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ecosystem in Helan Mountains has received great attention. Litter is the main source of soil nutrients, and forest litter and
soil microorganisms are of great significance to the study of global climate change, while Difference of microbial community
structure in litter decomposition of different forest types in Helan Mountains and the influence of different litter physical and
chemical groups on microbial community structure are not fully revealed. In this study, composition and diversity
characteristics of microbial communities in litter of Qinghai spruce forest, and Pinus tabulaeformis, and mixed forest of
Pinus tabulaeformis and Populus davidiana were studied, sampling routine methods and high throughput sequencing
methods were used to reveal difference in chemical composition, microbial community composition and diversity
characteristics, and explore impact factors of advantage. Results showed that organic carbon content was the largest in the
three kinds of forest litters, total phosphorus, the contents of organic carbon, total nitrogen and total potassium in the litter
of Pinus tabulaeformis forest, coniferous and broad-leaved mixed forest and Picea crassifolia forest were the largest, and the
differences were significant. The C/N and C/P ratios of the litter of Pinus tabulaeformis forest were significantly higher than
those of the other two stands, and the value of N/P ratio of the litter of Picea crassifolia forest was significantly lower than
that of the other two stands. There was no significant difference in dominant fungi at phylum level among different stands,
but there was significant difference at genus level, and the difference of fungi was greater than that of bacteria. At each
classification level, the composition of bacteria and fungi community was as follows: coniferous and broadleaved mixed
forest<Pinus tabulaeformis<Picea crassifolia forest, and the diversity of microorganism in the litter of Picea crassifolia forest
was the most abundant. Correlation analysis shows that organic carbon, total nitrogen, total phosphorus and total potassium
are the main factors affecting the composition and diversity of bacterial and fungal communities. Redundancy analysis
showed that the microbial diversity index of litter in different stands was affected by nutrients. Litter OC, TN, TP and TK
were important factors affecting the composition and diversity of microbial community. It indicates that OC had the most
significant correlation with microbial community diversity and was the main factor affecting the composition and diversity of

bacterial and fungal communities in litter.

Key Words: different stands;litter ; high-throughput sequencing ; microbial community ; microbial diversity
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2B fe BE FAN, 7B 22 10X — S B B BRAMAE S R G VE IR TE /b , U IG5 0 B 22 1 i TR R AR 7Y
PP SO R T TSR T T R KRR X L R bR ZR G v R A i b A A Tl AR
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YI b ERAL AR 2 IR T i BB B B R R S
1 X5t 5

T 5 DX A B % 1 v BB 5 30k 3 s 11 b B (38°19'—39°22" N, 105°49'—106°41" E ), 1% X 38 7 Ak i £
95.87 km® ,¥FK 1500—3000 m Z[8], J& T MR RE P Ui, B0, A FFER B K B FRPEH B 5
AR PITHIR, KRB R RAE, TR 60—70 d, FEER-0.9°C AR i 287.2—429.8 mm, T 24
T T7—9 H ., AR E LR - AR o AR B AR BT TR S AR, R A Y
iR AR, USRI B, BT AR EZA IR (Pinus tabulaeformis) T 1§ A% ( Picea crassifolia) ; &Mk
FEA 1145 ( Populus davidiana) A% WL FAKE ( Betula platypHylla) F175 4% ( Populus cathayana) ;51 K81 A AR LLIH
Fin- 1A IR S MR R 5 UL s MR 5 WL AR A /NI 2.4 ( LoniceramicropHylla ) | JERE T ( Ostryopsis davidiana) |
INM-4: T&AF ( Potentilla parifolia) %%,

