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Abstract: This study was conducted to evaluate the effects of mixture of commercial
substrate (CS) and bottom ash derived after combusting a livestock compost (BA).
Treatments were as follows. Control (CS 100%), 4% (CS 96% + BA 4%), and 6% (CS
94% + BA 6%). Compared to control, pH and EC in the mixtures of both CS and
BA were increased, and bulk density not significantly different. The germination rates
of lettuce and Chinese cabbage in the BA mixtures treatments were 95.0-96.7% and
90.7-95.0%, respectively, and they not significantly different by BA rate. On 28 days
after sowing in the mixtures, chlorophyll content, number of leaves, leaf length, leaf
width, and dry weight of lettuces were not significantly different, and while chlorophyll
content, number of leaves, leaf length, and leaf width of Chinese cabbage were not
significantly different, its dry weight was increased. The root length of lettuce and
Chinese cabbage was positively correlated to BA amount in the mixture (p<0.05). These
results indicated that the application of horticultural substrates blending with BA im-
proved root growth of leafy seedling such as lettuce and Chinese cabbage.

Keywords: Bottom ash derived after combusting a livestock compost (BA), Chinese
cabbage, Gemination rate, Lettuce, Seedling
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ol 240} 3 52 T Aol WHARLOR LS A] QLAVIAZL ST, Qb T BASE HACIS R,
bottom ash derived from livestock compost; BA)E A E|gfofol= EA|H 5] TARLE Kim et al. [4] & 7F=EEH] 4
T A BEAE Rt FU19RE Rkl lon, EEAR 280l heeittal Ealgt vh Qo
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AsRulAsl HeE RO olshshs SHL RASAHTable 1). A REEAL G98 YE A%, A/ AEE
(electrical conductivity, EC) & €U x= 717} pH 6.85~7.18, 0.70~1.59 dS/m & 0.37~0.38 g/cm’Q] HYES YEFHTE BA 2
Al pHE} EC= SHE I, BA A2|F} A2 A2aA| (p<0.05)F HEFATE o= BAY o|getz] E4o] HES}F &3t A &%=
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Table 1. Physicochemical properties of substrates blending BA

Treatments" pH (1:5) EC (dS/m) Bulk density (g/cm®)
Control 6.85b% 0.70b 0.38a
4% BA 7.06ab 1.48a 0.37a
6% BA 7.18a 1.59a 037a
Correlation® 0.765* 0.928%* -0.143%

" Treatments were as follows; Control (commercial substrate 100%; CS 100%), 4% BA (CS 94% + BA 6%), 6% BA (CS 96% + BA 4%).

2 Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.

¥ NS represent not significance by correlation coefficient which was between BA application and each physicochemical factor of substrates contain-
ing BA, respectively.

EN =

IS EHEAE A & 5o} ujE FAH9] Holg W BolEAS RASIRITHTable 2). A50] WolEA ¥l 0 &
2 A3 FHE Wolor] AlRFeto] 36.7~43.3%F WEFHIL, 48 AT A] o HobegS YERoH FHF Tokg2 95.0~96.7%S
e HjS Wolg2 1F § 33U & 5.0~15.0%2] HAE YEFRIL, 48R0l 36.7~58.3%, 5RO 63.3~78.3%, 62O
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50.0~90.0%, “LE] 3L 7AAFO] 2F Tokg2 90.0~95.0%F UEFHT. 7I5E8HAIE RS} St & Aot viFo] doke2
Ao mEt FAFCR FoHQl AolE UERHA ghot ZhEEutaA] Ao e avE YehlA] et

Table 2. Change of germination rate of lettuce and Chinese cabbage grown in substrates blending BA

Accumulated gemination rate (%)

Treatments” >
1 DAT? 2 DAT 3 DAT 4 DAT 5 DAT 6 DAT 7 DAT
Lettuce
Control 0.0a° 40.0a 85.0a 95.0a 95.0a 95.0a 95.0a
4% BA 0.0a 36.7a 68.3a 95.0a 95.0a 95.0a 95.0a
6% BA 0.0a 43.3a 78.3a 96.7a 96.7a 96.7a 96.7a
Chinese cabbage
Control 0.0a 0.0a 15.0a 58.3a 78.3a 90.0a 95.0a
4% BA 0.0a 0.0a 5.0a 36.7a 63.3a 80.0a 91.7a
6% BA 0.0a 0.0a 7.5a 45.0a 70.0a 82.5a 90.0a

Y Treatments were as follows; Control (commercial substrate 100%; CS 100%), 4% BA (CS 94% + BA 6%), 6% BA (CS 96% + BA 4%). Two leafy vegeta-
bles seed wad sown on April 30, 2025.

