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Effects of Biodegradable Microplastics and Nitrogen Fertilizer on Soil Ecosystem Functionality
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Abstract: [Objective] With the widespread application of biodegradable mulch films, the accumulation of biodegradable microplastics
(BMPs) in agroecosystems and their potential threats to soil health have attracted significant attention. However, in the context of
nitrogen fertilization, the impact of BMPs on soil microbial community structure and ecological functions remains unclear. [Methods]

A microcosm experiment was conducted with four treatments: control (CK), urea addition (N), urea combined with polylactic acid
microplastics (NPL), and urea combined with polybutylene adipate terephthalate microplastics (NPB). Soil physicochemical properties,

enzyme activities, and microbial community composition were measured to evaluate the combined effects of BMPs and N fertilizer on
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soil ecological functions. [Results] Compared with CK, the N, NPL, and NPB treatments significantly decreased soil pH and increased
the concentrations of NO3-N and NH4"-N. NPL treatment significantly elevated soil dissolved organic carbon (DOC) content, which
was 61.39% higher than N treatment. Additionally, the co-application of BMPs and urea potentiated soil urease activity, showing
increments of 7.71% to 14.52% across different treatments compared with CK. Although bacterial a-diversity was suppressed by N and
BMP inputs, specific functional taxa were directional enriched. Microbial functional predictions indicated that the co-existence of BMPs
and urea significantly increased the abundance of denitrifying functional groups, with increases of 85.92% (NPL) and 102.51% (NPB)
compared with the N treatment. Notably, N treatment reduced the soil multifunctionality index (SMI), whereas the co-application of
BMPs and urea significantly enhanced SMI, with NPL and NPB treatments showing increases of 2.15-fold and 0.95-fold relative to the
N treatment, respectively. Hierarchical partitioning results revealed that DOC was the core factor driving SMI variations, with an
explanation rate of 58.92%. [ Conclusion] The co-application of BMPs and urea significantly enhanced soil multifunctionality in the
short term, with PLA exhibiting a stronger ecological impact than PBAT. These findings elucidate the interactive effects of nitrogen
fertilizer and BMPs on soil functioning, and provide a theoretical basis for the ecological risk assessment of BMPs and the sustainable
application of biodegradable mulch films in agroecosystems.

Key words: Biodegradable microplastics; Urea; Enzyme activity; Microbial community composition; Carbon and nitrogen metabolism
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A &Rz —, KA (Poly-(lactic acid), PLA) FIEX K ~HIE-CL R T I Hls (Poly-(butylene adipate-
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i JRZE JRZEA BMPs (PLA Fl PBAT) FLA7%f HIEE PR ORI PE . PRAE TR 4540 J 2 ThRe 1Y
S, S AEMNR-AEYI-DIRe I 2 4ERL AR, $8n 2 2R e T R B R D e A 4ERFLEL, S PPAl BMPs 72K
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Fig. 1 FTIR spectra of poly-(lactic acid) (PLA) microplastics (a) and poly-(butylene adipate-co-terephthalate) (PBAT) microplastics (b)
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BIPRZ A1 PBAT (NPB), FRAbBE 3 REH . FREL 300 g HFE (BLT+it) F 500 mL A0 OOy s,
B TR 3K & R B KK R 60%, T 25 °CTRE IR 7 do BiJ5, AT I BMPs 5K
o, MR R U EMHEE AR &, W EIREZININER 344 mg-kg! T+ ZHEFATAW U121 E BMPs
INEA 3% (m/m), VARS8 s G DX S ) SR8k 555710, FERE 2~3 d SRR EZEAN K S, i
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FH R KR A e BRI e 04, ATt EE L (DOC) & A B AL (TOC-L CSH, &, H
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ACTCCTACGGGAGGCAGCAG-3') Fl1 806R (5-GGACTACHVGGGTWTCTAAT-3") #4740 16S rRNA &
V3-V4 [X PCR 4 1. ¥ #7=#)24 kil . 446 f5 R H Tlumina NovaSeq 6000 ~F & M7 CHUM )1 A4
BRI ERAT, ED. FEIHENFEESEH QIME2 AL, {HH DADA2 L 73], 1539 1
F AR (Amplicon sequence variant, ASV) 3£, 3&T SILVA #ifi FEXT ASV B TWIFER. SFEAR
Good's coverage TEEUI =T 99%, 2 BII 7 IR FE BB AT IR BFEAR I B SE Dl . 4H18 o ZFE4 R Chaol Al
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1.5 HIRZ IR
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PRI o ZFEME . BREPERITDREE A 4 4, s TS IIRE I O Fa bR, ReATH R BMPs T3 R A2
DIREdHAR . Joiliid Spearman AHIGHE 0 BT iR 51 B2 N FHOC R 2L >0.8 IR BETUR TR PR, AR PR2H Py i
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FIBRSIAR R M o W 073 J5 B 34T Z-score FrvfEfb G i+ 5L B4 T, AT Z K 2% (Variance
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SMI = -3, Z; (D

