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Abstract

SALAS, P.: Use of waste material in cultivation substrates. Acta univ. agric. et silvic. Mendel. Brun.,
2004, LI, No. 2, pp. 43-52

Gardeners’ practical experience and experimental work prove the affirmation that the used substrate
is a very important base for the production of quality nursery products. It is important to emphasis the
complexity and synergy of all factors influencing the ecosystem and there mutual relations. Physical,
chemical and biological properties do not separately affect the growth and development of plants. In ad-
dition, the relations are not statical but differ in relation with other factors changes. This article is deal-
ing with the possibility to use waste material from timber processing in cultivation substrates. The large
scale use of such substrates would enable people to reach a relative independence from peat substrates,
of which the global reserve is gradually decreasing.

Our research activities focus on the use of bark. The basic problems of a bark substrate are easy dehy-
dration and unbalanced nutrition of trees and shrubs. The suggested and experimented cultivation tech-
nology solves these problems. It is based on the cultivation of woody species in bark substrates, using
modern irrigation systems, slow release fertilisers (Silvamix Forte) and special soil conditioners (Ter-
raCottem). This technology was tested on the following species of trees and shrubs: Malus and Buxus.

nursery production, growing technologies, Malus, Buxus

Different mineral and organic materials have been
used in horticulture for the preparation of cultivation
substrates called horticultural earth. Initially they
were derived from natural soils. This way, a large
number of basic horticultural earths has appeared
such as for example leaf-mould or the ones composed
from needle-leaves, common heath, turf compost and
so on. Thanks to their mixture we obtained substrates
corresponding to the special requirement of given ge-
nus or species of woody plants.

However these basic horticultural substrates are
getting unavailable in the required quantity and
quality. This is due to the increase of horticultural
production, to the exhaustion of resources and also to
the protection of soil and forest fund. The work and
time costingness necessary to prepare these substrates
is also responsible. Currently standardisation, simpli-
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fication and unification of cultivation substrates re-
ceipts are characteristical. Horticultural production is
a highly intensive activity with high additionnal inpus
of energy (nutrients, irrigation, protection), thats why
it is possible to substitute these substrate components
which are not in standard substrates (standard uni-
form substrates can not fill the specific requirements
of the different woody plants groups).

Applied research keeps focusing on the substitu-
tion possibilities of peat in cultivation substrates by
some other components. A good alternative is the use
of waste bark, especially from pine tree and spruce.
Bark has very valuable physical characteristics, espe-
cially its porosity, water permeability and low volu-
metric weight. However, it’s easy dehydration and
low capacity of nutrient absorption constitute some
problems. Consequently, plants are immediately
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threatened because of drought and lack of nutrients.
Absorption capacity of bark is several times lower
than that of peat. Even though bark contains a high
percentage of organic matter and has more nutrients
than peat, plants do not benefit from these. On the
contrary, the natural decomposition of bark creates a
higher need of nitrogen fertilisation. Keever (1990)
found that growth index, relative root density and
shoot growth increased with higher contents of pine
bark in the substrate. Volumetric weight decreased,
porosity and irrigation frequency increased with
higher percentages of bark in the substrate from 50
to 100%. Dusek (1993) has also advised to mix waste
bark material into substrates.

