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Abstract: This study was conducted to evaluate the effects on growth and turfgrass
quality of perennial ryegrass in the sandy soil blended with bottom ash produced
after combusting dry livestock manure (BAL). Treatments were designed as follows;
No-fertilizer (NF, 100% sand), Control [3 N active ingredient (a.i) g/m? 100% sand],
3%BAL (3N a.i. g/m’, 3%BAL+97% sand), 5% BAL (3N a.i. g/m?, 5%BAL+95% sand),
7% BAL (3N a.i. g/m? 7%BAL+93% sand) and 10% BAL (3N a.i. g/m? 10%BAL+90%
sand). Compared to NF and the control, BAL treatments increased soil pH, electrical
conductivity (EC), available phosphate (Av-P,0s), and exchangeable potassium (Ex-K).
There were no significant differences in turf color index, chlorophyll content, shoot
https:/doi.org/10.5338/KJEA.2024.43.07 length, clipping yield, or shoot dry weight between BAL treatments and the control.
However, root dry weight, P and K concentrations, and nutrient uptake were higher
in the BAL treatments compared to the control. The BAL application rate was positively
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7FEERo] ALst F 7P £ HlE2 sk HHle AE S EAT § ZE Aol ol 83tH1). 7SR EHE
7t529] ol weh tha Aol ot HHIst & A ko] Hlsh Q4 o] AR s w4 UEhuH, A28 F8
JEOl AAS 7207 AH|SH= AL EoF %i Ato 1 F7F71 e 2] Bl 4 35 58 Yol EY Wl f1ES
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A o)A AFBHE EA AT AZZAN9) AA Fo Lot HE T FA £F Bely Aol
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B A7l ok o] ST See0lH 2023 98RE 20249 37 o 4L ek SR AT BA
RO MUY ol TAA(L perenne LYE O[S519UT, EEL Gray Fox'd ANZIE Foluro} ABaYT, BA EFL
"]=+Z I 3] (United State Golf Association; USGA)2] Xl YAHEE Aol A3t wE AMESIFtH(Table 1). A H|2E =
E35M| & (compound fertilizer; CF, N-P,05-K,0=21-17-17, Namhae Chemical Co., Ltd., Yeosu, Korea)S ©]-&3}¥t}. 7I=EHI=
A (bottom ash produced after combusting dry livestock manure; BAL)&= & & 249 mtZ 2|7 Capsicum annuum L.
var. angulosum) 57O 2 RE Fofdlol ARgstelon, o]alehs E/42 Table 29} Ztt.
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Table 1. Particle size distribution of sand used in this study

Particle size (mm)

ltem
> 4,00 2.00~4.00 1.00~2.00 0.50~1.00 0.25~0.50 0.15~0.25 0.15~0.053
Sand 0% 19.3% 38.4% 28.7% 9.2% 3.7% 0.7%
USGA standard 0% 10% below 60% over 20% over 10% below

USGA: United States Golf Association

Table 2. Physicochemical properties of BAL

pH EC CEC Bulk density T-N T-P,0s T-K,0
(1:5) (dS/m) (cmol/kg) (g/cm?) (9/kg)
10.03 10.12 1.15 0.91 0.1 141 279

BAL means a bottom ash produced after combusting dry livestock manure, and its particle size was 2.0-4.0 mm.

XNe| 2d

Aldl A EHE BAL Ao wat F& 23 (No-fertilizer, 100% sand), T Z7-(Control, 100% sand), 3% BAL *]2]--(3%BAL;
3%BAL+97% sand), 5% BAL A ] F+(5%BAL; 5%BAL+95% sand), 7% BAL A& F(7%BAL; 7%BAL+93% sand) ¥ 10% BAL A2
T(10%BAL; 10%BAL+90% sand)i "“ﬂ’c—:‘]- 1’4— BAL A4 R ES Z3 & AFE STtAE ZE[FA 12.7 cm (521X)),
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Technologies, Inc., Plainfield, IL, USA)2 ©]-85}] 11Y 10458H 15 7HEH0 2 F 173] FAIY L, EEE ooyt <
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258 7MY E olgste] ZH A& AFHHct AFHE A HH F LEE Kim and Kim [21]9] B0 2 A=A g5
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NEHO) EFSFRAG] Fotel BASAT AT AA BAS 95} A AL 717 5% FUE AAES BHste] 2]
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54 A&+= SPSS (ver. 27, IBM, NY, USA)E ©]-85}°%] Duncan BH5HHS 5 A7t Bkt AAHA 9] Fo3-&

