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Gorsrscad Introduction

 Anincrease in the atmospheric
concentration of carbon dioxide (CO,)
may alter the Earth’s mean

temperature and precipitation. " ‘ |

 Much of the work on reducing
greenhouse gas emissions and
carbon (C) sequestration using biotic
strategies has been conducted in row
crop and forest systems.

« However, no so much work has focused on contributions
from sectors of the specialty crop industry such as
ornamental horticulture.

« There are uncertainties regarding the best practices for
lowering GHG emissions and increasing C storage in the
ornamental horticulture industry; this is an area deserving
Investigation (Christopher et alt.2011).
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* In the production of containerized plants in floriculture the most used
soilless substrate is peat moss. Worldwide over 11 million tons
(Tg=teragram) of peat are used annually in horticulture (U.S. Dept., 2013)
due to its consistent physical characteristics and high nutrient exchange
capacity.

« Environmental concerns about draining peat bogs and the fact that
peatland mining eliminates the carbon sink function of the peatland
(Waddington et al.,2002) have enhanced interests in research on
complementary products that can be added to peat.

« Since 1980°s research had focused on different kinds of composts and
lately biochar has been addressed as a possible perlite and peat
replacement in horticulture (Bedussi et alt., 2015). There are evidences that
Bioochar / vermicompost have a synergy when added together to soll

[Fsnelr 20027 * Thus, 3 different comparative

T XY 5 greenhouse studies were conducted
— /lb‘ "~ to assess the suitability of biochar
"Rt ;:-‘v{f‘) 1. (B) and vermicompost (V) as partial

: substitutes for peat-based growing
el L B media for ornamental plant
L / production.
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* First experiment was focused on
determining if it was possible to grow
containerized ornamental bedding plants
(as petunia and geranium) with
commercial quality using 24 different
biochar / vermicompost mixes.

* In the second one, we selected from the
first one the 5 best performing growing
media and, verified the physiological
plant answer when growing those
species with our selected mixtures.

* Finally we checked containers leachates
to verify if less nutrients were lost by
irrigation when growing those species
with our selected mixes.
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1st EXPERIMENT
Substrate characterization

and morphological plant answer
METHODOLOGY

Biochar: pyrolysis Pinus monticola wood at 600 to 800 °C.

OHIO

Vermicompost dairy manure solids first pre-composted 15 days in an aerated
composting system and then processed by vermicomposting during 70-80 days

23 different blends of Biochar (B) at a volume fraction of (0, 4, 8, 12) % and
Vermicompost (V) at (0, 10, 20, 30, 40, 50) % were compared to a baseline peat-
based substrate (S) as control in the cultivation of geranium (Pelargonium
peltatum) and petunia (Petunia hybrida).

Notation S: V: B

Vermicompost (%)
0
10
20
30
40
50

0

100:00:00
90:10:00
80:20:00
70:30:00
60:40:00
50:50:00

Biochar
(%)

4

96:00:04
86:10:04
76:20:04
66:30:04
56:40:04
46:50:04

8

92:00:08
82:10:08
72:20:08
62:30:08
52:40:08
42:50:08

12

88:00:12
78:10:12
68:20:12
98:30:12
48:40:12
38:50:12
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and morfological plant answer
METHODOLOGY

Experimental design

 OSU Horticulture Department Greenhouses

« Arandom 5 block design for each species.

 One set of 2 species x 24 treatments x 5 blocks =240
containers.

* First seedlings were produced on 200 plugs (21.8 cm?3)
plastic germination tray for 40 days under an average
54% moisture and at 24° C in a glasshouse with a micro
sprinkler irrigation system.

« Seedlings transferred to 800 cm? plastic containers on 15
m<? benches per species at a greenhouse with an average
temperature of 20 °C and 29 % humidity. Containers were
watered manually as needed.

« Growing period: 8 weeks Petunia. 11 weeks
Pelargonium.
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Substrate characterization
and morfological plant answer
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A. Substrates were characterized for

1.phySicaI NCSU porometer (Fonteno and Bilderback, 1993)
2.chemical propertieS water extract 1:6 as (Ansorena Miner, 1994)

B. Plants commercial quality was evaluated as
1.plant growth by measuring shoot dry weight (SDW)
2. flower prOdUCtion Petunia number of flowers. Pelargonium number of open

inflorescences and inflorescence-buds

C. Nutrient concentrations were assessed

1.in leaves wiler, 1998) Samples digested HNO, (Miller, 1998)
P,K,Ca,Mg,S,Fe,Mn,B,Cu,Zn,Na, determined as Dahlquist and Knoll, 1978. Total nitrogen
determined by spectrophotometry in a flow autoanalyser after Kjeldahl digestion.