The advantage of fresh bark is its high content
of substances that have inhibiting and antiseptic
effects, such as catechin, coumarin acid, phenolic
compounds, and tannins (Bedrna, 1989). Bark humus
(composted bark) is suitable for use in substrates. The
absolute density of bark is approximately 0,3g.cm?,
the porosity is 82,3%, and its maximum capillarity is
52,9% (Dubsky, Sramek, 2001). Sawdust and shav-
ings are produced as waste during wood processing.
These materials are used as admixtures in mixed sub-
strates only, enhancing their porosity and reducing the
volume weight. The absolute density of sawdust and
shavings is 0,14g.cm™, porosity approximately 90%,
maximum capillarity is 74,4% (Dubsky, 1997). The
use of wood chips is not so common in our conditions.
The volume weight of wood chips is 0,17 g.cm?,
porosity 89,4% and maximum capillarity 58,1 %
(Sramek, Dubsky, 1997). The advantage of wood
chips is the fact that unlike bark, it contains no tannins
(Rajnoch, 1998). Wider use of other non-traditional
materials, such as wood pulp or fibres, coconut peat,
rice husk, and coconut fibres is limited by the higher
purchase price of these materials (Dubsky, 1997).
Substrate desiccation and lack of available nutrients
can be avoided by mixing water absorbing substances
with the soil (hydroabsorbents) and by using slow
release fertilisers. Of course, a good irrigation system
will always be necessary. Hydroabsorbents, suit-
able for use in horticulture, have the ability to hold
rain or irrigation water and to make it available for
plants. Special slow release fertilisers are precoated
(fertilisers in capsules). They gradually release nutri-
ents. Their effectivity periods depend on the type of
expected use.

MATERIAL AND METHODS

The tested technology is based on the cultivation
of trees and shrubs in bark substrates, using modern
irrigation systems (Netafim), reserve fertilisers based
on slow release salts (Silvamix Forte) and a soil con-
ditioner (TerraCottem). Experiments were carried
out at the MUAF in Lednice. Cultivation beds were

installed on a freeway field; nursery textiles were laid
down and covered with the tested substrates. The volu-
me of each bed was at least 4,8 m3. In total, 64 test
plots were set up in two phases (32 in each phase).
All experiments were followed during a two-year
cycle with an overlap in the year 2000 (1999-2001).
Electronic sensors were used to measure air and sub-
strate temperatures (the HOBO sensor was placed at
the surface and in the substrate), substrate humidity
(the VIRRIB sensor was placed in the substrate) and
air humidity (the HOBO sensor was placed at the
surface).

In our experiments, the following composition
proved to be very good: 0,8 kg.m? of urea, 0,7 kg.m?
of Fosmag, 3,0 kg.m? of release fertiliser Silvamix
Forte, 0,5 kg.m® of hydroabsorbent TerraCottem
(converted to the used bark volume). Cultivation
substrates were mechanically mixed, using different
volumes of the following components: crunched bark,
sand, chips, sawdust, peat, slow release fertiliser Sil-
vamix Forte and soil conditioner TerraCottem. Three
repetitions of each basic variant were set up in each
phase (twelve variants in total). These include 10 ba-
sic variants repeated three times and two additional
ones (without any repetition). Two standard substrates
,,Horticultural substrate B* (in 1999) and ,,RKS L.“ (in
2000) were used as controls. Table 1. shows the com-
position of each cultivation substrate. The same varie-
ties and the same quantity of trees and shrubs (21 nb)
were planted on each of the 16 m? plots (repetition):
grafted fruit trees (Malus Mill. "Topaz") and ornamen-
tal trees and shrubs propagated by cuttings (Buxus L.).
The following basic growth parameters were mea-
sured in the experimental plants: plant height (first
year), plant height (total), length of shoots, number
of shoots, trunk diameter measured at the base of the
trunk (root base), trunk diameter measured below the
crown (trunk diameter). In the Malus genus, plant
height was measured in the first year of cultivation
only, in the second year, a crown was established at
the same height in all the plants.Results of growth
parameters of trees and shrubs were statistically ana-
lysed on Microsoft Excel (Analysis of variance).

The soil conditioner TerraCottem is a mixture of
23 components, belonging to 5 different groups and
synergetically favouring plant growth. The composi-
tion is as follows: hydroabsorbent polymers (39,5%,
a mixture of different polymers), mineral fertiliser
(8,75%, both coated and uncoated), organic sub-
stances (1,25%), growth activators (0,25%), carrier
material (49,75%, SiO,). Silvamix Forte is a complex
fertiliser with a high nutrient content. It is character-
ised by a gradual long-term release of nutrients and
contains the main nutrient nitrogen in the form of
urea-aldehydic condensates characterized by their
various dissolubility in water, depending on the length
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of the polycondensate chain. It is a gradual source of
nitrogen nutrients. This fertiliser also contains slow
release potassium-magnesium bi-phosphate, which
ensures a gradual release of other basic nutrients:
phosphor, potassium and magnesium. The fertiliser
was applied in the form of a soil amendment. From
the physiological point of view, the fertiliser is classi-
fied among the alkaline ones. Nutrients are available
during two subsequent vegetation periods. Content: N

