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Changes in Chemical Properties and Effect on Germination of Radish Seed from
Aeration of Co—digestate Fertilizers

Ji-Eun Byeon', Hong-Ju Lee?, Jong-Won Ryoo®, and Sun-Goo Hwang®'

ABSTRACT This study aimed to determine the minimum period of aeration treatment of co-digestate to develop it as liquid
fertilizer and the chemical changes that occur in the aerobic liquefying process. The co-digestates were divided into three types
depending on their additives: swine slurry anaerobic digestate (SS AD), swine slurry 70% + cow slurry 30% anaerobic digestate
(SS + CS AD), and swine slurry 70% + apple pomace 30% anaerobic digestate (SS + AP AD). The pH of all co-digestates
increased rapidly after 3 days of aerobic treatment, but had slightly decreased in SS AD after 9 days and in SS + CS AD and SS
+ AP AD after 15 days. All co-digestates showed a strongly reduced pH between 27 and 36 days of aeration treatment. SS AD had
lower pH value, dissolved oxygen (DO), NHs-N, and NOs-N content under aerobic conditions than other co-digestates. To assess
the fully decomposed liquid fertilizer, a germination test was performed on the undiluted and diluted co-digestate using the liquid
fertilizer germination index (LFGI) method. The relative germination ratio, relative root elongation, and germination index of SS
AD were higher than those of the others. When the LFGI method was used for the germination test, all co-digestates showed an
appropriate germination index of 70 after 60 days of aeration treatment. Thus, we suggest that the minimum period of aeration
treatment for co-digestates might be 60 days to develop the fully decomposed liquid fertilizer.

Keywords : aeration, chemical component, co-digestate, germination index, liquid fertilizer

2 @rasAee 18 4714 )
U} Hpo] @ 7kA 0 A4t o] -85 HA o
(Lee et al., 2007).

FEuEto A 7t o]&sto] Hio|Q7tAE A4
o off =EEFo] 97% WelQl WAl #ix SelEE Ui
OS2 o] gslal JITHNIAS, 2014). of wjZo] &7]|4skAd
o] AAEA o] A= At Hiol 2 7FA0] AT o] 5 Y
Zt 2ololo] Aelo] B m2fo] £IHI SITHNIAS,
2014). A5 R4S olg3te] B7]43HE sHs A Mol
7]/\§]_ou0 x{a]o].b HP/\Ioil— ﬂg}x{a] \ﬂo/_\j onu]§].
uh4), sk A2l A A3t Aol Aelehs whAl Sof St
(Jeong et al., 2014). Jeong et al. (2014)°f &J5}H = 7}

an

B F7]|48F AJHLE 197]40]0, 11 F 127]4E 4]
3} 9FAlS o] 8-31e] Fr)AstS A st Qlth(Jeong ef
al., 2014).

7FEE @714 AEoA A ik &7
o]-gstal YA FFLoll= F7|438t A 7HEE ket
AEolu A=A & EFSHY ol 8ste &
43} At7F o] FoIA AL Utk =& &P E ol%
&3k} vlaLsto] FA7R AR dEAEEE
2le], o &eleet SRS il A wgrrsY
o] VS (Volatile Solid) kg 7] 1.4uf, £471d S(ke)
715 2.58] &3thByeon & Ryoo, 2019). &7|A3loA &
A B2 7] 40%t 7SR 60%9] H]&E2 Z9et 4§

H o

J{N-

G
il

jusil OHJ
ool et @ N

ot
iy NN e

rii

z AT

i3
o

ARz 3t A3k kshef gt vkAkakA (Ph.D. Student, College of Life and Environment Science, Sangji University, Wonju 26339, Korea)
DA st e ekt AR (M.S. Student, College of Life and Environment Science, Sangji University, Wonju 26339, Korea)
IA st AYEskAg ksl s wSs (Professor, College of Life and Environment Science, Sangji University, Wonju 26339, Korea)

"Corresponding author: Sun-Goo Hwang; (Phone) +82-33-730-0512; (E-mail) sghwang9@sangji.ac.kr
<Received 5 June, 2020; Revised 21 September, 2020; Accepted 6 October, 2020>