2 HRAE

2.1 FEHBIERERIRE SR AR

CEA T B L LR A R AR A ST M A5 A, DA A AR AR TV S A AR A - LU A TR S ARAE (-
TR AC LL IR 6:1) 2 3 B AU 3 JF JEIFSY , 45 PR 533 B 57 3 3 10 mx 10 m AR o 88 42, FF b AR X R
25 80—100 m Z[H] , W FEHBZS L5 BE g4k SRE e SEIREEr CP MRS bR R BRI BE | SR A R RN
TR ELANENE AT R G A, B Mo AR AR RHIE DLER 1, 2 MO RHE SR IE IR L3R 2. TR
T PSR AR E S AFE IR A BUREIE XTI VE D2 BURE | B 5 ANFE s R AE B R 2 RV P e 40 08 75 )
BT A I ARE i Ry — DV IR i B IR S R 5 WD AE IR 55 0 Py, — e A28 i Tl K TR B VR A 9K

F1 FRERSHEEREREHE
Table 1 Basic habitat characteristics of different stands plots

oy FEH PR

) . . 527 W Y PR FZERHE LIERA
Forest Position of Geographical . . . .
- Altitude /m Slope Aspect Main undergrowth vegetation Types of soil
stands sample plot position
. 38.75305 VT (Ostryopsis davidiana) | »
HY P 105.91189 2123 36 79 N Loniceramicropliylla) YRS
1874453 K4t ‘FTE( Carex lanceolate)
6] 105' 91469 2089 34 54 /NEE ( Berberis amurensis) KA L
) YHL( Cyperacites haydenii)
38.74451 Sy . )
Wiy 2103 20 25 7 5. ( Carex stenocarpa) | iRt
105.91665 LEHA ( Bupleurum Chinense )
38.77617 B BE( Cystopteris fragilis)
S kA N I~ . . K#
HS FAFR 105.90113 2465 20 219 ik 5 B ZIL( Gentiana dahurica) | Kt
3877375 TN AL ( Moneses uniflora) |
Jevies 105' 90089 2550 25 219 ZUTAR 4% ( Herminium alaschanicum) | Tk +
. PR ( Gymnocarpium jessoense) |
G 38.77188 2667 20 152 /NS ( Valeriana tangutica) | VRS
105.89721 KR ( Epipactishelleborine)
134 N .
HJ 4 L0 38.7349% 2330 14 71 RIFFHRR (Actaea asiatica) | "+
105.91003 BB 28 S5 ( Clematis ochotensis) |
38.73778 BT (Potentilla acaulis) ,
ol 2249 15 21 B ff( Yoen'L a acaulis) B+
105.91189 675 5 822 ( Neottia camischatea) |
3873531 JINBE ( Berberis kawakamii) | ‘
LI 105.91201 2198 25 98 1 (Astragalus membranaceus) Wt

HY ; Jli#A#K Pinus tabulaeformis forest; HS : F ¥ = AZ MK Picea crassifolia forest; HJ : HIFA-1LA% TR ZC MK Mixed forest of Pinus tabulaeformis and Populus davidiana
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F2 AEHRS REZEYEFE
Table 2 Characteristics of different forest stand and litter

LA -3 M A2 MR P N VR IE ) ZFHE
B4 SRR F JH’?HT = BB H/%%E%‘T
Forest stand Average tree Average diameter lant density/ c densit Characteristics of
resl an an NSt
orest stands height/m at breast height/cm (Fk /100m?) anopy densty litter layer
Hy 10 T 19 0.6—0.7 PIEY) 2R 4.9 em, fifH 25.21 /hm?,
o AR AR 73.95%
JATEY) 2R 5.6 em, f#H 32.39 /hm?
HS 9 10 10 0.7 ? ’
SFE AR KR 89.72%
HJ 10 1 16 0.6—0.7 VY IZIRE 4.7 em i BE 19.74 /hm?

