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Summary

Soilless porting substrates are increasingly used in
greenhouse production of bedding plants replacing soil
as growth media. These subsirates vsually consist of 2
mixture of organic matenals like peat or pine bark and
inorganic substances such as perlite, vermiculite or
sand. Among other possibilities, compost made [rom
municipal and industrial sludges and other sehd wastes
can effectively replace both peat and soils as they imply
Little risk to human or to the environment. The objec-
tive of this study was to evaluate the effects of different
propertions of hioselids compast in substrate mixtures
on growth and quality performance for two bedding
plants (Pecsia hybeida and Vines sp)). Pots containing
difterent proportions () ta 100%) of bicsalids compast
were used to grow both crops under greenhouse condi-
tions. In plants were determined height, diameter,
flower fresh weight, fresh acrial biomass withour flow-
ers, leal area, Mower area, number of floral stems, num-
ber of flowers, total ™, T and T in aenal biomass with-
out flowers, At the end of the experiment particle size
distriburion, bulk density, degree of compaction, waler
holding curves, pl1, clectrical conductiviey, tatal nitra-
gen and available phosphorus were determined in sub-
strates. Substrates with compost in its compositian
showed predominance of medium particle distnbution.
Bull density and the degree of compaction were higher
than the ideal range in treatment 75 to 100% of com-
post. The weatments 25 to 75% compost, were more
adequate for normal water supply to roors, Substrates
pH varied between 5.4 and 6.0, and the eleetrical con-
ductivity (1:10) berween 0.14 and 0.43d8m". Both
plants exhibited adequate vegetative and reproductive
parametets in substrates composed of different propor-
tron of compast of bosolids. In Perioria, the differences
in pL.nL parameters found among treatments can be
mainly artributed to water availability and substrate salc
content. Vieca was also related to water availability and
substrate pH. Our results indicate that, in horticultural
production, peat and soil can be partially replaced by
biosolids compost. Considering the ditterent plant pa-
rameters, the substrate with 23 % ol biosolids compost
could be selected among those that produce the best
plant quality in both studied species. The substrate
made up of only compast of hiosolids cannot be con-
sidered a commercial alternative,

Zusammenfassung

Erdelose Toplsubstrate linden in zunehmendem Mafie
fitr die Produkrion von Beetpflanzen im Gewiichshaus
Verwenddung und ersetzen Mutierboden als Substrar.
Im Allgemeinen enthalten diese Substrate cine Mi-
&LhLlIlE aus organischen Materialien wie Torl oder Kie-
lernrinde und nichi-organische Substanzen wie Perlite,
Vermiculite oder Sand. Als weitere Miaghchkeit kann
Kompost aus Klirschlamm von Haushalten und In-
dustrie und aus festen Abfillen, Torf und Lrden wir-
kungsvoll ersctzen, sofern sie geringe Risiken [Or
Mensch und Umwelt in sich rragen. Gegenstand dieser
Untersuchung 1st, die Wirkung von unterschiedlichen
Anteilen Kompost aus Bioablillen auf Wachstum und
Cualitdt von zwel Beerpflanzen (Petemia bybrida smd
Visea sp.) zu ermiteeln. Fiar die Kultur beider PHlanzen-
arten unter Gewichshausbedingungen wurden Substra-
te mit unterschiedlichen Anteilen (0 bis 100%) Kom-
post aus Bicabfillen verwendet, An den Pllanzen wur-
den Paramerter wie Hihe, Durchmesser, Frischgewicht
der Blitten und der oberirdischen Pllanzenmasse ohne
Bliten, Blaufliche, Anzahl Bliitentriebe, Blrenzahl
sOWie Cenmrmcngc N, P und I in der oberirdischen
Pflanzenmasse ohne Blitten ermittelt, Am Versuchsen-
de wurde das Substrar hinsichrlich Korngriffenverter-
lunyg, Dhichte, Volumen, Wasserhaltevermégen, pH,
elektrische Leitfihigkeit, Gesamtstickstoff und verfiig-
barer Phosphor untersucht. Substrate mit Kompost als
Bestandteil sind bei der Teilchenverteilung fihrend. Bei
einem Anteil von 73 bis 100 % Kompost waren die Ma-
ssendiehte und Grad der Verdicheung hisher als die [de-
alwerte, In den Versuchspartien mit 23 bis 73% Kom-
post war die Wasserversorgung der Wurzeln angepass-
ter, Drer pH-Wert des Substrats variierte zwischen 5.4
und 6.0 und die elekrrische Leitfihigkeir (1:10) zwi-
schen 0,14 und 0.43dSm-L Bei allen Substraten mit
unterschiedlichen Kompost-Anteilen  zeigten  beide
Pflanzenarten ausreichende vegetative und generative
Parameter. Bei Petamie kimnen die Unterschiede zwi-
schen den Behandlungen durch die verfiighare Wasser-
menge und den Salzgehalt des Substrates erklit wer-
den. Auch bei Vinew bestand ein Zusammenhang mir
der verfiigharen Wassermenge und dem pH des Sub-
strates, Unsere Ergebnisse zeigen, dass bei der garten-
Baulichen Pllanzenproduktion Torf und Erde reilweise
durch Kompost aus Bioabfillen ersctzt werden kénnen,
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Unter Berlicksichtigung der unterschiedlichen PMflan-
zenparametern konnte das Substrat mit 25 % Kompost-
Anteil fir beide PHlanzenarten cur Produktion von bes-
ter Pilanzengualitit ausgewihlt werden. [as Substrat,
das ausschlieflich aus Kompost aus Bioabfillen be-
stand, stellt keine wirtschaftliche Alternative dar