BAL A2 3t ¥ =HHAe] MaHE ZAHCkTable 3). A1B st | =Y $4 Ak NES} 2 TE pHE Mot
Al A3t 9] 7] ol whE B A 9] WSS AQlstal BT o Mgk UEhA] gttt B pHE AHIY B
@79 Waj] o3 ety eo weiErio) AY $2 F NP o270t 8] 0d o, BAL el P pH, EC, Av-P.O;
2 Ex-KIA $715193, BAL Aeiat o] AodAES Yerlch(ps0.05). ol Aurd oz vt} dztel e s
UV 2F, 4, vHIE okl 58 RO RS 9] TEOR(18] # AFIHE BALY pHYE A4S HehiT
TR0 3 T-KO B0l E3k7] th0 2 Wekerk(Table 2). B % Av-P0s2 pH 15t % Aol we} F(ke)oltt Av]
BA) U ZH(Ca) 5T Aestol BEIE|E SER BALE EPNHAR Ashe B9 A&Hel e o] Wastczsl
53], BIHL 4A A Bl vl SRol dRoR YhEng i) o o) ARgol RYYsiE suz
& oyt 49 mUEHPE Hastth(17,24].

t

BALS EY/NFAIR A & A7|E HH UL o] T A0 GMAFF FAISIATHTable 4). NF= AIH 717 &<t AJH]7F
A=A Fot 5o EFoIAL A= HA Fastynt. Bz AlR7F 3 E BAL AZF ¥ f2F= 54
2159l o] UelA] gol BAL M2zt HelU 2 elo] e o] AR s Qs A0z Wekslglch BAL
¥ FAA 0] ARA ZANA FAZ GRS HERA] 2ot EGTIFAZA BALL] A&7 G|t 22
WAL Qe ook

BAL A7 & HHYY o]Adf 204 =4 $HF(chlorophyll a+b)}2 731~1,554 pg/g] HHE UEFATH(Table 5). NF=
19 121 B 33 oAEo] Aol LAY, 29 9Us} 3 132 ZANAE 3 cm o)) AHEE FAT % ol

Table 3. The chemical properties of soil blending BAL in the perennial ryegrass

T ) pH EC oM T-N Av-P,05 Ex-K CEC
reatments
(1:5) (dS/m) (%) (mg/kg) (cmol/kg)
Before 7.45c% 0.23b 0.60a 0.006a 3% 0.10f 1.34a
NF 7.54b 0.24b 0.60a 0.008a 3% 0.10f 1.40a
Control 7.55b 0.26b 0.57a 0.010a 57e 0.12e 1.44a
3% BAL 7.60b 0.30a 0.60a 0.011a 204d 0.21d 1.45a
5% BAL 7.61b 0.31a 0.60a 0.010a 276¢ 0.27¢ 141a
7% BAL 7.73a 0.32a 0.5% 0.011a 352b 0.29b 147a
10% BAL 7.79a 0.31a 0.60a 0.011a 417a 0.34a 1.45a
Correlation® 0.9197** 0.6697* 0.0827" 0.2750™ 0.9824%* 0.9771%* 0.0949"

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/m?); 3%BAL: 3%BAL+97%
sand applying CF (v/v), 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF.
BAL means a bottom ash produced after combusting dry livestock manure. CF in the ryegrass pot was supplied on November 10 (49 DASs; days
after seeding), December 8 (77 DASs), January 12 (112 DASs), and February 9 (140 DASs).