2 DAT means a day after treatment.

¥ Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.

BA 2|78 BREALOLES o] §oto] WAk RBISHAL, 50% Wohg S Ueh Wold S 2ASgh Aol A iz
It 4% BA 9 6% BA AHE]TL9] 50% EX}dlo}g-2 7HzE 2209, 2.449, 22428 JERH T, B0 ZH 4349, 4329
1499 LrEho] BAH R G149l Kol S UiehhA] gko} BA Me] A W] WolEAo] ake mAA] gkgkeh. A}
Wolshs BAOI S8, L&, Abk WolH o] YRS X FAT QaolH, AEO|A BRpoks HEo T3o| o3
Qake WA HrHel. RN SApdolo] WAt 4B} Ano] FHEL £ o o) AR AR FUARE g5
T 9 IRYEY NERAL $FE0] 1, B4 B/140] S50 AR A QrHs] £ Avo] A48T AR
BAS| X2yl uheh pHO} ECO 2L SobAo] Wb Qlott A WLt 2o B Aol wakE UehA] ko] wi
A0k Wj%0] FApolo] mX|k BA) QJRRE mlMHE A0 BEHETable 1) [7.8]. 7HEErIEAE Axte] A7)o] ujet
o] EAO] G FIAH, $EB 0] DAY HET A Ha B3] 57140 A wAA HrH).
slete] JEARE ALG A FApiol U WolS o] vt JFL vlnjstn shERulctge] ol olg vishs BAystA
or- oz woE,

A3 gl 32| R E MK A
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7, FE 9 AES A 23 279 BAF R 59K ZpolE YEPWA] Ik, ZHEEHER] A} 450 A&
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Table 3. Shoot growth of lettuce and Chinese cabbage grown in substrates blending BA

Chlorophyll content Number of leaves Leaf length Leaf width Dry weight
Treatments”
(mg/100cm?) (ea/plant) (cm) (g/plant)
Lettuce
Control 1.22a° 4.7a 7.31a 3.58a 0.0173a
4% BA 1.22a 4.3a 7.33a 3.5% 0.0174a
6% BA 1.23a 4.7a 7.21a 3.61a 0.0175a
Correlation® 0.208" -0.036" -0.127" 0.239"™ 0.047"
Chinese cabbage
Control 1.83a 8.0a 8.09a 3.40a 0.0148b
4% BA 1.85a 7.0a 8.04a 3.32a 0.0173a
6% BA 1.85a 7.7a 8.02a 3.40a 0.0191a
Correlation 0.267" -0.250" -0.102" -0.094" 0.864**

) Treatments were as follows; Control (commercial substrate 100%; CS 100%), 4% BA (CS 94% + BA 6%), 6% BA (CS 96% + BA 4%). Two leafy vegeta-
bles seeds were sown on April 30, 2025, and they investigated on May 21, 2025.

Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.
¥ NS represent not significance by correlation coefficient which was between BA application and each growth factor of seedling shoot, respectively.

Table 4. Root growth of lettuce and Chinese cabbage grown in substrates blending BA

Treatments" Root length (cm) Root dry weight (g/plant)
Lettuce
Control 7.70b” 0.0181a
4% BA 8.13ab 0.0182a
6% BA 8.43a 0.0187a
Correlation® 0.742* 0.223"
Chinese cabbage
Control 9.47b 0.0114c
4% BA 9.90ab 0.0134b
6% BA 10.10a 0.0166a
Correlation 0.744* 0.863**

Y Treatments were as follows; Control (commercial substrate 100%; CS 100%), 4% BA (CS 94% + BA 6%), 6% BA (CS 96% + BA 4%). Two leafy vegeta-
bles seeds were sown on April 30, 2025, and they investigated on May 21, 2025.

2 Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.

) NS represent not significance by correlation coefficient which was between BA application and each growth factor of seedling root, respectively.

