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Abstract: It is very critical for Panax ginseng to choose suitable sites in a forest environment. Leaf litters play a very
significant role in determining soil physicochemical properties and shaping soil microbial communities in forest ecosystems,
but their effects on the soil of understory wild ginseng and cultivated ginseng are unknown. In order to study that, leaf litters
from five tree species [ (A) Acer mono Maxim. var. mono, (B) Pinus densiflora Sieb. et Zucc., (C) Juglans mandshurica
Maxim., (D) Tilia amurensis Rupr., and (E) Quercus mongolica Fisch. ex Ledeb ] were added to Panax ginseng—growing
soil. MiSeq high—throughput sequencing was used to analyze and compare the bacterial and fungal diversity and community
composition of soil samples from different tree litter treatments, and 6064 and 1900 OTUs were obtained from eighteen
samples based on high —throughput sequencing of the V4 regions of the 16S and ITS1 rDNA gene respectively. Bacterial
species detected in these samples covered 42 phyla, 117 classes, 170 orders, 213 families, and 225 genera, and fungal
species detected in these samples covered 24 phyla, 98 classes, 196 orders, 330 families, and 435 genera. Our results
indicated that the physicochemical properties of soil were significantly affected by all leaf litter treatments. Soil total
nitrogen, available NPK, and soil microbial biomass ( carbon and nitrogen) were significantly (P < 0.05) affected across
all treatments. In addition, we found that the soil bulk density and C/N ratio were lower following all treatments than in the
control (no addition of leaf litter). Significant changes in the bacterial and fungal community composition could be
identified in all soils; specifically, the relative abundance of Proteobacteria was higher in treatments than in the control. In
addition, the bacterial communities of Bacteroidetes and the fungal communities of Basidiomycota were smaller in treatments
with coniferous leaf litter than those with broad leaf litter (P < 0.05), and the fungal communities of Ascomycota might be
the key microbes for decomposition of coniferous leaf litter. LEfSe [ Line Discriminant Analysis ( LDA) Effect Size ]
revealed that the overexpressed bacterial and fungal genes were obtained from the kingdom, phylum, class, order, family,
genus, and species levels, in that order, based on relative abundance. These include the bacterial communities of
Sphingomonas at the genus level in treatments of D, the fungal communities of Exophiala equina and Podospora glutinans at
the species level in treatments of B. Canonical discriminant analysis ( CDA) ascertained that the shift in the microbial
community (the bacteria of Bacteroidetes, Chloroflexi, and Actinobacteria and the fungi of Basidiomycota, Zygomycota,
Chytridiomycota, and Ascomycota) composition and diversity were closely related to the changes in soil microbial biomass
nitrogen, total nitrogen, available phosphorus, soil organic carbon, available potassium, C/N, and pH in all treatment
soils. The results of our experiment suggest that addition of leaf litter has a significant effect on soil bacterial community
development, and it can lead to higher soil nutrients and soil microbial biomass as well as a different bacterial community
composition. The resultant soil bacterial communities affect leaf litter decomposition and wild understory ginseng

management.

Key Words: Panax ginseng; litters; community structure; soil nutrients; soil microbial carbon; soil microbial nitrogen;
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RUEF LS A PR S SRR F S L 10 5 LA B BERZBAES RGN, th L3R ALY s
FIFR5T BT 90% (1 E AN LA KB 609% (¥ AL BT R YR B TIRE WMo . (2) AR H Fp e
VEW T A AN TR BN R, e L S G A W B 1o A, R TR A A Y Andb gy B bR AR bR AR
BRG, LA Z RIS A A KA G SR YA TR AR SR FUE AR , b T BRIR A =20, LS4y
SERE LU S 2SS MA HLBR R 1 5340 R A1 7 4 R 48 pH (BRI C/N 52 R A 4 86 R 1 R4 1) T
ZHEN L I C G SRR T X g - h R Y R SR R S U RO R
AEEZL

