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sk R E R BEMRE RKEF E O OE Xats, RBREKREFT  HEK
AN ARATFRA ST AR R W BT, R 300191

E: H MY R AT RENERAR S, 2 HRAESREYREARERRINEES 5E AR HHEES RS
TR RE T A5G VR . DA Sy DU R &1 3 B UM R 98 % 42, R FH AR G W R ( PLFA) BLAR B IHESE 12 R
(N) B (P) B (K) F#4> B — TR IR B A BN 4544 T 55 3 BRAL R B W TS S5 M R AR A AR A R BB & &5
W] KIFEDITMEMT , LIEA VR A0 B, 08 (P NP PK NPK) FI# (K \NK PK NPK) 7 fin kb #4331 it 2%
PE T RO AL A A i (P<0.05) , —SURINE E I T H A A MES A S, IR E LT 8 pH {H(P<
0.05) . BA—FEFANGING4R & T 13 ELE R R AL PLRA &1 T 8A— A AN & 354048 (NP NK . PK \NPK) 3
BEERRALT KL LFRFR & i (P<0.05) , BUAN , &35 50 U AL B oK i 25 ph 0 & 22 ER PR 0 B 5 9 22 IR i HE (G /G ),
5 AN E A MALEE (NP NK NPK) ¥ ZHFEIL T HIF 54 E L (F/B) (P<0.05), FHICHEAF BT 45 3R W], ZFh A9
PLFA & 55 SO A 20U 3 AR ¢, 5 + 38 pH (AW TEAISE . EFIUAR A Hr RBEHL AR AR AL 487 & 9 + 38 pH [EH1+
Hewh o iR U E MRS AR R IR 2R b KRIFR R N 2 O T R 4 A 4 pH {E, JF R
ER T A MR S5

KGR  FR o0 GN; LR R S5  BRAR AR IV R ; TR PR BT s DR BT 5

Effects of long-term nutrient addition on microbial community in soil of Stipa

baicalensis steppe in the Inner Mongolia, China
ZHANG Hao, JIANG Na, FAN Linran, ZHANG Siyu, WANG Hui, LIU Hongmei, ZHU Xiaoyu,
ZHANG Haifang”™ , YANG Dianlin

Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China

Abstract; Soil microbes are an important component of terrestrial ecosystems connecting energy flows and matter cycles
between the atmosphere and the soil. They play crucial roles in maintaining ecosystem function by driving a variety of
complex ecological processes in soil. Here we report a field experiment on Stipa baicalensis steppe in the Inner Mongolia.
The phospholipid fatty acids (PLFA) method was used to explore the effects of long-term different nutrient treatments (i.e.
N, P, K in isolation and NP, NK, PK, and NPK in combination) on soil physical and chemical properties and microbial
community structure. The results showed that the long-term nutrient addition did not significantly alter soil organic carbon
and total nitrogen content, while P addition (P, NP, PK, NPK) and K addition (K, NK, PK, and NPK) significantly

increased soil available phosphorus and available potassium content, respectively (P<0.05). Single-N addition significantly
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increased soil ammonium nitrogen and nitrate nitrogen contents, but soil pH value decreased significantly. To a certain
extent, Single-P and Single-K addition enhanced the total PLFA contents, the PLFA contents of bacteria, fungi, and
actinomycetes. The Single-N and Multiple nutrient ( NP, NK, PK, and NPK) addition significantly decreased the total
PLFA contents, the PLFA contents of bacteria, fungi and actinomycetes. There were no significant differences under
different nutrient addition treatments for the PLFA ratio of Gram-positive bacteria and Gram-negative bacteria (G*/G™),
while multiple nutrient ( NP, NK and NPK) significantly decreased the PLFA ratio of fungi and bacteria ( F/B).
Correlation analysis indicated that soil microbial groups were positively correlated with soil available phosphorus and
ammonium nitrogen content, and soil pH were negatively correlated with soil microbial groups. Redundancy analysis ( RDA)
and Random Forest ( RF) analysis showed that soil pH and phosphorus content were found to be significant driving factor
affecting soil microbial community structure. In summary, the long-term nutrient addition significantly changed soil available

nutrients and soil pH, and then affected the microbial community structure.