HjS=ofl A Hejdolet U ESS 242 9.47~10.10 cm®} 0.0114~0.0166 g/plantE UERHTE thx-e}t Hlwe u, fejdol=
6% AzFollA SHEALL, BEAEFS 7S A 2 5H4% BA AT 6% BA A2]h)ollx SHE I Z7I528tgA] A
T a9 AsHE A 22 FollA FHEjdoet BEAESS 89 AT (Proot tength < 0.05; Proot dry weignt < 0.05)F LEFRIT

SHAA He BE2 FEY 54, 714873 H S0 sl Y32 mAA HH9]. S5 A HEo] H P52 A2
A & z7] GROJA Wl SS9 mhebA SHoJA AR FETt JJrE'JE SRS 22 H 4238S A ct=
F85t, 595 |1 A At IFE de A2 BEY 2P Sa% dTS sh7] wiZeloH9]. SHIFF A At
ols 4 5 FE= ol-8otA|Rt ot & W § HEo] A& AT i THS B9l olFAA Heh =W AR
3% oRte] vlm e TSkl Qlol ZEQ] AUV & BS HE9 Aol SHEHIL, AlH| Al HE| Aso] SHEH9].

5ot viF0] FHOA AgEel A|SHEO] BIE&(TR ratio, TRE)—E— ZARE A3} 5o A tE 4% BA R 6% BA A
9] TREE Z+7F 1.17, 1.00 ¥ 0.925, HjFoJ = ZHZ 1.60, 1.37, 1.132 YEFHCH )28} v A] A9} vl 25 6%
Ao A TRE&O] RA veh He| Aol BA A o5 S71et 2S ST 4 AUt} BA A2 T3} TR&H]

N
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A AV ), AF(r=-0.803, p<0.01)2k BiF(r=-0709, p<0.01)oI A BT 50| A4S Uetych 47 A3tg FUT 1 BAY
et BB ASHE AP AMSIE oz Bekdt tet BA {2 § R5e] Bel A Aol wjRol g Selggct,
2 ool A8 Aot iRe) SR 45 HEO] HE JIEF HAT, F4 15 F o 7ol AT T Wop U W]

olFA HE 1T FEOAM AHEY BR7IHE 209 olHE AEA 9 S Fst7]oll= B AlTtol Ut whebA]
BA9] A7] & AE59] P4Z gRIsH| YA SH7ITte] 11 TFY AHES F4A & 50 WilkE RAKSh= Zlo] a5l
SH A] 829] AKo] JFE vA= F8 RS 4ol ”Eﬁr ClEo] Wy} AohE &S /fAste 8 Yaoltt
[10]. EWFE(Solanum lycopersicum)ol| A H2] F QUATS] FHgo] & 49 #2]9] Aol Fri=m, H9 BK Fti= 229
ST ArEFe] IS wZITH10]. ZHEEHFE A= 4L T4, %‘ﬂ, IE % ?Fé} ‘S % E}%EOE °‘°’°‘h__’ 310‘31 ERES
W E 12| A (Agrostis palustris)ol| A FE40t A4H o] v|A]= o
= OPEW AtH4]. 7H5EHE A= EQNGAR AEsts A9 EY S04 352 746, XJQ Oﬂ ?l/&ﬂ Zre o] %ﬁ%ol
UTH4]. wEhA 7SR O] SHE JER 8ol B EYY 352 NSk, Aok Uit 9 Tl E I
04 Hﬂ«l g FAE Ach: ZoR wodE

47 AIE FET o, 7EEHEAE SHE JEYEE 8o 7Feot, SH Al Hagh Q4 Ze|o FFYUoR
gh8o] 7Hsd A oE woEh JMERHEAE AEURRE &85l YoM TSRS 57 e ERE &8y,
T A RARER] H}E’“X}H ‘:}0*0} 4 9 ] Higt 2APE AgEojof & Aog wotdEnh 3 JtEREEAE

