@

Academic
Journals Inc.

International Journal of
Soil Science

ISSN 1816-4978

www.academicjournals.com




3 OPEN ACCESS International Journal of Soil Science

ISSN 1816-4978
DOI: 10.3923/ijss.2017.32.38

@ CrossMark

Research Article
Physical, Chemical and Biological Properties of some Alternative
Growing Substrates

2E.M. Lodolini, "*F. Pica, "*F. Massetani and 3D. Neri

'Department of Agricultural, Food and Environmental Sciences, Marche Polytechnic University, 60131 Ancona, Italy
?Horticulture Oriented to Recreation and Technique Soc. Coop., Ancona, Italy
*Fruit Tree Research Center, Council for Agricultural Research and Economic Analysis, Rome, Italy

Abstract

Background: Peat represented the predominant constituent of growing media for soilless production in the last decades. However, due
to the high cost of extraction and future availability and sustainability, a worldwide search for alternative substrates has been developed,
focusing on secondary processing compounds or recycling wastes. In order to evaluate the suitability of new materials, organic
by-products, namely hempfiber (2 particle sizes) and grape marc were studied and compared with peat and some rising substitutes: Coir
(3% fiber) and green compost. Methodology: Some of the main physical (particle size distribution, bulk density, water holding capacity
and air capacity), chemical (pH, electrical conductivity, ash, carbon, hydrogen, nitrogen and heavy metals content) and biological
properties (phytotoxicity) were analyzed. Results: All materials showed water holding capacity >40% (threshold considered sufficient
on the base of peat-related classification), except for coirand hemp with large particle size and marc that registered a poor water-holding
capacity (<40% retained water). The pH of the base materials was different with values ranging between 6.21 and 9.05. Compost and marc
showed high values of electrical conductivity and copper content (and heavy metals for green compost) and a possible negative influence
ongermination of cress as resulting from the bioassay. Conclusion: Physical, chemical and biological properties of the materials suggested
that coir has the potential to partially or totally replace peat, whereas marc and compost require to be mixed with other materials or
properly select the source-of-origin materials before processing.
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INTRODUCTION

The production of pot plants is characterized by the use
of growing media, materials otherthan soil, usually composed
of different constituents. Peat is the main constituent used in
Europe, gaining a good reputation among growing media
producers and growers for the combination of unique
properties useful for plant cultivation'. Nevertheless, the high
price of good quality horticultural peat, especially in countries
without peat moss resources and the questionable availability
of peatin the near future due to environmental constraints are
driving the research to investigate new alternative media?3.
Recycled and reclaimed solid wastes and various organic
residues generated by agriculture, industries and city are
alternative source of materials for substrate production*1°
with the advantage of circular economy. Some alternative
materials for soilless cultivation are already represented by
residues of coconuts processing (coir)'"'* and composted
waste from different sources''8. Other sources of materials
may originate from grape pressing (marc) and hemp harvest
(stem and fiber). Grape marc has already been used as
growing media after composting'®2 but little information
is available about the suitability of non-composted marc and
melted hemp residues. In Italy, marc is a common residual of
wine production, hemp plants are used for human and animal
nutrition and industrial purposes and their re-use as growing
media may provide an interesting alternative application of
their residues.

The aim of this study was to evaluate the suitability of
grape marc residues and used hemp fibers as materials for
alternative growing media or media components, in
comparative studies with peat and some rising substitute
substrates (i.e., coir and compost). Some basic analyses of
media were undertaken to characterize the physical properties
of the single fractions. Germination tests were also executed
to study their biological properties (phytotoxicity).