Introduction

In several countries, arnamental plant growers soill use
souls as a basis for growing media, but soil-less potting
substrates are increasingly used in greenhouss produc-
tion, replacing the soil as growth media. These sub-
strates usually consist of a mixture of organic materials
lilse pear or pine bark and inorganic substances such as
perlite, vermiculite or sand (BUNT 1988; MNroLson 1991).
There is an increasing demand for peat and peat-based
mixrures for greenhouse crop production. In northern
Curopean countrics and in Canada, it is possible to
find highly humified peats with excellent features for
plant production in containers; however, the harvest
rates are not sustainable enough for ecologists (BARRER
1993; BarkHAM 1993, Buckiamn 1993 Even though
the organizations involved in peat removal state that
this activity can be performed ar a sustainable level
(RoserTsON 1993), they do admit ditferent alternatives
must be tried out to replace or complement the prod-
uct. High quality peat has shown a significant price in-
crease during the last decade (MEerow 1994) and grow-
ers are now using local organic materials o replace
Sphagniens peat.

There are peats in Argentina whase commercial ex-
ploitatian 1s still in irs first srages. Most peatlands are
located in Rin Grande, Tierra del Fuego and due to its
recenl explaitation, its agronomic qualities are still un-
knewn.

Among other possibilities, compost made from mu-
nicipal and industrial sludge and ather solid wastes can
eftectively replace both peat and soils as they imply lit-
tle risk to human or animal health or o the environ-
ment (Warman 1999). Compost made from biosolids
has been successfully used to grow marigold, P,
Chrysantbesim, Geraninmr, snapdragon and fmpations
plant: (Gous 1985, Kiock-Moore 1999), Compost
contains substantial amounts of nitrogen and phos-
pharous thar may impreve plant growth and reduce the
need for fertilizers (BUGBEE & ELLIOT 1998). Besides,
composts addition may benefit substrates by imprav-
ing bulk density, poresity, water-holding capacity and
aggregate stability (BARKER 1997),

The abjective of this study was to evaluate the effects
of different proportions of biosolids compost in sub-
strate mixtures on growth and quality performance for
two bedding plants.