b, ZoNS i MERE IS bRE S R EUE, =4,
1.6 BIRG i
KRR T Z 2T (ANOVA) Kl 21 2257+, FIR] SPSS 25.0 #E4T B3 Z A%, P<0.05 £oniy

EREES. RHTUARSH (Redundancy analysis, RDA) AR K F S EEE LRI R, RIEHAEE
Al FAH S i 45 S X pHy DOC. NH4*-N. JIREGFN B-7 & Wi H B AR AL & (Z-score AnifEfLAbER), DL
JEACFAIE CRHXT KT 0.05%) NN A& (4 Hellinger #4546, 3T 54 R5 B A IO PP K %%
A8 R 1 1 S5 8 . R e PE ) 0B R0 & (Linear discriminant analysis effect size, LEfSe) iR A AN 4b
HN SR K8, B P<0.05 HZMEHIA M1 (Linear discriminant analysis, LDA) 143> 3.5 [4Ff
W ZE YR . R A 50 KB IC I REIER: (FAPROTAX) STt ASIIRESH T IER . T R4
RE MR T H (PICRUS®R) XA Dy e B D8 =F FE AT T, 2 )5 76 U #F R A 5 B DM 20 /3 B4

(KEGG) Hfi € 5 oAl B A R I DhRE I R . RIS BRI 75 SMI Z [H % R, @47 Spearman AH
KM AP EWEAE X SMI 2SR oTik, TR RS FI 08T, KR IE RIS & H 11
R, BRI AL AE R4.4.3 F1 Origin 2026 H1 58 /..

2 4 B

2.1 AERELIRBUMRESR

ISINPR A BMPs 138 [ 7 3% pH (P<0.05) (3% 1), N. NPL fI NPB 4bHE () pH 43 7% CK £
T 114, 1.05 M1 0.95; TMREBEAAERMET, Wb BMPs 42 1 3% pH. WINR RS 1 3% NOs-N Al
NH;-N & & (P <0.05), N. NPL £l NPB 4:# NO;-N 1 NH4*-N & &7 75 CK #&& 2.03 f5~2.31 £5H1
0.50 f&5~1.07 £ BAFAERME T, W1 BMPs B3E K 7 1% NOs-N & &, M7 NHs/-N & (P <
0.05), NPL 1 NPB 4 NOs-N & &4 A4 N ALHE T F 4.16%1 8.32%, 1Mif NH4*-N & 243 4% N AL #
190 33.33%71 38.10%. NPL AL#) DOC 5w i T H AL (P < 0.05), BN Al NPB b5y 0
61.39%71 51.83%.

£ 1 FREIE R R

Tablel Soil physicochemical properties under different treatments

g HAZ NOsN/ AR NH, N/ AT LA
Treatment oft (mg-kg") (mg-kg") DOC/(mg-kg™)
CK 6.45+0.07a 70.97+1.41d 0.14+0.04¢ 69.43+18.39b
N 5.31+0.05d 234.77£3.54a 0.2140.04b 69.12+17.58b
NPL 5.40+0.01¢c 225.01£6.92b 0.28+0.02a 111.55+18.92a
NPB 5.50+0.16b 215.23+1.34¢ 0.29+0.01a 73.47+8.99b