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

INS, * and ** represent not significance, a significance at the 0.05 and 0.01 probability level by correlation coefficient between blending ratio of
BAL and soil chemical factor, respectively.
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Table 4. Turf color index of the perennial ryegrass grown in the soil blending BAL

Treatments” November December January February March Mean
NF 5.97b? 5.44b 4.85b 445b 4.19b 4.99a
Control 6.17a 6.46a 6.68a 6.65a 6.18a 6.46a
3% BAL 6.14a 6.45a 6.67a 6.66a 6.28a 6.46a
5% BAL 6.20a 6.42a 6.66a 6.60a 6.26a 6.45a
7% BAL 6.16a 6.51a 6.63a 6.67a 6.31a 6.48a
10% BAL 6.17a 6.48a 6.66a 6.61a 6.22a 6.46a
Correlation® 0.0305™ 0.1864"° -0.2512™ -0.2172" 0.1710" 0.0582"°

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/mz); 3%BAL: 3%BAL+97%
sand applying CF, 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF. BAL
means a bottom ash produced after combusting dry livestock manure. CF in the ryegrass pot was supplied on November 10 (49 DASs; days after
seeding), December 8 (77 DASs), January 12 (112 DASs), and February 9 (140 DASs).

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

INS represents not significance by correlation coefficient between blending ratio of BAL and turf color index, respectively.

Table 5. Chlorophyll (a+b) content of the perennial ryegrass grown in the soil blending BAL

, Nov 10 Dec 8 Jan 12 Feb 9 Mar 13
Treatments”
(ug/g in the fresh weight)
NF 799b? 758b 731b - -
Control 873a 944a 1,383a 1,554a 1,462a
3% BAL 871a 923a 1,335a 1,498a 1,390a
5% BAL 887a 958a 1,343a 1,488a 1,39%4a
7% BAL 885a 927a 1,339a 1,502a 1,421a
10% BAL 876a 930a 1,370a 1,511a 1,398a
Correlation® 0.0752" -0.1037" -0.0779"° -0.3826"° 0.3730"

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/m?); 3%BAL: 3%BAL+97%
sand applying CF, 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF. BAL
means a bottom ash produced after combusting dry livestock manure. CF in the perennial ryegrass pot was supplied on November 10 (49 DASs;
days after seeding), December 8 (77 DASs), January 12 (112 DASs), and February 9 (140 DASs).

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

INS represents not significance by correlation coefficient between blending ratio of BAL and chlorophyll content, respectively.

4 5 AUtk NFeF Bl n e o ti2 S BAL AE 79 @54 o] S, tiR7eh ¥ln e i BAL A=
FAHLE FoHRl AolE HetiA] okt BAL A|Fat 454 dgate] e SAHCE fo4<l AolE Uer
Al okt GRMHOR =4 AFLE F8 7 949 Ao I H Fol o5 9IS Y] WEoR[25] & Aol ARget
BALZ 7}529] 4 3ol Al 2ol ohfd da 250l dauiztAg EAE o BAL § Ai 2ol 79 Qg wEel
(Table 2) A=A § A4 FF Wslo] FF& VA b2 A= FehdrH26].

BALE EPRFAZ Azt HEU e 2ol To oA AR 309 3t 5 28] WokE 2ARSHITHTable 6). BAL A2l7=
< NFEG 270] S71etlal, diRytehs BAH 2R Fo%<l AtolS UetlA] ookt NF= 114 109, 124 8¢ L 14

129 ZAPOYAE 3 cm o402 ofXZe] Ugiont 29 9UT 39 13Uo 3 em HIROR AF7} ofeiHek. BAL el
A) 24 2 ABEACIA BAMOR G049 Aol thehlix] glot BALY el F Epide] 1l A AAe] mlx:
e nlulstect