Key Words: nutrient addition; microbial community structure; PLFA; soil physical and chemical properties; Stipa

baicalensis steppe

T B AR F R R I B 392.8 J7 km®, o IR 40.9% . KARFFEAUE TR M EE 4 E ST S
J B, o A DX A5 AR AR L A A7 08 A 7 ORI A 3 e, A 47 ) 5 Xl A 25 4 T AR | IR A 4%
e RE 2 TrAt 22 n 3582k A5 D5 I FoA JEAIE (SRR o IR, i 0 s IR R R g FR
R AT O 1SN, 90% L H SRR R EE AR AL L IR AR RRAR T g A 7 g, BT
REARR T B E 0 e LR At T R MR 2 45 e A 7 T 1 DA B B, e T R A
ARG IRBIFR B GBS T AR, SO AR, T A D R R R R A
3 LA 7 W38 i s AR DG AR, S O DR 35 3008 PR RE AN T AR A A ) A, 3R A)
VS TS T LASE i A= 25 3R GAB - 3 0 AE ELAE % Bl A 25 R SR 45 A AN S RE Y I A AR S

AW X E S R G BE R AE R AT, REDRIE X 28 Bh e BRAZ AL IR 2K (R CO, MR I DL
e M TS R AN SR PR AR ) S BRI SE AR AL RN, A EE 5 56T DNA ) (qPCR, ) T3k /A R

RITIR (PLFA) 43 HTil Z 432525 (1 43 B (ARl PLFA 7520 MIFE T Ji5 TV R A, 2 TTT i B A 114 2 oL B A= 9

FET AL R A Y B s (R R ) AR Al 34 T e T S iRl iAh, 13 PLFA 23X1E 3R
TR IR A S0 [ PR AR (BB IR ) AR (R ARG N 2 TR ) AT RELL
RS MR (K HEWE 3 191 G0 L T 0 8 2 [ PH A 20 8 ) X AR B 3R IS n S i e

RS IS TR M v A S SR E VIR R S IR S 2 . AP R A S R G R )
FETE LR X BRI G IERON ™ SO ATE AR S i me R L . A RS I AT R A A 23 i A
WA A v B e A S i B ) sl OB B A 7 DRt B TR R T R R R T A R T 4 N T R
FWRAIAEI N Li SE0F 2R, SORBRAS N A B35 5 0 2 PLFA B85 S R4 PLFA 5 & EBEE I
AT LA E RN PLFA i ™ ORISR NS S A 3 s vk A AL O I MR £
FEMERALALSCHESEL 7, HAOC T ERBR I 25 0 T 3 T R AE i B 88 AR R 45, LS 45 5
ZFMERR . FFRARFR GBI Lk W R e 25 K AR AL R I B, 0 40 BT R 2R 78 R 8 13
T MA SRR IRERA TR T L,

DUIZRERSF (Stipa baicalensis) e J5Uz MEYH v #68 0 J5E DX I R AT A e Jir AR 2%, o o ) 0 J A LR 38 7R TR
[ & O A A BB, P, AT SEAE A S8 T AR DL 3t X DU ZR 5 DT 4 31 5% 20 o Tk
5, ST AN TR SR N A5 PE R LS SR 2 R WAV A R R A S AR, 1B PR AR TS LR B X B 37 43
STy e 1o K A R MBI DA e e R A R AR 2 A
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1 #REFE