RIS 2R AR ol ) 7 005 i 39635 40 T AR ) M R AL 2 1 R DA R A o RS R R
Wi v bl A 25 R SR B BRI ), LS M MIDIRE 2 REPE S IR D RESC R WD), A AR 25 R e vh 47
FES O, BRI A HUTT AL LS DR 1 PR AF RS, LA B0 SRS e 8l ity 1o 5200 e 11 L 473K
FEYIREVE SR TR E LA AL LR SR B O Y BT LR T AR S RS R
PR AYE 2, H AR RS IEVE RS AR 112 T S A BE 7 LIRS IS AL 25 55 07 52
PR A LI W 2 BT R TR P 0 R 5 T B 9 R UMK R L S B AR W A i (670,64
nmol/g) LI K T4 RS 13 (266.80 nmol/g) , AT IS e Ay s A WY BT CORCZR ) 35 Ak
S 3.86 % B FEAR T (L2 L4 R SRR DUE ERUE Y TN (18:206) , AR 4R S L3RR 2
FHERT UL, AT L2 RS A T[] — b s A T UAF B LA AR AN 5 L S A My eI 2 A s DA G

NSO M AR A B E SRR | AR T L2 dh R0 45 1A 5 AP i O AR AR S BRI B 0T G
BMEMN T ISP ES 2 WA T IS E R, 9 T BE— 2B TEA R i 7 0 - e ot K fik
IR TR S R RS ST AT AAS INAS R I3 75 ) N 2 0 B 5% G, A 16S 11 TTS 07 17 AR A
FEAF TIPS RN S TR YIS SS A AL BRI, B AR IS4 F s R A 1 R =
ek AR LSRR R A EE AR T

1 HESF®

1.1 AR AR il g

Fa Ak AR IS S b SR AE AR R 112 37 XA R TR EAR R RARARCT IL S 4 Je il (127°75778"
E, 42°81'12" N) ,UERFIEIh 2014 4F 10 A, #AR R E S50 E 5 3 a B4 H £ 104 20 em PR 3
I3 0.9 mm T, B 4 pH 5.89, A HLEE N 20.89 o/ke, Blf#4L 161.32 mg/ke, A 4kHE 25.83 mg/ke, HAk
B 220.54 mg/kg, [FIBFAEART LS 5L HSCHE CORDR R by ARk | SR RN S R i 9 o, WAL 38 A it
35 C MR E T 0.01 mm G, A FER I JE ST R SR LE 1,

x1 HEAMHEEYRTESRE

Table 1 Initial element concentration of leaf litters

Ab B Treatment fii Carbon/ (g/kg) & Nitrogen/ ( g/kg) # Phosphorus/ ( g/kg) B Potassium/ ( g/kg)
A 468.12 14.25 0.35 4.67
B 443.21 6.01 0.26 0.99
C 472.76 8.26 0.76 3.26
D 482.36 12.34 0.53 421
E 475.56 10.53 1.01 3.52

1.2 SCERE T e MR S A

FARRIG AR 6 ANAEFE 3 R E A SR S8 S REHLIX 4 7 k33, S5 T 2013 4F 10 H AR & 78 E R F
SEGEREFEIRIT T, RIS A BRSO PR A ik B LR 3 a R SRASAR T Ll S B B TR i I
M AR A I I AR R 5.0 /3.5 kg (W 1), AR5 6 NALER A A AT Acer mono.
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Maxim. var. mono (5.0 g) .B: 35 Pinus densiflora Sieb. et Zucc.(5.0 g) .C: APk Juglans mandshurica Maxim.
(5.0 g) D&M Tilia amurensis Rupr. (5.0 g) \E: 58k Quercus mongolica Fisch. ex Ledeb.(5.0 g) \F: X} H& (A
IR PR ) Ferh A SRRk SRR RN S R A i AR R AR S B AR B A [ - Y
WF G, Brweid 60 B 5 £ MR AIE A R 18, Bk K/h—500 3 a 2B AS T 5 BRIV TE R A
PVC EFRHRE (HAN 120 mm, &K 180 mm) , BAE IR —NEE , 2R 17—28 CZIH], 40
YRR EAE 709%—80% Z [8], FIr A (A Ab A JR) % —WOK B B4 1 LK,

