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Abstract: [Background] A large amount of Chinese medicine residues is produced every year
in China, which not only wastes medicinal materials but also causes environmental pollution.
Semipermeable membrane aerobic composting of Chinese medicine residues is an effective
method to address the solid waste and realize the regeneration value and sustainable
development of Chinese medicine waste resources. [Objective] To explore the composting
process and the suitable C/N ratio of Chinese medicine residues for fermentation, and reveal the
relationship between functional microorganisms and composting process based on the changes
of microbial community structure during the composting process. [Methods] Chinese medicine
residues were composted with cow dung as the auxiliary materials, and the 16S rRNA gene
high-through sequencing was employed to disclose the succession of microbial community
structure during the composting process. The temperature, C/N ratio, moisture content, pH,
NH,-N, total nutrients, and seed germination index were measured, and their relationship with
the changes of functional microorganisms was explored. Furthermore, the Chinese medicine
residue fertilizer was applied to the seeds of the medicinal plants Isatis indigotica and
dandelion, and the seed germination was examined to verify the performance and safety of the
fertilizer. [Results] The high-temperature period of Chinese medicine residue composting with
a C/N ratio of 25 exceeded 7 days. With the extension of fermentation time, the moisture
content significantly decreased and the pH gradually increased. The obtained fertilizer showed
the NH, -N content of 78.8 mg/kg (<400 mg/kg), total nutrient content of 5.48% (>5%), and the
germination index (GI) reaching 161.34%, which met the standards of organic fertilizer
fermentation. The composting performance of Chinese medicine residues with the C/N ratio of
25 was better than that with the C/N ratios of 20, 30, and 35. During the high-temperature
fermentation of the pile, Lysinibacillus and unclassified f Rhizobiaceae were the dominant
bacteria and Mycothermus and Aspergillus were the dominant fungi. Moreover, the obtained
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fertilizer promoted the seed germination of I. indigotica and dandelion. [Conclusion] The
results of this study not only provide a theoretical basis for further research on the mechanism
of microbial compost and different types of Chinese medicine residue compost, but also provide
a reference for solving the problem of effective resource utilization of Chinese medicine waste,
and expand the application of semi-permeable membrane aerobic compost process in the field of

environmental pollution control.

Keywords: Chinese medicine residue; semipermeable membrane; aerobic composting; microbial

community structure; performance analysis
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Figure 1

Semi permeable membrane aerobic composting device.
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Table 1 Material ratio of traditional Chinese medicine

residue mixed with cow manure composting

HENEFS  Hghil 43 CN FkR

Pile Traditional Cow Moisture

number Chinese medicine manure content
residue (kg) (kg) (%)

1 3.30 9.10 20 70.10

2 7.59 7.41 25 70.30

3 14.05 5.05 30 70.10

4 25.60 0.80 35 70.50

o, CRERE S KRR S R8I A BRI T
BHIGEZ S 100 mL, FRBSFRE 50 fi5. Al
B BN E I E A SR A G e L BUEH B Lt
oL DUZRERAR kU v 2 R AR AT K 2
15 % (germination index, GI)R L% 75741,
PR A B A K AR AR (R 2R3 . R EF IR
ZEFRBORR FA R IR AR & 2Rk
1.2.3  REVBTEEREN

I v 3 A B AR XA [A] /N A [
JIES s T (8 AR A it 30R7 7 6l 2 0 22 e A B
3BT AN TR HE AT 45 A2 R k1 3o A v 1 P 34 T 25
PR R BRRAE . FE AN IE 2 IS AR R 2R}
BoA PR w4 T Rl Y, A5 HE AR R
BERT IR S 95 a3k 2 BoR, BOBRGE 2440 i7
Origin 2021 HE AL FH .