1.1 WF5E XA

HFFE Ml 5 AN F P9 52 1t AR DL ZR i X DT 7R 5 H i (48°27—48°35'N, 119°35'—119°41'E) (1) — A~ HL 7l
XSk, M A0 VR 2 765m 1% DX T SR 83 Al R Bt PR 2R KA AR R K B 330mm, AF PSR -2.4—
2.2°C . ZHLIX B B SRAE B DUINJREE 5 (Stipa baicalensis ) F15E-FE ( Leymus chinensis ) 2880 R £ 1) E ALY
R, H AR G TEAS 4, %M X AE 2010 AR 2Z R AARGEAE
1.2 Rt

2010 4% 6 A, 7EWFFE M S AT T 2 7R B BRI e, SR FHBEAL X 4150 31, 2o\ Fp b 3] &, 55
AP 4 /DX 8mx8m=64m” , AbPRAIFE 8 NANEFRATIFMALEE (N P K NP NK PK NPK FIX}
HH Control) . AFERMLEE ST H )5 HIKE 100kg hm ™ a™' FIBERRES 100kg hm ™ a™" HARHH 100kg hm ™ a™",
THRAER AR M 6 A 7 A A2 0, B s in i B 1 50%, £ AR 2m RS A IX
] 7351 Sm B ST
1.3 FEaREE

T2021 4F 8 A FAJEHATHE GRS, RIEHUREFR IR BAL” “ SF R A Z2 IR AT BRI 42 RS AUV
FE/NX N EEHL 10 A0, R BR R AL, H BN Sem (9 4, BUEHERZ 0—15em HHER A1, Z2BRR R
MG HAEZRY) . R DU ” BEL 1kg A VH2E A TOR £ 148 UK &8 O diz E08 %, FEfaTAb
P 73 PR A3, — 8B40 LA T3 8 A SR AT 5 T B ok 0 320 4 7 1 S8 38T P 3 1 000 2, 80 4 1) B AR 7 T - 80°C
TRAE G AT RUE P 2
1.4 F5hRI0E
1.4.1 L HEHEPE T A e

+ 4 pH R B B B A s (K i bE 2.5:1 ) 2 H + 3 A WL A H ST R AT AU %E ( Elementar vario
MACRO cube) ; F3EE S A AHS A 2R MR 4 A 3hiE 227 817 BT ( AA3 Bran+Luebbe Corp) %€ ;
TR R P B PR S M I B — AR BT Ll (8 30000 o 5 8 4 0 R FH B R — o 4R 0T 8 1 AR o B T 5 1k
PR C R B BRI — KB BRI E
1.4.2  TIEHAEYREEBEIRIE IR (PLFA) B &

FREX 1.5 T S RE G AR TRLE A 0.8:1:2 MUFFIEIR 22 vhids i . S8 07 - SRR G AR I - SR PR, AR5
2 SPE FECHE 73 B39 BINR TR , e 45 2 i Wi N IR 7 B2 a4 A7 s Pk PP Ak, AR A T+ JUe R FH R (19:0) , Ul
I (GC-FID, Agilent 7890B USA) #E47 PLFA A il , fif FH g 17 i s o & AR AR 90 %5 8 R 48 (MIDI, Inc. ,
Newark , DE) #7738 43H7, F nmol/g #m"

HRPEAS[R] TS WS e PLEA F5AE 3% FIH PLFA FRic B Har 5 2602 JE4 S 4 (140,
150, 15:0DMA, 16:0, 17:0, 18:0, 20:0), ¥ = [KBHM: (G") 401 (15:0iso, 15: Oanteiso, 15: lisow6c,
16:0iso, 17:0iso, 17:0anteiso) ,# 2 [CPHM (G ) 4l (16: lw7c, 16:1w9¢, 17:1w8¢, 18:1w5c, 18:lw7c,
21:1w3c¢, 17:0cyclow7c, 19:0cyclow7c) , ELE (18: 1w9c, 18 2wbc) FIHL L B ( 16:0 10-methyl, 17:0 10-
methyl, 17:1 o7¢ 10-methyl, 18.0 10-methyl, 18:1 w7¢ 10-methyl) ,

