Appendix — Martin Roe Bachelors thesis

Physical properties of biochar (appendix 1):

) EBC standard UKZUZ &N 46 5735 Primyslove
vlaztnost, veli¢ina jednotka wvzorek . ) .. Pomocni
zakladni préemium . komposty
pudni
fralees ™ 3 mm % 139 - - - -
fralee 2 — 5 mm % 263 - - - -
fraleez 0,5 - 2 mm ki 30,2 - - - -
frakes < 0,5 mm % 29.6 - - - -
svpni hmotnost zdm” 1683 deklarace - -
zdinliva hustota, py, Zem’ 0,346 - - - -
skezlatalni hustota, py, zem’ 1,95 - . - .
porozita, & - 0,823 - - - -
specificky povrch, 35 mle 64 | deklarace, najléps > 150 - -
specificks? povreh mesoport, 5 mlz 258 - - - -
specificlod eellcovy objem port. V., | mm” Lz 43 - - - -
specificlor objem miloroport, Vo | mm’ JE 162 - - - -
spacifickey intruzni objem, ¥V, em'lg 2,17 - - - -
H - 11,2 deklarace - od 6,0 do 8.5
wvodivost, EC uslem 1400 deklarace - -
wlhlkost, W % hm. 0,00 deldlarace - zavis na obsahu spalitalnych latek
popel, A" % hm. 10,6 deklarace - -
hoflavina, b’ % hm. 854 - - - min. 25
prehavi hoflavina, V' % hm. 1,30 deklarace - -
fixni vhlike, FC % hm. 83,1
spalné teplo, Q. MIkg 28,2 - - - -
whizvnost, Q. WM kg 28,0 - - - -
obszh vhlils, ¢ % hm. 87.0 = 50% - _
obiah organickeho vhlilw, C, .:'5 % hm. 81,7 - - - -
obsah vodito, H' %hm. 0511 - - - -
obsah dusil, N % hm. 0,330 deklarace - min. 0,60
obsah loyslits, O %hm. 0,508 - - - -
HC,., - 0,133 HC,, <07 - -
HC - 0,125 - - -
oic - 0,00733 OC<04 - -
() - 283 - - - O£ 30
obsah callovs siry, 81° %hm. 0,231 - - - -
obsah spalit=lné siry, §2¢ meke 2170 - - - -
obsah chlors, €1 me kg 857 - - - -
obsah flvors, F mg.kg 2889 - - - -
Svma 12 PAH me kg <05 - - <20 -
Suvma 16 PAH me ez <3 <12 <4 - -




Chemical properties of biochar (appendix 2):

EBC standard UKZUZ, .
sloika jednotka vzorek Pnnﬂmc:!m - CSN 4,6 5733
zikladni  prémium pl’ld.lll Prumyslové komposty
latka
Ne mgkg 3590 deklarace - min. 0.60
P mg'kg 890 deklarace - -
K mg'kg 3500 deklarace - -
Ca mg'kg 16400 deklarace - -
Mg mgkg 2850 deklarace - -
As mg/kg <0.50 13 13 20 10
cd mg/kg 0.16 15 1 1 2
Cr mg'kg 18.1 90 80 50 100
Cu mg'kg 30,0 100 100 - 100
Hg mgkg 0,022 1 1 1 1.0
Mo mg'kg <0,50 - - - 5
Ni mg/kg 210 50 30 - 50
Pb mg/kg 8.30 150 120 10 100
Zn mgkg 429 400 400 - 300
naftalen mg'kg < 0,05
acenafthen mg'kg < 0,05
acenaftylen mg'kg <02
fluoren mgkg <005
fenanthren mg'kg < 0,05
anthracen mg'kg < 0,005
fluoranthen mg'kg <005
pyren mg'kg <0,1
benzo(a)anthracen mg'kg < 0,05
chrysen mgkg < 0,005
benzo(b)fluoranthen | mgkg < 0,05
benzo(k)fluoranthen | mgkg =002
benzo(a)pyren mg'kg <005
benzo(ghipervlen mg'kg <0,1
dibenzo(a h)anthracen | mgkg <01
indeno(1,2 3-c.djpvren | mgkg <0.1




HOAGLAND fertiliser (appendix 3):

1. Makzoelementy, chjem roztoku konefného roztekul 000 ml, (3003)

sloZeni k-onetna koncentrace r [Koncenirace zasobniho r |Celkoveé mnozstvi zasobniho 1
otk loztaku oztokn
gL mmol/L gL mmol L

CaMNO: 0.4 0845 | 283.3 1200 1L {Macro A)