© = Box|9 XIS gREIBULK|] 9o, 0|9

FHEIY SHE SYUH

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Z7|M2 g7|ae)
Zhe Aol b WokoLh, Brlkstdle] GRFTHS
RoA o FAEA ]9 £ 30% ol At

A0 *§q°ﬂ gt & 7]a ﬁPH 3
71 2BFH(ADS)S HiFoll A& Al =EHo] shetulr A7
TE 100% 71202 319 u =2 &7|4L3tl(ADS)
2] Lol Al 114% Z45¢ltH(Jeong ef al., 2014). o|uj EF
o] a&sleFo A|F AF} =3} Ao 2po|7) 1o, ul
F U S5 E AEAAH e dRs8r7|ERtd &
A5 Fe o) qth(Jeong ef al., 2014). =Ex 7|4
Stou|E Hof A&7t B9 B pfo] F74sk 100%
A, @718k 150% A2l A EEAHGHN, P, K
A2 het HszstAY o7t S4EUThLim et al., 2002).
d7) 43}t 7]ES thefe ARE o] gsto] upo] 27k o
UAE Arte = Q& B9k ofy e} A2k A] SkehH| =
tjAlate] o]go] 7h53lcHKim e al., 2015). 3FA|RE,
714:8F Al B9l Al2o] Fiol wheh wAgE §7]astkl
d7Fel zfel7k 7l el A vgsdAs &9
[e] 'IQFE

o HrAel 4 E8

=

Al

Qi

Jo
N

>

)
B g
|

lo ¥

lo —r
o, oflt

A r
-3
lo 10 Ho ox

o
N =

r

g ol
UA
Oﬂ/‘i F71E tiFEo] £af= o
§A5h HEE sobq Aol
S A ouIE AEE 4 510
3 HYA nyE, R+ S AFdo)
QItHKim, 2003; Lee, 2012).
g Az 29 0 A=
Zog wekstal glong ofu
% Hoke A% ouely
%E T = &
o Ty
ét“oﬂ ﬂJﬂL«l E| 2] AH
T AR wsRs 27197}

3l

o

B
Ol’-l
>4

() =3

;O

i

il

ol
=
it
)
=
i
B
[}
(=)
(=]
t’i

=

ol
EE
rE

509

wRlol= pH, A7

ZHsh= t‘“ﬂ s
, 4¥aEnE dn 2 A=
ﬂ@r%(Catlon Exchange Capacity; CEC) Oi
Ho] 9)th(Han, 2009). JEL o] &3 Haw
9o, vl 5 A& Z21E o] WA=
o] FHHu} LR To] AWAAFEEE /_\11%
Aot Wl Sh(E7E A
SAtHHan, 2009). o] &]of =
2019-115 ¥R EAAAY U A8AF7]2)9] o]}
&2 AAR 5ol o5k 20100 AME FHH] Rae
ol FHM(CoMMe-100)3 EH[EKSolvita) S ©]-&5h=
AR RE S SRy o] °‘EP
2 AEE ARl ARSIt B RS A
23 L7114 712t & shehE
0]-&3t ZxjalolH L
Hatarz; AlgYstict.

EE(EC)
E(C/NH)E
o

e

ofi
=

tH
=L
_\.ﬂ_
o

oZi ox ¥

oni

SEAZTHLAA

G

AHgstel A

=

al Hl-hél'l

< o

SA| S7|ASIH

H Ao AREE =8 &7]431o0(Swine Slurry Anaerobic
Digestate; SS AD), =- & &3} & 7|4 3lol(Swine Slurry
70% + Cow Slurry 30% Anaerobic Digestate; SS + CS AD),
=2 TSR EF ®7140(Swine Shury 70% +
Apple Pomace 30% Anaerobic Digestate; SS + AP AD)2
2L ZHAB8 ~ 40°C)of| A 1Hbo] 108 715 205 2dE =
& 3}l HRT (Hydraulic Retention Time)E 4042 A4St
A7)0l A A= Tk

A7) 45og

AR £ F71natoUss AD) A2
&3k ®7123}94(SS + CS AD) Hel 7, ER
ApakakgeE 3k 7] 481900(SS + AP AD) A e Folth. 2
Ak gl Hedlel gals olslE gt £