1.4.3 AEMZHMEREOTE

AFT LT Shannon ZHEPEFEE(H) | Simpson L EFEEL( D) (Pielou Y5 FEFEEL(J) A1 Margalef 4

P =8 BEAR (M) Sk = B R 2 e A T o b

s
Shannon-Wiener ZEEEFEE(H) . H=- z (P.,InP,)
i

Simpson LA EEFEHL( D) + D=1- 2 pi2
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Pielou H51BEHSKL () - / :%
= =%, (S — 1)
Margalef ¥ 4= & FEFEEL (M) - M= " lnN

PO i FRFIE PLFA 5 S AYRFIENR TR AR LU ], S S HEvE h PLEA SURMP2E%L, N o4 PLFAs B85
1.5 FdEgit 5500

FRAES A UL, 50 BT Seit- o M IE RS FH RStudio (R 15 5 AR v4.2.1) 47, SRR E T 5
BT (One-way ANOVA) K5 AN R SR B NS5 AF T 3B IR 7 A W0 v 4540 5 2R 0 22 57 I 38 P (i
P Turkey 4G5 . FTA KR8 H] Shapiro-Wilk H1 Levene #E475% 25 1F A PEAG 0 FI 7 22 S PEAR B, SR JH 2
FIRABE B 19 7 AT (PCA) K Bray-Curtis B 25 19 B 4 22 [ 28 J7 22 9341 ( Adonis ) X AS [R] 35 20 B8 in 45 14
T SR VRIS SR AR S AT A B B VR . SR T pheatmap” BT - SER A WU RE VR 45 H 5 1 s B
AR RO SE 2R 8, (ARG 2 1 BT A BRI R 2E4T dbRDA J3#T, DL Hellinger 28 3 5 A0 33 Ak W06 V5 40 B4R
Wi 13 A5, SR FH 7 22 I AK K7 (variance inflation factor ) R 36 25 (LR MR A BRBE N 72 | i1 rdacca.hp” 41
AT T 7 225053 HT (VPA) DA (bR B (AT BTk o b, i AL B B AL AR MK (a1 S A R Sk R IR sh st 2k
YIRS AL FE BTN B 7, S W B Vs A T PCA 2R — il sk 36 7m  H “ frPermute” 4118 A A Tl
DA i A B B RN G T e B A A R < A3 A, e 0 AR Y 1000 N HES R T AL B R A58 LIS UE ) R
(EGREEE S e

2 #R

2.1 KIHFRATUS N B A SO R ) 5

KA FIFR53 95 0 Ak BT + 43 35 43 & 8 A 38 pH (E 39 72 4 TR I (8 1) . 5 AN it JE % 1g
( Control ) #H Lt , K IAFR 43 T8 I -1 A 1 25 A0 A28 - A HLAK (SOC) AT (TN) & i, S iR inab ¥ (P NP PK
I NPK) S E 4T T L3420 (TP ) FIEERLHE (AP ) f i (P<0.05) , T HF U AL H (K \NK . PK \NPK) i 348 /&
T I (AK) 75 (P<0.05) H HA L —BiR AR 5 548 T+ T R348 (TK) & &, RIS A ML
ARG ENAE S AR T B W3 &, Forb i — A AL B 530 8 254 5 T 91.75% 1 180.19% ( P<0.05) 5
AR, & EAS A B REAR T 1458 pH A, Horb B — R b 34 1- 3% pH {H W 3% TR (P<0.05) .