H.0

KENO: 0607 |6 182.1 1800

NH.H-PO, 0115 |1 1343 300 1L {Macro B)

MgSDﬂI-LOIO.:i‘.B 2 1479 500

2. Mikroelementy, (10003

slofeni  [FKoneina koncentrace ro [Foncentrace zasobntho ro|Cellové mnoZstui zazsobniho r
ztoku iztoku loztoku
gL urmolT gL rmol/ L
H:BO: .86 6.2 2860 6.2 1L
MinCl:-4H.(1.81 2.1 1810 21
L]
InS0y TH:022 .8 220 .8
D:
CuS0,-3H{0.08 .3 30 1.3
L8]
3. FeMNa EDTA, (100030
sloZen nefna  [Foncenfrace zzsobntho roztok [Cellkove mnofst zasobniho roztok
oncentraceu w
roztoku
mgz T phd |z P
FelMa EDTAPRGT1 100 (18.33 100 500

4. ﬂ"\JHJ.:I:.-_"v'IG D_'.l'd-H_'G

sloZeni nefna F-oncentrace zéazobniho r [Celkové mnoZstvi zasobniho roz
oncentrace loztokn ok

roztoku

g’ i gL rrll

L
(H. ) hIo Ooged (0018 |10 phd for (180 1.0 1L
H.0 o

S0mid g 50 pM 1L

The individual components were weighed on a laboratory balance and
dissolved using distilled water. The calculated amount was then measured
from the stock solutions to the total required fertilizer amount of 40 L (8 weeks
supply) according to the prescribed formulas for the macro-elements.



Results:

Plant height over time (appendix 4):
plant height over time
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Plants with negative growth rate (appendix 5):
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Plants with low growth rate (appendix 6):
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Plants with medium growth rate (appendix 7):
mean growth rate of fastest growing plants
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Statistical values of medium plant growth rates (appendix 8):

mean
plant_id mean i median min range | species

ratio

1 343 0.00 0.08 | -0.10 | 0.05 0.00 31.025 -0.10 -0.02 0.01 0.18 | S. byzatina
2 360 0.09 0.52 | -0.07 | 0.17 0.06 1.90 [ 0.55 0.17 -1.33 | 0.59 | G.Macrorrhizum
361 0.04 0.76 | -0.07 | 0.18 0.00 496 | 0.61 0.05 -0.53 | 0.83 | G.Macrorrhizum
4 362 0.00 0.13 | -0.20 | 0.08 0.00 18.12_ -0.17 -0.03 0.02 | 0.33 | G.Macrorrhizum
5 363 0.01 0.17 | -0.17 | 0.08 0.00 597 | 0.50 0.08 -0.08 | 0.34 | G.Macrorrhizum
6 364 0.01 0.20 | -0.09 | 0.07 0.00 710 | 0.42 0.05 -0.10 | 0.30 | G.Macrorrhizum
7 365 -0.02 0.08 | -0.21 | 0.06 0.00 | -2.88 | -1.04 -0.26 0.10 | 0.29 | G.Macrorrhizum
8 366 0.01 0.30 | -0.13 | 0.09 0.00 | 12.69 | 0.24 0.02 -0.06 | 0.43 | G.Macrorrhizum
9 367 0.00 0.15 | -0.13 | 0.08 0.00 | 91.49 | 0.03 0.01 -0.01 0.29 | G.Macrorrhizum
10 368 0.00 0.17 | -0.22 | 0.08 0.00 | 1598 | 0.19 0.03 -0.02 | 0.40 | G.Macrorrhizum
11 369 0.04 0.71 | -0.33 | 0.24 0.00 575 | 0.52 0.06 -0.12 1.05 | G.Macrorrhizum
12 370 0.03 0.90 | -0.51 | 0.24 0.01 7.70 | 0.24 0.03 -0.06 1.42 | G.Macrorrhizum
13 371 0.00 0.17 | -0.24 | 0.11 0.00 42.5(; -0.05 -0.01 0.01 0.42 | G.Macrorrhizum
14 372 0.02 033 | -0.12 | 0.12 -0.02 582 | 0.98 0.06 -0.16 | 0.45 | G.Macrorrhizum
15 373 0.01 0.40 | -0.39 | 0.20 -0.01 | 15.69 | 0.39 0.03 -0.03 | 0.79 | G.Macrorrhizum
16 374 0.00 0.30 | -0.27 | 0.15 0.00 44.02_ -0.07 -0.01 0.01 0.57 | G.Macrorrhizum
17 375 -0.01 0.55 | -0.35 | 0.21 -0.05 29.65; 0.55 -0.01 0.02 | 0.89 | G.Macrorrhizum
18 376 0.02 0.20 | -0.14 | 0.08 0.01 410 | 0.30 0.10 -0.14 | 0.34 | G.Macrorrhizum
19 377 0.01 0.13 | -0.19 | 0.08 0.03 7.26 | -0.85 0.09 -0.06 | 0.32 | G.Macrorrhizum
20 378 0.00 0.19 | -0.21 | 0.11 0.00 | 63.15 | 0.05 0.01 -0.01 0.40 | G.Macrorrhizum
21 379 -0.01 0.15 | -0.18 | 0.07 0.00 | -7.41 | -0.41 -0.06 0.05 | 0.33 | G.Macrorrhizum
22 381 0.00 0.11 | -0.37 | 0.10 0.02 23.46_ -0.67 -0.04 0.01 0.48 | A.maritima
23 382 0.00 0.34 | -0.16 | 0.10 0.00 | 31.07 | 0.10 0.01 -0.02 | 0.50 | A.maritima
24 383 0.01 027 | -0.21 | 0.10 0.00 8.19 | 0.37 0.05 -0.06 | 0.48 | A.maritima
25 385 0.01 025 | -0.20 | 0.10 -0.02 | 14.83 | 0.80 0.03 -0.03 | 0.45 | A.maritima
26 386 0.05 0.31 | -0.05 | 0.09 0.04 1.67 | 0.54 0.17 -1.11 0.36 | A.maritima
27 387 0.02 0.10 | -0.10 | 0.06 0.01 397 | 0.40 0.16 -0.16 | 0.19 | Amaritima
28 388 0.00 0.02 | -0.05 | 0.02 0.00 | 99.99 | 0.03 0.01 0.00 | 0.07 | Amaritima
29 389 0.01 0.17 | -0.10 | 0.07 0.00 522 | 057 0.08 -0.14 | 0.27 | A.maritima
30 390 0.06 0.33 | -0.18 | 0.13 0.01 226 | 1.04 0.17 -0.31 0.51 | A.maritima
31 391 0.03 0.18 | -0.11 | 0.07 0.00 274 | 092 0.14 -0.23 | 0.30 | A.maritima
32 392 0.06 049 | -0.33 | 0.18 0.02 324 | 0.54 0.11 -0.17 | 0.82 | Amaritima
33 393 0.03 0.21 | -0.05 | 0.07 0.00 255 | 1.18 0.14 -0.62 | 0.25 | Amaritima