Materials and Methods

An experiment was carried outinoa greenhouse, Pelaaia
and Vince plantlews (Persnia hydrida and Vinca sp.) were
transplanted into pots of 1] volume and 15 em diame-
ter. Substrates were obtained from different propor
tions of pear (from Tizrra del Fuego); perhite, sol (Typ-
ic Hapludoll, horizon A) and bicsolid compost, This
campast was prepared with sawdust as bulking agents
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i2:1, biosolid:sawdust ratio by volume) and biosolids
from sewage sludge treatment plant located in the
north of Buenos Aires Ciry. Physical and chemical
propertics of the compost were published elsewhere
(ZUBILLAGA and Lavapo 20017, Thers were 6 treatments
with the following propornons by volume:

L 50% soil + 25% peat + 25% perlite;

IL 100 % compost;

11T, 75 % compost + 12.5% peat + 12.5% perlite;

IV, 50% compost + 25% peat + 23 % perlite;

V., 23U compaost + 3.5 % perlite and

VI 50% peat + 50% perlite,

Pots were arranged in the greenhouse using a randomi-
zed design with seven replications, They were maintai-
ned around field capacity by means of daily watering
with distilled water. Before tansplanting the plants, all
pots were [ertilized with a commercial formula: 16IN-
712K plus micronutrients at the rate of 0.8 gkg ' sub-
strate. Tt was not necessary 1o apply fungicides and ins-
ecticides and weeds were removed manually.

Petiensias were harvested 61 days and Viwea 73 days af-
ter transplant when they had reached commercial size.
Plant height, plant diameter, flower fresh weight, fresh
aerial biomass without fowers, leal area, flower arca,
the number of floral stems and the number of flowers
were determined. Total N was determined by Kjeldahl
method and total I and K were exrracted by digestion
in HNO,-HCI and determined by ICT in aerial hio-
mass without flowers. From the plant nutrient contents
and the dry aerial biomass without flowers, nutrient up-
talee was calculated. Leat and foral area was measured
using a LI-3100 Area Meter.

At the end of the experiment, the particle size distii-
bution, bulk density, water holding curves, pH (1:10}),
electrical conductiviey (1:10 extract), (Kiure 1986), to-
tal nitrogen (Kjeldahl) and available phosphorus (Bray
and Kurtz), were determined (Srarks et al, 19%6)
substrates. The degree of compaction of substrates, the
volume variation percentage between the srart and the
end of the experiment was also measured. There were
ne significant differences in substrate characteristics af-
ter the growth of each species; therefore the shown data
are the average values.

Al data were statistically analvzed by ANOVAL Al
LS walues were tested at a probability level of 5%,
Correlations between substrates and plant paramerers
were caleulated,

Results and Discussion

Subsfrales chardclerivlics

The particle size disrribution varied largely among sub-
strates (Figure la). The treatment peal + perlite showed
the highest percentage of coarse particles, which allows
presuming there was high macroporosity in those con-
tainers, Conversely, in the substrate with soil the oppo-
site happened, Substrates with compost in its composi-
tion showed predominance of medium particle distrib-
uticn. Bulk density of some substrates (Figure 1b) were
around the ideal range, between 015 and 0.5gcm—
(MNaPrl and BARBERIS 1993) bur substrates with 73 %
and 100% of compost exceeded this range. An associ-
ated measure, the degres of compaction (Figure 1)
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shows that the higher the contents of compaost, the low-
er substrates stabality,

Generally speaking, substrates with good porosity
have potentially good acration and warer holding ca-
pacity. As regards this matter there are two important
parameters: a} water easily available to plants, that is to
sav, the quantity of water released by the substrate
when suction changes from 10 to 50cm, and b) warer
reserve, the water seill available to plants in case of ad-
verse conditions. This type of water s released by the
substrate when suction from 50 to 100cm (Nappr and
BARBERIS 1993).

Peat has a low hydraulic conductivity at low water
potentials and it is prone to evaporation, which de-
crease the water availability in dry conditons (BEARD-
SELL et al. 1979; Orianper and DUE 1986), Figure 1d
shows that the treatment peat + perlite had ligher wa-
ter content retained at suction which was lower than
10kpa that is the water of casy drainage (ANSCGRENA
MinER 1994, Besides, it also showed the largest water
content at higher suction levels not available 10 plants.
Conversely, the treatment with 100% compast showed
the lowest capacity ta hold water at low and high suc-
tions; in fact, it had little water available 1o crops. This
behaviar has also been found by other authors (CGRTI
et al., 1998). The other treatments were located in in-
termediate positions and were more suitable for normal
water supply to roots.