2014 4% 3 A AS— M EF WS BUE IR ASIRIX 20 ¢ 13 PR 5 R ASIRX LR G
YER—ANEE , A AL IR ST 2.0 mm G, —F840 7SR KT FIAE L8884k 307, o) — #8454 78 280 °C
UKFE T HIVE DNA $25,

1.3 I FEhR B vk

% pH IR IR 4K 1:2.5 Fefil, SR P SK 220 pH I 5E | 304 HLER 4 AU A E P o 24y
BT Vario EL T Bl 2R FHRE 35 ML BRI 2 | A0S SR FH AR R SN IR 4R — SR BT L 2 5 | 7 R0 R
FH 2 BRI - KB CRE TR 2, HAARI 22 5 12 WL - A AL A7 5 33 A 4 b R S50 ) S 7 B 2% — B PR
R FHLEA LR M ( Vario TOC, £l [ ) I %2 42 BUR A HLER & &, FESE R S/ Hr L (AA3, 18
) I BE AR, MESE R 93 IR IE 250 KEC 0.45 A1 KEN 0.54, BN - 388h 2 E s i /U S &

1.4 DNA f2HCRY 4

DNA $2HC R FREL 0.1 ¢ 14, #% I MoBio 8 J7 - S8R0 2E % DNA 2 B 7 & ( Power SoilTM DNA
IslationKit, MoBio, USA)UiH-FA B8 2 BIHEBOAN [EIA I Ab BRAY 3 AN EE T FE S DNA L 48 1% B BHEE I iy
VK E DNA 5834 Mini Dorp WI7E DNA ZHEE I, 42U DNA F-20 CIRFE & H

38 200 TR I DRAZORR (R S ) 56 R R I DX B ) 34 B D Al 55 P v R B0 AE S B A R SE L, AR 24
PERY M 8 2 % Caporaso 5™ 1) 7 Bk, ¥ B4 40 I 16S DNA V4 X B, 5| ¥ & S15F (5'-
GTGCCAGCMGCCGCGGTAA-3") 1 806R (5'-GGACTACHVGGGTWTCTAAT-3") . ELTH Z AL % ] 1TS1 X Bt
AT RS, 51490 R 1TS5- 1737F ( GGAAGTAAAAGTCGTAACAAGG) . DNA #5444 1y 98 °C A8 4 1
min, 98 CZAEME 10 s,50 CiE Kk 30 5,72 °C ZEH 60 s,30 PEHR, 72 CLEMH 5 min , 5K Mumina MiSeq
1.5 Hdugeit Mo

FIFNAS I 4R 7 51 #8525 Barcode J3° 8 A5 9 ¥ 51 )5 , 42 FLASH PFHEARAG JF IR Tags Bd, JRUh Tags &
QIME s B AL HARAT 55 J0i it Tags £54H ( CleanTags) , I 5 40CHe R HEAT LU XA DU 8% & 1A 77 91, S5e 4 3RAT A R8I
(Effective Tags) o VA 97% AR J K4 , #I ] UPARSE pipeline {4 ( V7.0.1001 ) 4% 5 51 B 25 i N OTUs,,
I ARAG AL S P R R B 2 REREE B R cluster B XF BTAR RS AT B2, I HI ] RDP classifier
(V2.2) B S50 R AT R I R, e v R IR AR 45 3 FOKFE e A

