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Regulation Effects of Straw Biochar Combined with Earthworm
Cast on Soil Health and Nitrogen Loss in Protected Vegetable
Fields

Jianfeng Zhou*
College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China

[Abstract] To address soil degradation (acidification, compaction) in protected vegetable fields and agricultural non-point source
pollution caused by nitrogen loss, while realizing the resource utilization of agricultural wastes such as crop straw and livestock manure,
this study took typical protected tomato fields in North China as the research object and set up 5 treatment groups (CK: no amendment;
T1: single application of straw biochar at 20 t/hm?; T2: single application of earthworm cast at 30 t/hm?; T3: straw biochar 10 t/hm? +
earthworm cast 15 t/hm?; T4: straw biochar 20 t/hm? + earthworm cast 30 t/hm?). Through field experiments over 2 tomato growth cycles
(120 days per cycle), the effects of amendments on soil physical and chemical properties, microbial community structure, enzyme activi-
ties, and nitrogen loss (leaching, runoff) were systematically analyzed. Results showed that T4 treatment achieved the best performance:
(1) In terms of soil health, soil pH (6.82) increased by 25.1% compared with CK (5.45), bulk density (1.21 g/cm?) decreased by 14.8%,
and organic matter content (28.6 g/kg) increased by 38.2%; urease (1.85 U/g-d) and sucrase (25.6 U/g-d) activities were 62.2% and
45.3% higher than CK, respectively, and the quantities of bacteria (1.8x10' copies/g dry soil) and fungi (2.3x108 copies/g dry soil) were
significantly higher than other treatments (P<0.05); (2) Regarding nitrogen loss, the nitrate nitrogen concentration in leachate (15.8 mg/
L) was 62.6% lower than CK (42.3 mg/L), and the total nitrogen loss via runoff (1.8 kg/hm?) decreased by 67.9% compared with CK
(5.6 kg/hm?); (3) For crop response, tomato yield (128.5 t/hm?) increased by 23.6% compared with CK, and fruit vitamin C content (28.5
mg/100g) rose by 18.3%. Straw biochar and earthworm cast, through the synergistic effect of ,,physical improvement - microbial activa-
tion - nutrient retention®, significantly improved soil health and reduced nitrogen loss. Among them, T4 treatment (20 t/hm? biochar + 30
t/hm? earthworm cast) had the optimal effect, providing technical support for soil degradation remediation in protected vegetable fields
and agricultural non-point source pollution control.
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1.1 iR =

Bl A E TR EG A = IR OME K, 2023
FERE A 420 5 hm?, FREHBEEETRD
65% DAL [1]o 2R1, KHEDNEME. &R (JLH
ERIE) SEORME R B GRS —
B TIEEBIR(L, RN pH EIFE 5.0-5.5 (5RIR
M) - BEHEE 1.4-1.6 gem® () - AHEE
BAVE 20 gkg, MEIMGIEVRAREKS 77 KIK
[2]; —RAZERKSIRMRIEIFIG SR, Wi
FEREMBRIL 30-50 kg/hm?, AEASEIEE HE Rk
TR RIRAKIR, RRAZNMEKAEEFRL,
AL X HE A L R R X B R KIS REF R R E
A 38.5%[3]-

AN, FREGE~ERFFL 10 2. FEk
HL) 38 {20, Hr Y 30% SLINEIRILRI A, HA
ZIE SR HERUGEE, ROGRBEEIR, K
RE LSS (4] BAFAEYIR (4 300-500 C KR
REIR) BE 245 mbRmE, nrET L
HEpH (H. WRR3R5y; MWRE SEMERR. MEY
AL, BEIOS TIERIE . o A [5]. A
— Tyt A= 1) o SO | 25 B RE R R 4 TR AR, {5
FERRE —— WERKNEEES S 800
AR, Ml 2 er B I R ROR 5255
[6]o R, #RFT HELHEAT SEME S T R S R
KME T FEIVEERN, ML “EFR IR -
THREBE - SHAET hRABEAEER L.
1.2 iFRENX