2 BRS04

21 HHBFRBERGFEIERELR T
2.1.1 A& C/N H#ALA C/N FEET K

AN TR C/N HEAR A HENE S FE AR (L A& 2A s
C/N i 25, 30 Fi1 35 A4 HEIAE R HENE B[] () 224
M N, X —IRAF AU AT b 2 i 5%
BREFF BRI 25 R — i, R AL
JEB AR A M A 2 e COL #E K, s LG R 461
By J—Tr M, HRMBIKKATE . NO A
SR, MM MREE S TR, ikl CON

x2 HmES

Table 2 Sample number

Fangi s BUREI(E] C/N
Sample Sample time
number
A WIHAW Al Initial period Al 20

FHE ] A2 Heating up period A2
i A3 High temperature period A3
JE5 33 A4 Maturity stage A4
B WA B1 Initial period B1 25
FHi 1 B2 Heating up period B2
i YR # B3 High temperature period B3
J85 439 B4 Maturity stage B4
W44 C1 Initial period C1 30
FHiE A C2 Heating up period C2
7R C3 High temperature period C3
M C4 Maturity stage C4
D WIHA D1 Initial period D1 35
FHE Y D2 Heating up period D2
14 D3 High temperature period D3
JE I D4 Maturity stage D4

@)

) FLAE R . C/N O 20 AR SEA oS fk, W]
R A2 Al U5 AN 2 T SO % A AL ) ) P R
BAR, BRpiaD, Sl O/N BRSO
T AR

&l 2B SR AN [R] C/N HE I o 2 Hp e B AR b
C/N 7 20 A HE A -8 1A A9 e ek FEE AN Ao 45 °C,
fiie Y5 AR 2R UR N ] BB T U W JC TR A AR
R A 253 AT R, A RIS PR 55
PRI TG 32 T o e AR B Y, e BE S 2 SCHik [25]
PIARAE, HENE SRR EE R 7E 50 °C4Edy 5-10 d
Jralikbr. Bk, CN Sk 20 BEIERCRARF &
FrifEs 24 C/N SN 25, 30 A1 35 B, 3R & iR 2
T EER L T 50 °C, Hir C/N 2 25 #1030 19 2 4>
A E RIS T 7 d, BRI 25 130 Rl
AN C/N o], X 56T 2gikdr
SAMENE BRI IS B C/NPYES AR . C/N Hy 35
F14) o TR B 0 o ) A, A L T B g D PR
C/N i i S8 A PR a2, S3
Hom R A e
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Figure 2 C/N changes (A) and temperature changes (B) of semi permeable membrane aerobic composting of

drug residue.
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BRI o AR 3B 7, AN ] b 24y i A
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(AT, MK pH S8 E TS, Ry
FFrE 8.75 A, S BUA HGE BT 45 R e 3
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2.1.3 A[E C/N HEABH NH,-N MR FHEK
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FRATUNE 4A R 4B FioR, £ 41EAR NH,-N 2%
T REEHE, AR THAY REHER F R
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2 L HEARAE TR AN = iR AR B, NHL, N [ T R%
IREEEK . TR BT EL C/N 2 25, 30 Fil 35
1 NH,-N 55435k 78.8.80.5 Al 152.1 mg/kg,
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Figure 3 Water content changes (A) and pH changes (B) of semi permeable membrane aerobic composting
of traditional Chinese medicine residue.
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Figure 4 Changes in NH, -N (A) and total nutrients (B) in aerobic composting of traditional Chinese
medicine residue with semi permeable membrane.

2.1.4 7[E) C/N #BEA GI Tk 161.34%., 147.21%#11 142.33%, HH, C/N Ky 25

AN C/N HERMENESERE 1 GLINIE S i, OMERHMENRRCR S AR, IR B F b/,
4 AHEARMFN T R R T CAEPUIEE 25 IR & el B rh el AR W 1 1 R Tl
FRAED (NY 525—2021)>70%HFRHEPY, C/N N HEtKH a2l . A HLER K NH; W mEE1L, M
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Figure 5 Changes in seed germination index of
semipermeable membrane aerobic composting of
traditional Chinese medicine residue.
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2.2.1 N[E] C/N R 40 B B % 45 M4 1E
M 16S rRNA JE K] v 18 700 77 45 5 ] 0

(18 6A), AN[A] C/N HEMRHENE i A2 b 40T T 1R
YIREVR G AR b 22 U MW iR, 4 A HEIRAE
HEREWIA(AL, Bl. Cl, DOANEMA YT 1A
ZEMI AL, A5 I B ] (Proteobacteria) fir i L 14)
it F J& BE & '] (Firmicutes) fl i £k B I']
(Actinobacteriota). Bl % AL B A THE A H E iR
WIBY B, ZFJE T[] (Proteobacteria) A= i % it
TG, Hd C/N Ry 25 Fil 30 AYHEAR AR B
I"](Proteobacteria)fi 4= ¥ (1) 75 5 43 513 i 1 33%
M 22%, C/N k25 HZSIE [ ](Proteobacteria)
MAYN S EE R Z . FE, BRI
(Firmicutes) Fl it £& 14 '] (Actinobacteriota) 3 4=
Py BRI T o XUl B HMEAE R R v i) 32220
REfAE W5k H T8 L 1] (Proteobacteria)®> !,
A A 2473 A B B R