2.1n substrates before and after cultivation determined by icP-oEs

after extraction, and were expressed on a volume basis (Dahlquist and Knoll, 1978).
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Substrates physical

parameters
Air space decreased

as V% increased.
Bulk density increased
as V% increased.

yw=0.0005x+0.1428
R*=0.5637

y=-0.0574x+5.4548
R*=0.382

96:00:04
92:00:08
88:00:12
90:10:00
86:10:04
82:10:08
78:10:12
80:20:00
76:20:04
72-20:08
68:20:12
70:30:00
66:30:04
62:30:08
58:30:12
60:40:00
56:40:04
52:40:08
48:40:12
50:50:00
46:50:04
42:50-08
38:50:12

RESULTS

Treatment
SP:V:B*
100-00:00

Db

(kgm™)
135a
137 ab
147 bedef
146 bede
141 abc
144 abed
159 ghijk
144 abed
149 cdefg
150 cdefg
163 ghik
153 defghi
154 defghi
153 defgh
156 efghij
164 ghik
153 defghi
158 ghijk
164 hik
1801
162 hijk
155 efghij
164 ik
168 k

Va

(%)
70.1a
70.8 be
72.1 abecd
72 4 abcde
7T1.0bc
71.0 abe
72 8 bede
72 4 abcde
75.1 efgh
74 .6 defgh
73 2 bedef
723 abcde
74.0 cdefg
76.4 gh
73 .5 bedef
74 8 defgh
74.7 defgh
74 3 cdefg
75 8fgh
749 defgh
75 8fgh
73 4 bedef
77.0h
77.0h

Pr

(%)
81.0 abcde
80.5 abed
79.8 abed
80.0 abed
g1.1 abede
80.3 abed
79.0 ab
80.0 abed
822 cde
80.3 abed
78.0a
80.6 abcd
81.2 abcde
g839e
79.9 abed
81.9 bede
82.0 cde
79.3 abc
80.0 abed
79.2 abc
82.1 cde
80.5 abed
839e
8§24 de
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L

L

L+

Guide ranges”

100-140

45-65

78-88
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. Use of both V and ¢ Leaf nutrients (P, K, Ca, Mg, S)
B increased the contents increased with the increase
substrate pH from  In volume fraction of V.

5.2t0 6.6. 271 meen)  oPF.p)

o

R -
= a

y=0,017x+5,5479
R?=0,7688

y=1,2648x+ 15,193
R?=0,9349

OpH  ®EC

pH
O B N W H U O N
°cEB8888 38868

mEDW (P.h.)

ah OSOW (P.p.)
a

* Mixtures with low—medium V
levels (10 -30%) and high B
level (8 —12 %) in Petunia and
Pelargonium induced more
growth and flower production
than that of the control.
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Cgad Environmental effect

« Some studies (Steiner and Harttung, 2014) have shown
reductions in GHG emissions when biochar is used as peat
substitute for growing plants.

 Biochar decomposes slowly (Kuzyakov et al., 2009) and can be
stored for relatively long periods, but V has a faster
decomposition rate, so no significant C storage in soil is
expected by V and that is why we only are going to calculate it
based in the biochar potential effect.

« Peat volume substituted by V has a CO, sink role and it has
been included in our calculation.

Mg biochar 2.8 Mg CO.eq

Mg peat 1.7 Mg CO.eq
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deHacha Environmental effect
Let ’S COnSider the miX S100% V0% B 0% S68% V20% B 12%
68:20:12 (S:V:B, volume

basis) and its obtained Db
measurement.

It would be possible to store
up to 85.21 gr of CO,, per 800 gr COseq/

cm3 container for long pot 800 cm® B(%)
periods of time. V(%) O 4 8 12

: : : : 0O 0.00 23.76 47.09 69.98
This sequestration first will 10 12.24
happen in the plant’s growing 20 21.76
container and then in the 30 28.56

garden/backyard soil after 40 34.00
transplanting. 50 39.44
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Hypothesis

The experiment was designed to test the hypothesis that it
IS possible to produce plants of petunia (Petunia hybrida)
and geranium (Pelargonium peltatum) with similar/better
physiological characteristics while reducing the use of
substrates from non-renewable sources.
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el Five treatments plus a control were

100-0-0  100-0-0 selected because their good results from
WU the previous experiment where 23

68-20-12 68-20-12 . . .

89108 88.0.12 different mixes were compared with that

78-10-12  70-30-0 control peat -based substrate (S).
58-30-12 66-30-4

Three of those mixes were shared in both
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METHODOLOGY

Experimental design
« Arandom 5 block design for each species.