AWFFIEE DL =SSO (1) 7ERL
REM, BRBHEYRE PR fsSi
IR AEVIEOET RS, E Y - A
WIXB ) 11 REORIR R, va iR e — 2 B A6k
Fa; (2) EIEMEM, MTEEMR (pH. AE.
AU AR (FHES0. ST « &
KK GWE. 2B RIEVaR (& 55R)
LU, RGTHESRACR, B — AR
M (3) ENHEME, A RS BN R
EECHEELB], R EsE R e 1B B TR At AT e
IR SE, RIS RN EFYEIFECAE, B)
71 W HAR RRRI SRR

2 MRS 75T

2.1 IREEHRE

2.1.1 A 115

BRI T LU AR B T R T D7 SR X R i = Bkt
(36" 40N, 117" 00E) , TRANE 1, K
AT 0-20 cm T EHEARBEMELT pH 5.45, R 1.42
glem®, BHLF 20.7 gkg, &R 1.25 g/kg, R
28.6 mg/kg, HAEF 156 mg/kg, BT HALRLIZHE
St
2.1.2 REFH|

ST AEY R . DATORRSFF MR, 7E 400 C IR
A5 IR 2 h HIER, Rif2 0.25-2 mm, FEAM
i pH 9.2, HERMEM 325 m¥/g, fLERJE 58.6%,
AHURE & 82.5%; Mrhsl¥s: MR FZMEN (Eisenia
fetida) DAFFEN RIS E WA, EAMER: pH 78,
EHUF 45.3%, &R 2.8 g/kg, [EHIRSE 22.6%,
g B Y st RS A E]

2.1.3 fEIA1EY)

HERFAACE A% 1057, BHAFRERLE
FREERACS TR, B EIER 4 I 10
KB —BHI4 e E M.

2.2 g5 HIEE
2.2.1 ik5e

RIIRE 5 MEE, BN 3 IRES, /NMX
M 20 m*> (4 mX5m) , BEVIXAHS, B4
NN

CK: HWHUMAE (FEAE: FRZE 300 kg/hm>+ i
FRES 600 kg/hm>+ AL 225 kg/hm?; JBAE: b
AL EHPBEFRE 150 kg/hm?) |, Ak B ;

T1: HEHUEAR + PRHERSFF AP 20 vhm? (€
TR 1 SRR L, RE 20 cm)

T2: HHUREAR + BAMERE IS 30 thm? (it FH 77
KAL) ;

T3: HHUHEAE + FEFFAEY R 10 thm>+ 5%
15 vhm> (QREEHA, 75 ;

T4: HIUHEAE + FEFFAEYR 20 thm>+ L5 2%
30 vhm?> (GREEHAH, 7 FF) -

RIWT 2023 F3-7 A (F—F) « 9-12 A (6
) AT, 2 ANFAAEKE, HiEEE R
WHRERG) [FE A SR T HERE,
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BEEKEEHITE 300 m¥/hm?.
222 FEERESME

(1) LHERERCRE: A RIERAMEMET. 8
—ZFUWGRE. 5 FWERERE 0-20 cm +E 11
MG, B NDCR A AR B, TRE G2 AR
9 —— —iREE LA TMAEY SEEENE, B
—H#r BAXTEEH (2 mms 0.15mm) , AT
B FE o

(2) RERAED: OMFEN: F1H/NX
LARET IR ICRESS IR 60 cm) , & 15d RE
WRIB7K, RSN ERNEMSEIRE, 4
AMERITERERRAR, ORERN: fE/hX
HORERRIER, FRENEER G IR R
K, SR RER T IS AR - SN R IE
BRIRE, HERRERAR [7].

(3) fEPfaRRillE: FAKAE, FHIX
BEATLIZEY 10 PRIUE /= &, BUREME RL4E4 K C
TR (2,6 - S EMEEE) « ABEESE (&
fifl b €19%) [8]-

2.3 MEWH 57515

2.3.1 A R E
pH{E: RH pH it (duKbk 1:2.5) MIE;
NE: REARIIENGE ;
BHRE&E: RAEBRI S - SMREN

e ;

EREGE: RAYKERENE;

AR S SR 0.5 mol/L NaHCO! | 1248 -
HER DL ETENIE ;

RS R R 1 mol/L NHIOAc 4R - X
JECEIEIE [9]

2.3.2 HIBHA Y S ERIE MEE

MAEYEE: RSN EE R PCR (qPCR)
MEAE (16S rRNA FE[H) « EF (18S rRNA H:[A])
W&, 5SS [10];