BALS EQISAIZ Aol 3 WA eho] T A0) o 42E 2ARE AT} 7.1~ 1567 gim’S LFERYTHTable 7). BAL
A2|FES NFRTH AR Beo] 2717, Rk BAROR el Aol UehA] stk BAL it o< B ek}
of Ak 2AlA BAHOE o129l XfolS LAl Qhgke. ofi ATIo] AR Aol o] Ar] U Foof F2
Qe 7] Wolm 27, A4} LY FFL |nshy] whizolchas). BALS Ak 2EE FesHs BARA 2] A3
Bag 70 AR} QAT BE Fho] AFS FE HE ARE Waoly] RO A JcH2s). Tl Aol

[©)
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Table 6. Shoot length of the perennial ryegrass grown in the soil blending BAL

Nov 10 Dec 8 Jan 12 Feb 9 Mar 13
Treatments"
(cm)

NF 4.43p? 3.40b 3.23b 2.92b 2.96b
Control 5.56a 6.07a 9.86a 8.87a 7.03a
3% BAL 5.57a 5.86a 9.58a 8.65a 7.09a
5% BAL 5.55a 6.14a 9.74a 8.54a 7.13a
7% BAL 5.57a 5.89a 9.76a 8.67a 7.05a
10% BAL 5.54a 6.02a 9.74a 8.27a 7.13a

Correlation® -0.0797™ -0.0358" -0.0496"° -0.4701" 0.2087"

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/mz); 3%BAL: 3%BAL+97%
sand applying CF, 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF. BAL
means a bottom ash produced after combusting dry livestock manure. CF in the perennial ryegrass pot was supplied on November 10 (49 DASs;
days after seeding), December 8 (77 DASs), January 12 (112 DASs), and February 9 (140 DASs).

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

INS represents not significance by correlation coefficient between blending ratio of BAL and shoot length, respectively.

Table 7. Clipping yield of the perennial ryegrass grown in the soil blending BAL

Nov 10 Dec 8 Jan 12 Feb 9 Mar 13 Total
Treatments" 5
(9/m?)

NF 40b? 2.1b 1.1b - - 7.1b
Control 16.6a 17.6a 36.1a 41.9a 39.8a 151.9a
3% BAL 22.6a 18.7a 35.3a 40.3a 44,53 156.2a
5% BAL 20.3a 20.3a 41.1a 35.6a 48.7a 156.7a
7% BAL 17.9a 15.8a 31.6a 37.7a 45.6a 155.1a
10% BAL 17.6a 16.1a 24.5a 33.7a 38.7a 151.9a

Correlation® -0.0690™ -0.1924" -0.3790M -0.3076™ -0.0295™ -0.0121"

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/m?); 3%BAL: 3%BAL+97%
sand applying CF, 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF. BAL
means a bottom ash produced after combusting dry livestock manure. CF in the perennial ryegrass pot was supplied on November 10 (49 DASs;
days after seeding), December 8 (77 DASs), January 12 (112 DASs), and February 9 (140 DASs).

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

INS represents not significance by correlation coefficient between blending ratio of BAL and clipping yield, respectively.

DAR] EASHE B57 ABolnz A 4% AES e oBFe AU A% FEet vlEstn Qo) £
ATONE ] B BF 24 B9 AVWAZ YehiTkr=09767, p<0.01).

AP FE 5 RAUL ol 1A ARt K Y 24 A3 47} 9152608 gim’S} 17573635 gm’S LeRy
TH(Table 8). NP9} TS ©, BAL 2|70 AR} Asho] ASL Z/MYL, 7o} vlud i SAHes fo)49l
x}o] el gisich. BAL Rl A4 D ASo] RS STt W, A4S EAULE So49l Aol e
OIOLAL, A|FHEE o) AWUAS Lekitkp<0.05). ol BALY] YA} 2~4 mmE EPNFAR el Al EF ) 3L
7 d—‘e;gzui ] e 8ol AAE Aoz Berslcho]. Eah Frio] A5 AR glo] QAT EO| FFL Wel 4

S WHE PAS Ul A0 UelA Uom 0], & ATANE S} A Fo] B2 BALE EPAFAZ A=
79 %) o] 2|5 o] SThEIITHTable ). 2] A|5HE B3-L Aol FAoh W WAL AT BV 2ASHE
A% rlol AP PEE YD AOR WAL BT RAA 5 EY I3 0D AR 9901 399 ¢