E: CK, ZAXM; N, WIREK; NPL, FEIREINREM PLA, NPB, RINIIRERN PBAT, R SU{E 9P HLbrtER, n=3. [{ 3
M E] F-RE R AL B ) 2 57 8 2% (P<0.05) . F[A]. Note: CK, Control; N, Urea addition; NPL, Simultaneous addition of urea and PLA; NPB, Simultaneous
addition of urea and PBAT. Values in the table represent means+standard errors, n = 3. Different letters within the same column indicate significant
differences among treatments (P < 0.05). The same below.
2.2 FEALETIREEEMES
N 1 NPB Ak 2 v 358 -7 4 Bl 1 5 12 20 ) C CK AR B F#AIC 12.20%F11 10.98% (P < 0.05), ifif NPL 4b
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Y5 CK LREZER (K2). WINKERN BMPs B¢ 5 1 T3 E O BEEA MR ICHEEYE (P < 0.05),
N. NPL 1 NPB &b B o 2 [ il i M AR 8 340 S5 Bl v 23 0 B8 CKARBEIE N 1.24 f5~1.35 5 A1 38.89 £%5~43.04
%, BMPs FIpR & W EMEHE 7 IREEIETE, N. NPL A1 NPB 2> %1% CK 300 7.71%. 11.70%#1 14.52%. 0
JR 2 A1 BMPs AbFE A 7 RS R I40 JR g v M 4% CKOR % 12.03%~20.89%. 5 N ARFEAHLL, NPB ACFEE 1N T
GRS P AT A R L SR BEEPE (P <0.05).

*2 TREABHIRESEY

Table2 Soil enzyme activity under different treatments

o PGB IR & CIREE AR L T S
7 B-glucosidase/ Urease activity/ Protease activity/ Nitrate reductase activity/ Nitrite reductase activity/
Treatment

(ngrghh) (mg-g'-24h°") (mg-g'2h™) (ng-g'-240) (ng-g'-240)
CK 0.082+0.004a 0.778+0.026b 0.082+0.004b 0.028+0.002b 0.158+0.004a
N 0.072+0.004b 0.838+0.020b 0.18440.021a 1.201+0.142a 0.12540.007¢
NPL 0.077+0.002ab 0.869+0.014ab 0.1914£0.019a 1.117+0.034a 0.126+0.011¢c
NPB 0.073+0.007b 0.891+0.035a 0.193+0.008a 1.233+0.608a 0.139+0.004b

2.3 B o B SEEERK
IS INPR 25 F1 BMPs i 2 [ 7 41 Shannon A1 ACE $5 2((P<0.05) (3 3), £ CK 7 I FEAIK 1 2.07%~4.52%
A1 7.83%~17.29%. iR ZE &M R, PLA fl PBAT Xt o ZFEMERISZMIATE, NPL A4bFEF) Shannon F1 ACE
FREURFRT N A3 (P<0.05), 1fi NPB Ab3E 5 N Ab3 [A] 0 .35 2 57
=3 FRECETEMEY o SHEM

Table 3 Soil microbial a diversity under different treatments

A FR Shannon $5%{ Chaol &%k Simpson 5% ACE 5%
Treatment Shannon index Chaol index Simpson index ACE index
CK 10.62+0.07a 3 159+185a 0.999+0.000a 3 169+188a
N 10.40+0.05b 2 914+64ab 0.999+0.000a 2 921+65bc
NPL 10.144£0.01¢ 2 616+23b 0.998+0.001a 2 621+27d
NPB 10.26+0.08bc 2 830+198ab 0.998+0.000a 2 836+201cd

XTI EEEALTH 10 4B IEAT 708, % AL Actinobacteriota 3= f iy, HLIRJ2 Chloroflexi Al
Proteobacteria (/& 2a). ¥R ZEF BMPs il T Actinobacteriota A1 Nitrospirota FIAHXTF & (P<0.05), BF
i T Acidobacteriota Al Myxococcota [FHXTF & (P < 0.05), N. NPL 1 NPB 4b#H Actinobacteriota AH%
FER CK A 10.55%~20.54%, Nitrospirota 3/l 1.03 f5~1.67 £i%, 1M Acidobacteriota 1 Myxococcota [l
BINLT 23.60%~32.87%. BMPs FIJRZILAFIENN T Actinobacteriota 1 Proteobacteria #HXF = FE, FFK T
Chloroflexi. Planctomycetota I Gemmatimonadota [FJAHX} F £ (& 2a). NPL #1 NPB 4b#EH Proteobacteria
AN B ZE BN (P < 0.05), # N ALFEHIN 24.95%~27.36%, Planctomycetota X R E R (P <
0.05), %N ALEEFFF 28.94%~43.10%.