Table 3  Effect of organic fertilizer water extract on germination of medicinal plant seeds

i) Ab PR REFH K 2 RZFREL
Plant Processing group Germination rate (%) Germination potential (%) Germination index (%)
M AR %35 F141 Blank 46.67 43.33 16.98
Isatisindigotica X} H##2l Control group 48.00 46.67 17.48
C/N25 56.33 54.67 23.17
C/N30 44.00 34.00 15.39
A 25 141 Blank 20.00 14.33 8.11
Dandelion X B&4H Control group 28.67 22.00 12.53
C/N25 36.33 24.33 13.87
C/N30 30.33 22.67 13.23
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Figure 6 Changes in bacterial and microbial communities at the phylum level (A) and genus level (B) of
semi permeable membrane aerobic composting of traditional Chinese medicine residues.
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F T 13%33%.
222 AfE C/N HEHEEIEEMSHEMN
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Bl 7 R 4 S HEARFUAS [ HENE B Bobe
mh ) Venn . & 7A g5 B, BEARHERH
B b2l A2, (ARAFE C/N £l
A TR] P 20 TR AR Vi 25 AR R R R M el s .
1 A1-A4 (C/N 20). B1-B4 (C/N 25), C1-C4
(C/N 30). D1-D4 (C/N 35 A i) 13 BEE H 4>
WA 119, 92, 291, 218 4>, WA 7B frs,
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7 BNREEEBRRAFMENEEAB) R MAE R E L Venn E
Figure 7 Venn diagram of bacterial community structure for each fermentation pile cycle (A) and different
stages of each fermentation pile (B).

B L R B I RS R AR 250 R4 AEMEMIHMEERST
BN, A R b FEER I B R ) 1A Table 4 Statistics of bacterial sample diversity

index

amﬁ%giﬁ H iﬁf% ’ ﬁ{ﬁﬁﬂ&%{ﬁﬁﬂﬁﬂ‘ﬁﬁﬁl}ﬁ (e R ACE index Chaol Shannon Simpson
> s iﬂﬁ%%@/ﬁ)ﬁ lﬁ?ﬂﬁ%ﬁﬁ H ﬂ:ﬁﬁ‘ig , U\E‘Eﬁ Sample code index index index
— U T RO B R RO EL A B R TR Dumber
— Al 2092.05 2050.04 549 0.0l

M R B 90 % BB R B (ACE JHC A2 1337.93 114628 4.84  0.02
Chaol 454t . Shannon %0 Simpson 3550)5 47 A3 1599.17 1573.00 549 0.0l
imp = , Y 179573 194251 574  0.01
BRSO GR 4), MLV 4 SRR RREER 2166.95 2113.04 543  0.02
M ZAEPE R AL, MR IEATHEN . & 9174 87854 449 0.03
], C/N 25 F C/Nly 30 H9MEPK Shannon 5 996.29 998.86  4.31 0.02
5B W B TR R, AN 2R gy 105591 106142 498  0.02
PRI TR 2 R RS o, CONB 25 ¢ 2027.12 196643 546 0.0l
HeIARTE BRI IR B AR s M 3 . 2 210890 184555 522 0.0l
MR, A TR ZF AT 7 8 (Lysinibacillus) #1 ¢3 183547 155540 5.02  0.07
unclassified f Rhizobiaceae/™ i T Hif miify  c4 209895 2079.14 605 0.0l
b AR T2l R, s R T DI 202228 199460 531  0.02
SR M TEYE . SR SRS R T R R D2 140635  1440.67 494  0.02

DU 2 M A 2 B T 2y AR AN I 8 D3 165625 1659.82 5.64 001
Fik. ALDI (WIGN) 4 A s s ke . i D 1923.84 190228 577 0.1
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Figure 8 Bacterial NMDS analysis chart.
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Figure 9 Fungal community changes at the phylum level (A) and genus level (B) of semi permeable
membrane aerobic composting of traditional Chinese medicine residues.
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KEEW D, MHA 3 ARG FRE]
(Ascomycota) B IE T (%, T BRI JE 2O 58
4, PR UL AT U 2 R IR ) TR A T
(Ascomycota) {775 | FHE A JiF BT
232 AECNEFREEREEWSHEE SN