MATERIALS AND METHODS

Four organic materials were collected from different
sources (hemp, coir, grape marc and compost). Residues of the
hemp plant (Cannabis sativa L) were used: Dry stalks and
fiber covering the stalks. The by-product was divided into
two fractions: Fine material (Hf) chopped with a 6 mm mesh
size milland gross material (Hg), with coarse parts bigger than
6 mm. Dry coconut from Mozambique (Cocos nucifera L.)
fruit mesocarps containing fine particle (coir pith) and
medium-long fiber (coir fiber) were recovered during the
coconut oil production. Coir was used to prepare 3 mixes:
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100% coco pith (Cp), 70% coco pith with 30% coco fiber (Cm)
and 40% coco pith with 60% coco fiber (Cg). Grape marc (Gm)
from the grape (Vitis vinifera L.) wine press was composed
of grape skin, seed and stalk, dried in the ovenat 105°C for
48 h and chopped with a 6 mm sieve size mill. Green
compost (Gc) was produced with organic waste materials
such as tree branches, leaves, grass clippings and plant
residues, recovered from private and public green urban
areas. Materials were crumbled and placed in heaps to be
composted for 24 weeks at a temperature between 55 and
73°C, humidity of 45-55%, periodically reversing the mass to
not reduce the O, concentration below 6%.

The materials were stored in a well-ventilated room to
obtain an humidity around 10%, then the Bulk Density (BD)
was measured using a cylinder container 5 L volume (V), filled
with materials without compression (UNI EN 15103:2010)%.
The full cylinders were Weighted (W) and the bulk density
(p) was calculated as follow:

p = WNV (M

For the water holding capacity, the procedure suggested
by Cattivello et a/* was followed: Water was poured on
0.3 L of material at humidity of 55% to calculate the retained
water, measuring the drained water. The samples were put
into pots (100 mm larger diameter) placed upon 1 L beaker,
to collect the leachate. About 0.05 L of water were poured on
samples, after 30 min of drainage and the operation was
repeated 4 times using a total 0.20 L of water. The volume of
drained water (Dw) was measured and the water holding
capacity (WHC) was calculated:

D

WHC = 1000~ x100 )
200

After the measurement, the samples were dried in the
oven at 105°C for 48 h, weighed and used for the analysis of
particle size class. The samples were put on a set of sieves with
decreasing mesh size (15,10, 5,2, 1,0.5 and 0.2 mm), sieved
for 6 min and the particles collected from each sieve were
weighed. The class fractions were expressed as (% w/w).

The Air Filled Porosity (AFP) was measured using the
Wolverhampton method?. This method presumes that in a
completely saturated media, the air space is filled by water
and after drainage water is lost from the macro-pores and
replaced with air, the volume of drained water is equal to the
air within macro-pores in the media. For the measurements,
pots (diameter of 130 mm, height of 110 mm and volume
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of 1.1 L) were filled with media up to 20 mm over the top of
the pots, after applying a 60 mm collar on the top. The pots
were placed in a container filled with water up to the level of
the media, to allow the complete saturation by capillarity,
the water was added slowly to avoid floating effect. After
the saturation, the pots were drained for 10 min and this
operation repeated twice again, to obtain material
stabilization. The collar was removed with the excess material
and media was leveled to obtain a volume equal to the pot
volume (V). Prepared materials were completely saturated
and placed on a beaker for 30 min to drain. The volume of
drained water was measured and the Air Filled Porosity (AFP)
calculated according to the following formula:

AFP = Dwxg @3)

Two other parameters, pH and Electric Conductivity (EC),
were analyzed on water extract (1:5v/v) prepared by filtering
a suspension of material (0.06 L) and demineralized water
(0.3 L) mixed for 1 h using a probe pH meter (Criso, pH meter
GLP 21, Barcelona, Spain) and a probe portable conductivity
meter (Cond 70, XS Instruments, Giorgio-Bormac srl, Carpi,
[taly). The same solution was used to perform a bioassay. To
evaluate a possible inhibition effect on the plants growth,
the germination index? (Gl) of cress (Lepidium sativum L.)
seeds was calculated. Cress seeds were placed in petri dishes
(5 seeds perdish) onfiltering paper wetted with water extracts
(0.0015L) and incubated for 48 hat 27°C in the dark, to
permitthe germination. Ten replicates were arranged foreach
material and compared with demineralized water (control).
After theincubation, the number of germinated seeds (G) and
the root length (R) in the tested materials and in the control
(Gt and Rt) were recorded to calculate the Germination
Index (GI):

Gl = GxR
G, xR,

x100 )

Moreover, a series of chemical analysis were performed to
complete the characterization of the studied materials. Using
1 g of material, according to the method UNI EN 14775%,
the ash content was determined. According to the method
UNIEN 15290%, the total content of C, H and N were
determined  with an Analyzer Perkins Elmer 2400.
Consequently, the heavy metal (As, Cd, Cr, Cu, Hg, Mn, Ni,
Pb and Zn) content was determinated using an emission
spectrophotometer Perkin Elmer, according to UNI EN 15290.