(17,5%), P,0, (17,5%), K,O (10,5%), MgO (9,0%),
on the whole 54,4%. As organic materials (bark,
chips, chippings) were used in the experiment, it was
necessary to proceed to an additional fertilisation in
most of the variants containing these organic materi-
als. A classical, industrially produced urea (46,4% N),
as well as the chemical Fosmag (24,4% P,O., 3,8%
MgO), were used to that effect.

I: Proportion of the different components in the cultivation substrate

Variant Proportion of the different components in the cultivation substrate
no. (vol. %)
T | et |t | coips | sawaust | GO

1 - - - - - 100
2 100 - - - - -
3 75 25 - - - -
4 50 50 - - - -
5 75 - 25 - - -
6 50 - 50 - - -
7 25 - 75 - - -
8 50 - 50 - - -
9 50 - 20 30 - -
10 50 - 20 - 30 -
11 Woody plants in containers 100
12 - - 100 - - -

Notes: hydroabsorbent is used in variants number 1 - 12, fertiliser in variants 1 - 7and 9 - 12

RESULTS AND DISCUSSION

Results of growth parameters of trees and shrubs
were statistically analysed on Microsoft Excel (Table
IV., V.). This software was also used for the graphical
illustration of climatic data during the whole experi-
ment. (1999-2001). Growth parameters of trees and
shrubs are given in Table II., III.

The hypothesis, that the limiting factor of success
is the period of time between plantation in bark sub-
strate and rooting, was clearly confirmed. If trees and
shrubs can pass this period without damage, there is
no more risk that the type of substrate causes dif-
ficulties, because they have already rooted in the
hydroabsorbent particles. Van Cotthem (1990) and
Labeke (1994) also came to similar conclusions. This
study proved that filiform roots of trees and shrubs,
cultivated in a substrate containing hydroabsorbent
polymers, directly grow in the hydrogel lumps, which
represent their source of water and nutrients. When

digging out the tree or shrub, the hydrogel lumps keep
sticking to the roots. Consequently, the flux of water
and nutrients is not interrupted and the roots can still
pump the nutrient solution retained in the hydrogels
for a limited time (until the hydrogel lumps run out
of water). This is a considerable advantage, mainly
for trees and shrubs cultivated in containers (Salas,
1996). However, transport of bare-rooted trees and
shrubs clearly reduces the positive effect of hydrogels
(the lumps fall off during manipulation).

A significant reduction of irrigation needs, due to
the application of hydroabsorbent polymers in combi-
nation with bark substrate, was registered. Unusually
high temperatures and low humidity in 2000 were par-
ticularly favourable for that kind of observations. The
tested trees and shrubs, cultivated in bark substrate
from 1999 off, survived this unfavourable time period
without any major problems, their need for water be-
ing minimal. Although irrigated from time to time, the
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III: Average values of growth parameters — Buxus sempervirens

Average values of growth parameters - Buxus sempervirens

' PHASE 1 PHASE 2
Va:;ant Height of plants Number of shoots Height of plants Number of shoots
. 1999 2000 1999 2000 2000 2001 2000 2001
mm mm nb nb mm mm nb nb
1 107 204 3.1 21,3 68 113 3,0 13,9
2 82 115 2,5 8,6 64 109 3,1 14,8
3 91 136 2,4 10,6 62 106 33 13,3
4 97 156 3.3 14,6 73 115 34 14,5
5 94 130 3.4 9,7 53 101 2,9 14,3
6 110 186 3,7 17,9 58 104 2,6 14,5
7 147 209 3,7 15,7 70 98 3,0 14,2
8 83 168 2,0 11,9 50 92 2,7 13,7
9 88 122 1,7 6,9 54 83 3,0 13,2
10 86 154 2,1 10,2 61 103 3.3 14,3
11 79 115 3,7 11,1 63 89 4,4 14,0
12 91 162 4,1 15,2 55 87 3.4 14,9