AN PR Z AT BMPs 38111 1A XS S REHEA T 25 )R A9 S A, NONPL A1 NPB AR BE 7351 %: CK 11 9.85%.
8.26%F1 8.49% (& 2b). HHh, Gaiellales unclassified. JG30-KF-CM45_unclassified . KD4-96 unclassified 1
Actinobacteriota_unclassified 1t % Kb B R AH X FEHE & JRFEM BMPs A #H Y E F R & T
Gaiellales _unclassified+ Nocardioides 1 Pseudonocardia WHIXI=FEE (P < 0.05). NPL fil NPB Ab#ir
Arthrobacter. Rhodanobacter. Pseudonocardia 1 Blastococcus WIMIXT £ &+ N 4P, W JG30-KF-
CM45_unclassified. Actinoplanes 1 Gemmataceae_unclassified JFIX FJEMLT N Ab#L,

RDA 7t e (B 2¢), ATPHI R MRS T 20 AL 7 1 83.61%. HARAARHE P AR AL IA ) 2 2 7K
F (F=3.647, P=0.001). G 7BEMHRALERI, pH (F=10.740, P=0.001) fil DOC (F=3.246, P=0.031)
ST IR B2 R A 7 25 A A [ S BRE RL 1, TT NHL NIRRT -5 267 0 EF I () 52 i AR A 31 8 35 7K F . NPL Ab 2
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Fig. 2 Major bacterial composition and redundancy analysis (RDA) of soil bacterial community and environmental factors
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B 3 S A R 0 3 2
Fig. 3 Linear discriminant analysis effect size (LEfSe) of soil microorganisms
2.4 WEREESIRETUNAK SRR
T FAPROTAX XUAE AR DIRERHTIER:, WIJRZEA BMPs & T LRET IR &AL & 4 Ak

DIRe HA BT (P<0.05), TMFIKT 2 5KREE R HME FE (P<0.05) (B 4a); N. NPL il
NPB A3 H b 5 57 72 A5 B IR G Y P AR DI REZH A R = B3R CK B9 14.51%~25.27% 11 31.68%~62.63%,

ERE R T e LA B F-FE T FE 68.03%~96.72%. JiiFH JRZ 544F T, ¥ PLA F1 PBAT X} G 71 D) Ge 20 24
BRI AR, NPL ACHEERHI T FHIEE FRINRE AN E M (P<0.05), % N A FBF 84.06%; NPB
AbPRER S T RIS W Af AN g 107 e IR R b B R D B AL M R B (P < 0.05), %X N bR I 2.60 £5 A0
13.52 fi5; BRAR T KEEINREAHANEIFE (P < 0.05), BN AH T 50.00%. ZAHEALTRELL4HH 3 W
4b Fi7~, NPL F1 NPB Ab3E 2 25428 5 1 AHAGFI[E S D) Re LA B (1 =F . (P<0.05), RAHALITRE4H 40 R F
BN AbFEIE TN 85.92%A1 102.51%,  [E I RELH AN B 3 FE R N AL BEIE N 46.26%F1 65.17%.