K1 FAEFESFMAIE L EBY 4R

Table 1 Physical and chemical properties of soil under different nutrient addition treatments

f\iﬁyﬁﬁndex Control N P K NP NK PK NPK
HHLK SOC/ (&/kg) 38.30+2.18a  39.05+3.77a  38.08+2.66a  36.90x1.72a  37.83x1.55a  37.58+1.37a  34.73x1.69a 36.95+1.38a
pH 6.48+0.10a 5.76+0.33b 6.38+0.08ab  6.51+0.26a 5.97+0.26ab  6.02+0.48ab  6.17+0.14ab 5.97+0.43ab
S8 TK/ (g/kg) 6.06+0.0lbc  6.06£0.03bc  6.08+0.0l1bc  6.92+0.75a 5.83+0.27¢ 6.42+0.27abe  6.56+0.05ab 5.95+0.25b¢
HRH AK/ (g/kg) 0.21£0.03¢ 0.2+0.03¢ 0.22+0.02¢ 0.99+0.12a 0.15+0.03¢ 0.74+0.10b 0.77+0.06b 0.58+0.14b
LR TN/ (¢/kg) 3.49+0.18a 3.58+0.24a 3.35+0.14a 3.46+0.11a 3.40+0.14a 3.42+0.16a 3.14£0.36a 3.36+0.18a
L TP/ (g/kg) 0.40+0.02b 0.37+0.02b 0.91£0.07a 0.39+0.01b 1.02+0.11a 0.37+0.01b 1.13£0.19a 1.00+0.14a
HALHE AP/ (mg/kg) 6.23+1.30c 6.73+0.25¢  147.28+22.51b  6.97+0.87¢c  193.5+37.96a 6.73+0.71c  190.83+20.28ab  167.33+26.55ab

BARNHLN/ (mg/kg)  5.2540.60b 14712519 6.96+0.70ab  5.97#2.15b  10.92+7.51ab  9.67+4.03ab  7.70+0.90ab 6.94+1.45ab
A NO3-N/(mg/kg)  20.8622.14abe 40.00£17.58a  13.39+4.13bc  17.6121.39bc ~ 26.64+8.2abc  28.94x13.71ab  7.0820.88¢ 27.92+9.71abe

FTFAR/NE TR R AR SR I8 AR 3 2 (] 22 5 3 ( P<0.05) ;SOC: A LB Soil organic carbon; TK: 24 Total potassium; AK; HAL4H Available potassium;
TN: 2% Total nitrogen; TP ; 28 Total phosphorus; AP ; AL Available phosphorus; NH3-N: £7Z5%( Ammonium nitrogen; NO3-N ; AliZS & Nitrate nitrogen ; Control ; X /b
TN BN INAL T P S —BEVR AR K 30— BRVR AR 3L NP - ZURIBE S5 S Ik 385 NKC UM S5 S AR 34 PR BRI B &2 A WAL 345 NPK L BB &
AN INAbFE
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2.2 KIS XT38 PLRA £ 2520

KR E IR 40 TR AL B R 08 50 PLFA R4S 2ERE PLFA S04 2 s, AL T + 15 PLFA &
YA PLFA PR 22 [CBHME A PLFA | 85 22 [Q IR 40 8 PLFA | L 7& PLFA FlZ A PLFA 2 & 30 [l 73 ) 4
76.11—160.54,54.63—114.01,15.97—37.01 ,24.37—49.83 ,8.48—18.03 1 11.69—31.01nmol/g, #-4bFE[A] 1
HEANTE L A FE AL PLFA &K B4 K P>Control>NP \NK \NPK N . PK, 5 Control £-¥4H ¥, PK
IRINAL T 22 A T S AATE PLFA &4 ( P<0.05) , JF BB AR 7 AL 38 5 2 3 T3 B IR B (N NP |
NK 1 NPK) il PK ¥ AL FE ( P<0.05) , BB AU PLEA &34 Control AMFR R 3 5 T AN AL FE (N,
NP .NK F1 NPK) #l PK %43 ( P<0.05) , i PK 1 NPK Ab 3 i ZFEAK 7+ 8 PLFA & &8 (P<0.05) . 3%
GT S TINSA A OS82 [ PR PR A o/ 22 IREI PR IR (G /G ) B B fA, {H NP NK Fl NPK b PR I 35 I 1
3B/ A (F/B) Y HUAE (P<0.05) , 5 Control ZLFEAH H 4> WIFEAR T 15.53% .18.08% #il 15.66% ,

x2 AEFHHRMEETEMEYHN PLFA ZEMEE/ (nmol/g)