P, Salas

48

[9A9] 90UBOYIUSIS G()‘() UO QOUIIIIP SANBWLILUOD)

OOUQIQJIP OANJBUWLIJUOD JON -

*

[9AQ] 90UBOYIUSIS [()°() UO OOUSIIJIP ANBUWLIGUOD A[YSIH 45 :SOION

€S0v0611 6¥1°S 9¢er'e 8¥S°Tl T81°669TL 1423 [e10L

6¥9°6LT11 8T8y LLT'E 79T'tl SLTTY989 ees WNNPISY

*x 1LT'6S1Th ok LELOT ok 124uN| * 00¥°9C ok 98L¥LT69T ITI Ayueriep
[oA9] [9A9] [oA9] [9A9] [oA9] . UONEBLIBA
B1 arenbs ueoN 31 oxenbs ueaN Sig arenbs uedn 31 axenbs ueaN Sig arenbs uedn JP J0 samo0g

qI3u9[ S100YS :10308 ]

IOJOUIEID JUNI], :10)0€,]

oseq 100y :10308,]

$)00TS JO Joquuny] :10}0€,]

syueld jo JySIoy 103084

(1007 ‘T oseyq) aoueLrea jo sisA[eue  2vdoy, “Jjp Snpp

126 T0LST 991°11 LE6'8 9¢¢°8 1444 [e30L

TLETI9ST 6976 8SH'L vES'L 1394 WnnpIssy

- 1€2°99T61 ok 8¥6°LL ok S91°L9 ok 181°9¢ ok I Ayuerrep
[oA9] [oA9] [9A9] [oA9] [9A9] . uonereA
81 arenbs ueoN S1g orenbs ueopy Sig arenbs ueon 31 orenbs ueop Sig arenbs ueon TP J0 samog

y3Su9] s)ooys 110308,

I0JOWRIP NUNI], 10)08,]

9Se(Q 1007} :10)oeq

S100(S JO Joquny :10}9eq

sjueld yo JySIoH 10308,

(0007 ‘1 oseyq) @oueLiea jo sisAreue ¢ 2vdoy, ‘| Snpppy

L zodog | N SnIpp — SISAIpup [pI1SYDIS AT



Use of waste material in cultivation substares

49

V: Statistical analysis — Buxus sempervirens

Buxus sempervirens, analysis of variance (Phase 1, 2000)

Factor: Height of plants

Factor: Number of shoots

Source of variation d.f. Mean square Sig. level Mean square Sig. level
Varianty 11 490,510 woE 184,687 ok
Residuum 409 63,512 12,708
Total 420 74,669 17,212

Buxus sempervirens, analysis of variance (Phase 2, 2001)

Factor: Height of plants

Factor: Number of shoots

Source of variation d.f. Mean square Sig. level Mean square Sig. level
Varianty 11 33,923 *% 9,866 **
Residuum 419 13,299 3,478
Total 430 13,827 3,641

Notes: ** Highly confirmative difference on 0,01 significance level
*  Confirmative difference on 0,05 significance level

- Not confirmative difference

control substrates suffered from drought. Experimen-
tal trials were irrigated only five times from January
to October 2000. Although the electronic sensor in the
substrates showed an important reduction of water re-
serve in the substrates, this had no negative effect on
the plants themselves, even though the temperatures
reached tropical levels (in May, June and August).
This result, already confirmed by some other pub-
lished data (e.g. Van Dendeyck, 1991, Mohammed,
1993, Salas, 1996, Sarvasova, 2001) speaks in favour
of the use of hydroabsorbent polymers in substrates.
The harvested plants showed a very good and dense
root system, increasing survival rates in hydric stress
conditions after transplanting to their final emplace-
ment. Bosteels (1991) and Gorzelak (1998) describe
similar results. No rooting through the nursery textile
was observed.