Data analysis: About 8-10 replicates per each studied
organic material were used for every single tested parameter
and results were expressed as averagezstandard error
(where possible). An ANOVA statistical analysis was not
performed because the objective of this study was the
description of the main characteristics of the studied
materials and not the comparison between them.

RESULTS AND DISCUSSION

The particle size distribution (Fig. 1) was expressed as
percentage of material weight in the different particle
classes referred to the total weight of the sample. The results
underlined differences between materials, connected to the
shape and size of particles. Materials containing 60% fiber
(Cg) or coarse fraction of hemp stalk (Hg) showed a high
percentage of particle >15 mm, composed of mesocarp long
fiber or woody stalk chips. Conversely, 100% coir pith (Cp),
green compost (Gc) and grape marc (Gm) contained no
particles within a range of 10-15 mm. In particular, green
compost and 100% coir pith showed the highest distribution
of particlesin arange of 0.2 and 2 mm, while grape marc was
characterized by the highest percentage of particle less than
to 2 mm in diameter.

The tested materials showed a different bulk density
(Table 1), higher in green compost and grape marc compared
to coir and hemp that contained lower percentage of fibrous
particles and consequently were less dense and lighter.

According to the specific characteristics of the materials,
the water drained after four irrigation events varied and
consequently the water holding capacity, expressed as
percentage of retained water, changed (Fig. 2).
Hundred percent coir pith showed the highest water
holding capacity (91.9%), draining only 0.0163 L of the total
amount of poured water (0.20 L). The values of retained water
decreased in the most fibrous and coarse materials, like coir
with 60% of fiber (25.3%) and hemp >6 mm (14%). Grape marc
retained water poorly (29.8%). A water holding capacity of
the growing media higher than 60% is classified as good?,
whereas values lower than 40% are insufficient (30% coir
pith+60% fiber, hemp >6 mm and grape marc).

Table 1: Bulk Density (BD) of the tested materials

Material Acronym BD (kgm~—3)
Hemp >6 mm Hg 38
Hemp =6 mm Hf 136
100% coir pith Cp 132
70% coir pith+30% coir fiber Cm 123
40% coir pith+60% coir fiber Cg 48
Grape marc Gm 472
Green compost Gc 329
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Fig. 1(a-d): Particle size distribution of the tested materials expressed as percentage of weight class on total sample weight (w/w).
(@) Hg:Hemp >6 mm, Hf: Hemp =6 mm, (b) Cp: 100% pith, Cm: 70% pith+30% fiber, Cg: 40% pith+60% fiber,

(c) Grape marc (Gm) and (d) Green compost (Gc)
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Fig.2: Water Holding Capacity (WHC) of tested materials, expressed as percentage of retained water. Hg: Hemp >6 mm,
Hf: Hemp =6 mm, Cp: 100% pith, Cm: 70% pith+30% fiber, Cg: 40% pith+60% fiber, Gc: Green compost, Gm: Grape marc.
Bars indicatethe standard error. For a peat-based substrate, WHC >70%: Excellent, between 60-69: Good,

50-59: Discrete, 40-49: Sufficient, <40%: Insufficient®

Differences between the materials were detected for the
airfilled porosity (Fig. 3). The presence of fiber and coarse
parts created excess of macro porosity in the materials,
limiting water retention, because pores were occupied by air.
Hemp >6 mm showed the highest AFP compared to the other
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materials. Also mix containing 60% of coir fiber showed high
AFP compared to the other coir mixes, where the values of
AFP decreased by increasing the percentage of coir pith and
100% coir pith (Cp) had the lowest values. Green compost also
showed low values of AFP, similar to 100% coir pith. The
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Fig.3: AirFilled Porosity (AFP) of tested materials expressed
as percentage of air volume. Hg: Hemp >6 mm,
Hf: hemp = 6 mm, Cp: 100% coir pith, Cm: 70% coir
pith+30% coir fiber, Cg: 40% coir pith+60% coir fiber,
Gc: Green compost, Gm: Grape marc. Bars indicate the
standard error
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Fig.4: Bioassay results expressed as Germination Index (Gl) of
cress after 48 h of contact with a water extract of the
tested materials, grouped according to their origin.