GAS AHgste] el & A B/ | m'g 0.1
mitiming] SUT F71FE SUNAL, EH, ol oS



510 SHEHX|(KOREAN J. CROP SCL.), 65(4), 2020

ol gate] 305 EF F7|7F ST 155 FF 37 49
o] THHE=S ATt
MH|o| k5t B "t

Z71A ] 713t wE 2eHE] Q& WIS dotEy] ¢
sko] Z71A 29 0daL, 39}, 9UaL, 15U, 2194}, 27
AR}, 36 YA}, 45U %}, 48U Alof pH, A7|AEE(EC), 8
A(DO)E S48t 542 AR 100 mLE A3 3}o]
pH+= pH meter (FEP20-K, Mettler-Toledo AG, Switzerland),
A7) A = E(Electrical Conductivity; EC)&= A 7] A =%=(EC)
meter (Pro 30, YSI, U.S.A), £&AF4(Dissolved Oxygen; DO)
= 8&AH4(DO) meter (Pro 20i, YSI, U.S.A)2 =A35}4
t}. 24K Total nitrogen; T-N), Y= EE] 2 A(Ammonium
nitrogen; NH,-N), ZAFe] 2 4x(Nitrate nitrogen; NOs-N)E
27132 00, 1293, 24207 36203, 48U, 603}
o AT SEAFARACA 2019-113) vzzel &

—7l5

AR 9 ARA 20 Sstel FAAHTNE 3
e olg 831 BAsfA8, YR ALNHAN)
S84, QAU AENONE HHECRIES ol $510]
w43kl

oHH|of CHSF AHESHM Ty}

Z71A2]717F Tt @74t Ay HaolR
o3l7] Sl = 7HA] oz FAbdolAE-S AlAlE)
A WAl SR IA(A 2018-115%) E 6] u]gt
B 7]& Sof st Ao 93t AF3 A5 AA
2lotA] o2 dH o= Aldst= W, F WA= Halder e
al. (2016)0] AJAIgE AuEol A F(LFGD)E ©]&3to] AlE
shk= WS olgshit
FAARTAA 2018-1155) Eu|on|slr]E & Peo
Z Sof I3F 1A of 93t ZAPHloA AL A RS A A
SHA] &

o 41:
HN wo
oy e

257 o dolate] Loj olgslol wWol Alshs
WeRA Wobs 0014 Ul SheRe B

Sfu]tol X HLFGD 2] 79 FAptotd A AH 7t 2
astol, WA P A9l B 1FBTol Solds TS)
S o|83) Halder er al. (2016)0] AJA|St 3Eof wha} N2
B4 F 438 2A(70°C, 50 pm)e] W G50
DAZFES FHEE B Tk B4R AL ofuAo] of e
Aoz Wolx 47t 004 uf Y g TR,

L

SO E
FTAPo} Aldofl= F$-HEo] 2(Nongwoo bio, Suwon, Korea)
9] X &5 (Raphanus sativus cv. Seoho)E AE-3}%th £

ZpEolAlE Al 90 mm =7 9] H|E&|t]4|(Petri Dish, SPL
Life Sciences)E AH&-stloH, HEZT4lo] AEE F3
7] Z1 NO2. 90 mm o} Z}X|(Filter Paper, Advantec) 24

29k AP @olasolg T W 5 mLE
datpon, 2= SFT S mLE FYsH £

Z+ B EY 4| A EF(Raphanus sativus cv. Seoho)
TAF 308 A SRR O 2 A4S shglon, sESUe v
3l whebdE(Parafilm M, Bemis)©. 2 WB3}¢ct o}
AL 120X 7S &% 25+1°C, S & 85+1%9] ¢r=xHA
of| Al AAIEEITE 120A]7F0] A\ & Hiopsi} Hlej o5
245t o, o5 Fof AddrolE(Relative germination
ratio; GR), AtjE 2] X1A-E(Relative root elongation; RE),
dro}z]4>(Germination index; GI)E th-&-9] AF&AlS o] &

stol Arstelc

-101' —1m Nlﬂi 2

:L

o Arterol8(Relative germination ratio; GR)

= (A2l 7o] Wobs/ H2T Wokg x 100)

o ArtjEiz] A A& (Relative root elongation; RE)

= (Ao #ejdo)/ =9 Bejzo] x 100)
Jro}x]4>(Germination index; GI)