Substrate pH {1:10) varied between 5.4 and 6.0, ade-
quate for normal growth of most ormamental plants,
The electrical conductivity (1:10) varied between 0,14
and 0.43dSm-!, a range already found for compost of
biosolids (KLOCE-MoOORE 1999). The highest electrical
conductivity was found in the treatment peat + perlite.
Total nitrogen was high in all substrates, varying be-
tween 0.30 and 0,47 %. The available T was also very

high at the end of the experiment ranging from 302 to
493pgPg L

Crop response

Table 1 shows data cancerning both crops quality para-
meters according to the substrate used. For both species
vegetative and reproductive parameters are highly cor-
related (P<20,05), then only all parameters of Felimia
are shown, For Vieca only the dara related to heighe
and aerial biomass are shown.

Tn Petwenia, the highest heights were found in the sub-
strates with soil and with 23% to 75 % of compost and
the lowest heights were observed in the treatment peat
+ perlite (Table 13 Plant diameter, leaf arca, and aerial
biomass without flowers did not show any difference
ameong treatments, except the substrate with peat + per-
lite. This behavior could be accredited to the higher
salt content in this treatment.

The repraductive parameters also exhibited marked
differences (Table 1), Substrates with soil and compost
contents from 25% to 75% showed the highest num-
ber of flowers, flowering weight and arca. The number
of floral stems did not show significant difterences
among treatments, with the exception of the substrate
peat+perlite, which exhibited the lowest data.

For Vinca (Table 1) the plant heights and the aerial
biomass were significantly higher in all substrates with
compost and, as well as with the Pesr, the substrate
peat + perlite gave significant lower figures. Other au-
thors also observed positive results in plant growth and
vegetative development with 25% and 50% of com-
post {Goum 1985; Narrt and Barsrris 1993),

The ™, P and K contents in Peoeia varied between
1.5-3.6 %: 0.3-0.7% and 2.2-5.4 % respectively, which

Table 1. Growth parameters in Petsosse and Vinea, Different letters indicate significant differences (LSD, p < 0.05)
Hi‘,’ir,-_-,{-,(;m;,l;‘{.-.w;rmn;.fg'.l'1;0,?: Petunia e Vinea, Abaseichende Buchitaben l-’!.'ﬁ’."rr j.lgm_';.’f&r.w.'c Elnterschiede s (LEED, P < LLARS)

Treatment Petsiaste Vinca

Height  Flant Leaf Agrial e Flaral Floral ~ N°floral | Height  Aenal
{emy  dizmeler area biomass  flowers  weight area SLCTS biamass

without

Nowers
fcm}  {empot) (gfpoty  perpor  (gpol) lomi/pot]  per pot {zm]) [gdpot)
100y compost 2456 e 23534 SBEA%a 4¥4A1a 8250 83Th 2593580 9.88 a 29.86ah 3277 a
75 % Compost 717 ab 23362 54861a 418%a 12.536ab 12.07ab 34336ab 10002 | 3090a 32334
3005 campost 28612 263%a S66.77a 44.73a 1256ab 13.19ab 363.74ab 10222 |30.00ah 2937 a
25% compost 28504 2383: 64133a 4%6Ta  176Fa  1525a 47605: 11002 | 3230a 31082
peat +petlite 228lc 888k S54.6db  434b 113 ¢ 072¢  2139c¢  LI3b [1833c¢  232b
Sail ZROTa  2436a 66411a 49460  1657a 1004:b 31335ab 9292 | 2650Db  25.01a

Table 2. Macronutrients absorption in Petenia and Visea (g/per). Different letters indicate significant differences (LSD, p = (L03}
Mabrondhstall-Azfiabme vor Perunia snd Vinca, Abweichende Buchstaben geben signifikante Unterschiede an (LSD,, g << 0.03)