The global evaluation showed that variants n° 5, 6
and 7 were the best ones. These are the variants with
the highest content of bark (75vol.%, 50vol.% and
25vol.%) in combination with sand. The worst variant
was n° 9, containing wood chips. Plants of the control
variant did not reach their optimal growth. This is
due to the lower irrigation volume (the standard sub-
strate dried completely and this caused hydric stress).
Similar conclusions were published by Bailly (1989).
In his experiments, he used the standard substrate
»TKS 2. In our experiments, and thanks to the use
of the water absorbing soil conditioner TerraCottem,
the variant containing 100vol.% of sand (variant 12)
proved to be good too. No damage of plants, due to

reduction of nutrient content, was observed, although
this factor remains always capital and quite easily
influenced by temperature and rainfall during the
vegetation period.

When cultivating Malus in these substrates, one
should pay attention to the problem of root damage
of young grafted plants due to a higher salt content
(dew roots of the grafted plants). The first month after
planting is critical because of the characteristics of
the grafted plants. This danger can also be expected
for other fruit trees propagated by a similar technolo-
gy. Trees and shrubs propagated by cuttings (Buxus)
showed a lower plant stability. The anchoring root
system has a lower quality than the one of seedlings.
For these species, the development is slower and their
optimal growth was observed in the second and third
year of cultivation.

According to these investigations, woody chips
can only be used in limited quantity in the substrate
composition. When using non-composted woody
chips, they can contain toxic substances, which wash
up more slowly. They can also appear when using
bark. Chips decompose more slowly and can induce
a disturbance of the water system around roots. A lot
of air pockets are present in the system and this can
be unfavourable when planting young plants in the
substrate. In our experiments, especially the young
apple trees suffered when planted in the substrate
with dew roots (plantation in May about three months
after grafting).

Sawdust and chippings are not good to be used as
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fresh materials. They can not only contain phytotoxic
substances, but they can also provoke a disturbance
of the nitrogen supply to the plant. Decomposition
of woody substances can be unbalanced, depending
on temperature and humidity. It can even be very in-
tensive in contrast to bark. It is recommended to first
compost these waste materials and then to add them
to the substrate.

Species, cultivated under this technology, should be
carefully chosen considering basic life conditions, the
wanted quality characteristics of the produced plants
(e.g. trunk straightness) and the type of expedition
(bare-rooted plants or not).

When comparing the dimensions of root systems
of plants grown in open land, in containers and in
experimental beds, it has been shown that the largest
ones are developed by plants cultivated in experimental
beds, then on the ones cultivated in containers. Plants

cultivated in open land have the smallest root systems.
When evaluating the possible deformation of the root
system, the best cultivation system was the one in open
land (as far as the plants were not planted mechani-
cally), followed by plants cultivated in experimental
beds (trees and shrubs with a taproot) and ultimately
by plants cultivated in containers. However, evaluation
of root damages during harvest showed that plants in
containers were the less damaged ones, followed by
those in experimental beds and by the ones in open
land. Harvesting plants from the experimental substrate
was quite easy. The only damages were due to the inter-
growth of roots from adjacent plant. When digging out
the plants from open land, damages were caused not
only because of the reason mentioned above, but also
because of the strong fixation of roots in the surround-
ing soil (roots strongly hold to the soil and break during
manipulation).

SUMMARY

This article is dealing with the problems of waste materials obtained from timber processing and it de-
scribes the possibilities to use these materials in cultivation substrates. The use of such substrates would
make nurseries relatively independent from peat substrates, of which the world reserve is gradually
decreasing. Countries with advanced nursery practice have already been studying this for many years.
Our research activities focused on the use of bark. The suggested and experimented cultivation technolo-
gy solves the basic problems of bark substrates: that is easy dehydration of the substrate and unbalanced
nutrition of trees and shrubs. The suggested technology is based on the cultivation of woody species
in bark substrates, using modern irrigation systems, reserve fertilisers with slow release of salts (Sil-
vamix Forte) and a special soil conditioner (TerraCottem). Experiments were carried out at the MUAF
in Lednice (Czech Republic). Cultivation beds were installed on a freeway field. Nursery textiles were
put over the local soil and then covered with the substrates to be tested. The volume of each bed was at
least 4,8 m®. In total, 64 test plots were prepared in two phases. All experiments were followed during a
two-year cycle with an overlap in the year 2000 (1999-2001).