= (dHEoRE(GR) x AE4IE-E(RE) 100)

o

A X2

A& R package AgricolaeS ©]-8-3}¢] Duncan®] th
24 H(Duncan’s new multiple rage test)= £3f 3
EoaE 183t FALE 5% 5-o4Fo)| A vws}

=
S
= Z
=
=]
=

A

$2 1 ool

=

0

Al @7|As0H0| St ME

Al @7] a3kl ol thet S}eha A Table 13 Zth.
7| 431l(SS AD)2 2 AF(Total nitrogen; T-N)
0] 0.43% %L = & ZF F7]23}A(SS + CS AD)=
0.44%2 2 Aol7} Qleith. Tt Bi AT 51
7] 23FH(SS + AP AD)L 0.40% 5 7| A3t 2 284
ZHT-N)o| 7P ot} e 5E] 2 A (Ammonium nitrogen;
NHANE LN Zo] £ 98 &8 §7] 480
(SS + CS AD)o| A 4076.91 mg/kgl 2 7} =¢ton, =
= ARbEEE 23 @ 7]431el(SS + AP AD)oj|A] 3530.52
mg/kg O 2 713k ‘,%‘},EE} 24l A Ax(Nitrate nitrogen; NO;-N)
= =5 AR 23t tﬂ7]‘1—§}"”(SS + AP AD)©] 48.33
mgke O & 71 Zolon] B 7] 45l0l(SS AD)o] 41.18

r{m of4 QH

=



=7|XMe] &7|ast

Table 1. Chemical properties of co-digestates.
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Co-digestates

Analysis item

Swine slurry +

Swine slurry +

(Unit) Swine ijlilggta?:aemblc Cow slqrry anaerobic Apple pomace anaerobic

digestate digestate

Total nitrogen [T-N] (%) 0.43 0.44 0.40

Total phosphorus [T-P] (%) 0.024 0.019 0.021

Total potassium [T-K] (%) 0.30 0.29 0.29

As (mg/kg) - - -

Cd (mg/kg) - - -

Cr (mg/kg) - - -

Cu (mg/kg) 2.32 - 0.56

Mg (mg/kg) 9.71 10.62 9.70

Ni (mg/kg) - - -

Zn (mg/kg) 27.47 5.54 13.81

Ammonium nitrogen [NH4-N] (mg/kg) 3,968.83 4,076.91 3,530.52

Nitrate nitrogen [NO;-N] (mg/kg) 41.18 42.33 48.33

-: Non-detection.

mg/kg S 2 7HAF Wttt} Z&<l¥k(Total phosphorus; T-P)-2
=8 H7] 23S AD)o] 0.024% 2 7|43 % 75
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ax3tHo A 0.29 ~ 0.30%= FARRE A& UE e H, H
A(Arsenic; As), 7}=%(Cadmium; Cd), = 2-5(Chromium;
Cr), YZ(Nickel; Ni)& E= F7|astoox EHE5H 3
t}. E|(Copper; Cu)= = Q-5 &3} H7| A H(SS + CS
AD)o A= B8 EC] HAAT =& T 7]43HH(SS AD)o
A 232 mghkeg® HEHo Frjastd & 7P U
ul14|<(Magnesium; Mg)2 =5 7|4 31H(SS AD)Y|
A 9.71 mg/ke, =& ARHRFEHEE 29k 7] 43FA(SS + AP
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Fig. 1. Changes in (A) pH, (B) electrical conductivity, and (C) dissolved oxygen of co-digestates during the aeration treatments
(days). The symbols represent the different digestates; swine slurry (SS), cow slurry (CS), apple pomace (AP), and

anaerobic digestate (AD).

wjj Fo]th(Hwang, 2009).