VU 2 HEAR B REVR 2544 Venn B (E] 10)F1,
FHEAIA Y B EGRE S , Hirh A1-A4 (C/N 20)
MAREEA 951, Bl-B4 (C/N 25 A HE
HA 754~ ,C1-C4 (C/N 30 I ELFE A 194 1,
D1-D4 (C/N 35)A N EHA 89 1. & LI
FIFEAT , BRI 8 A A B 5 T R,
AR 22 0o e T R 1) LT RV UK

VUL IR o ZFEMERR S Rk 5 fr
N, 4 HMERR) ACE. Chaol #1 Shannon #5%%
Wt & & B2 HEAT 5 T R %, Simpson il
Shannon FJFEFRAEfb S A DG, 156 BH B 1R A R
AR = B A 2 RE I T, X TR A AR
B A

DUZH HEMAR ) NMDS (B 1D4E R B, 441
iR A1, B1. C1, DI BHESRT, Z5MAHM0L,

b &R UETT, C/N 2R 20, C/N 2h 25 il C/N
R 35 AE = Ui R AR S5 R B R AR, T C/N
30 WY E S 5 H AR 3 MR, Sk T
& 9 FT s D B L B LA g GBS BR B JE (Mycother mus)
1 ith 75 7 & (Aspergillus)y ERUAFRAE, C/N K 25
HE A B B TR R I 25 A B oM B -

3 WREER

HEBE v R B B HE AR TE S A AT R R
(Bacillus)4H & 5 fE T Zon R v] LIFs e e
R, TR mtY, 2 (LR
PR ) (NY 525—2021)H B 355>5% H bR,
o 2y HE R 5 B IR R T 5%, 4 AR
] C/N HEAK (20, 25, 30 FI 35)HENELE )5 g
O33N 4.86% (48.6 g/kg). 5.48% (54.8 g/kg).
5.41% (54.1 g/kg)Fl 5.12% (51.2 g/kg) (Kl 4B).
C/N 23511k 25,30 F1 35 44 378 5t HE AT 1) rp
23t IR o1 i T AR ST S HE I 1 2 i
FR4rP, H C/N b 25 iR B i, X5
A e T SO0 1 5 T R R RS A P

10 FMLREEERRAMENHAB)BEERELEM Venn

Figure 10 Venn diagram of fungal community structure for each fermentation pile cycle and different stages

of each fermentation pile.
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Table 5 Diversity index of fungal

FEdhgR 5 ACE Chaol Shannon Simpson
Sample index index index index
number
Al 648.24 631.57 341 0.09
A2 268.66 266.57 1.72 0.39
A3 203.27 193.67 1.17 0.46
A4 164.83 149.25 1.50 0.33
B1 609.89 590.21 3.34 0.08
B2 250.93 246.50 1.68 0.37
B3 163.36 127.40 0.85 0.58
B4 106.43 102.50 0.78 0.65
Cl 550.10 551.68 3.44 0.07
C2 593.86 589.11 3.57 0.07
C3 412.76 408.00 3.30 0.09
C4 257.13 245.15 1.08 0.68
Dl 491.20 493.32 2.95 0.12
D2 417.78 420.87 3.27 0.09
D3 262.52 249.63 1.29 0.56
D4 200.54 190.17 1.56 0.36
0.8 : oAl
s e
0.6 - e A4
0.5 s
N 0.4+ 3 ‘ .gi
n 03rF e(Cl
£ oaf c
Z 01f o Ade D4| oS4
0.0 @w-e : = D2
0.1 | Ale %22 gy A3 0831 D3 Bi
—02f BI s B3
D1 A2
_0'3 C 1 1 1 A i 1 1 1 1 A i
—0.5-0.4-0.3-0.2-0.1 0.0 0.1 0.2 0.3 0.4 0.5
NMDSI1

E 11 EE NMDS 34 [E
Figurell Fungal NMDS analysis chart.