« 2sets x 2 species x 6 treatments x 5 blocks =120
containers.

« First seedlings were produced on 200 plugs (21.8 cm?3)
plastic germination tray for 40 days under an average 54%
moisture and at 24° C in a glasshouse with a micro
sprinkler irrigation system.

« Seedlings transferred to 800 cm3 volume plastic containers
and placed on 8 m? tables per species at a greenhouse
with an average 20° C and 29 % humidity.

« Containers were watered manually as needed.
 Growing period: 20 weeks Petunia. 24 weeks Pelargonium.
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 Plants commercial quality was evaluated as
1.Plant growth by measuring shoot dry weight (SDW)

2.Flower prod UCtION Petunia number of flowers. Pelargonium number of open

inflorescences and inflorescence-buds.

 Physiological parameters

1.Cuticular Transpiration (CT) as Quisenberry et al. (1982) and Carevic et alt.
(2010)

2.Root Growth Capacity (RGC) as ritchie (1985)

3.Damage Index of Freeze inducted electrolyte leakage
(DI16.7) as Dexter et alt. (1932), McKay (1992), Landis (2010) and Burr (2001)
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— RESULTS
Shoot Dry Weight (SDW ) and flower production.
petunia geranium

E=
v

BSOW m@mFlower BSOW BFower
be

N w w b
w o v o e o

o
<

g / plant ; number flowers
N
=

g / plant ; number flowers

o wv
e n

100:00:00 86:1004 $2:1008 781012 682012 58:30:12 100:00.00 800012 861004 70:30.00 682012 663004
Mix Mix

Plant size and flower production improved when peat-based
substrate was substituted by vermicompost and biochar at
rates of B £ 12% and V = 30% volume fraction.
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Cuticular Transpiration (CT),
petunia geranium

100-00-00 86-10-04 82-10-08 78-10-12 68-20-12 58-30-12 ’ 100-00-00 88-00-12 86-10-04 70-30-00 68-20-12 66-30-04
MIX MIX

CT results in both species were not statistically significant.
Physiological response due to the inclusion of V and B in the
substrate mixture regarding this parameter was not
detrimental to plants and in the event that the plants suffer
from a short period of water stress, plants grown on the new
substrates will not decrease their capacity to conserve water.
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e | « Root Growth Capacity (RGC)
« Damage Index of Freeze inducted electrolyte leakage (D16.7)
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de Hueha

Petunia Pelargonium
Treatment Treatment
S:V:B : % S:V:B g %
100:00:00 0.15£002a 505+195a 100:00:00 0.67+0.03ab 798+199a
86:10:04 0.20 £ 0.01 ab /748 £183 a 86:10:04 0.59+0.05ab 938+39a

68:20:12 0.22 £0.03 ab 547x195a 68:20:12 0.60+0.01ab 100.0=0.0a
82:10:08 0.18 +0.04 ab 5891863 88:00:12 082+0.12b 782+159a
78:10:12 0.26 003 b 53.7x210a /70:30:00 050+005a 739zx194a
58:30:12 0.19 £0.03 ab 43520523 66:30:04 052=x001a 77.3x183a
Average = SE 0.20+0.01 26075 0.63 +0.04 83.3+6.2
P 0.025 0.050 0.031 0.050

RGC and DI6.7 results in both species were not statistically
significant, so physiological answer differences due to the
Inclusion of V and B were not shown by those two species in
our experiments.
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CONCLUSIONS

It Is possible to grow
containerized Petunia hybrida
and Pelargonium peltatum
plants with commercial quality
after 3 or 4 months of
cultivation, using substrates
comprising a peat-based

substrate mixed with biochar Petunia and Pelargonium
igﬂﬁoé;’t?l\';g"e'ﬁobrgfh%t at least growth in these substrates
0 ' showed that plants will be

able to adapt themselves,
at least similarly well as

: the plants grown in peat-
i4%50 13 based growing media, to
the new environment after
transplanting to garden.

821008 100 00 00
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Goal

The main focus of the third study was assessing the
leaching of nitrogen and other nutrients from peat based
blends including biochar and vermicompost in comparison
with usual fertilized peat substrates.

Hypothesis

Our hypothesis is that the
Inclusion of biochar and
vermicompost, in a peat
based growing media could
reduce the leaching of
nutrients while maintaining an
adequate plant quality.
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| used same biochar and
vermicompost that in the first /
second experiments.

* Three growing media were
prepared with the following
volume fractions (S:V:B):
100:00:00, 86:10:04 and 68:20:12.