3 ARG KR 76.84%

JE TN KGR I DRAF | (0] S50 28 S G A~ 80°C AR , FISR I 5 YA 5 Wy v A BUE W), — e & i T AR KT
Je I 5E 8 9 My PRAR AR A
2.2 JIEYIIr AT

X vE YR B A LB (0C) (4R (TN) (28 (TP) (48 (TK) #EA7 & 20, 7k in 'k . SOC il & 2k
K, Cr, 0, 2 5 -AMIn# s TN I 5E R FH LI E &2 TP I >R FH NaOH G- PR B6 T bE €0 325 5 TK I 5 SR HI KO0
FERE: BART RS WSk
2.3 BUEMIZ R E T Ik

R D vy e DR 2 000 7 5 A ) A T R L T 2 R AT 0 A, ASWESE SR T 16S rDNA 3% 7 ) (168
rDNA Amplicon Sequencing ) il 5E 4 ZAENE 20 DL V4 75 5 X 8 A0 B RE VR 4 R 5 4540, PCR 9 34 i 1 5|
#1531 4 806R (GGACTACHVGGGTWTCTAAT) \515F( GTGCCAGCM GCCGCGGTAA) ! LI# F % H R
S 6 s8] X (ITS, Internal Transcribed Space ) 18 LT 70 28 4 @ MKHE 2 85 1TST XAE M il X 3, PCR
YRS 9053 1 M 2043R ( GCTGCGTTCTTCAT CGATGC) (1737F ( GGAAGTAAAAGTCGTAACAAGG) %!
AR IR DR AT 100 7 68 00 % WU i, TR O TR PR BE T PR Bk 4 B R) & 4 IR Ot B PR 4 DNA B AR i e 2 %
SCHRE

TCH KM BEREZAR DNA Z Ing/pl, 205 LA 16S V4 [X 806R Al S1SF M4 5514, ITS1 [X 1TS2- 2043R Al
ITS5- 1737F M4H¢5551% , PHusion® High-Fidelity PCR Master Mix with GC Buffer( New England Biolabs 72y f] ) #f
17 PCR 34,

HIH 2% B BEREGERE F vk A N PCR 7 W B8 Jim AT A5 iR P IXTAE ¥R 52 29% F B B 5 P Uk 20
k., B VI i B AR 405 (] Thermo Scientific 23 H4: 7= GeneJET JiE [FIIAF &) 2

i R 2R R /KA F] Ton Plus Fragment Library Kit 48 rxns £ P25 & A4 8 SO, SCEEZE Qubit 18 246
B, 3R] FH Novogene AE#)M5E B AR A Ton S5™ XL P& ) 221
2.4 HlEab IR AR

FI SPSS 21.0 #E4T BILAL 15 b5 408 5L N 32 07 22 00 L 22 5 W5 PR LSD 3k H R, FRAK 4 A A A 5C A
Pearson HH5¢ R E00Hr , FIE SR T4 Origin 201717

RV PR ot 1) AT RCECHIE R 28 23 ) Uparse 204 (v7.0.1001) , % 15 51 2R 28 il OTUSs ( Operational
Taxonomic Units ) B} A 97% (1) — UM AR, S8 J5 07 358 300 B0 8 5 19 17 504 S OTUs AR 3R 7 31, 43 3l 72 A
(kingdom) , '] ( phylum) , 24 ( class) , H (order) , Bl ( family) ,J& ( genus) , Fll ( species ) 7KF [, X} OTUs F A 4T
WIFPEERE, W45 JR VA IREAS (B RV 4L 22T

ZAHEPEFE %L Shannon , Chaol ,Goods-coverage . PD whole tree fifi ] Qiime 3XfF ( Version 1.9.1) i3, 2l Fi B
I A Origin 2017, ZREPERT B ZAEVEFS R IA) 22 3 0 A 1] R B0 SRR RO AT .