34
35
36
37
38
39

394 0.02 0.33 | -0.27 | 0.17 0.02 | 10.23 | 0.02 0.05 -0.06 | 0.60 | A.maritima
395 0.05 0.21 | -0.09 | 0.09 0.05 1.81 [ 0.09 0.23 -0.56 | 0.30 | A.maritima
396 0.04 0.50 | -0.19 | 0.15 0.01 354 | 0.55 0.08 -0.22 | 0.69 | A.maritima
397 0.00 0.06 | -0.06 | 0.02 0.00 570 | 0.53 0.07 -0.08 | 0.11 | Amaritima
398 0.04 0.26 | -0.13 | 0.09 0.02 234 | 0.73 0.15 -0.30 | 0.39 | A.maritima
399 0.05 054 | -0.15 | 0.14 0.01 261 | 0.90 0.10 -0.35 | 0.69 | A.maritima

3-way ANOVA table — updated since Biochar: Greywater: species was not a

significant effect (appendix 9)

2

e T N N

Sum 5q
6.081694
6.080349
6.080250
6.082799
6.088015
0.088252
6.814199

species

biochar
greywater
species:biochar

s igreywater
biochar:greywater
Residuals

Signif. codes:

T

B “**x’ 9,001

8.
B.
B.
B.
g.
B.
B.

o

Mean Sq F value Pr(=F}
0016942 3.699 0.0637 .
0ee3498 . 762 ©.3804
002496 .35 0.4660
8027938 3.111 ©.819]1 *
0806153 .032 ©.8560
0062519 .358 0.4639
Bee45268

I*l

0.0l
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Standardized residuals
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Residuals vs Leverage
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Poisson general linear model for number of leaves in G. macrorrhizum (appendix
10)

Coefficients:

Estimate Std. Error z value Pri=|z]|)
(Intercept) 2.21297 83227 68.566 2 =Ze-1G ¥+*
biochary 6.83732 .B4522 8.836 8.483
greywatery -B8.52481 .05294 -9.914 <2e-16
biochary:greywatery ©.83457 .B6738 12.38 =2e-16

