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Abstract: Root and leaf litters are two important litter sources in ecosystems, providing carbon sources and nutrients for
microorganisms. The decompositions of root and leaf litters are highly sensitive to the environmental availability of nutrients.
The simultaneous deposition of nitrogen and phosphorus is one of the most critical challenges in ecosystems worldwide.
Changes of nitrogen and phosphorus inputs can affect both the decomposition rates of root and leaf litter and other responses
of the ecosystem. The long-term patterns of mass loss during leaf and root litter decomposition are well documented, but the
responses of microbial community structure and enzyme activity in root and leaf debris to the simultaneous deposition of
exogenous nitrogen and phosphorus are not known. Understanding the influence of simultaneous inputs of exogenous nitrogen

and phosphorus on the microbial community structure and enzyme activity in root and leaf debris can help us to precisely
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predict shifts in ecosystem processes in nitrogen and phosphorus deposition enriched regions. We investigated the responses
of microbial community structure ( cyclopropyl fatty acids/precursor structure, Cy/pre; monounsaturated fatty acids/
saturated fatty acid, Mono/sat; fungus/bacteria, F/B; Gram-positive bacteria/Gram-negative bacteria, G'/G™) , enzyme
activity ( glucosidase, BG; B-N-Acetylglucosaminidase, NAG; acid phosphatase, AP ), chemical element content and
stoichiometry in root and leaf debris (3 years after decomposition) of Cunninghamia lanceolata to nitrogen and phosphorus
additions. Results showed that Cy/pre, F/B, G'/G~ were lower and Mono/sat was higher in the leaf debris than those in
the root debris. However, nitrogen and phosphorus additions had no significant effect on the microbial community structure
of the debris. The leaf debris had higher BG and NAG activity and BG/AP compared with the root debris. Nitrogen and
phosphorus additions decreased the AP activity and increased BG/NAG and BG/AP. Moreover, nitrogen and phosphorus
additions resulted in a greater decrease in root debris’ AP activity but a more significant increase in BG/NAG of leaf debris.
Multiple stepwise regression showed that Mono/sat, G'/G™ and F/B positively correlated with manganese content,
phosphorus/calcium, and nitrogen content, respectively. AP and BG/NAG were positively correlated with nitrogen/
phosphorus and phosphorus/iron, respectively; and BG/AP, NAG, and BG were negatively correlated with nitrogen/
manganese, phosphorus/magnesium, and nitrogen/calcium, respectively. Our results found that the effects of nitrogen and
phosphorus additions on microbial community structure and enzyme activity were generally inconsistent between root and leaf
debris, thereby underlining that leaf and root litters need to be considered separately when evaluating the response of
decomposers to their substrates in the context of global change to improve the prediction accuracy of ecosystem nutrient

cycling processes.
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IVBBE: (1) 20k 3 475 08, 5 08, [0 3R 00 U e v 44 S PRI SR AP AE 22 57 5 (2) 55 52 U i 4 9 04 A
FU, NP SN 52 20 G O 414 U1, P AR A R v 2 Mg 6 A1 52 ) SR, R A A A 5 1 194 T 2 T B B AR
PUTHE

1 HES7®

1.1 5 HEAL

AR N TAME #5607 & 6 F B B 22 Bt T 0 B AR & R G W WF 58 35 (115°13'04"E,
26°44'52"N HFHKR 102 m) o %0 F L T HERAUH LI 8 T IR SRS 1 (FAO, 2014) , 1K Bkl 1,
pH A 4.3 SR8 X & F el tAy e KU, A B SR AR K 43510 17.9°C AT 1471.2 mm, 2011 4F 11 A
#1998 AEFA I AL ARGk S, T ARSI T 5 o V- B aFE CK(XHR) 1100 kg hm™ a™' Z(+50
kg hm™ a™ B (NP B B0 B SR FH 58 4 X3 i 1, B b 3 6 MAE T E R (20 mx20 m) , Hor A
WAL 535 LA NH,NO, Fl1 NaH, PO JE it in , B AERHE T 7K, N T35 504 ; CK AR Tl 45 5 17K, 2011
AR REHUARIS N 14 a, BEEEZY R 2137 B/hm? , SE34E BEZ0h 8.94 m, #2298 10.3 em!™
1.2 ISR AR