(1) HEZHEEFE 22 (Shannon 15%8)

i n n
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K, n, MEYIREE R | EEH, o NEES P ITE YRR AT
(2) BREF & 5% Chaol $5%0)
F(F, - 1)
Chaol =S, + —————
2(F, +1)
K, Chaol KRN OTU ¥4 H , S, WM OTU 4 H , F, Fm UL B—5F 5 OTU 2 H |, F, £ B
SITHI OTU B AP,
(3) W7 R FE 4858 ( Goods-coverage THEX)

F
Goods-coveragelndex = 1 - Nl

Krp, F, R OB —4F50 OTU 20H N 2 OTU FREEZ M, MRIGIZ AN L, Goods—coverage 1§
HOB R DUVRE TR AR S 5 A SR BRI

(4) RG K B ZFEYEFEEL(PD whole tree $8%40)

AR B IO I i YR TR R A R R oG A D S AR R G 2 5 R RS B AR, IR R
PR ORAF Y 22 SRR

3 ZBRE5S

3.1 BRI ITE D AP OTU 43t

BE IR RIS & PR OTU B8 /A 2 B AR R IR Y5 M0 TP 40 T8 OTUs #5H K 2695 4, il =
MY 40TE OTUs £ H iy 2967 A~ AL - LR SR TA T ) h 41 B OTUs % H 2 2286 4>, Hirh A (4
W OTUs %8 H A 1478 4>, i BB H 19 37.45% .,

B2 LA AR 75 4 Th 5B OTUs 38 H b 1243 4>, il = 2R ITE 1 5 IE OTUs £ H S 1199 4~ ThAA-
IAFTRASHR IV Th BB OTUs 20 H i 1171 A, K A B B OTUs 20H 522 4>, B2 H 1Y 24.81% .,

BTSRRI AHT OTUs $0H 624 4>, 5 BACH Y 23.15% ,F¢ A [ ETH OTUs £ H 366 14>,
SV 30.53% 3 FKARIMAA AR FI4IET OTUs BH Ry 577 4, 5 BB 19.45% , K543 I EL T OTUs £t H 422
A b B 33.95% 5 IMAA- I IR AT MR A AU A0 T OTUs 28 H 385 4>, 5 M H 1Y 16.84% , ¥ A5 AU ELTH OTUs
BOH 320 4, 5 EECH B 28.10%
3.2 BUEIASFEMOO R 5 i A PR IE 2 AR B i

FIF OTU % H JFJ8 200 T8 FN L TR PR PR B0 DR 38 0 22 4000, 45 SR S0 8 24 Ll AS TR) AR 4 [ 8 9% 400 ) 4
PR L P 22 R P B0 22 57 00 B 3 L (R R P W S 0 h BB Ghaol 84(F 24540 | Shannon #8510 ( £
FEVEFR D) B 2/ DN TAH , AR B UEY T E R PD whole tree 188U REAX B MRS B E R THHE
(WFE3),

F3 REMS BN BE SRS AR
Table 3 Diversity index of microbial community in litter of different stands

NG E2]

EEBZEN Litter of different FREAER SRR ROGRE BRI IR BE TR 2
Types of microbe stands Ghaol Shannon PD whole tree Goods Coverage
YN Bacteria HY 1712.67+528.63a 8.46x1.05a 153.26+30.63a 0.98+0.01a

HS 1808.21+261.13a 8.94+0.47a 155.23+17.46a 0.98+0a

HJ 1388.5+£226.13a 8.2+0.26a 121.93+18.86a 0.99+0a
EL# Fungi HY 935.05+92.56a 4.91£0.9a 217.49+23.45a 0.99+0a

HS 933.49+191.73a 4.56+0.27a 210.83+41.6a 0.99+0a

HJ 912.96+93.68a 4.43+£0.47a 203.24+29.28a 0.99+0a

Frh R A R 7B R R 22 R B3 (P>0.05)
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3.3 BN EIBR ISR I S R R v 4L B

