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Abstract; Carbon inputs from litter and roots to soil are key processes for nutrient cycling in forest ecosystem. Changes in
carbon input pathways and quantities can directly affect the carbon sources to soil microorganisms and soil carbon sink

function. However, there is debate regarding the effects of the carbon inputs on soil microbial carbon metabolism. In this
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study, a field experiment involving the control of litter input pathways ( aboveground vs. underground) and quantities
(doubled or removed vs. control ) , implemented through the addition or removal of litter and the removal of roots, was
conducted in a natural secondary oak forest (35°10'—36°00" N, 117°35'—118°20" E) in the Yimeng mountainous area,
Shandong Province, China. The experiment commenced in November 2014 and had a randomized block design with five
different treatments ( control, litter doubling, litter removal, root removal, and no detritus inputs by removing both litter
and root) and five replicates for each treatment. On August 13", 2016, the soils were sampled at a depth of 0—10 ¢m to
analyze soil microbial carbon metabolism. Soil microbial carbon metabolism was based on community-level physiological
profiles ( CLPPs) using Biolog Eco MicroPlate cultivation method. Each soil sample ( 107 soil dilution) was inoculated 3
times, and cultivated at 25°C for 240 h. The plates were scanned at 590 nm every 12 h. The litter doubling treatment
increased the soil microbial carbon metabolism function, and increased the microbial utilization of sugars and amines. In
contrast, the litter removal, root removal, and no input treatments reduced microbial metabolism of carbon sources, and
decreased the microbial ability to utilize sugars, amino acids, carboxylic acids, amines, and polymers. Compared with root
removal treatment, litter removal treatment resulted in a greater decrease in the microbial metabolism of carbon, indicating
that litter exerted a greater influence on the carbon metabolism in this study. However, when considering the effects of
trenched roots, the relative effects of litter and root might change. The redundancy analysis was used to analyze the
relationship between soil microbial carbon metabolism and soil physiochemical characteristics including pH, contents of
moisture, organic carbon, total nitrogen, ammonium, nitrate, and available phosphorus. The redundancy analysis revealed
that the soil organic carbon and ammonium nitrogen contents significantly influenced the community-level physiological
profiles of soil microbes (P<0.05). Spearman correlation analysis showed that soil organic carbon and ammonium nitrogen
contents were positively correlated with carbon metabolism function. The ordination diagram for the redundancy analysis of
the microbial community level physiological profiles and soil physicochemical properties indicated that the litter doubling
treatment was distributed in the directions of increasing ammonium nitrogen and organic carbon contents, whereas the litter
removal and no input treatments were located in the opposite direction. This indicated that litter doubling treatment
increased the soil microbial carbon metabolism function by increasing the contents of ammonium nitrogen and organic
carbon, whereas litter removal and no input treatments reduced the carbon metabolic function by decreasing the contents of
ammonium nitrogen and organic carbon. The results of the study further deepen our understanding of the influences of carbon
input pathways (aboveground litter vs. underground roots) and quantities (litter doubling or litter removal vs. control) on

soil carbon metabolism processes in natural secondary forests in temperate zones.

Key Words:; soil microorganisms; carbon metabolic function; litter; root; natural secondary forest
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1.1 FEHbAEAL SR R AR

RIS TE I A48 2 B8 1L E R A (35°10'—36°00 N, 117°35'—118°20" E) JFE . YHuAFEHIE 13°C,
SEYAEREK G 700 mm, T EEAERIE, BEBCE A D AR, PRI 22 40 a RUBRIS AR AE AR (& &t TR A2
M), T 2014 4F 11 HIFREIHTE DI I/ 2 BRFIAR 2R 25 B il s . a5 R B BEAL X A g it &=
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Table 1 Description of detritus input and removal treatments

AbHH Treatment F 1 Method

X #8 Control AT b 3

VER fr 8 A1 , R - N

e e S SRR A T T 05T BB R -

KBRTE AL B TEE THM 50 em AMHFLAR R 1 mm 92D R FE K #U T b &Y LI B BR
Litter removal treatment B ATETR 7wl T = S0 BV