*Being, respectively, the control
treatment and two treatments
containing a slight and a
moderate peat-based substrate
replacement.

* The last two treatments were
selected based on the first
experiment good performance.
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METHODOLOGY

 Experimental design
« Arandom 5 block design for each species.

 5]eachate samples of common treatments in both species,
2 species x 5 days x 3 treatments x 5 blocks = 150 samples.

* First seedlings were produced on 200 plugs (21.8 cm?3)
plastic germination tray for 40 days under 54% moisture
and at 24° C in a glasshouse with a micro sprinkler
Irrigation system.

« Seedlings transferred to 800 cm? plastic containers and
placed on 8 m? tables per species at a greenhouse with
average temperature of 20 °C and 29 % humidity.
Containers watered manually as needed.

 Growing period: 8 weeks Petunia. 11 weeks Pelargonium.
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 Plant growth and flowering parameters

* Nutrients leachates. Daily collection of leachates after
watering and nutrients analysis (Nitrate, nitrite, ammoniac,
phosphorus, phosphate, sulfate, and potassium)

10,21, 1,10,(21,] |1, [10,21,/21,/10,
1, [215[10,] 1510 ]
21,]1, [, [214]10
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Nutrients N P K Concentration

(mgL?) Petunia Pelargonium

P P
Treatment
100:00:00 52.1(3.8)b 23.1(0.7)a 46.5(4.4)a 247 (14) ¢ 18.2(1.3)a 208 (22) a
86:10:04  40.8(4.0)a 21.6(0.6)a 47.1(3.6)a 205(13)b  19.0(0.9)a 269 (21) ab
68:20:12  42.9(2.5)ab 24.4(09)a 91.6(5.6)b 148 (9) a 18.5(1.2) a 318 (28) b

p 0.031 0.052 0.034 0.016 0.958 0.034

55.7(5.5) ¢ 21.5(1.1)a 71.9(9.3)b 246 (28)b  19.7(1.5)a 356 (32) b
53.1(3.8)bc 22.7(0.7)a 69.7(8.0) ab 230(21)ab 19.3(1.4)a 290 (21) b
482(3.6)bc 23.1(1.2)a 66.5(9.8)ab 190 (14)ab 20.1(1.7)a 229 (27) b
39.6 (4.0)ab 23.3(0.6)a 56.9(6.9) ab 180 (11)a  18.1(L.1)a 203 (22) ab
30.8(4.3)a 245(14)a 48.9(6.9)a 173(12)a  15.6(1.4)a 186 (23) a

0.006 0.131 0.039 0.013 0.056 0.003

N concentration in leachates significantly decreased for both
species as V and B increased. K concentration increased as
B increased in both species.
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Nutrients N P K Content
(A) Petunia (B) Pelargonium

Leached nutrients (mg)
Leached nutrients (mg)

100:00:00  86:10:04 68:20:12 100:00:00  86:10:04 68:20:12
MIX MiIX

N content in leachates significantly decreased for both
species as V and B increased.

K content for Petunia raised as the ratio of biochar applied
Increased.
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e 1StExperiment

It Is possible to grow petunia and geranium containerized
ornamental bedding plants with commercial quality using
different biochar / vermicompost mixes. It will be possible to
store up to 88.74 gr of CO,e per 800 cm? container for long
periods of time, first in the plant’s growing container and then in
the soil after transplanting.

« 2nd Experiment

Petunia and Pelargonium grown in best performing
biochar/vermicompost substrates mixes shown a similar
physiological answer than plants grown in a control commercial
peat-based substrate.

 3rd EXxperiment

Reduction on leachates nitrates concentration and content by
biochar / vermicompost inclusion. Biochar addition may be a
notassium fertilizer source when arowina Petunia.
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These results obtained with different biochar and
vermicompost associations are of interest to those
who want:

e to reduce peat consumption for the production

of ornamental plants in containers.
* to reduce carbon footprint,

* to reduce nitrate leachates of this commercially

productive sector.
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« Considering that every year
11 millions Mg of peat are
consumed in horticulture. If
50% would be in floriculture
and 20 % in containers will
have about one million Mg
maximum C potential
storage per year

$100% V 0% B 0% S68% V20%B12%

Mg
World peat consumption Mg/year 11,000,000
Floriculture 50% 9,500,000

Containernized 20% 1,100,000
20% V 12 % B (Mg COzeq /Mg) 0.85
Carbon storage Mg COzeq /year = 978,064
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Thank you for your attention!

|ose.alvarezpuente@gmail.com
losemaria.alvarez254@alu.uhu.es
614 619 7851
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