TEAS 3 S LA 3 bR 7 0 O TR 2B A v EL A, A B A 71 1] 33 4>, 449 41 4>, H 89 4 B 169
A8 37T A K BRI TT 7 A, 49 33 4, H 61 A4, BE 108 A, J& 142 A, v W0 BT W) 240 AR AN [R) bk o
(1) 28 S 50/ EL 2 A0 R R 7 A ISR R T 4% 20 2K B3 B 38 T LRV 4L T BLAE T TR sk -F
LIRS AR RS GRS 3 SO BRI AR - I TR AR <A < I A2 R (3
4) UWIE 3 PR IR S MR R E M Z e R

R4 FERSEEMOMENB LN

Table 4 Microbial community structure of litter in different stands

3% 4T Bacteria LI Fungi

Classification HS HY HJ HS HY HJ
'] Phylum 30 29 27 7 6 6
4 Class 41 40 39 22 21 19
H Order 87 89 79 56 56 54
A} Family 164 152 139 98 95 90
J& Genus 359 334 316 125 116 109

I TR [R50 V5 0 i Dy DL 3 TR 1Y) 22 SR B S RO 23D Y 0 0 Bl A= 0 v A v D 2K 1) = B A
AECE D), DL 3R T R B2 B 17 (Actinobacteria ) 26. 6% 7% T B 1] ( Proteobacteria ) 45.55%  FR T i 1]
(Acidobacteria)2.76% FUFFTR 1 ( Bacteroidetes ) 19.97% It 94.88% . A& Y M A PL AT 12 S TE 1)
ASETET TR 5 Fees 5 1 s A2 RIS YU T e P e A0 TR T T 2R B RRAT B8 11 282 o e, 1 TR S vk 7
Wy ) PR R T I AE PP R s . AT A I B A EL R ) 2R B (R 5) A0 B 30% 54, 18 3
TP IR W) B W b B B TP 2E TR ] (Ascomycota ) 29.68% ERFER ] ( Glomeromycota ) 0.006% .
% 1 |1 ( Chytridiomycota ) 0.004% BB ] ( Mucoromycota ) 0.019% , 25 1] ( Ascomycota ) JE= 51 % 111 3 Fpk
Sy R b e AR T H R T HARE ] W3, B8 1] (Blastocladiomycota ) J& HAA- 1114
RSP REAT TR ], BT T ] ( Rozellomycota ) S5 1 5 AZARAHRA - LLAZ 1RSSR IR v W) O R AT AT )

00— ———|
90 |-

80

I i

HARGAITE ] Oxyphotobacteria
PeAgHi ] Verrucomicroia
£ 1] Chloroflexi
M ] Gemmatimonadetes
PR AFEi 1] Fusobacteria

B&AF 1] Acidobacteriota
JEREER ] Fimicutes

$IFFH ] Bacteroidetes

TR 1T Actinobacteria
AL ] Proteobacteria

70 -

60 -

50 -

40 1

30

KX Relative richness/%

20

0 1 1 1
HY HS HJ

A FHKS> Different forest stand

E1 AE#®SBEMAREEFEETHHOAE]
Fig.1 The top ten bacterial phylum of bacteria Community abundance in different forest litters
HY : KARIAAHAK Pinus tabulaeformis forest; HS : 77 1 5 A2 4K Picea crassifolia forest ; HJ : iFA- 1A% IR S HK Mixed forest of Pinus tabulaeformis and

Populus davidiana
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R5 TRAKSEAFENMEEREFENTHERS/ %

Table 5 The proportion of bacteria in the top ten of Fungi Community abundance in different forest stands

e Taxonomy HS HY HJ P Taxonomy HS HY HJ
FHEVE] Ascomycota 28.393 24.121 36.529 || K% 1] Blastocladiomycota 0 0 0.002
EE W] Mucoromycota 0.011 0.015 0.03 B 51T Rozellomycota 0.003 0 0.001
BRHETE] Glomeromycota 0.004 0.011 0.002 || *EAFTE] MonoblepHaromycota 0 0 0
FFH 7] Chytridiomycota 0.005 0.005 0.002 || H& Others 40.246 68.67 56.962
JMAEH 1T Olpidiomycota 0 0 0