M[30] 2~4 mm Y742 BALE A ARG AT F=0] SHE EF & FaEFEC] SHEN R =

L

BAL A12] F MU ool T840 RS} AeNe] G T U BB ZASAHTable 9, BAL APATES] A5
B 5 drE Ha, A 9 ZdE S A7 2.57~3.85%, 0.12~0.14%, 0.74~1.06% S LEFHIL, BAL A2 Fat & g

-
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Table 8. The dry weight of shoot and root of the perennial ryegrass grown in the soil blending BAL

0 Shoot Root T/R ratio
Treatments - 2

dry weight g/m (9/9)
NF 91.5b? 175.7¢ 0.52b
Control 256.0a 330.6b 0.78a
3% BAL 255.2a 340.2b 0.75a
5% BAL 254.4a 359.5a 0.71a
7% BAL 257.6a 361.1a 0.71a
10% BAL 260.8a 363.5a 0.72a

Correlation® 0.0479M 0.7739% -0.2353"

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/mz); 3%BAL: 3%BAL+97%
sand applying CF, 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF. BAL
means a bottom ash produced after combusting dry livestock manure. The dry weight of shoot root of the perennial ryegrass was investigated
on March 15, 2024. CF in the perennial ryegrass pot was supplied on November 10 (49 DASs; days after seeding), December 8 (77 DASs), January
12 (112 DASs), and February 9 (140 DASs). It was sampled on March 13, 2024 for measuring dry weight of shoot and root of turfgrass.
IMeans with same letters within column are not significantly different by Duncan’s multiple range test p<0.05 level.

INS and * represent not significance and a significance at the 0.05 probability level by correlation coefficient between blending ratio of BAL and
dry weight of shoot and root, respectively.

Table 9. The nutrient content and uptake of the shoot and root of the perennial ryegrass grown in the soil blending BAL

T a Nutrient content (%) Nutrient uptake (g/m?)
reatments
N P K N P K
NF 2.57b? 0.12a 0.74b 249 0.01 0.05
Control 3.62a 0.13a 1.02a 13.96 0.19 1.55
3% BAL 3.73a 0.13a 0.98a 14.50 0.20 1.53
Shoot 5% BAL 3.62a 0.13a 1.02a 15.17 0.20 1.60
7% BAL 3.85a 0.14a 1.04a 15.97 0.21 1.62
10% BAL 3.62a 0.14a 1.06a 14.05 0.21 161
Correlation® 0.0785M 0.2746" 0.3193" 0.1094N 0.2085M 0.1819"
NF 2.10a? 0.12b 0.92b 3.63 0.20 1.58
Control 2.45a 0.13b 0.95b 7.59 041 3.11
3% BAL 233a 0.17ab 0.95b 7.99 0.55 3.11
Root 5% BAL 233a 0.18ab 1.01ab 8.24 0.63 3.58
7% BAL 233a 0.20a 1.00ab 8.31 0.72 3.57
10% BAL 2.45a 0.22a 1.12a 8.76 0.80 400
Correlation® 0.1468" 0.7307** 0.6892* 0.6387%* 0.7905** 0.7663**

"Treatments were as follows. NF: No-fertilizer in 100% sand; Control: 100% sand applying compound fertilizer (CF, 3N g/m?); 3%BAL: 3%BAL+97%
sand applying CF, 5%BAL: 5%BAL+95% sand applying CF; 7%BAL: 7%BAL+93% sand applying CF; 10%BAL: 10%BAL+90% sand applying CF. BAL
means a bottom ash produced after combusting dry livestock manure. CF in the perennial ryegrass pot was supplied on November 10 (49 DASs;
days after seeding), December 8 (77 DASs), January 12 (112 DASs), and February 9 (140 DASs). Leaves and root of turfgrass to analyzing N, P, and
K were sampled on March 13, 2024.