BT WREEVE MR R - SRk aik
ME (LA TG RN 1 wg NHOO-N B 1D
FgiE S5 A7, Ulg - d) ; FERERBTGMESRA 3,5 - =
THE KGR L EEIE (DA I RAERR 1 mg
BENER | DERE SN, Ug - d) ; TELEE
TE R SRR P B E (AR v LR N
TH%E 1 mmol KMnOL iy 1 NMERE S BN, Ulg - h)
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[11]s
2.3.3 TERGEYI R R S AT
K H Tlumina MiSeq =518 &7 H AR 34T 1%
A REVE M PR E DNA (CTAB %)
¥ 1 16S rRNA %t [K V4-V5 [X ( 5| ¥ 515F:
5-GTGCCAGCMGCCGCGGTAA-3"; 907R:
5-CCGTCAATTCMTTTRAGTTT-3") , M i % #2
£ QIIME 2 5. OTU H2 (97% MILUE)
&, MATYRERE S Z 53 HT (Shannon FEEL
Simpson f5%k) [12].
2.4 BURS I #Hr
X F SPSS 26.0 B fF# 1T K R 7 Z 7 #r
(ANOVA) , Duncan ¥ 8 W% % ik 17 2 & L
(P<0.05) ; % F Excel 2021 Mt 1T % f8 & F#
Origin 2023 &l|EZ%; RHAFEM D74 (PCA) 18
AR EEY RS B R IMAAIRE S

3 4R 50T

3.1 X IR B A RN

3.1.1 T pH ES A H

BEAE A0 A A, A 3% pH HE BT
i, REZTRES, BRI EENT
AL (1) o B FWERE, T4 AHEK+
1% pH {HIX 6.82, # CK (5.45) &7t 25.1%, @3
= F T1 (6.15) « T2 (6.38) (P<0.05) ; T4 &b
HRHIEAE (121 glem®) R CK (1.42 g/em?)
B MK 14.8%, KT T1 (1.32 g/em®) « T2 (1.28 g/
cm?) o IXEEAEVIRIIIRERE (pH 9.2) AIH
IR, ZALEMREREN IR, Il
FR TR R gk AR EE AT R, & R
o T EIE M .
312 HEAYRS RS SR

Be AL FR AT I AN IR0 & &R AR
SEMT AL (R 2) « B FWIRGE, T4 4t
B HEE YRS RIE 28.6 ghkg, 8 CK (20.7 g/
kg) T2 38.2%, BE ST T1 (24.3 ghkg) ~ T2 (25.8
gkg) (P<0.05) ; & HAME. EHRH S EN
DA T4 b E S, 7335 CK 25 24.8%- 35.7%-
28.2%0 X2 NEYIRHESENRE®E (82.5%)
A EREAN TR R, H 2 AL IR BRI PR 77 7 ek
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ARG ;i |3 A JEE SRR P SR A Lk o0 i
Fefe, FIRREIRR B B EoR 00, A WRRISCIL "Rk
PR R - SR RE” WEBCR
3.2 X I A ) S S PR R
3.2.1 AEME R SRR 2R

T4 ACER IR L IRAN R H R MR
wEAEE (£3) o BoFWRE, T4 LK

TIEME L E (1.8X10" copies/g T 1) « HHF
BURE (23%10° copies'g T ) 42 Bl Ke CK 424

83.7%- 91.7% (P<0.05) ; Shannon %X (3.92) .
Simpson f5%¢ (0.91) ‘23 =T CK (Shannon=2.65,
Simpson=0.75) , FRAABCHEACEE AT E Y BRETS
ghfy, SRR SRREN . NIRMAHRE (K1)
T4 AL B Y 2E JZ & ] (Proteobacteria, 32.5%) -
M AFE ] (Acidobacteria, 18.2%) fHX FEALT
CK, TMMZRE ] (Actinobacteria, 25.6%) - “fEf
M ] (Gemmatimonadetes, 12.8%) #AHX E & &
T CK, EHRE&ETEE 2 BE VLR 6E
B, Al IR AR .