2012 4% 8 H , 7 CK I NP B IAb B rf £ 56 B 3 ANRE A 75 0 o0 ik 0 . BAFE D7 20 Jl 7 2 4 3x
5 m TR, KBRIVEZ B TZ . IFERA TR AR AIEY (C &R 463.6 g/kg; N A
8.4 g/kg;C/N HN 55.19) AR IAIEY) (C &0 468.3 g/kg; N &l 12.8 g/kg; C/N Hh 36.59) i~ Ab B
Horp R VE P AL B 250 ¢ TEMHIAEWASE T PVC 4 (42 30 em, KJE 40 em) WY H R Z 1R
JHTE DA BRGS0 ¢ TEMRAEYIASE T PVC H N LIEN 5 em WAL, BFPALHEA 6 41~ PVCEEE
MR R YR A R FEAEAZ AR N TRt 3 AR 20 i (8 SEAR AR ME SR I, AR 75 40 02 FH 0—10em 2 P 9 7%
YR ( B <2 mm) 0B, FZARB/INERI: — 48, BT LA JRVE W00 5 /IR . A2 AR N TR V% 40 ) A7 4
A4 0—10 em )2 PHREE VAR AR S 6570 Fk, iHRE Y T HESREED THELEER S:1,
P e K MEER TN 30 emx30 em, FZARM-JTEY ARFE Y AR B T 25 5 0 2 AR VR 0 NP
FI(K) VBE(Mg) (R (Fe) (FH(AD) &t 35 5 Tt v 9 (EARUA 75 W1 1985 ( Ca) i (Mn) & & & & T4
278

2015 4F 10 A (B2 3 4EJ5 ) SR, A 834 di 4°C UKAR DR AT, B8 20 FF i T, T I 22
30T .
1.3 Wik
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(AP) BYTEPE, BEREME LL 3 (BG/NAG BG/AP) ATAAERMAEYIRIL C, N K& P BIFAX %8, BG/NAG HALEKH
AAXF TR C, AP XFARBUN B4 ATE K ; BG/ AP AR WA TAREL C, M E P X 3RBUP AT K

4 C fll4 N RHICE ML ( Vario Max CN, Elementar, Germany ) M| %€, P K Ca Mg Mn Fe Al JLZE &
e fT P R ARG W A/ A B (ETHOS-T, MILESTONE , Ttaly ) S HLB6HH 6 55 25 1K IR & S5O 35{L (ICP-AE,
Thermo Elemental , United States ) #4710 %2 .
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1.4 Bdsib s

FHXURI 2R J7 225387 (Two-way ANOVA ) WF5T U 7 ) 248 B K2 B VS JINOAT 3 gt 3 0 vh sl A W R s 235 4 T
T Ak 2E M B 52, 7 Bonferroni {25 00N [R] Ab BRI v ) (6] 4 22 vk b AT 2 FE e, 2 o0& A0 Il 1A 43
PR MR A W oh B B W RV TS P S 8 SR T R & i Kt I A C R, Bk g ] SPSS
statistics 21.0 SZFL, B Origin 2017 il &,

2 ERE5S

2.1 sk AR m ik

FUBETR AN 25 P2 o R Ak 2 IR Ve 35 (3R 1) o CK AR I, 19 N AL &% 5 (N/Ca N/
Mg .N/Mn P/Ca .P/Mg P/Mn & T4, , 1 Ca Mn & 8I8T M, . ABEASIMATTRRY) P Ca & .C/N NP N/
Mn P/K P/Ca P/Mg [ ER00N 2% , BBEG N W5 RIEARY) P & & FEIK NP, ARSI ANA 75 P12 %)
C.P.Ca Mn ¥ N/P N/Mg N/Mn P/Ca fFTEAZ HAUNY. . FEBEASMALELT , 4, 19 N P K Fe Al N/Ca. P/
Ca .P/Mn &8 T, , Mid, 1 Ca Mn C/N N/AL P/Al &8ACTFIE,