Demineralized water was used as control

hemp= 6 mm (Hf) and the grape marc showed similar
AFP values, in a range between 20 and 30%.

Considering the range between 5.5 and 6.5 as a suitable
pH for a growing media, only coir and grape marc showed a
sub-acid pH around 6 (Table 2), pH of the hemp and green
compost was neutral and basic, respectively. The EC was low
for all the tested materials, except for compost (1.52 mS cm™)
and grape marc with an extremely high value (3.43 mScm™").
The potential inhibition of plant growth, evaluated through
the bioassay (Fig. 4) showed a low reduction of Gl in hemp
(73%) and a high reduction in green compost (37%) and
grape marc (47%) with a reduction to about 50% compared
to demineralized water (control). Only coir did not show
potential toxic property (Fig.4). The reduction of Gl was may
be due to the EC values higher for compost and marc
compared to the other materials, as well as to a possible toxic
effect, or to improper nutrient content.
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Table 2: pH and Electric Conductivity (EC) of tested materials

Materials Acronym pH EC (mScm™)
Hemp >6 mm Hg 7.28 0.18
Hemp =6 mm Hf 7.69 0.06
100% coir pith Cp 6.30 0.52
70% coir pith+30% coir fiber Cm 6.21 0.77
40% coir pith+60% coir fiber Cg 6.41 0.26
Grape marc Gm 6.56 343
Green compost Gc 9.05 1.52

Table 3: Content of ash, total carbon, hydrogen, nitrogen and heavy metals in
the tested materials (UNI EC 15290 and 14775)

Parameters Hemp Coir  Grapemarc Green compost
Ash (%) 7.5 9.6 9.9 419
Carbon (C) (%) 474 483 533 34.1
Hydrogen (H) (%) 47 44 6.0 3.2
Nitrogen (N) (%) 0.5 0.5 2.1 23
Arsenic (As) (mg kg™") <1.0 <0.1 <0.1 <0.1
Cadmium (Cd) (mg kg™") <0.5 03 <0.5 1.1
Chrome (Cr) (mg kg™") 216 2.8 <0.1 37.1
Copper (Cu) (mg kg™) 6.6 10.3 448 73.1
Mercury (Hg) (mg kg™) 0.1 <0.1 <0.1 <0.1
Manganese (Mn) (mg kg™') 487 92.0 19.7 338.2
Nickel (Ni) (mg kg~") 12.7 2.5 <0.1 229
Lead (Pb) (mg kg™") 5.1 1.0 1.0 349
Zinc (Zn) (mg kg™") 47.0 4.0 12.0 191.0

The values of ash content, the percentage of total carbon,
hydrogen and nitrogen and heavy metals content expressed
as mg kg~ are reported in Table 3 per each studied material.
Ash content was very high for green compost compared to
the other materials. The percentage of carbon was similar
for hemp, coir and grape marc and slightly higher when
compared to green compost. Nitrogen content in grape marc
and green compost resulted 4 times higher than in hemp and
coir so that resulting C/N ratio was higher for these two last
materials (94.8, 96.6, 25.3 and 14.8% for hemp, coir, grape
marc and green compost, respectively). Such results suggest
a possible greaterresistance to microbial degradation but
also the need of special attention in the nitrogen
managementduring fertilization in order to avoid phenomena
of N depletion from microorganisms. Compost showed high
concentration of heavy metals, suggesting a bad quality of
the primary source of materials for composting process.
Copper (Cu) level resulted high even for grape marc and
this is probably due to the vineyard management where
copper-based fungicides were used.