®1ARLAEN T pH ESEFENRM (F-FWIHRF, xts, n=3)

4b38 pH {H BE (g/cmd) LIRE (%)
CK 5.45%0.12d 1.42£0.05a 452+1.3d
T1 6.15%0.15¢ 1.32%0.04b 48.6*1.5¢
T2 6.38£0.18b 1.28£0.03b 50.3%+1.7b
T3 6.55%0.20ab 1.25£0.04¢ 51.8+1.9ab
T4 6.821+0.22a 1.21£0.03¢ 53.5%t2.1a
xR 2 AEAENTBEFVNREFSIENRW (F-FWIHKF, xts, n=3)
4b3E FHR (g/kg) & (g/kg) E% (mog/kg) R (mg/kg)
CK 20.7+1.2d 1.25+0.08¢c 28.6+2.1d 156+9.5d
T 24.3+1.5¢ 1.42+0.09b 35.8+2.5¢ 178+10.2¢
T2 25.8+1.7b 1.48+0.10b 38.5+2.8b 189+11.3b
T3 27.2+1.9ab 1.52+0.11ab 40.2+3.0ab 195+12.1ab
T4 28.6+2.1a 1.56+0.12a 38.8+3.2a 200+12.8a
*3IAELEN TIEMEVRERZHENTW (E-FWRE, xts, n=3)
MEIE HEREHE . . .
st (x10t  copies/g T1) (x10  copies/g ) Shannon 52 Simpson 52
CK 0.98+0.08d 1.20£0.10d 2.65%0.15d 0.75+0.06d
T1 1.35+0.11c 1.58+0.13¢ 3.12+0.18¢ 0.81+0.07c
T2 1.52%0.13b 1.75%0.15b 3.45£0.20b 0.85+0.08b
T3 1.681+0.15ab 2.021+0.17ab 3.68 £0.22ab 0.88 £0.09ab
T4 1.80F+0.16a 2.30£0.19a 3.92+0.25a 0.91£0.10a
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3.2.2 TIEREEIE M

b A R R I R R PR A, B T4
R R (3R 4) -« FFUGRG, T4 ZCFEM
T IEIREHEE (1.85 Ulg - d) « REREERTEME (25.6
Ulg - d) 73315 CK $25 62.2%- 45.3% (P<0.05) ;
WSS (8.6 U/g-h) B CK (5.8 U/g - h)
1215 48.3%. K5 REHERMG, HIGMER
FHRIAECHEAE AT TR E VIR L, RS
SR, BT &t 5 E VLUR 0 R RE S
i, SRS RER P SR, ROE
e, HiSMEIRTHA B T4 A S A
3.3 A IR E TR AR
3.3.1 AR R

Pt A PR 2 3 A - SR K I A SRR S5
BRmMARE (RS5) « WMEKENN, T4 4K
SEEIIB K AS EIRE (15.8 mg/L) % CK (42.3
mg/L) BEK 62.6%, AR AR (12.5 kg/hm?)
£ CK (35.8 kg/hm?) [&1K 65.1% (P<0.05) . X/&
DRI N A= P o ) 22 FLE5 i 5 22 T £ FRL AT P P B
b SR EH B E SR, BRI IR, il
PN ETEIR AT 5 A EBTERENL - THE &K, [
RHEHFEY B R (ARERENE R ER) , #H—
HRERIRTA TR .
332 IR AR A

T4 A ER S R A& T E KT H b
(R 6) « MNMEKEIN, T4 AIRAFEIRGTE
RiMAKE (1.8 kg/hm?) 4 CK (5.6 kg/hm?) [EAK

67.9% (P<0.05) . —J7MH, AV x5 sl 25
AIGE TR, SRS ILBRE, HY5R HIREIOKRE S,
O HRZ A, B—TH, SR R EAE
FEA AT RR H A "B IR, i M2
L HIOE

3.4 XA R S s T2

3.4.1 Fhir-&

T4 MEMFAMN BT EF S T Mg E (%
7) o BNMEKERIN, T4 MFREFEE & (128.5
t/hm?) % CK (104.0 t/hm?) $25 23.6% (P<0.05) ,
HAps—Z/7 8 (1322 thm?) « FZ/& (124.8
t/hm?) 73 5% CK #2815 22.9%- 24.4%. 7= &igFt+
M EZFER: —2 T EMEERNE (pH IEH.
AERER) EHEFAMRARAEK, Hors D IILEE
TR AR SR YIS RS A, INEFR IR,
NEMAEKR SRS, = —AERRERD,
R AR RS AR
3.4.2 FFilidmR