Z71 X2 484 A}o]| =5 & 7]4A3IH(SS AD)-S pH 8.80,
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=i AtEREEE 23 @7)43H(SS + AP AD)2 13.2
mS/cme] Hgt 538 Yeh e ol ol A 27)
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E.0H8 53 §7)430(SS + CS AD)S 5.85 mg/L, B

I 538 & 7] A319(SS + AP AD)S 5.99 mg/LE

AbbRbE ]
A3] F71sl 3l ck(Fig. 10). OWUP FEA4(D0)= Z7)
2] 717t Bt F7ke A vhEstelow, Z7]4e 48
o] =B 7] A5lH(SS AD) 3.24 mg/L, =-S5 &
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Fig. 2. Changes in (A) total nitrogen, (B) NH4-N, and (C) NOs-N of co-digestates during the aeration treatments (days). The
symbols represent the different digestates: swine slurry (SS), cow slurry (CS), apple pomace (AP), and anaerobic

digestate (AD).
BAXY B8 AnEE 23 @74t
(SS + AP AD)2 0.40%=% F d7]|asto R} FoFch(Fig.
2A) 604z} =5 #7|ASFN(SS AD)2 0.07%, = %
F &7)435t(SS + CS AD)2 0.10%, =& Alzpzk
&3 7] A43N(SS + AP AD)E 0.06% %= d7|AS)
o] Z7A g7} AYPHLE A LIHT-N)o] ZHA235}Hr)
ole} frAFSHAl Han et al. (2015)2] 110l A %
0.7 L/min Z7)3}$S ] ZAATHT-N)o| AL Fas}hA|
il THFE St *lii} FAFPE SHA] B2 AlRE 3.5
Limin®2 Z7|8t%s = Z7|A 7 g5 Fda
FH(T-N)o| Hastglet] ol F7|7ol wg ry o
2714l 719" Axtet stthHan ef al., 2015).
PREH 2NH-N)E F7132] A = 97 & @71
A3FH(SS + CS AD)©] 4076.9 mg/kgO & H7|A3lol =
Vg wgkon], B AAZ £ @714310SS + AP
AD)©] 3530.5 mg/kgl 2 7} Wotth(Fig. 2B). & EE)
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AAE] & AdHeR e it AANHN) 23S

Rtk AIMEEEC)} Gk AANHN)E 15
o] ALIA 7} th= A7 A7} ck(Song ef al., 2006)
HAH A A(NOs-N)= =1 §7]431(SS AD)<] 7

o= Z7)x 2] A 41.2 mgkgolA 24Lx7HA] {4 o}t
g Hon, B S8 B3 @7]43HH(SS + CS AD)9]

o= 714 Z4(0 A4}) 42.3 mg/kgoll A 12U 2}of| 49.0
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= @712t E 2443t E o) 36t A ATt St
SFRITE pH X7} #7122 2793} 364 Afolofl A ZF4s)
o] thax & Zloz Hol Z7|A e 36dxte| ket A
X‘ﬁ\_(NOg-N)—J RICH pH a7l g3Fe & Aoz H
2k, Z714 2] o] F 36US A|QFE Y] A]7]ofA]

&3} zﬂ7]v,_§}ou(ss + CS AD)2 AljFo g =
A2NOs-N) A& HAA

Hdoijgors

Z7148] 7|17F B3t ZF 7| astoho] et A X Raphanus
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ol w2 Aidol& ] M3t Table 29 Ao L
Al(A 2018-115%) EH[AR|E|E & Bak 7|&
Bt Al oja) AL ol§eue o E2 B7lAm
(SS AD)o] 422031 32] AHIoFE(0.7%)0] LEhen, 54
Qxhol] Fi 7]481SS AD)o] 76.4%2 AThurolo]
743 LTk 60RO 01.8% 2 @7]4sto) % Arefuro}
go] §oHoR A & FAUCLES BT,

Halder et al. (2016)°¢] A|A]SE Hu]dtolx] F(LFG)HS
o|-g5tlS W A H =& F7]43tH(SS AD)Z 18U%t
e ALOH(.3%)0] e Ak S0

<ol

A= =08 53 W) 45l0(SS + CS AD), B Al}
2h5HE &9 F7]a8to(SS + AP AD)¥ f-&J3t Aol 7t
et 36Uatoll= =8 F7143HH(SS AD)o] 79.7%E
7123t F Adidrobgo] 7P wko 42943 E =
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Table 2. Relative germination ratio (GR) on co-digestates during the aeration treatments (days).