F1 EBAMAAEYEBNSBRRMUZEECFYEARER) BB T ESTER
Table 1 ANOVA results (P value) of the effects of nitrogen and phosphorus additions and litter types on debris’ chemical properties ( means+

SE) in the third year of decomposition

it A A i AL 3 95 2 A

=41 th i RN F%ﬂ?;ilf%n H % e ﬁ?jiﬁjﬁo nd?r/cifz ::l X
Chemical K NP treatment Litier type Litter type
properties H e I 4

Root Etter Leaf l];tter Root ll;tter Leaf l];tter P P P
ik C/ (&/kg) 429.34+18.81a 382.83+27.55a 417.71£10.04a 435.23+8.66a 0.269 0.429 <0.001
RN/ (gkg) 20.07+0.51a 16.15+0.71b 18.71£0.30a 16.66+0.32b 0.400 <0.001 0.071
W P/ (g/kg) 0.83+0.05¢ 0.79+0.04c 2.09+0.07a 1.21£0.07b <0.001 <0.001 <0.001
A K/ (g/kg) 1.80+0.62b 1.25+0.18b 2.30+0.21a 1.03+£0.06b 0.692 0.015 0.294
45 Ca/ (g/kg) 1.82+0.33¢ 16.96+1.84a 1.66+0.14¢ 11.09+1.19b 0.013 <0.001 0.018
BE Mg/ (g/kg) 0.63+0.19b 0.83+0.03ab 0.91£0.09a 0.73£0.06ab 0.427 0.883 0.095
Hi Mn/ (g/kg) 0.09+0.02b 3.76+0.50a 0.28+0.07b 2.65+0.34a 0.142 <0.001 0.044
# Fe/ (g/kg) 7.73+£2.57ab 5.30+1.07b 9.69+0.78a 3.85+0.34b 0.860 0.010 0.256
7 AL/ (g/kg) 15.49+3.34a 5.23+1.02b 18.96+1.58a 4.43+0.38b 0.495 <0.001 0.280
A C/N 21.36+0.59a 23.56+0.89ab  22.34+0.59b 26.12+0.20a 0.010 <0.001 0.215
A WL N/P 24.74+1.98a 20.66x1.62a 9.02+0.38b 13.99+0.87b <0.001 0.746 0.003
B N/K 18.86+5.45a 14.39+2.21a 8.59+1.00a 16.61x1.17a 0.200 0.566 0.053
RAE5LL N/Ca 12.98+2.24a 1.00+0.10b 11.61+0.86a 1.61+0.21b 0.753 <0.001 0.422
AL L N/Mg 46.57+10.66a  19.67+1.52b  21.80+2.37b 23.56+1.87b 0.077 0.036 0.019
G N/Mn 295.54+80.74a 4.66+0.61b  94.02+26.28b 6.83+0.84b 0.029 0.000 0.026
AL N/Fe 3.97+0.96a 3.75+0.78a 2.00+0.18a 4.54+0.51a 0.397 0.102 0.055
A4 N/AL 1.65+0.38ab 3.73+0.72a 1.03+£0.10b 3.95+0.46a 0.677 <0.001 0.376
Wi L P/K 0.70+0.16ab 0.68+0.08b 0.96+0.12ab 1.21£0.11a 0.004 0.357 0.286
B L P/Ca 0.52+0.08b 0.05+0.01¢ 1.32+0.16a 0.11£0.01¢c <0.001 <0.001 <0.001
Wik Lk P/ Mg 1.77+0.31a 0.97+0.08b 2.45+0.30a 1.68+0.08ab 0.006 0.002 0.937
4G L P/Mn 11.35£2.38a 0.22+0.02b 11.06£3.69a 0.51+0.09b 0.998 <0.001 0.896
Wik L P/Fe 0.15+0.03b 0.17+0.03b 0.22+0.02ab 0.34£0.05a 0.269 0.429 0.234
AR L P/A 0.06+0.01b 0.18+0.03ab 0.11+0.01b 0.29+0.05a 0.400 <0.001 0.274