FHICHE ST BT R FH SAS 9.0 Ak 3, 1 R FIFH Excel 2013 F1 CANOCO 5.0 ilfE

2 HREHG

2.1 EHEMR

AR AR 3 AEAE NS 2 — A EF G, TR P B AN SR 2, USRS Ak B Y g (4b PR
A B.C.D Fl E)pH {E¥ 5 T4 B8+ pH 1l 5.91(P<0.05) , A[RI4LEE T + 3255 i Xt 18 0.96 g/em’ 43 311
AL A 0.90 g/em® AEFE C 0.95 g/em’® ALFE D 0.94 g/cm’® MALFE E 0.95 g/em®, TRINAS [ M5 + 384
PLBR RN 2 & A AL TS 43 3R 20.20—28.90 g/kg il 2.20—4.11 g/kg, AR HALHE C/N K T X 1R
(P<0.05) , Ml A=Yy e AL RACR W & & W 1, b b3 A B AT C - S W s i & v TAR B D
E, 3 E i E Y E A S B s , 0P A D C B P RUZEY R A A B AR KRR, (A 53 5 TR (P<0.05) .
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Table 2 Soil characteristic of adding different tree leaves

4% Indexes A B C D E F

pH 6.24£0.07cd  6.68+0.14a 6.19£0.03c  6.4420.03bc  6.57+0.02ab 5.9120.24d
25T Soil bulk/ (g/cm®) 0.90+0.01a 0.96+0.04a 0.95+0.04a  0.94£0.05a 0.95+0.05a 0.96:0.01a
A HL#% Organic carbon/ (g/kg) 21.27+#0.20b  20.20£0.09ab  25.19+0.14ab 24.38+0.91ab  28.90+0.54a 20.66+0.32b
24 Total nitrogen/ (g/kg) 3.2020.03bc  2.66%0.14cd  3.18+0.0l1bc  3.27£0.02b  4.11+0.06a 2.48+0.11d
C/N 6.65+0.04d 7.64£0.40cd  7.9120.08ab  7.46+0.29bc  7.04+0.21cd 8.35:0.31a
ﬁﬁi%%ﬁﬁ . 145.90+1.90a  142.89+1.27a  143.62+3.59a 135.37£3.70b  126.48+0.49¢ 115.08+0.76d
Soil microbial biomass carbon /( mg/kg)

MEPEA

Soil microbial biomass nitrogen/ ( mg/kg)
B A Ammoniacal nitrogen/(mg/kg)  188.38+0.59a  164.87+1.12d  185.46+1.14a 173.05+0.71b  169.75+0.98¢ 156.21+1.16e
U Available phosphorus/ ( mg/kg) 29.33+0.38d 32.07+0.52¢ 30.66+£0.35¢cd  37.59+0.09a  52.80+1.26a 24.66+0.43e
H R Available potassium/ ( mg/kg) 206.86x1.12b  140.71+£2.59d  185.07+3.70c 142.51+3.43d  128.67+0.76e 216.23+1.31a

T RAPBECAF I FER (n=3) , FA—1T AR/ NG FREFOR AR AR 0.05 KT B 235 22 570K

22 FPEEE A BT

DI HE Y 18 A NS+ HERE R A3 4, 16S tDNA T35 1478922 4 reads, 1fif ITS1 715
7] 1250222 4~ reads, LL 97 MU AR , 1 98 b B A 5 5 2 51, Horp 168 rDNA 23 JE45 5] 1367082
ZFHN , B L HERE S TP AR L R I 29572 45 3 236044 45, 1M ITS1 434 A4 31] 761544 %51, B4 14
FEAAZTE N 22725 4528 129253 4%, KL L PSR B At —20 0 W7, BT ke 16S rDNA I — L4 3]
6064 I OTUs, A[RIFES OTU %% H 281k 7E Bl 2890 & 4750, 1TS1 s —3E455] 1990 4~ OTUs , AN [RIFE S OTU
R AR TE D 480 2 1370,