0 6 12 18 24 30 36 42 48 54 60
SS AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7£1.49a 35.2+40.26a 76.4£15.59a 91.8+9.52a
g)?gtiil(l;;ed SS + CS AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0a 0.0b 0.7+1.49¢
SS + AP AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0a 14.1+24.48b  69.7+18.66b
SS AD 0.0 0.0 0.0 1.3+3.00a 13.4+26.39a 4.0£5.52a  79.7+28.47a 66.3£22.12a 100.5£0.41a 97.8+3.64a  99.2+2.68a
]sjoilllllltti“:i SS + CS AD 0.0 0.0 0.0 0.0a 0.0a 20.9+36.49a 40.2+29.41b 26.8+15.41b  81.1£15.43b 91.8£5.87b  93.8+5.06b
SS + AP AD 0.0 0.0 0.0 0.0a 0.0a 0.0a 13.4+21.06b 43.5+19.84ab 97.8+2.68a 98.5+2.82a  98.5+2.82ab

Swine slurry (SS), cow slurry (CS), apple pomace (AP), and anaerobic digestate (AD).

The diluted solution was generated by using the liquid fertilizer germination index (LFGI) method.
Results are the mean = SD of 5 independent experiments. Letters indicate a statistically significant difference between co-digestates within the same
day of each solution according to Duncan’s multiple-range test (DMRT) at P =< 0.05. Means with the same letter are not significantly different.

Table 3. Relative root elongation (RE) on co-digestates during the aeration treatments (days).

0 6 12 18 24 30 36 ) 48 54 60
SSAD 00 00 00 0.0 0.0 0.0 0.0 22845102 7.8049.49a 9.96+7.30a 44.07+15.01a
i‘l‘gtiil:)‘fd SS + CS AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0a 0.0b 0.39+0.87c
SS + AP AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0a 4.48+7.59ab  23.34+4.08b
SSAD 00 00 00 00 486£9.69a 145¢222a 39.56+25.90a 42.00+8.25a 61.18+6.78a 62.88+4.94a 91.30+9.26a
]S)O‘lll‘l‘ttii SS + CS AD 0.0 0.0 0.0 0.0 0.0a  11.6242597a 18.86+13.29ab 17.81415.04b 34.66+3.69c 39.35+6.62c  76.18+1.77b
SS + AP AD 0.0 0.0 0.0 0.0 0.0a  0.0a 5.46+8.36b  38.55+7.50a  43.09+5.83b 52.15+5.68b  75.22+13.66b

Swine slurry (SS), cow slurry (CS), apple pomace (AP), and anaerobic digestate (AD).

The diluted solution was generated by using the liquid fertilizer germination index (LFGI) method.
Results are the mean = SD of 5 independent experiments. Letters indicate a statistically significant difference between co-digestates within the same
day of each solution according to Duncan’s multiple-range test (DMRT) at P <0.05. Means with the same letter are not significantly different.
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Table 4. Germination index (GI) on co-digestates during the aeration treatments (days).

0 6 12 18 24 30 36 42 48 54 60
SSAD 0.0 00 00 0.0 0.0 0.0 0.0 0.08£0.17a 4.66+6.48a 8.41+6.68a 41.25+17.36a
i‘;ﬂgﬁ;ﬁd SS + CS AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0a 0.0b 0.0120.03¢
SS + AP AD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0 2.1244.55b 16.7246.92b
' SSAD 0.0 0.0 0.0 0.0 2.70£594a 0.15:0.22a 36.26£28.36a 26.58+6.71a 61.5046.94a 61.47+4.92a 90.34+6.72a
SDO‘IIL‘I‘:;‘L SS + CS AD 0.0 0.0 0.0 0.0 0.0a  9.79421.89a 10.57£11.00b 6.0047.26b 28.40+7.10c 36.17+6.56c 71.44+4.01b

SS + AP AD 0.0 0.0 0.0 0.0 0.0a 0.0a

2.11+4.41b  17.00+£8.95a 42.16+£5.86b 51.37+5.85b 74.05+13.54b

Swine slurry (SS), cow slurry (CS), apple pomace (AP), and anaerobic digestate (AD).

The diluted solution was generated by using the liquid fertilizer germination index (LFGI) method.

Results are the mean + SD of 5 independent experiments. Letters indicate a statistically significant difference between co-digestates within
the same day of each solution according to Duncan’s multiple-range test (DMRT) at P <0.05. Means with the same letter are not significantly

different.
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