Fetronia Vikea
W uptake P uptake K uptake ™ uptake P uptake K uptake
100 %y commpost 294 b 1,87 b 2188 a 68,26 b 8,630 G641 a
75 % compost 2.19hb 1,92 b 16,80 b 69,39 b 305h 56,46 a
30 compost 977 b 224 b 16,44 G646 b 911 h 46,83 h
2590 compost 10,682 b 2.63 ab 1248 1 83,164 11,08 ab 438,91 b
peal + perlite 1,8% ¢ 040 ¢ 121 ¢ a4 c 1,15 ¢ 293¢
Soil 1977 a 304 a 2832 a #0,03 ab 11,75 61,27 a
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corresponded with normal data for these species (Mies
and BEnTON JoMEs Jr. 1998). The absorption of nutri-
ents was significantly higher in plants grown in the sub-
strare with soil (Table 2); while in most cases the sub-
strates with compost shawed lower nutrient accumula-
tion. In the substrate peat + perlite the nutrient uptake
was the lowest.

In Vieca, the contents of N, I' and K were between
1.8-3.4%; 0.2-0.7% and 1.1-2.6 respectively and they
are also within the normal values for this specie (Mins
and Benran JoNEs Jr. 1998). The nutrient absorption
was equivalent to Perwnie and it was the lowest in the
substrate peat + perlite.

Both plants absorbed different quantities of nutrients
when grown in different substrates but no correlations
were found among nutrients and vield paramerers, This
is an indication that probably plant nutrition was not
limiting facrar.

Substrater and plant quality

In Petenia there were no significant relationships be-
tween most substrates paramerers: pH, physical charac-
teristics and nutrient contents with vegetative and re-
productive parameters. Water holding dara showed a
negative and statistically significant correlation (P<0.03)
with most plant parameters. For instance, models with
good adjustment among plant parameters and points of
water relention curve are;
- Number of floral stems = 12,65 -0.013

waler retention 0 kpa

r= g7y
- Number of floral stems = 12.909 - 0,074

water retention 33 kpa

r=-[.90"**

This means that plant growth and develapment was de-
termmined by water avatlabiliy, Other authors also
tound high correlations between substrates water hald-
ing capacity in containers and yields of several orna-
mentals (1. Tier e al, 1987).

Likewise, electrical conductivity walues correlared
negatively and significantly (P <2 0.05) with most plant
parameters, for example;

- Number of floral stems =11.80-11.002 CE

r=-043% .

For Vinca, there was also a high correlation of plant pa-
rameters with water holding capaciry at different suc-
tions. Some models are:
= Height =32.97-0,0167

water retention Ukpa

= -, 79"

- Height = 33.209-0.092

water rerention 33 kpa

r= _Ol?gi'rﬁ
- Fresh weight = 41.66- 0,25

water retention O kpa

T=0.85%"
= Fresh weighi=41.11 -0.048

waler retention 33 kpa

r=—{.84%"

Wiz parameters did not correlate with substrates elec-
trical conductivity as Petende did bur they showed a

positive correlation with pH {even in the short range of
PH found in the present study):
- Fresh weight =-42.99+ 13,17 pH

r=0.482""
- Height =1.1445.02 pH
r= 081

According to Devirr and MORRIS (1987) and WILKEN-
SN (1990), the tolzrance to salinity and pH 15 similar
for Petzemia and Vinca: both belong to @ medium toler-
ant salt group, with slightly acid ideal pH. However, in
this study Petsnic was more sensitive 1o charges in elec-
trical conductivity and Visce was more sensitive to
changes in the substrate pIT value.

Conclusion

The substrates showed ditferent physical and hydrolog-
ical properties bur, as a consequence of hasal Fertiliza-
tion, they did not show nutritional differences. Besides.
these species exhibited adequate vegerative and repro-
ductive parameters in substrales composed of different
proportions of compost of biosolids. The substrate
with soil alse had good behaviorn

In Petwesar, the ditferences in plant parameters found
among treatments can be mainly attributed to water
availability and substrate sall content. Vieea was also
related to water availability, and 1o substrate P

Onir results indicate that, in horticultural production,
peat and soil can be partially replaced by biosalids
compost. Considering the different plant parameters,
the substrate with 25% of biosolids compost could he
selected amang thase that produce the best plant qual-
1ty in both studied species. The substrate made up of
only compost of biosolids cannat be considered a com-
mercial alternarive,

This work was funded by UBACYT (Proyecta JG17/
20000,
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