N [7) B 2 7% A B 6] 7778 2 25 22 5 ( Bonferroni 25 T AT KG 46 |, P<0.0083) ; CK; %} Control ; NP ; Z ¥Rl Nitrogen and phosphorus additions
P ARIAIE D Root litter; I, . M P YY) Leaf litter; C: % Carbon; N; %&( Nitrogen; P § Phosphorus; K; £l Potassium; Ca; 5 Calcium; Mg %
Magnesium; Mn: 4fi Manganese; Fe %k Iron; Al: 48 Aluminum;C/N %t Carbon/nitrogen;N/P . &B H. Nitrogen/phosphorus ; N/K : Z# H. Nitrogen/
potassium; N/Ca : &5 . Nitrogen/ calcium; N/Mg: & 5 H Nitrogen/magnesium; N/Mn : & 4#% H Nitrogen/manganese ; N/Fe: &%k Ft Nitrogen/iron; N/
AL 4R L Nitrogen/aluminum ; P/K . B4 L. Phosphorus/potassium ; P/Ca : %5 Lt Phosphorus/calcium ; P/Mg: 8% [, Phosphorus/magnesium; P/Mn
W4 lb Phosphorus/manganese ; P/ Fe : 2k L. Phosphorus/iron; P/ Al B4 It Phosphorus/aluminum
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%514_.mmx%%%%ﬂNs gggg‘ MR X JH 54K A: NS
33; 12 &5 200
3 2718 :
&3 e &5 %g B ab
8273 - S L
;m.? 2 2: b § g 12
8 06 | gE 10 b b
g;o i 23 08|
Iy g 04 & S 0.6
502 |- B g 04
3 g 02
S 0 g o
xR EBERM s X EBER A
0s | R NS 22 jm:Ns
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Fig.1 Responses of the microbial community structure in debris to nitrogen and phosphorus additions and litter types
P R S B AR UELR (n=6) ; CK: XF R Control ; NP B 7SN Nitrogen and phosphorus additions; NS: /S it 3 Not significant ; A [75 £): 3
TRAL PR )R 1.3 25 5% ( Bonferroni 2 1 ALK | P<0.0083)

V& 4 28 R U AN TN X5 06 43 Ao 5 A 0 P ) A S T T M AR E A R T R 40 S AR R SR S et -k 3%
AL YIBS PEARAE G AR (K 2) , V52N BG NAG K BG/AP A3 R0, S AL, I,
1) BG I NAG 1EPEES , BG/AP K, ABEMRIIKT AP BG/NAG K BG/AP A T340, 5 CK AH I, B BT
il T AP W& 3R E T BG/NAG K BG/AP, b EBEAS AT 1) AP 3E PG/ B8 X, (% BG/NAG
PETHIREE K,

2.3 TR IR A5 R RS P AR 5 A0 iR A Ak 2 M G S

XML YR TR SR SR &, S B SR A3 (9 Mono/sat . G*/G F/B 435 5 40 5% AW Mn 7 i P/
Ca N FHIFMIX(FE2), XEIEESEM T, 2R AP BG/NAG 435I 5 53 5% ) N/P P/Fe
IEAHDE ; BG/AP \NAG \BG 433l 553584 N/Mn . P/Mg \N/Ca ARG (FK 2)
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RBERM
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FRIEBERR
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[ 3
g
T
PRTRREE /PN Z B 156

B-Glucosidase/B-N-Acetylglucosaminidase

B-RY A HE R/ BB RR RS

B-Glucosidase/ Acid Phosphatase
)
~
T T T T T T T T T T 11

B2 @EBERIREIEE YRR SRR AN oK REEE R EE ST ENRIE
Fig.2 Responses of hydrolytic enzymes and related enzymatic stoichiometry in debris to nitrogen and phosphorus additions and litter types