CONCLUSION

The use of the studied organic by-products is possible in
orderto create substrates suitable for soilless plant cultivation
but in many cases there are some limitations requiring a less
applied percentage or a pre-treatment procedure, increasing
the production costs. The suitability of marc may benefit from
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washingin orderto reduce salt concentration and mixing with
materials able to improve the physical characteristics. Green
compost showed high heavy metals content limiting the
application in soilless cultivations and strongly suggesting a
better selection of source materials before the composting
process. Also for coarse fraction of hemp, mixing with fine
materials such as coir pith or peat could represent a way to
increase the water retention that seems to be the main
limiting factor. For this purpose, coir may improve the quality
of alternative substrate mixes, thanks to the suitable pH and
EC, the absence of phytotoxicity and the good physical
characteristics, according to the proportion of pith and
fiber. Results of this study will be helpful in the selection of
proper materials to compose new growth substrates
alternative to peat for plant cultivation.

SIGNIFICANT STATEMENTS

Peat is the main constituent for growing media but the
high price of good quality peat and the availability in the near
future due to environmental constraints are driving the
study to investigate new alternative media. Recycled and
reclaimed solid wastes and various organic residues generated
by agriculture, industries and city are alternative source of
materials for substrate production with the advantage of
circular economy.

This manuscript reports interesting and novel results
about the characterization of new materials and by-products
as suitable alternative media to peat fora proper use in soilless
plant cultivation.

ACKNOWLEDGMENTS

Authors are grateful to the technical staff of the
Department of Agriculture, Food and Environmental
Sciences, Marche Polytechnic University for helping during
the experiments implementation and data collection.

REFERENCES

1. Schmilewski, G., 2014. Producing growing media responsibly
to help sustain horticulture. Acta Hortic, 1034: 299-306.

2. Abad, M., P.Noguera and S. Bures, 2001. National inventory
of organic wastes for use as growing media for ornamental
potted plant production: Case study in Spain. Bioresour.
Technol., 77: 197-200.

3. Blok, C, E.Rijpsmaand J.J.M.H. Ketelaars, 2016. New growing
media and value added organic waste processing. Acta
Hortic., 1112: 269-280.

37

4.

Benito, M., A. Masaguer, R. De Antonio and A. Moliner, 2005.
Use of pruning waste compost as a component in soilless
growing media. Bioresour. Technol., 96: 597-603.

Chong, C,, 2005. Experiences with wastes and composts in
nursery substrates. HortTechnology, 15: 739-747.

Ostos, J.C., R. Lopez-Garrido, J.M. Murillo and R. Lopez, 2008.
Substitution of peat for municipal solid waste-and sewage
sludge-based compostsin nursery growing media: Effects on
growth and nutrition of the native shrub Pistacia fentiscus L.
Bioresour. Technol., 99: 1793-8000.

Aviani, 1., Y. Laor, S. Medina, A. Krassnovsky and M. Raviv,
2010. Co-composting of solid and liquid olive mill wastes:
Management aspects and the horticultural value of the
resulting composts. Bioresour. Technol., 101: 6699-6706.
Zhang, RH. Z.Q. Duan and ZG. Li, 2012. Use of spent
mushroom substrate as growing media for tomato and
cucumber seedlings. Pedosphere, 22: 333-342.

Raviv, M., R.Wallachand T.J. Blom, 2004. The effect of physical
properties of soilless media on plant performance-A review.
Acta Hortic., 644: 251-259.

Drake, T., M. Keating, R. Summers, A. Yochikawa, T. Pitman
and AN. Dodd, 2016. The cultivation of arabidopsis for
experimental research using commercially available
peat-based and peat-free growing media. PLoS ONE, Vol. 11,
No.4.10.1371/journal.pone.0153625

. Meerow, A.W., 1994. Growth of two subtropical ornamentals

using coir (coconut mesocarp pith) as a peat substitute.
Hortic. Sci., 29: 1484-1486.

Islam, S., S. Khan, T. Ito, T. Maruot and Y. Shinohara, 2002.
Characterization of the physico-chemical properties of
environmentally friendly organic substrates in relation to
rockwool. J. Hortic. Sci. Biotechnol., 77: 143-148.
Lopez-Medina, J., A. Peralbo and F. Flores, 2004. Closed
soilless growing system: A sustainable solution for strawberry
crop in huelva (Spain). Acta Hortic., 649: 213-216.