7E 165 tDNA A Fe8il  Jorb 27342 25 (2% ) A r 2B P81, AR W P S0 7R T TR B i R E)/IMEK
KK Protechacteria(41%) Acidobacteria(18% ) \Actinobacteria(14% ) .Gemmatimonadetes( 8% ) Chloroflexi(5%) .
Crenarchaeota(3%) \Nitrospirae(3%) . Firmicutes (2% ) . Verrucomicrobia (2% ) X Bacteroidetes (2% ) (&l 1a) , 7E
KL E 117 I, KT 1% W7 5138 19 A, WK BI/NMKIR A Alphaproteobacteria (18.07% , 13.99%—
21.03% ) . Acidobacieria- 6 ( 18. 07%, 9. 53%—12. 35%) . Betaproteobacteria (9. 11%, 8. 56%—9. 49%) .,
Deltaproteobacteria(7.69% ,7.11%—7.99) Actinobacteria (6.72% ,6.58%—71.66% ) . Gammaproteobacteria (5.90% ,
5.38%—6. 48% ) . Gemmatimonadetes ( 4. 68% , 4. 21%—>5. 51%) . Acidimicrobiia ( 3. 23% , 2. 94%—3. 57%)
Chloracidobacteria (2. 97% , 2. 71%—3. 36% ) . Thaumarchaeota ( 2. 88% , 2. 25%—3.73%) . Gemm- 1 ( 2.79%,
2.57%—3.15%) . Nitrospira ( 2.65% , 2.33%—2.85% ) . Thermoleophilia ( 2.31% ,2.00%—2.59% ) . Ellin6529
(2.15% ,1.97%—2.29% ) . Sphingobacteriia ( 2.06% , 1.76%—2.34%) . Solibacteres (2.01% ,1.72%—2.19%) .
Bacilli(1.42% ,0.61%—2.13%) . [ Spartobacteria ] (1.26% ,0.94%—1.61% ) Fll MB-A2-108 (1.10%,0.91%—
1.22%) , 7E HEKF B RESE 170 B R TF 19%805 5138 20 A, fERDKE B JLEE5E 213 B KT 1% 055
17 A TEEAKE b SR 225 | R T 1% F 5138 5 4,

1M ITS1 T A 750, 7615 45 (10% ) AW ZEMF 5, AP FNLET TR 1 LA Ascomyeota T (5 LE
BilE KA 60% , MUK 539K Basidiomycota (24% ) . Chytridiomycota (5% ) F1 Zygomycota (1%) (Kl 1b) . FEZNHY
KOFIEYEE 98 4, KT 1% 17403 11 A, WK BI/IMERIK A Sordariomycetes (30.81% ,21.77%—45.86%) |
Agaricomycetes(23.78% ,9.58%—42.72% ) . Eurotiomycetes ( 11.83% ,6.02%—21.49% ) . Dothideomycetes ( 3.99% ,
2.50%—5. 23 ) | Chytridiomycetes ( 3. 08% , 0. 12%—16. 42%) | IS-s-Chalara sp ( 2. 63%, 0. 04%—10. 30% ) .
Leotiomycetes (2. 12% , 0. 84%—4.64% ) . Un-s-Ascomycota sp (1.82% ,0.75%—3.29% ) . Pezizomycetes ( 1.60% ,
0.06%—5.13%) Un-s-Chytridiomycota sp ( 1.47% ,0.30%—4.21% ) F Un-s-fungal endophyte (1.16% ,0.13%—
571%) o 1EHBKFE 385 196 H R T 1%8)7 5138 19 4>, FERDKP 1, 30ERE 330 B, KT 1917