S5 4 HE NE & T 48 B AN A0 TR e 2 ) T R 4
o, TERBEMRIGH B, 4 AR KFr20
PRI W) T S UL ZF A TR iR (Bacillus) oy 3, 7
BB 4 MR AL | pH 55— 2L IR AL 5 5
AKRARL, 6B AE B B 27 HAT 7 i (Bacil lus) 55

=

— BB R R 2 A AR R R L BB
AP R R E , AR Co, M
H,O™, i fRIEE A K BER R 21T BEE
REEIEATHEN . SRS RE 2, C/Nh 25
A M A T R T T v HL 4R R R B[R] 3 K, pH R
Bz Fhm, NH'-N & TR, 16 B 2T
1 )& (Bacillus) FH X 3= B T B, (H 6 20 2 28 /AT
I & (Lysinibacillus) Fll unclassified f Rhizobiaceae
X FEE T, pH _ETFAI NH,-N AT EE T
B, FLIE DR AT BE S NH, =N 0 9 AR A 9 i
FBAE A i NO, it N,OM*! ) NO, & 483 I fiifk
VERA S —E b R A HEA KRS 208 5%
Tl R LA AR A LA O 5 305 DAL NH; B
HEH, JUHSZ unclassified £ Rhizobiaceae H{E
FHEE AN R o 524 2 27 f 4T 79 )& (Lysinibacillus)
SREMAARIRER | LR MY Z SR,
YRR R AR, Nk, C/Nh 25
FR) HE R A P T80 s IR U0 UL A i LR g
I A C/N 2 20 AU HEAR T T HECR & 0w,
ST HEHHAT IR unclassified f Rhizobiaceae
E R, FEOLETHE A SR NH, N
ENS KLY/ N R N D = R N
NH,-N 4w . RN, MR AR 52 BUE
P C/N S 30 A 35 Ry RUC R SR
%, SR 2 fLT 18 & (Lysinibacil lus) 7 & 19 1)
TR L 5 I A AR T AR,
I FEOEIR P T4 R | PgER . RTES
Wy R fR AN e ) HER R EER e 4, BIRy
(TRl

PUZH C/N HEAA b FURR 3% 10 )8 /K- S5 1 1
BLUNE 9B B/, DU ZH eI TE K 0 1 BT R
SEFAHAL, B IR B TER C/N R 20 125 (o HE
1A vh i 5 B 8 (Aspergillus) 1 g #4 5% Bk & )&
(Mycothermus) A% 4= J& 52 BB . 2R B T
s X T o 8 B HE AR 48 4 AT RUPRERY C/N 2 20,

|
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30 A1 35 HEAAR, HEAJERN BRI IE A5 R
Y& K= W) unclassified k__ Fungi, 11 C/N &
25 M A i g PE 2K 1 & (Mycother mus) A X 3=
AR IR, i E)E
(Aspergillus) B 5.1 24 i 1) B 28 R AL Al 2
RAE AR E™, 1B HEEER# 8 (Mycother mus)
AP A i AT HE R SR O R AT YE R, (ke
AR JEg 4

(1) C/N Ny 25 J&Hr 243 38 BT R NE 1Y
Tt A, HERE SRR 7 d, HEIR S KR FRAIR,
pH L8, NH,-N 7514 78.8 mg/kg<400 mg/kg,
BRI N 5.48%>5%, Gl f880kF] 161.34%,
I H v 2 3 i JE XS Al i A R 3 A 0 7 o 2 R A
Py Bk AR R B HEEN, R T
e 375 BT S HE N e AR AE rh 25 12 5 9% A Sk
I o

(2) VY 41 3k AR HE R 3 FE AP ZE AT B
(Bacillus)# %f 3= B 28 AL B & 5 LA 2F 4T i
(Bacillus) . unclassified f Rhizobiaceae Filjfi %
MR 25 /AT % J& (Lysinibacillus) i 3 (1 3h 25 D) fig
AN R B E T C/N 25 SEARHE AR CR I
fE; DAMEHEEBR IH 8 (Mycother mus) Fil it 55 14 &
(Aspergillus)ly F TN REE 45 H AT IHAE C/N Ny
25 (R 2 MENE TP R BSR4 R, ek
AR B 2o

(3) 335 WAy 4AUHE B v 2 s 2o AR b B AR
RN EEEN, J5E2 e AR A 2k i
PO TR M 5 1 W e A R T8 A T ML T
RAMWEIT, E— 20 B vp 2 3 5% B o 5 Tk
PIIVER G R
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