
plate (ISO 2591-1). ISO.

Keck, C. M., & Müller, R. H. (2008). Size analysis of submicron par-

ticles by laser diffractometry—90% of the published measurements

are false. International Journal of Pharmaceutics, 355(1), 150163.

https://doi.org/10.1016/j.ijpharm.2007.12.004

Levesque, M., & Dinel, H. (1977). Fiber content, particle-size distri-

bution and some related properties of four peat materials in eastern

Canada. Canadian Journal of Soil Science, 57(2), 187195. https://doi.

org/10.4141/cjss77-023

Li, L., & Iskander, M. (2020). Evaluation of dynamic image analysis

for characterizing granular soils. Geotechnical Testing Journal, 43,

GTJ20190137. https://doi.org/10.1520/gtj20190137

Liu, K. S. (2009). Some factors affecting sieving performance and effi-

ciency. Powder Technology, 2(193), 208213. https://doi.org/10.1016/

j.powtec.2009.03.027

Nemati, M. R., Fortin, J. P., Lussier, M. C., & Prince, M. J. (2009).

Development of a rapid and accurate determination of particle size

distribution in organic substrates. Acta Horticulturae, 819, 297302.

https://doi.org/10.17660/ActaHortic.2009.819.34

Nguyen, V. T. H., Kraska, T., Winkler, W., Aydinlik, S., Jackson, B. E., &

Pude, R. (2022). Primary mechanical modification to improve perfor-

mance of Miscanthus as stand-alone growing substrates. Agronomy,

12(2), 420. https://doi.org/10.3390/agronomy12020420

Owen, J. S., & Altland, J. E. (2008). Container height and douglas fir

bark texture affect substrate physical properties. Hortscience, 43(2),

505508. https://doi.org/10.21273/hortsci.43.2.505

Polakowski, C., Sochan, A., Ryżak, M., Beczek, M., Mazur, R.,

Majewska, K., Turski, M., & Bieganowski, A. (2021). Measurement

of soil dry aggregate size distribution using the laser diffraction

method. Soil and Tillage Research, 211, 105023. https://doi.org/10.

1016/j.still.2021.105023

Raviv, M., Lieth, J. H., & Bar-Tal, A. (2019). Soilless culture: Theory
and practice (2nd ed.). Elsevier.

Robertson, J., Thomas, C. J., Caddy, B., & Lewis, A. J. M. (1984).

Particle size analysis of soils. A comparison of dry and wet siev-

ing techniques. Forensic Science International, 24(3), 209217. https://

doi.org/10.1016/0379-0738(84)90186-5

Schmilewski, G. (2017). Growing media constituents used in the EU

in 2013. Acta Horticulturae, 1168, 8592. https://doi.org/10.17660/

actahortic.2017.1168.12

Trubetskaya, A., Beckmann, G., Wadenbäck, J., Holm, J. K., Velaga, S.

P., & Weber, R. (2017). One way of representing the size and shape of

biomass particles in combustion modeling. Fuel, 206, 675683. https://

doi.org/10.1016/j.fuel.2017.06.052

Ulusoy, U., & Igathinathane, C. (2016). Particle size distribution mod-

eling of milled coals by dynamic image analysis and mechanical

sieving. Fuel Processing Technology, 143, 100–109. https://doi.org/

10.1016/j.fuproc.2015.11.007

Verdonck, O., & Demeyer, P. (2004). The influence of the particle

sizes on the physical properties of growing media. Acta Hor-
ticulturae, 644, 99101. https://doi.org/10.17660/ActaHortic.2004.

644.10

White, D. J. (2003). PSD measurement using the single particle optical

sizing (SPOS) method. Géotechnique, 53(3), 317326. https://doi.org/

10.1680/geot.2003.53.3.317

Yang, Y., Wang, L., Wendroth, O., Liu, B., Cheng, C., Huang, T.,

& Shi, Y. (2019). Is the laser diffraction method reliable for soil

particle size distribution analysis? Soil Science Society of Amer-
ica Journal, 83(2), 276287. https://doi.org/10.2136/sssaj2018.07.02

52

Yoder, R. E. (1936). A direct method of aggregate analysis of soils

and a study of the physical nature of erosion losses. Agron-
omy Journal, 5(28), 337–351. https://doi.org/10.2134/agronj1936.

00021962002800050001x

How to cite this article: Durand, S., Jackson, B. E.,

Fonteno, W. C., & Michel, J. -C. (2023). Particle size

distribution of growing media constituents using

dynamic image analysis: Parametrization and

comparison to sieving. Soil Science Society of
America Journal, 1–14.

https://doi.org/10.1002/saj2.20518

 14350661, 0, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/saj2.20518 by N

orth C
arolina State U

niversit, W
iley O

nline L
ibrary on [27/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.compag.2009.01.005
https://doi.org/10.1016/j.compag.2009.01.005
https://doi.org/10.1016/j.ijpharm.2007.12.004
https://doi.org/10.4141/cjss77-023
https://doi.org/10.4141/cjss77-023
https://doi.org/10.1520/gtj20190137
https://doi.org/10.1016/j.powtec.2009.03.027
https://doi.org/10.1016/j.powtec.2009.03.027
https://doi.org/10.17660/ActaHortic.2009.819.34
https://doi.org/10.3390/agronomy12020420
https://doi.org/10.21273/hortsci.43.2.505
https://doi.org/10.1016/j.still.2021.105023
https://doi.org/10.1016/j.still.2021.105023
https://doi.org/10.1016/0379-0738(84)90186-5
https://doi.org/10.1016/0379-0738(84)90186-5
https://doi.org/10.17660/actahortic.2017.1168.12
https://doi.org/10.17660/actahortic.2017.1168.12
https://doi.org/10.1016/j.fuel.2017.06.052
https://doi.org/10.1016/j.fuel.2017.06.052
https://doi.org/10.1016/j.fuproc.2015.11.007
https://doi.org/10.1016/j.fuproc.2015.11.007
https://doi.org/10.17660/ActaHortic.2004.644.10
https://doi.org/10.17660/ActaHortic.2004.644.10
https://doi.org/10.1680/geot.2003.53.3.317
https://doi.org/10.1680/geot.2003.53.3.317
https://doi.org/10.2136/sssaj2018.07.0252
https://doi.org/10.2136/sssaj2018.07.0252
https://doi.org/10.2134/agronj1936.00021962002800050001x
https://doi.org/10.2134/agronj1936.00021962002800050001x
https://doi.org/10.1002/saj2.20518

	Particle size distribution of growing media constituents using dynamic image analysis: Parametrization and comparison to sieving
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Growing media constituents
	2.2 | Sieving procedures
	2.2.1 | Dry sieving-Standardized method
	2.2.2 | Wet sieving

	2.3 | Dynamic image analysis
	2.3.1 | Dynamic image analyzer “QicPic”
	2.3.2 | Particle width determination
	2.3.3 | Particle length determination

	2.4 | Methods of expression of results-Statistical analysis

	3 | RESULTS
	3.1 | DIA width assessment
	3.2 | DIA length assessment
	3.3 | Sieving
	3.4 | Particle size distribution of growing media constituents

	4 | DISCUSSION
	4.1 | Prior comment about sieving procedures
	4.2 | Diameters of interest and choice of relevant diameters from DIA
	4.3 | Interest of DIA and limits
	4.3.1 | Multidimensional characterization
	4.3.2 | Weighing according to the projected area
	4.3.3 | Other methodological limits of QicPic

	4.4 | Discrepancies between methods
	4.4.1 | DIA and sieving
	4.4.2 | Sieving methods


	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST STATEMENT
	ORCID
	REFERENCES