P B R P E{EL AR UEDR (n=6) 3 AN [ ) 37 Ak B [B] 4777 1 35 22 5+ ( Bonferroni £ # LU, P<0.0083)

3.1 ARG AR R PR S A il 2

YA 5 W o I U s TR R S P RS PR AE > L /N R S 7 1 i ) R R R A A SR AR
FE C/N e p e E e AR K B8 S PEAC, (B RS 2 R, Sy ANE b4 41 4 23 bl 43
figt ot i) i A B, S SO T P A ol A W B 5 T A B A st ) A s

AWEFE o 3 S SR R IR A5 R BB AT B 2 e HLS R AR W Ak 2 B
PIRAOC (3R 2) X 3 T RATA B — . S AR, 4, 8 P/Ca AT N & 84K, 53 G*/G™ F/B fiK; 1 Mn %
i Mono/sat B (1) o G RV S8 AL, AT, T Mo SRR AR TR B0E, kY B
B TR R ) 75 ( Mono/sat 781) (FR 4G IR AT HF AR (F/B %) o eAh, 38, 932 pH 38 K (Cy/pre ) .
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BT RESE DA DX R R pH (AR, U8 5 R A SR AR T AR T, 32 pH B BE Y LA,
Ca TR M & S A A T 22 pH it

R2 MEMBEEMRBEEEXSHSUZERNES TES BTSN
Table 2 Multiple stepwise regression results for the relationships between the microbial community structure and enzyme activity parameters

and chemical properties

TR/ BT 1S4 Az IS

T;,éy:?;] Microbial c('m'1munity/ Indcp'cndenl Stan'de'ird ES%;H Irﬁﬁﬁ:lin
Enzyme activity parameter variable coefficient

A=W E R 2 Mono/sat Mn 0.673 <0.001 45.3

Microbial community structure ~ G*/G~ P/Ca 0.594 0.003 35.2
F/B N 0.503 0.012 25.3

I BG N/Ca -0.604 0.002 36.5

Enzyme activity NAG P/Mg -0.660 0.000 43.6
AP N/P 0.632 0.001 39.9
BG/AP N/Mn -0.558 0.005 31.1
BG/NAG P/Fe 0.433 0.035 18.7

Mono/sat ; LN TR W TR /1 FIAE I R Monounsaturated fatty acids/saturated fatty acids; G*/G™ ; #5 ~2 [GBHME B /&5 22 IR BAPE TR Gram-positive
bacteria/Gram-negative bacteria; F/B: H #/4l B Fungal/bacteria; BG: B-j 4 #% # M B-glucosidase; NAG: B-N-Z Bt & % # ¥% # ¥ B-N-
Acetylglucosaminidase ; AP ; FRMEBS R acid phosphatase ; BG/ AP ; B 45 W 11 i/ M ME BE MR B-glucosidase/acid phosphatase; BG/NAG ; B 2 M 11
i3/ B-N-Z B L WA B-glucosidase/ B-N-Acetylglucosaminidase

4, 1 N/Ca F1 P/Mg IR T (R 1), A5 R P i BG F1 NAG 4351 5 N/Ca Fl P/Mg & 3 fAH G
(#2) 808, 1 BG FINAG =T (K 2) . ¥, 1 BG A1 NAG =il BE5 1, S 40t C VR LB R (GT/G R A
X, PH, H N/Mn AR T, B @AY TR BG/AP 5 N/Mn 3 UM 56 T, i BG/AP BT, .
LA, BRAE I IE FTREAREE BT rh 1 BG/AP™ | SR W32 pH Bt /b 22 S BOH BG/AP B, 4, PN BG/
AP UL HIE, B A B AT T AR B P, X AREC C AT R X S, R 3Z ¢ BRIEE K (Mono/sat
) g R —2,