Table 2 Types and contents of PLFA in soils under different nutrient addition treatments

BN R e 1 N DN e 1 I AN i

o G G Mt G0 S0 O SRR R
bacteria bacteria G*/G
Control 24.49+3.72abe 42.73+3.22ab 0.57+0.05a 87.56+8.59ab 14.37+0.85a 24.26+2.64ab 126.19+11.70ab 0.165+0.013a
N 19.56+4.48¢ 32.2246.83¢ 0.61+0.03a 68.95+15.33be 10.79+2.02b 17.58+4.29bhc 97.32+21.43be 0.158+0.011abe
P 29.69+4.84ab 46.30+4.16a 0.64+0.06a 101.38+11.51a 16.40+1.63a 24.70+3.67a 142.49+16.51a 0.162+0.010ab
K 31.14£4.02a 47.18+2.03a 0.66+0.06a 103.53+7.53a 16.15+1.11a 26.53+3.09a 146.20+10.62a 0.157+0.015abe
NP 20.55+3.2¢ 33.96+5.10be 0.61£0.03a 74.73+9.90bc 10.38+1.61b 16.99+2.41¢ 102.10+13.18he 0.139+0.016be
NK 21.84+1.39bc 33.23+4.87he 0.66+0.06a 74.98+7.75bc 10.13+1.17b 17.33+£2.39¢ 102.43+11.24bc 0.135+0.003¢
PK 18.01+2.01¢ 27.81£3.79¢ 0.65£0.02a 64.61+7.40¢ 10.28+1.55b 13.32£2.01¢c 88.21+10.92¢ 0.159+0.007abe
NPK 20.31£1.77¢ 32.1043.63¢ 0.64+0.06a 72.74+6.42bc 10.11+0.93b 15.33£2.03¢ 98.19+9.12be 0.13920.004be

[N F-RE R AR R 08 AL B 22 7] 25 5 183 ( P<0.05) ;G */G ™ 22 [UBAE /%5 % [GBAE B Gram-positive bacteria/Gram—-negative bacteria; F/B ; H.
/40 # Fungi/Bacteria
2.3 KIIFANVRINNT B+ HE PLFA ZRE PRS2
KR RIS BT S0 ) 2R PE N 3 B . ARTRIZEAMVRIIAL BT + RIS 7% Shannon
SRR R Pielou BT BEFSHOR Simpson 3 EEFS B A AT BB HEZE R 15 Control AEFIHI H , 2R PK VRN
R B BT T B Margalf = FEEC, (LM — UM I 5 80—l B8 AL B L 8 35 5 T Margalf 45
SH(P<0.05) ,

®3 TEFHHMLE T EMEY SHEELR

Table 3 Soil microbial communities’ diversity indices in soils under different nutrient addition treatments

b3 Shannon-Wiener 4§ 4{ B R AL FR A Simpson 0L 5 %L
Treatment Shannon-Wiener index Pielou index Margalef index Simpson index
Control 2.918+0.009a 0.883+0.004a 5.432+0.172ab 0.934+0.001a
N 2.931+0.006a 0.882+0.004a 5.876+0.315a 0.934+0.001a
P 2.939+0.014a 0.884+0.003a 5.400+0.055b 0.935+0.002a
K 2.933+0.009a 0.883+0.007a 5.370+0.171b 0.934+0.002a
NP 2.926+0.014a 0.888+0.008a 5.628+0.071ab 0.933+0.001a
NK 2.914+0.027a 0.892+0.008a 5.462+0.16ab 0.934+0.001a
PK 2.921+0.027a 0.887+0.004a 5.814+0.287ab 0.932+0.002a
NPK 2.91x0.015a 0.891+0.007a 5.509+0.176ab 0.931+0.001a