Grigatti, M. ME. Giorgonni and C. Ciavatta, 2007.
Compost-based growing media: Influence on growth and
nutrient use of bedding plants. Bioresour. Technol.,
98:3526-3534.

Bachman, G.R. and J.D. Metzger, 2008. Growth of bedding
plants in commercial potting substrate amended with
vermicompost. Bioresour. Technol., 98: 3155-3161.
Garcia-Gomez, A., M.P. Bernal and A. Roig, 2002. Growth of
ornamental plants in two composts prepared from
agroindustrial wastes. Bioresour. Technol., 83: 81-87.

Ali, M., AJ. Griffiths, K.P. Williams and D.L. Jones, 2007.
Evaluating the growth characteristics of lettuce in
vermicompost ~ and green  waste compost.
Eur. J. Soil Biol., 43:316-319.

Ceglie, F.G., M.A. Bustamante, M.B. Amara and F. Tittarellj,
2015. The challenge of peat substitution in organic seedling
production: Optimization of growing media formulation
through mixture design and response surface analysis.
PLoS ONE, Vol. 10, No. 6. 10.1371/journal.pone.0128600



19.

20.

21.

22.

23.

Int. J. Soil 5ci, 12 (1): 32-38, 2017

Baran, A, G. Cayaci, C. Kutuk and R. Hartmann, 2001.
Composted grape marc as growing medium for hypostases
(Hypostases phyllostagya). Bioresour. Technol., 78: 103-106.
Bustamante, M.A, C. Paredes, R. Moral, E. Agullo,
M.D. Perez-Murcia and M. Abad, 2008. Composts from
distillery wastes as peat substitutes for transplant production.
Resourc. Conserv. Recycl., 52: 792-799.

Requejo, M.I, M.C. Cartagena, R. Villena, A. Arce, F. Ribas,
M.J. Cabello and M.T. Castellanos, 2014. Wine-distillery waste
compost addition to a drip-irrigated horticultural crop of
central Spain: Risk assessment. Biosyst. Eng., 128: 11-20.
Carmona, E., M.T. Moreno, M. Aviles and J. Ordovas, 2012.
Use of grape marc compost as substrate for vegetable
seedlings. Sci. Hortic., 137: 69-74.

Bolechowski, A., R. Moral, M.A. Bustamante, J. Bartual,
C.Paredes, M.D. Perez-Murcia and A.A. Carbonell-Barrachina,
2015. Winery-distillery composts as partial substitutes of
traditional growing media: Effect on the volatile
composition of thyme essential oils. Sci. Hortic., 193: 69-76.

38

24.

25.

26.

27.

28.

29.

UNI., 2010. UNI EN 15103:2010-Solid biofuels-determination
of bulk density. http://infostore.saiglobal.com/store/
details.aspx?ProductlD=1404005

Cattivello, C,, L. Crippa and P. Zaccheo, 2009. Test Rapidi di
Laboratorio. In: | Substrati di Coltivazione, Zaccheo, P. and
C. Cattivello (Eds)., Edizioni Agricole, Bologna, pp: 407-418.
Bragg, N.C. and B.J. Chambers, 1988. Interpretation and
advisory applications of compost air-filled porosity (AFP)
measurements. Acta Hortic., 221: 35-44.

Zucconi, F., A.Pera, M. Forte and M. Bertoldi, 1981. Evaluating
toxicity of immature compost. BioCycle, 22: 54-57.

UNI,, 2010. UNIEN 14775:2010-Solid biofuels-Determination
of ash  content. http://infostore.saiglobal.com/store/
details.aspx?ProductlD=1403938

UNI., 2011. UNI EN 15290:2011-Solid biofuels-determination
of major elements-Al, Ca, Fe, Mg, P, K, Si, Na and Ti.
http://infostore.saiglobal.com/store/details.aspx?ProductID
=1460920



	IJSS.pdf
	Page 1