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

INS, * and ** represent not significance, a significance at the 0.05 and 0.01 probability level by correlation coefficient between blending ratio of
BAL and nutrient content or nutrient uptake, respectively.

o

SAHOR GolFel AolE UehA] Uotth BAL A2 F FYOR T4 A, 9l ¥ TR FLFS 27 2491597
g/m’, 0.01~0.21 g/m’ 0.05~1.62 g/m*S UEFHI, BAL A FH EA4Z 072 §9Z 09l 2lo]& YelA] &t

BAL A3 & oA A4, ol 9 ZAF9] $HFS 717 2.10~2.45%, 0.12~0.22%, 0.92~1.12%S Uebd1, B X3 Y
A3} 22 BAL A Fa A AHIAES UEHTHp<0.05). BAL A|2|7-9] Fe] & 4 FFS $AF R {223 Aol
UERA] 24T, Q12 7%} 10% BAL A 2ol A, ZE-2 10% BAL A ZolA tiRFET o eFo] 5716ttt BAL A=
I B F A, 9 9 2|9 F5HS 747} 3.63~8.76 g/m’, 0.20~0.80 g/m’, 1.58~4.00 g/m*S UEFH I, BAL A 2]F}

A
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L9l 9 ZFEO| FHee 4o JUTAES UERITHp<001). BAL Hg] F ma Y sfol 1 0] xshi A8} Be]
Fere. o] ATHAS UERAO] (r=0.5867", p<0.01; r=0.5426%, p<0.05) BAL U} S1Ak} Zrel7} Eofo F-wlo]
o PekEITH(Tables 2, 3). B & QAkah 250 gtk Al2o] Ba) gake AAsHAwH31, 2rle] XAk
Ao FelA Urk2s) B ATOIME ikt 2o fako] £ord BALY Hel: HeUd shol1ej2o)
AR GO} B v AL A% ulusRT, X5 Ago] SHEh ol Rrie] AR AT BHS Fu Aao]
g0l O8] AR W] HEolus), B AT M7 Aa Aol SAY] RO wriwc
A7) ATES ST U, BAL 24 mm Y7)2 Eoke] B2 Aoz W Walo] 27] 4RS EAsto] EIEAR
2 glon], BopiAE Mg Al B9 Yolq ikt 2EUos $83 & e A0w J|qHr}. T, BALS TSRS
A% AomA AL Wk whet 2o HRolu SalER40] Aol Wslele32), $NE2E 5 T} ofde A15E

971%0] 24150} BAL % 7eI9} olo] e FTiE 4 glonz BALY olshehd B4 24 @ Mz FFFA] et
A=/} Wstch E3t BAL B QAL SheFo] %0 B (Table 2) EPAIR A Al B Y A4k FHolut /et Eefolut
Ao et 271 A7t Wag Aoz werHck

(

[e]

2 AF= 7SR A (BALE ESNFAR A2t R EFOA HH UL o] A0 e FHo vA]= JFS
ZAVIAIAF Y519t A8+ BAL X230 we} F-x 2] (No-fertilizer, 100% sand), ©]Z=~(Control, 100% sand), 3% BAL
BT (3%BAL; 3%BAL+97% sand), 5% BAL A 2] 7L (5%BAL; 5%BAL+95% sand), 7% BAL A 2]G-(7%BAL; 7%BAL+93% sand)
2 10% BAL A2 G(10%BAL; 10%BAL+90% sand)2 AA35I9ch EFsletyd B4 Ax}, BAL # g3 pH, EC, Av-P,0s 4
Ex-K7} |2FHY S716Hith ti2419 Bl o] BAL Ao QA 54 o, 24, AT R ASF 455
& FAACE FAQl AolE YERNA] ATt BAL AT AstHolA AEF, A% Z4F = U & 57 SHEU
ok BAL A& gy} HEYY o] 1 A0 Be] B 3 Aot PR Foe A9 AUBAE UEhlth(p=<0.05). A7 2=
T W, BALY EGNFAIR A2 Al EG W A} AE9 5o= Y B9 & &5 2 A|o] SHEe A
Zelstdrk
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