TEJE K- 73 A A [ bR 53 08 7 90 0 A= W 00 3 T R 0 22 S 3R B A T s o B LU T A S5 B R R
( Mycobacterium) H5FT & & ( Cetobacterium) | ¥5 2 B 5.0 15 J& ( SpHingomonas) AR AL & ( Pseudomonas) |
JZ W J& ( Hymenobacter ) . unidentified _ Burkholderiaceae W J& . i ¥T % J& ( Pedobacter ) . W 3£ ¥T 1 J&
( Methylobacterium) X FTF & ( Dyadobacter) V4 & J& ( Nocardioides ) , Fo b 1 2 1 J& | FH FLAT 18 & M AT
g R EE B E B R | unidentified _Burkholderiaceae T J& R EALEE A, 7EAS M 8]_F a4
PR G 22 5 B (P <0.05) 78 Il AN AR v i 0 B0 o R L R TR L W R A TR | unidentified _
Burkholderiaceae W J& 3% i toiie i1, (HUBAE 51 = 2RV W0 3258 5 tu e/ 5 18 = 2 MR P59 R A 1)
DICF TR A MU T R, b - LAz TR SEbR i Vs 0 o P A S s AN A T s 2 3 L e R (I 2)

ANTRIAR SRR B P A R Y b B RERE S BE AT T A0 o b 22 S K i R W (1 2) il LA TR AS AR
20.59% T SAZHK 16.63% JMAMK 1.99% , 518 = A2 bR I v 1 Hh 4R 585 4 T ) ( Psilocybe ) i 1 13.22% | 11 8
1 )& ( Beawveria ) 15t 3.08% , iX W4 i 1 @ & e ELAOG B84 J& i A AR Y5 9 i A 5 T8 @ ( Sistotrema ) 1 L
1.34% Desmazierella (5t 0.12% 225542 )8 (Inocybe) i 0.16% ,3X 3 Fv il J& 2 A B & 5 AL - 1L i iR
AEMRIHIEY) H Desmazierella (51 20.17% ) I EALHE &

3.4 B SEEDAL S T 5 L b

BAE T RB B 22 IR R A2 U S AR TR 25 v (R 6) o A HLEKR (0C) 2 4 & ¥k~ 40
B E T, 3 AR AN AR 5 ) OC & &t 5 Tk B 36% , B AL #4153 (TN [ TK TP & & 51 & 19 LU AE
BUNEINT 1%) FFRBN TNSTKSTP AT D) C/N C/P & T HAR PR %), H2E57 W3
LE5 kA, 0C TN TK 23 BITEIMAAAR JhAS- LA IR STAR 5 1 AR vE )b & b, HR 22 WV, S
M RIZRITEY) N/P AR T HARMIFIRS 754) , B2 55 3

R 6 AERSHIEEMLZER S KRB

Table 6 Chemical composition characteristics of litter in different stands

TR LR

(Elfn?ﬁcim%iiition of litter HS HY t
HHLRK OC /(g/kg) 230.00+9.96a 360.30+52.17b 312.70+7.84ab
4% TN/ (g/kg) 9.15+1.25a 9.16+0.73a 11.86+0.46b
LW TP/ (g/kg) 3.42+0.32a 3.27+0.2a 3.61+0.1a
£ TK/ (g/kg) 4.66+0.18b 3.39+0.66a 3.52+0.23a
C/N 25.14%1.45a 39.33+3.91b 26.3720.15a
c/pP 67.25+0.42a 110.18+0.99b 86.62+0.24ab
N/P 2.68+0.23a 2.80+0.49ab 3.29+0.04b
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Fig.2 The top ten species of microbial community abundance in different forest litters
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Fig.5 Redundancy analysis between microbial diversity index and environmental factors of different forest stands
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