a) CH,
B2 Uik Methanol oxidation JfEE F Phototrophy JtfiE F19% Photoautotrophy J6TE 5 3% Photoheterotroply
12 . 300 a s, 300 a
s5al a (5 200 I a BLE g \ S I A,
#E 4 # 5 150 T = E a 2 150 1 =
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CH,OH o ) 0 0
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7 Treatment 4bFE Treatment 4EFT Treatment ALF Treatment (CH,0),
P 5 P atic B . o :
ILAE K LS ?ﬂh MA]‘?JM“L JUT Fi 43 Chitinolysis ¥ Fermentation
Chemoheterotrophy degradation
. 2500 a 300 a 1000 [
25000 w @ @ " ab b g 250 g %00 ab
8 20000 |y = g 2000 e 2 a | I b
o 5 & oL i § c s 5200 | oa = 600 1
=3 15000 | Frf= R E U = a g z
W 3 # 5§ # 5 5150 o ¢
S 2 10000 2 1000 2 I < 400
Mehylouroply = 100 £
100 5000 500 I 200
a H 0 0 0 0
LT g a CK N NPL NPB CK N NPL NPB CK N NPL NPB CK N NPL NPB
I g = Uil Treatment K1, Treatment AL Treatment 4634 Treatment
HE w0 Ve (b A e T B A 0 B
tE S X . atic g
2 0 b Hydrocarbon degradation HEE AR Cellulolysis AR Xylanolysis Aliphatic non melhdlje
2 ) ® hydrocarbon degradation
o 400 : 1500 \ SO, L350 a
CK N NPL  NPB 2 300 é N a ; §40 = . é;?g o
. a - )
UbH# Treatment 25 = 51000 7 I I 2y # Eono
# B 200 b # 5 # 3 2
-5 ] 2
2 b b = 20 b 2150
0ot o B = S0 - 0 b = 100 o b
- b sor b
0 0 0 = 0 <
CK N NPL NPB CK N NPL NPB CK N NPL NPB CK N NPL NPB
CH,CHO UEFE Treatment 4LFE Treatment A ¥ Treatment 4bF Treatment
b) N, NO
200 J% L Denitrification 1200 . HEEEHEIR Nitrate reduction .
] : s 1000
25150 | a
: 2
# 5 I 2 800 a N
Z 100 b =3
; #5600 I
2
so < 400
0 200
CK N NPL NPB o
1
AT Treatment K N NPL NPB
AR Trez
A Nitrogen fixation VE 4 SR Nitrite respiration NO,- 438 Treatment
700 a 500 .
a a
600 o 400 a I z T
S 500 B =
5 400 25w
* E 300 5 200
< 200
100
100
i 0
cK N NPL  NPB K N NPL - NPB
4EFE Treatment AEFT Treatment
Organic N NH,*

VE: EFRZEL AR, n=3. WP HEFE R R EREE (P<0.05) . KFE. Note: Error bars are standard errors, n=3. Different letters
indicate significant differences among treatments (P < 0.05). The same below.
Kl 4 T FAPROTAX LM BB AR () M BAE P (b) £ 25 D) RE Tt
Fig. 4 Prediction of bacterial ecological functions in carbon cycle (a) and nitrogen cycle (b) based on FAPROTAX

F£T PICRUSE2 X A= 49)Ty g J (A =F B2 HEAT Tl o N Al NPB AL BRAE 1 1 B A0 Dy Rk DR = 2 1 3 o ([

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

5a), 1M NPL ALFEA i Dh e 5L R F /e 5 CK AR, N AL BEAR T acsd Rl acsB (B FH
FRE, HAREREFE I, NPB A acsd. acsB. accA ([E#R) M mand (JUT FFEMER) FEEF TR,
HABFER BN, 5 N AFEAIEL, NPL Al NPB ACBIR S T rbel F1 merd FERNFFE, BRIKT pmod Al
mmoX fFEKIFSE. tbAh, N. NPL A1 NPB AbEEM 7 AF FI AR (K 5b). 5 CKAHEL, N. NPL
1 NPB 4 ¥ b S 564 2 (nxrd . nxrB. hao. amoA. amoB. amoC) M AELiLFE (narG. narH. narl.
norB. norC. nosZ. nirK. nirS) WIBhEeIERFEELH IS N OHEP S 5B EERE (irD. nifH. nifK)
IR F R, I NPB AbEE A 2 5 [ BUS RE I FE R F 2R (] 5b). 5 N ARPEAHEE, NPL A NPB 4k
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Fig. 6 Soil ecosystems multifunctionality under different treatments
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MR Eh AR HH T, 3% pH T FE. 1% IN BMPs J5 3% pH %8 N &bFifg &, —2 5 BMPs KH%f
PEA R, BEERHE R LER A Be a8 I IR VEAL S W BRI AT R, HLRERL AR T 1 &5 40 B B B s 17
M, AIIREE HY, SECRIE pH BBl —J& BMPs @I58 7 &4 Lt FE gk i 52 3% pHIS1, NPL Al
NPB #b e NHy N & &1 N ALH, 17 NOs-N #3528, Bt M Th e R 3 (hao vamoA
amoB. amoC) F#f%, UiBH BMPs Wil 7 isthid #E4, HY BlE D, 138 pH & T N 42, #7
ANWFFE Y] PLA F1 PBAT 7 P % thoR I 7L R AN 28 — W RRAE IR W) T 2 S B3 pH IOl SR, A
W5t 4 BMPs SENEILAE IR TR pH #— B AK, i N A4 Frighn, *U] BMPs 5EEM A BAE
FAFEAERRT B OB BN, T A2 R s AR S T R, PR pH R B IR DTk S AR A AL L
AR TRt 25T