3.2 GBS I A3 5% A% ) AR TR T 6t A AR S 2 17 5

ARG, B RIS I 3 R A W) P E BRI S5 S EOE RN (B 1) o SARBFE S RARDL, Ma
SERFSE B NP USINER 5 AT St A MR E VS 454 0 B R, U I REVE S BE O R B R Y A iR
W, X6 55 43 C 20 o0 IR A DR A K ) - SR 2 s TR 2 5 M 0, S W R R b AR
121 k- SRBS A P U X UE W HA A 2 A m R B B R 48, W] LATEAIRE R4 Ao il 5 22 1) oot 31144k
B R RS 3 A AR ERAYY) T S U REE AR RRRE L BRI IR AR A v 5 4 T K
7Y JE R B T R T NP R RN 22 K AR e E Y C BRAIBAR BOBREE R Ak, SR FH AR TR FH
FERIAY BIOLOG fFLAR 3 A Bl o 1 He i B ARt i/ B e 40 S50 % B E W B 4540 S5 RV ) A 56 2R 003X
T E—2BARGT

(AR TE R 02 AR N 45 T R AW Cy/pre (B AR MU MR XM Cy/pre, X — 77 T 1t B &
BRSNS T 0 SR A R B P pH WA, 55— Tt 3 AR SR A ) T A 457 1) 2 S I AR AR TR 5 %
NIRRT

ARSI S E D T s m b AP WG, 385 T R AR YT BG/NAG T BG/AP (K 2)
Jiang ZEHF5E & L NP A0 1 AFERD AT SBUR Y AP W E B EFRARY o (AR A0, SO TR B IR I AS ] ot
S S5 SR T 14 S M A T BRI N R PO I S S SR R ) PSR SRR AR IR P AT
SKIIN . RBE RIS N T35 AP 3G HE T BE AT RESE B T2 (1) BEAS I s ) JOAUBE R R0 & 9/ 1 U2k Wi ik
Sy IANEEARER P YT EE O I T AP WEE; (2) RIS ENH; i 51Uk T /R B, gk
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T T AP BUA R L AR, TRATE PR A IR 5 AP S PRS0 R T (K 2) X SR
Bk ZARRE . ATREAY SRR R B AR B N P SRR T BRI, BeAh, RATR B NP IR
T JE, B9 BG/NAG HETHIREE A, X KB . S5 AL, 8, P BB AE NP B8 INZ I %t C BUART A K,
AEGT Hb R T A3 s A TR AE Y C BRI

ARBIFGE R 50 5 T SR AG TR VE 4 i, ELIR & 43 A 00 75 2 2 UURE | AR 2R (SR AEFET 2% 7
b, BT XI5 DX A E S0 [ o I i — ) 0, AR IF 5 AU AT T NP [ sF S im0 9 400 9 e A ) A 0 R VR
ST B REM A RIS T AT H U ) G oA T | 494 38 S R0 ORI B i A i Ak B LA R 4 b A
TNEBEIMNIR IR ST 45 F AR T 0 03 i BR AR R SRR AR 1 R

4 Zig

FEARMRBIRR T 73X IR B i 3 47 U S5 0, TED 3R 00 M E W REI 45 TS PEATI R e 22 57, R W]

W IR R AT AT X AR A RGBSR MM R AN R R . AR RS R L O R AR R

32 C YRBRAIVEI , HAUE PRI C IS 2 F/B A (H M R 52 pH BE /N, ARG

RS 23 5% A 0 00 Bl A T A 2 A TG S 25 R ) (EL R T 23 R R W) AP BRSS9 T BG/NAG Hil BG/

AP, RIHSNIESR I A SRR 0 i 5 A A ORS00, BRIt it 20 i 5% AR BG/NAG BRI 13

B, 2 W Rl M DX U LI IR AZ AR 23 5 A PP Sl A 0 C BRI, 3] BEAS R T ik S A2 K
M ERAWIFR T VAL | SR I3 SR AW AE AR 25 2R G v B A B I 1]
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