ZE5t7] YoM sHYEERR &85 AT AYAT ¢ HETHHE 4 5 BYA 2A= Qs

2 AT 7SR (BA HEC) EF & EFHEY olgtety EAT A5 W39 oF § HE59] Wol Ul
27] B8-S AT AT tlRTF (control, CS 100%), 4% 2] T-(4%, CS 96% + BA 4%), L] 6% A 2]F-(6%, CS
94% + BA 6%)= ASIATE BA A2 F SFYES] pH ECE H2THT SHEUL, AL BACR {241l
ZolE UetA] ek3ith. BA A7 & ST 5ot Hi2l H*OF%—S— Z+7+ 95.0~96.7%2} 90.7~95.0%S UEFHIL, BA
Aol wet SAHR FFHA ZolE UERA] F3ATt Jﬂr ¥ 289 B A A3 S d5L, A, 9, 95
2 AET2 FAACE FA AolE A ottt viF= H%i, A 9T 9 AF2 FAHCE {93 Aols
LA ekskont Ed2 BA Aol SHEH A $= & BA A2 5o} vio] feldols A9 AHiAE
UERTh 471 23ES 50‘%‘ o, BAZ AEYRE AFEol A9 HEO| Ba] 489 sfAsta] ARl 8-S FfAlst=
ACE SRISHITE BAS JE YRE &8s fsides A= olaketa] E/4o] #dstoof siv, A& =T 4]
A3t P AMS HEE A & ‘ili A0 ke BAx At Aol AR 7] iEo] A2 A A QA vle=
28 5 QS Ao waHER P HERRE H &S] ATt A7 DStk BAw FAME AAYlA EAsh=
AtEClER 7] ATt ZJ%*%EM SAAZA AZEFoEN Aded] 7T 4 S ALE HE

SA M=

2 Qs sk 2L UolA 2005 4UE SU7A] o Y Bt FHHAE. BA AL AR sativa)h B
rapa)E O|-&5tAT FAEFL UA-8ALE (commercial substrate: CS; Seoul Bio Co. Ltd., Seoul, Korea)E Fufisto] AME-5}1 1,
NERAABAIS S 34T 24 BOHE A 50 RE ool AT BAL pH 10002 UL et
W, QA 2R 242} 10100} 26%8 LEPTHAL ABRLe) 7183 AREEE 22 153416°C9F 64526.5%9] S
Uebiet
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Jt=EHIE] X2| 7 HEo| =g

=2EY] 94 F $7H BAE 2|9 ofjl9] Ago] FoHE HE %7301] A3t BA E9 W= 6% OJH= RARE O]
B AFoIAE 4%2F 6%2] BAS CSol 2 92| SAUES 1st] Fuuz gdstA st A2+ iz (control,
CS 100%), 4% BAHE|TL(4%, CS 96% + BA 4%), 121 6% BAHE|T(6%, CS 94% + BA 6%)E T-25}rk.

72 28 AEA OIS 2l |17

7IEEuEA] ST ES AEF0|(1057)0) 53 Hu& FHotaL, Aot vis S5 1719 Ao £+ 1784 1hE513
ok 1A 10709 g 19502 519, ZF At 3ukEste] iR o2 vix| sttt AfuiTEl= 20259 4Y
309 FAE HESIAA, SA 8-S 74 AHH o2 RARFYAL, Y 30l WS 2025 59 27 8okt SH 77

F SEe BTL Y 123 FHBLo] $BS FRIAAL.

e S} ARst7] A8l pH, A7IHER(EC) H SHUEE RS EEZ4H &3t
A5

ZISEHEA EFHAENA 22| Tolg2 A4 1F F Hotd FAE Agste] Wd Pokes 7Y F¢ AT
A & Fole 2 A2 45, A5, 9%, 9F AR =S AshE AEF H e AR 4F5As 45
Z7471(SPAD-501 plus, Minolta, Tokyo, Japan)Z 743t & A4HAZ o] &sto] =4 AdF2 A doe & 95,
A} e 1 ot Ao) 2 holeh BL RN, TR AW FR T UEA YES SRS olgajo] 2ojg
Ne T ABE AR oLl A LolE HYNAL. ARG AR ABHE AW B2 T 2RES olote] A=

T 70°CE M¥EEH AZ7](OF-W155, Daihan Scientific, Daegu, Korea)o|A] 24A]7F o4 AxX & =AYt

omm

A2
BAAE = SPSS (ver. 27.0, IBM, NY, USA)E ©|-85t°] Duncan TH5A78S Bl Aef17F B4t K22 AsHlaL
BA A&t FAGEE W3} Pearson ABBAS 5 A5

Data Availability: All data are available in the main text or in the Supplementary Information.
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