AWFFE NPL 4 FL ) DOC &8 23 m T HAM AL, RIS PLA Alfg#t 13 DOC & &7, Hi A
FAAFHMALE R, W0 1% wiw 1] PLA HOBEE 138 DOC & &5 T 17%~24%. BMPs Bk & &40
60%~80%, FLAELIFAFRAMZIKMERIED SR, AR, T ZR%S/N T EICEME T LIRS
B DOC FEHINIS, NPL AL £33 DOC & HE# T NPB &#, —Ji1, 5 BMPs A%, PLA
DR A R RN, () A2 FHD, K E Z 5L PBAT tRUIL, 55— 71, SHRMFHEA S, PBAT KL
A PLA 1) 1.7 £%, PBAT ZLIWEE5H AT DOC, MMFER %% DOC & &R0, 4k, N. NPL
A1 NPB AbEE (1) 3-8 %) B B PEI BRAR, ZRBH IR Z5F0 BMPs NI FEAIK 1 B A= M%) 2 24 25 25 WL 1) 4 e v
73, 1 NPL #1 NPB 4¥Er DOC R B AT RESRIE T BMPs H S B A MM A WK Cln 5 & B A1 28R &
A A TR EY) B,
3.2 FRABFAE Y AT P ARG EE R X T IR E P RE R S RS20

BMPs A ZUE SN I8 f0e TesA ME Bdk I 0% 1 RIRAEY) o 241, pH Al DOC 2 5K5h 20 T #f
EEERAL o8 R (B 2¢). N NPL Al NPB AbEE At H3ERAY) o ZREMEREAIRIF R : (1) @™
PREFEAR T 3% pH, HTHK 1 JRAG F7 0047, XRAE ™A T g, 380 2 rer K2, (2) BMPs
VERAMEBE NG N | L3R AT E R & &, (8 TR MEIR AR, IR R T AR
YIZEEE, R o 2RO FIAEIBER ST (3) TR RIME M FE 2 X R e A e AR
TER, LA K ETERY, WMo SEUEY 2 R TR