16.14+0.48b 8.83+0.72d 10.77£0.27cd  11.68+0.30c 31.32+0.47a 7.40+0.11e
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I 19 A4, TEIEACE b FRM0E 435 JF, KT 1% 07513, 22 4>,

a 2% b
2% — 3% 2%

5%
3%

N

u BIEW ] Proteobacteria " GEH] Chloroflexi s FHEH ] Ascomycota

= FRITHII] Acidobacteria " Y] Verrucomicrobia » HTYHi'] Basidiomycota
" KW Actinobacteria AL B FER ] Nitrospirae » W] Chytridiomycota
n ZEPAMIE ] Gemmatimonadetes w RAFH 1] Bacteroidetes %AW Zvgomycota

w JERBEHR|] Firmicutes . HE w Al

» R WHI] Crenarchaeota

1 16S rDNA (a)#0 ITS1 reads(b) Bk EK 5 E

Fig.1 Overall taxonomic sequence analysis for all bacterial 16S reads(a) and fungal ITS1 reads(b)

FHREF AR TS NS LIEANEA a — A
FUTA TS S5 A BRI E 73 45 2R (1 2a A1 2b) o AN
JIR NSRRI ] AR B A 5 — AL FE AL B E
FALBR F 255 A5 A0 B A FIAb B C 5% =2 Ak
HD, S H AR B, FCRE [RRE T LB o0 1 B
M —HARA I B AL F 5 A C A

E
WH D, R AR B A U R B B, AR .
0 0.0l 0.02 0.03 0.04 0 0.2 0.4

R A G, FF-Unifrac il 2 8§

TEI 7K B AR TS DA B S L AT
PRI FL AL AR (8 3a) , KKK Proteobacteria ( 35.38%—
43.698% ) . Acidobacteria ( 17. 10%—20. 34%) . Actinobacteria
(12.77%—14.76% ) . Gemmatimonadetes ( 7.85%—9.36%) .  leaf-added treatments. The figure was constructed on the basis of
Chloroflexi ( 4. 37%—5. 02%) ., 1H J& 4l B Firmicutes, Nlumina sequencing data

2 TAERMHAAETASTHIERAE ERNEESTE
Fig.2 Weighted Unifrac UPGMA cluster of bacterial and fungal

communities associated with different soil samples from different

Crenarchaeota , Verrucomicrobia , Nitrospirae ., Bacteroidetes
TEA IR b PR -3 b A ), 7ETTRYZKP b, NS B BB B RE YA Ascomycota , B MR i 4b B+
W ERE Basidimoycota F N AL, A IR B Chytridiomycota R AL(E 3b) .,

9T B AS )R oAb TS - 3 G5l 2B W 4 3L A8 52 0, D SAS 9.0 B R AT J7 22 3 A, S5 R SR I A A
Bacteroidetes TE & MM Ff 4398 v 3 5 15 35 5 F4F E AR 1T Proteobacteria TE U IR I A # A I 3655 F X0 1R +
HE(P<0.05) , AT RESG AR 7E L3 rh i e (AT 5 (] 4a) o AR IR BT, FL Ascomycota B FEARFAR
Qb B0 B2 TR AR 8 3 2 5, AR I A B B 3 LR Basidiomycota FF-JEA B Z IR TAL B C ALFE D A0
AbFE E(P<0.01) (& 4b FIE 4c) o ANEHATFALPER +3E 4018 Proteobacteria F1 Bacteroidetes X ELE Ascomycota
H Basidiomycota Z2AEVEANIA] | R HE A2 e W47 28 W20l B D RE T A= 4, 40 Bacteroidete 1 Ascomycota 38 FLAE 5
TR Py 28 (126.48—145.90 mg/kg) A% (2.66—4.11 mg/kg) KA s (29.33—52.80 mg/kg) +IELAF Tk
£, 1M Ascomycota 1 B EA 2B (128.67—206.86 mg/kg) 4514 N AAF
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- Hit = JEBER ] Firmicutes = Al
PUFFBT] Bacteroidetes « ZEHIE] Gemmatimonadetes « ¥AHIT Zygomycota
. TYACSEIET 1] Nitrospirae = JRUERHII] Actinobacteria « T H 1] Chytridiomycota
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