[EISIA ) /NG TR R AN R FR 0 Ak 2 8] 22 53 2.3 (P<0.05)

2.4 RIIFRUR IR L SR WA v 5 A A
ANFRIFR I B NAL BE A SR ) 2t o o R (P 1) 58— e (PCL) e T 22511 43.8% , 43
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TERST(PC2) R T ARSI 14.7% ,PC1 Fl PC2 i

BT MAE 1Y 58.5% . PC1 T LLKE Control B IRV N 1o .| m contwol
Kb HES RN, 2 A3 Ak L (NP NK  PK il NPK) 05| , + 1
. Ay 4 K

pi—3 NP
NK
PK
NPK

XA, 1 PC2 ] LUK B — S i 4k B ( Control [N P FlI
K) 5& &AL B (NP NK  PK #1 NPK) X3, i
— A BT Bray-Curtis F 25 09 B 22 [N R 7 24007

PC2 (14.7%)
()
T
B
| ©
X
E
HEBE

el N — N 1.0 L ¥ |
(Adonis) F2BH | - 583 W Ve S5 A AE N [R) 53 43U T4k -2 -1 0 1
MR AR KR EMSA (F=3.076,R*=0.473, P = PC1(43.8%)
0.001) 1 TEEBEMEEYE PLFA RS 947 (PCA)
2.5 Son T IEMUEYRBEE S ETERE Fig.1 Principal Component Analysis ( PCA) of soil microbial

KNI IR SPUS AL 3R L SR A PLEA i community PLEA
Control ; XF BEAL PR, N, BA— S0 INALFE, P SR —BE VR AL PR K. 54

SEIERE TR AT 2) , IR, - — BIVRINAD I NP SRRV A VR AL 3 NK R0 A 4 R A
ML) PLRA 35 b5 T SO Be pH MBS EH gy o gz £ i NpK 5 B RIAVE 2 7R AL
ARBRA ARG, Horr R s HIERUEY PLFA 535K

WA SR W AU OE(P<0.05) , 5 148 pH i 2 #F 1IEA5C(P<0.05) . LA, 14845 > [C M 16: 1w9¢
5 PR B W3 IE A DG E R (P<0.05) , TR 17: loTc 10-methyl 5 2 WA 2 7 AHCC R
(P<0.05) , H 4R AN 2000 55 48 R A 835 IE A 56 5E R (P<0.01)

] .
soC 0.4
02
™ ﬁ
0 K
PH oz
* M TP -0.4
-0.6
TK
NN | EEEi]
-
22 PR A
. : NN T L IR
[ peq:]
AK | N
OOO00<OOOO;OO££O&;@§£OO&;£OU
F. 2 :rizs 2 S 8859535582585 3¢
“EZ T 2fEE ISZE fisEzE 53 %
S - g - g8 4= g« 2L E¥sE  IJ
EA - o = s 3 R
< S 5 < s % &
& g

B2 TEFREMEMER PLFA &85 TIEEA 4 RA Spearman 18X 4547
Fig.2 Spearman correlation analysis between PLFA content of different microbial groups and soil physical and chemical properties
AP B Available phosphorus ; SOC ; A #LE#% Soil organic carbon; TN ;4% Total nitrogen; TP : £ Total phosphorus; TK : 4=4F Total potassium;

NO;-N. i &% Nitrate nitro, en;NHJr—N;%lf?Sfﬁ Ammonium nitro CH;AK;E;E&%EF Available potassium
3 8 4 8

TUAHT (RDA) Z5 5 R W (8] 3) |, Ak PR 1 Xof - Rl 2 A B 4 A R 1k 32.57%, S — il (RDAL) Al
55l (RDA2) 43 B B [ SR 43 TR AL 3 T + 3864 9 PLFAs 2008 511 26.63% F11 5.94% , 4% pH {H |
AR S MR ENEE, M S AR S MR EBEUNE R, J 20655
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