NIMPR 2 A1 BMPs i3 1 D RE TR I AHN 35 o B 56, E177KF |, NUNPL #1 NPB &3 5411 1 Nitrospirota
R AR =R B2, BTG & A A7 7E BMPs, Jiti PR 3R 2 AT e s AL i A K B8 . 5 N b3 AH L, NPL Al NPB
AbEEHR Actinobacteriota FIAHXTFEEEHE N, 1] Planctomycetota FFEXT =F B [#{K. Actinobacteriota H ¥ % 1H
J& FL &5 UK B I P A R R BE JJ125), BMPs NI | 3l ] A, (et 1 iR B i i = 2k
MEE . RAZFEMNWE EZEIHJE T Planctomycetota [ ], NPL Fl NPB AbEE (1) nosZ & K = B34 02 01 [ A1k
VERISG5R, IRl 7% NOy&& i [A] = W) e S+ VMEVHAE,  [RIIN), BMPs ¥ 0320 DOC & & 38 In S8 A - 57 77 S A
WA, AR RN ] A0 IR B AR I AAF . BEAh, N NPL A1 NPB 4Pt Acidobacteria
F Chloroflexi [FJAHXTFERIFEAK, 1 Proteobacteria AHXT 38 . IX AN B 10E 772773 0H 9%, r- S ms b6
] T 2 PR T R B UR AR RO A bR, K-SRI B i 1) T3 2% . MERR ARG AL, AR KR GG, BSInEUE
1 BMPs J& L3RI EIEIN, r-KM&E (Proteobacteria) PRIEAEKZIEH, SEK-HKMEHE (Acidobacteria
A1 Chloroflexi) HHX = AR 201, Hyk, fEJE/KF_ L, NPL F1 NPB 4b¥ b Rhodanobacter Arthrobacter .
Pseudonocardia Blastococcus [WHIXTFEE & T N A . Rhodanobacter & NPL AbFRHIZE TR, 1%JETE
LTS G B i A R A A 27, AT I 0 R %R A R 2 B Rl 5 3 T LT 58 B O AL g 42 281,
Arthrobacter 3 NPB ACFHIZ RYFE, 81 AW TR Arthrobacter REWSEMIER] I IFEERIE RS Je i L+
Hrh i E AR, HEGE PBAT 58 /1% Pseudonocardia 15 BMPs & 5 18 1 1 3% Ak Bt #2538
WA REBY; Blastococcus W] BRI Z 00T TR &1, BA YR LS R G g RS MHa g 7
(321, ¥ in BMPs 5% 1 338 rh A L35 470 B2 gk B RE R = B AR 189 0, 3 ) - 3B i A A0 A 5 R BB S 1 S g
[ Bt 58 B BMPs i A\ 230 - S8 il A A A8 7= 2 5l
3.3 RABFAE PRI PEARGEER X T IR A ST RERY 2NN
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ISR EAE R R R s T B e fb e 9% IS B LB W R D Re 4N B £ 1, i B B PR AR T
KRR RRLHAH A F o bt FH PR R T AR R TR AR I AR K T, BMPs B ik R BRI 26 73 7T {12
57 F A A AR T RELH AN B8 = P38 s A SRMH B A 136 B 1) pHL Y BB P M B0, 1 N NPL Al NPB
ARFRIG pH BT 5.5, $0H] TiZ @A K E5E. NPB A 2 5528400 S B AR AT I8 i e JE F e 42 4 R T A
S A1 B T RN, 25 R B R IR AT B T S PRI - PBAT PER G R R &) (IR B R T
FREERE) FIHR W AR BRAR (g R ZRATAEYD), AT N FR SN A 4 B4 A v R0 g 7 TR A P e 0 i
FHRALR R0 31, phah, PBAT R JIIR 56 5 4 S A B B A B R, m it oA S0P R kel e PR RO
THIR ERIE TR U R R BT R B, BEEF R &, RIS SRR E, Wb T IRA K%
W I AEAF R, SRR K. tBREE AR ST BE ISR E B PT &0, N AT NPB Ab 3 HHiiAH SC Th e 2
BRI = 8 186 i 3 v T NPL AR B 7R 0 R 5 3% DOC 5 TEHLA(NOs-N+NH,-N) EL A8 % CK P41 69.88%,
0T RAEYI R TSR, L IERAEYITERRIE ME 2 S R BRI I HUT AT IR, D T 3k
Ak, SEERARHITHRE L F B R A BAEBS), T PBAT SARSE/KIERR, (H I T4 i 48 — R A 7¢
CEIR) HA5RE 2 [RAL R0, MR R 5 PLA 18, OB BIRAS L LU S BEM TR, i
IR CIRERYR, 5 N ARERARML. BbAh, BT AREFEERB, PBAT AL JURRIR nl s e pR AR uiE
%, L MRINGEIE A _ LRGBS, NPB AREE A R A MR S pel A amyA FERFE RGN, S H
FEAHIRI) merd FERIEBE R Z G0, J5 IR 90 55 OCIE JR 2 F0 PBAT JLA7 5641 FH LR IBUR) AU -