T4 PR FERAFMR LM (K S) - T4
ROFERYERSEAEAE R ¢ S & (28.5 mg/100g) « AR
MRS E (5.8%) 77515 CK (24.1 mg/100g 4.9%)
25 18.3%- 18.4% (P<0.05); AI{HTHA & & (0.32%)
B CK (0.41%) F&E{R 22.0%, HEEREL (18.1) B3
=T CK (12.0) « XERAKBAEHESAL T L
SRR RG] (AN EREENE) , RINRUZER
B AEREAERATAYIBT (A0 B R4EAER) AlEid
FNMPUER, IR LR AR RE RS RS

& 4 ARGEN T IEEEMNEE (F-FWRE, xts, n=3)

pGsiiil fREE (U/g - d) FEREEE (U/g - d) WEMNERE (Ug - h)
CK 1.14+0.09d 17.6+1.3d 5.8+0.4d
T1 1.42+0.11¢ 20.3+1.5¢ 6.9%0.5¢
T 1.58+0.13b 22.5+1.7b 7.5+0.6b
T3 1.72+0.15ab 24.1+1.9ab 8.110.7ab
T4 1.85+0.16a 25.6+2.1a 8.6+0.8a

=5 AELEN TIREARHERENTE (BNEKBEHFELS, xts, n=3)
Q3B WHBEKESRRE (mg/L) MHEE (m3/hm?2) MHBERRELEE (kg/hm?2)
CK 42.3+3.8a 845+52a 35.8+3.2a
T1 28.5+2.5b 832+48a 23.7+2.1b
T2 24.2+2 1c 825+45a 19.9+1.8¢c
T3 19.6+1.7d 818+42a 16.1+1.5d
T4 15.8+1.3e 802+39a 12.5+1.2e
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* 6 AEAEN TIBEFARTRRROEM (WAOEKBAHFLY, xts, n=3)

B RHRE (mY/hm?) ZERERIKE (mg/L) RERERRAR (kg/hm?)
CK 125+9a 44.8+3.5a 5.6%0.5a
T1 118+ 8ab 32.6%2.8b 3.8%0.4b
T2 112+ 7b 27.5%+23¢ 3.1%0.3¢
T3 105+ 6¢ 22.8%1.9d 24+0.2d
T4 100+ 5¢ 18.0% 1.5¢ 1.8%0.2¢
R 7 ARLENER~BORMW (xts, n=3)

S H-FTE (Yhm?) BFTR (hm?) PR (Vhm?) B CK #7 (%)
CK  107.6%6.5d 100.4+6.1d 104.0+6.3d
T1 118.5+7.2¢ 108.2%6.7c 113.4+6.9¢ 9.0
T2 123.8%7.5b 114.5%+7.0b 119.2%+7.2b 14.6
T3 128.5+7.8ab 1203 %7.3ab 124.4%7.5ab 20.0
T4 1322%8.1a 124.8%7.6a 128.5%7.8a 23.6

8 ARLENEMMRATM (F2FWRKE, xts, n=3)
Kb #e4:3K C (mg/100g) RITETERE (%) AITEERR (%) FEER L
CK 24.1%1.5d 49+0.3d 0.41%0.03a 12.0%0.8d
Tl 25.8%1.7c 5.2%03¢ 0.380.02b 13.7%0.9¢
2 272%1.9b 5.5+0.4b 0.35+0.02c 157 1.1b
T3 27.8%2.0ab 5.7%0.4ab 0.33+0.02d 17.3%1.2ab
T4 285%2.1a 5.8%0.4a 0.32%0.02d 18.1% 1.3
3.5 WrEATEZEALHIEE S 24 ERANHIAEHE; (3) FoBEFMB: EViE

AT A= 5 M1 340 1R =R i - 30k e A 3
RIMK AT R PTRRRS Dy © =R BOss R
(B2) : (1) DERRKER: EVRIZILEH
SRR PR R LR PRRAEE, sl
AR FEIR (et TSRV S AT AR, — 3 P fR] de s £
SEYPFEINGT, NREYITE S S5 A K B E A
(2) £YHIEBER: KRGV HEIASRE L8
EYD (s EEE) , MisEE H R R DDRE
WERE D FEEMEMRRE, RIS, dEE
US55 57 3R, RN AR i id 3 4+ S5 s