The global evaluation showed that variants n° 5, 6 and 7 were the best. These are the variants with the
highest content of bark (75vol.%, 50vol.% and 25vol.%) in combination with sand. The worst variant
was n° 9, the one containing wood chips. In these experiments and thanks to the use of the soil condi-
tioner TerraCottem, the variant containing 100vol.% of sand (variant 12) proved to be good too.

The care of trees and shrubs during the vegetation is, for each group of trees and shrubs (for example
broadleaved species, coniferous, evergreen and so on) the same as in an usual cultivation technology.
However, it is necessary to pay higher attention to the fluctuation of nutrients in the substrate depending
on the course of climatic factors. It is also essential to control the possible appearance of pests imported
into the substrate with the waste woody material. However it is impossible to establish a universal ferti-
lisation technology, this is due to the large assortment of trees and shrubs cultivated in nurseries, to their
very different requirements and to the differences of microclimatic conditions in each nursery.

This research project was sponsored by MSMT Czech Republic and by the Grant Agency Czech Repub-

lic (projects GA521/98/P248 and MSM 435100002).

nursery production, growing technologies, Malus, Buxus
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SOUHRN

Vyuziti odpadnich material v péstebnich substratech

Clanek se zabyva shrnutim vysledki nékolikaletého vyzkumu v oblasti vyuziti odpadnich materiali
vzniklych pfi zpracovani dieva pro potieby Skolkafské produkce. V experimentech byly testovany
rizné péstebni substraty, prevazné kirové. Uplatnéni téchto substrati by umoznilo ziskat vétsi nezavis-
lost na raseling. Navrzena a experimentalné vyzkousena péstebni technologie z velké ¢asti fesi zakladni
problém kiirovych substratl — snadnou vysychavost substrati a nevyvazenou vyzivu dievin. Zakladem
navrhované technologie je péstovani dievin v kiirovych substratech s vyuzitim moderni zavlahy, za-
sobnich hnojiv na bazi malo rozpustnych soli (Silvamix® Forte) a specialnich hydroabsorbentt (Ter-
raCottem®). Vyzkumny projekt byl feSen na experimentalnich plochach MZLU v Brng, Lednice. Na
pokusné plose bylo vytvofeno celkem 64 izolovanych péstebnich koryt, z riznych komponent (kira,
$tépky, hobliny, pisek, raselina, kontrolni substrat, hnojiva, hydroabsorbenty) bylo vytvofeno celkem
12 pokusnych variant. P&stebni technologie byla vyzkousena u dfevin z rodu Malus a Buxus. Pti celko-
vém zhodnoceni byly nejlépe hodnoceny varianty s 50%, 75% a 25% (objemovym) zastoupenim kiry
v kombinaci s piskem, nejhife byla vyhodnocena varianta zahrnujici jako komponenty Stépky. Také
rostliny v kontrolni varianté nedosahovaly optimalniho riistu a to z divodu ptfesychani substratu (ap-
likace hydroabsorbentti umoznila snizit zavlahové davky, standardni substrat s vysokym procentickym
objemem raseliny ov§em presychal). V experimentech se (vzhledem k pouziti hydroabsorbenti) jako
velmi zajimava jevila i varianta se 100% (objemovym) zastoupenim pisku. Péstovani dievin rodu Malus
v klirovych substratech je ov§em problematické. Diivodem je jakostni pozadavek na vypéstek s rovnym
kminkem (pfi pouziti slabé vzrustnych podnozi je problematické ukotveni rostlin v prvnim roce po

vysazeni, problematické je i vyvazovani rostlin k ty¢im).

Skolkatska produkce, péstebni technologie, Malus, Buxus
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