NN BMPs 300 T 5 I i AR [ T RE A A B R . OB EMAL T R EE, PBAT F1 PLA [1I4L
BRESAENE T REEICAEE, 9 SO A B A0 ] S0 44 1 B 25 1F 681, [A)i, PLA A PBAT Ffifid 2 HhoRe i
FUIR FIRIRE /N TR, RSB A E A SR e IR AP0 AL D Re R £ B vl S, St R
FACFAHLL, BMPs BIIINSDH] T A S Th R R, (et T RIS AH DG ThRESE R . — 7T, BMPs i
VS NG AR 20 AR R AT TR, (2 RE B AR MU I E ) AR K BB, T A =R
AR AR A A K B 22 B R, S B R A FRAH MR Camod . amoB. amoC
hao) EPERRAC, ZE R R AL SON PRI IR, 2 ARSI BMPs Ji5 i & 2R B PRI R IR 2 —.
F—J5H, W BMPs 3007 L3 DOC & i, AT IR A YIS AL MR, (2R nirS A1 nosZ
RPN . ASHE ST PR R T RS R R F2 KL T PICRUSE HEWT, 25 RAFAEARHIENE, KRR 7T R 45 & 5 3
BRI 20 2 B e s LR, IR E VK3 7 BMPs FEUIETF-P T 338 ¢ B AR 5838 5% (g min S AL

AT, HREFEE T SML, 1] BMPs 5 JR #EILAF N 22525 7 SMI. DOC FlIRES 2 22K 3
DA 7, 32 BH -S98R (A B AN U AL R BB S B2 3T SMIT [ E Z &A% . BMPs B Ad BRI Bl v]
BRI DOC FE, BRHAEYIIBR BRG], 38 AR P e 3k A, BEi$E R NPL A1 NPB 4k
) SMI. K, FRZAT BMPs HPRE2E B2 K5 SMI s A% 0 5h /). {H)2, Shannon F&E0% SMI 248 7
(IERE ST (10.96%) Ak, H =% 20k, R0 SMI (IR TF I ARM T B0 h 22 R A2 2 FE i 38 n,
T R W S e s, RIBE M R G EHE DOC MM A hfe s/ R 4 T Z b E 4. DOC 5k
Bt A Shannon g # 2 [0 TC B EAHIME (B 7a), FHH BMPs MUK 51 K& EYIAG 2bExt SMI B3 B
BRURENVE T, T AR i e A R v 4t R SR B A 4% o IX HE— R SEAE BMPs R R TILF, SR Rk 1E 4k
RS REL DR g YEE . b4, NPL AN SMI F{EHERN 3 T NPB, 2Bt 7 BMPs #J5i4¢
PERIZE SAEEI . PLA 4T85 G BE 58 &) 52 /K MR S A B iy Mok, 480 () A P gt o 800 T Wi
FIERPIK RN, %F PLA A1 PBAT 7E A% T34 S IIRE I 2 5, ARIEH] & AT M b PLA
1 PBAT ArBCLLI, BROCIEVIEENUMIERESL, 3R 78 73 B L B = ot -+ 398 fi B S A2 S ThRE B (E Y
M. LbAh, AHEFE BMPs Y INE m T4 i A H 3P, BT R g s JerEbs, B EAN BMPs
T )R IS TR N E . AR TR — 0 T R 2 IR R S0, DA 5E 524K BMPs 7
ENARAY, A S R TR R A AT A AR RS () I FH R R R A

4 45
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JEESEAE T, BMPs TSI 5Eme LI BAL PR T« B VEFIMCE YIRS 4R . S in BMPs 22 1 T 5 5L
()35 pH MK, EAEASEIHETE TR, NPL AR EHIIN 1 3% DOC & & . ¥in BMPs f&it | A A%
ittt (Arthrobacter 1 Rhodanobacter) &%. JKRZEF BMPs FA7EHE R T OAHAL AN A T HE 240 1) -1
BMPs 5&EAFRETE 7 SMI, NPL LB FETHIR 2 2% 1 NPB 4L, DOC £ SMI {22 & 1 3 &
AT, R A 35 2 ThReFa i o 3= A T R 3B .
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