Signif. codes: @ “***' 0,001 “*+" 9.81 **" @.85 "." 0.1 * "1
(Dispersion parameter for poisson family taken to be 1)
Null deviance: 2226.3 on 419 degrees of freedom

Residual deviance: 18968.9 on 416 degrees of freedom
AIC: 3413.9

Number of Fisher Scoring iterations: 5
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Poisson general linear model for number of flowers in A. maritina (appendix 11)

Coefficients:

Estimate Std. Error z value Pri(=|z])
(Intercept) 1.58534  0.04938 32.102 < 2e-16 ***
biochary -0.04490  0.06693 -0.671 0.50236
greywatery -9.19311  ©.67347 -2.629 0.00858 **
biochary:greywatery -8.15775 8.18167 -1.552 0.12076

Signif. codes: @ “***° §.0801 “**+" 9.81 “*" @.85 "." ©.1 * "1
(Dispersion parameter for poisson family taken to be 1)
Null deviance: 1543.6 on 377 degrees of freedom

Residual deviance: 1506.4 on 374 degrees of freedom
AIC: 2503.6

Number of Fisher Scoring iterations: 5
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Correlation analysis between number of leaves and weight of dry biomass in G.
Macrorrhizum (appendix 12)

Spearman’s rank correlation rho

data: all$Dry biomass_sixty degrees_after_one day and all$M21 no L
S = 309.93, p-value = 3.982e-05
alternative hypothesis: true rho is greater than @
sample estimates:
rho
0.7669718

Correlation analysis between number of leaves and weight of dry biomass in A.
maritima (appendix 13)

Spearman’s rank correlation rho

data: all 24Dry biomass sixty degrees after one day and all 23M21 no L
S = 584.83, p-value = 8.85167

alternative hypothesis: true rho is greater than @
sample estimates:

rho
0. 3964567

Type and weight of biomass in A. maritima (appendix 14)
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Type and weight of biomass in G. Macrorrhizum (appendix 15)

Type_of_biomass

F
B
B -

E 10 15 20
Diry_biomass_grams_sixty_degrees_after_one_day

2-way ANOVA, for water mass above ground for A. maritima (appendix 16)

Df Sum Sq Mean Sq F value Pr{=F}
biochar 1 243.2 243.2 3.952 0.8667 .
greywater 1 94.3 94 .3 1.532 0.2362
biochar:greywater 1 375.6 375.6 6.183 0.8270 *
6 61.5

Residuals 14 B86l.

Signif. codes: 8 “***' §.@@1L "**° @.81 "*" @.85 ".°

15
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2-way ANOVA, for water mass below ground for A. maritima (appendix 17)

biochar
greywater 37.4
Residuals

biochar

greywater 1
biochar:greywater 1
Residuals

Sq F value
.1 35.07 ©.183
37.39
3.8 181.53

Df Sum Sq Mean Sq F value Pr(=F)

1 25.38 25.380 4.696 0.0457 *
2.13 2.132 ©.394 0.5388
2.85 2.854 0.380 0.5462

16 86.47  5.485

Signif. codes: @ “#%%° P, @@Ll “#*° 9.8l "*" @.85 . @.1 * " 1
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Standardized residuals
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2-way ANOVA, for water mass below ground for G. Macrorrhizum (appendix 19)

Df Sum Sq Mean Sq F wvalue Pr{=F}
biochar 1 8.38 6.380 0.022 0.885
greywater 1 6.84

6.944 ©.395 0.539
biochar:greywater 1 18.24 18.240 1.837 ©.325
Residuals 15 263.93 17.596

Dry biomass:

A. maritima: above ground 2-way ANOVA result (appendix 20)

Df Sum Sq Mean Sq F value Pr{=F)
biochar 1 11.93 11.932 1.493 9.2420
greywater 1 21.49 21.495 2.689 0.1233
biochar:greywater 1 31.55 31.554 3.947 0.08669 .
Residuals 14 111.91  7.983

Below ground (appendix 21)

Df Sum Sq Mean Sq F value
biochar 1 43.5 48.49 0.926
greywater 1 0.2 8.15 48.e63
Residuals 15 785.6 52.37

G. Macrorrhizum dry mass, above ground 2 way - ANOVA result (appendix 22)

! Mean Sq F value Pr{>F)
biochar . 21.342 3.082 0.9983 .
greywater . 8.426 0.862 0.8072
biochar:greywater . 11.858 1.712 8.2891
Residuals 16 . 6.924

biochar

greywater
biochar:greywater 1
Residuals 16

All code and collected data can be found at:

https://github.com/mr2214/bacerlor thesis.qit
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