AIRMHEREERR, BOMBESRRAA, WA
VIR TR ALV BEILR (WHEARNE) LB
RE, REPR “THEBESGE - AR
- RESBAAT RS, S RERS A
S AR ESE T BRI RN 20 thm? 4
Yook + 30 t/hm? Bl ZERE, = BN RE B A
FPRAS, AT (a0 T3 ABE) |, BFEAEH
SRIEINES; MM (AT T2 AEE) , M
RSIER - AW - SRR, SECCR

PR

41



RN RIESRARZGE | B 185 1112025 F 12 A

4 11
4.1 BOHEACIEX TR RSB E M E

AR, FEFFAEY) % 55 M5 SR (T4 REFE)
fifi 3% pH HIEF 25.1% B ERK 14.8%. Bl
iR & 38.2%, X—BEMREEMTHR—SRHA
—— WHXHEAEY R T1 b8, +35E HURE TR
FEAUN 17.4%, B 38R 25 K9 1 e A 458
[13]c HEOMEATET ZEWIhRE G AN AVx DA
DT N, w210
SERERAN T3 PR SR R T RIRAARSS ; Wi DA
EYIEET AL, I R TR IR HE R K
DIRE B REIE AR TG, STE T SRR R A R o
Feo XFF “UpEE - YT WEREMERK, R TR
—AEVriBE R, A A AR 5 Y A
A, SR (L I E AR T S AR 12

MWHAEYIER, T4 PR REE T FE
FEFRF 35.6%, MIREREEN 7 i@ AL A S HE A
B, HEFEshnalhnd - a HImE s, R4
FAERLYPHPHIRFEE (0 HERENBRER)
[14]. X5 Li % [15] ARG IC—8, BIRCHELEE
AE A AE YRR SE K, 0w IR AE
WD CEEREER , M — P& R sk e LR
4.2 REWM IR S 5 R AR TE

T4 WFRE R R AR EFEL 65.1% 2%
MR 67.9%, X—RURIEEE SIS R IE T (A0
e bRt &) —— (&S e Y 038 i O P AT I
ZAE 30%-40%[16]. HALHIFT MM 77 R —2
AR ER, HELRT (325 m¥/g) A4

PEREIINOL AL, ES AT I EE SR, RN
ZALEMGERK Y BRI, BOMERE;, —2

MAEYIERER, Bl IR i i
83.7%, HWHERE (WMHRMEE. WHE) ¥
MEEAC N EV R B AERAN, BRREREKR
B [17]o

EAERNE, FHECHEER DR EZRIHAE
I, FERBEEAN AENRIL ——T4 A%
A= EmAR T 23.6%, RIARZFHREERS. X
TR Y R S ZE R RIERSSI T “AER
& - BRI WP AV ORI R E AT EM
AEVIVER TR IR, Bihs| 3t ) et £ B (an
HREETE SR = 62.2%) (RHEANLEN 1, N&EE
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KARFFELRIR [18]. X—E55 MR “BERK
-VEVIER R WP JESR A T RS, N SEELR L HE
JEI5 BaaE 5E S~ B A EEE .
4.3 5IE IR AR ST BIET L
AR 2 2R 84 Wk ST 5 S ) B — 2K
U Zhang 5 [19] 5 AL, 15 thm? AEY)x Al %
JitiSEH 3B AR BRI 10.5%; Wang 55 [20] #iiE,
20 t/hm? Ml 2 RTE R AG  BAR T+ 15.2%. 1A
FRIEHET: (1) EXEH “=WMEIEE
[FRFEALS], B Yk S e R R 4
Yigis SR ERT B THFECR, HAAT
FCHEALFRVE FAALHI IR RS A (2) HiE S ERD
JEFIE (20 thm? Yk + 30 thm? WrlsEE) | %
AR TIREERER. AEFMAZER. (EYr- &
IREEAN, JSLhn b IR BT ERRORSE; (3)
M- A - (B - SRR AT RCR,
R B —FEARI T, R R e ARV S
ViR 7T
4.4 W5 RIRME S AR KT 1A
AHREZELTREEREME: (1) REEEI
WX TF R, AREEAE At - 82880 (nerig. B 1)
BB TRIRER, J/itE— IR 2 Xl ;
(2) RO ENA (a5 F£E) N HEES

BRE. MEEVIRZIERIN, KIRFRSE M T
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