LR R AL 2 W /INEEJ5 DU A 1) T R 42 50 em PRAVESE , J AR R MRS 5 1AL, L RH W/ IVEE 5 41
Root removal treatment WRWIEA B HREREE T NEAR R A , HZ45H IR

Tk AMEIE No detritus inputs treatment IR LI Bk, BE BRI T5 9 XL BRAR R

TFREM ST E 21 A, BT 2016 4 8 H 13 HE AR, BRERE 0—10 em, ERAN/MEFELS A4
(OYAAEREDT PUASF R AR 3.5 em) I IR A —AH8E, SR 25 S ERE, HRRE T 4°C R0 IZ 152
%, — I T 4°COE, 1 2 mm i, 5387 SRR Wi GO g  Hor AT A e e T
1.2 SLEEHY

IR AR T RE R AV AT AR T R 75 R4, ] Biolog EcoPlate™ ( Biolog Inc., Hayward, CA,
USA) T 0 BORIS T 10 g T+ @9 7 6E -+ AE, I 95 mL JE B 1Y 0.85% 4 NaCl %W 41 7% 30 min , BUR B¢
1000 f%5#9 150 pL +I3EIE RN E Biolog Eco MOF-H b, R4S HFEEEFR 8] — AN FLAR |, BIREAS T AR R
3R, RIGET 25CH IR FR A B 57 240 h, 12 h FE§#R1Y ( Biotek, Synergy HY) B3 1 W, KN
590 nm,
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A B & R FHOUR AT U & (vario MACRO cube, Elementar, Germany) , 338 7K &R FHHL+
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41 %

AbFRIFEAR T HESE RO AL+ B RN 3 (P>0.05,3 3) , Joki A b PRI 35 AR 1 M 2R s ) A8 8
(P<0.05) , HAALBEXSRIRIS S IERRZE B4 WA B 2R IR F o B R AR 2.3 (P>0.05)

Mountainous area (n=5)
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Table 2 Influences of changing carbon inputs on the soil physical/chemical characteristics in natural secondary oak forests in Yimeng

MR BASA HAR W

s Skt RN A B : AR
' pH S0C/ TN/ NH}-N/ NO3-N/ Available P/

Treatment Moisture%

(mg/g) (mg/g) (ng/g) (pe/g) (ng/g)
CT 14.7x1.1a 5.15+0.03a 25.7+2.0b 2.0+0.2ab 11.86+0.58b 4.98+0.89b 2.01+0.44a
DL 17.5+2.0a 5.13+0.09a 34.3£3.0a 2.5+0.2a 14.69+1.19a 10.34£3.27a 1.67+0.27a
NL 17.8+1.7a 5.26+0.03a 24.9+3.0b 2.1+£0.3ab 9.5+£0.56¢ 6.37+2.47ab 1.25+0.08a
NR 17.622.1a 4.57+0.1c 27.7+3.0ab 2.1+0.3ab 9.66+0.5¢ 7.21+1.09ab 1.21+0.13a
NI 14.3+2.4a 4.81+0.03b 23.13.0b 1.7£0.2b 7.51+0.25d 7.86+1.92ab 1.98+0.32a

[RIBAN [A] S 7R 25 57 3 (P<0.05) 5 /A% IN BB M I (E AR UETDR ; CT . XTE& | control ; DL, Y& M4 AL P litter doubling treatment ; NL; 5Bk
JRIEY AL EE Titter removal treatment; NR , X BRHR AL root removal treatment ; NI ; T4 AZLFE  no detritus inputs treatment ; SOC; Soil organic matter;

TN Total nitrogen
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Fig.1 Influences of changing carbon inputs on carbon source metabolic diversity of soil microorganisms (n=35)

NTR) AR 25 5 .35 (P<0.05) 5 HEAREUE N B + bRk  CT X3 IR, control ; DL A7 M5 H4 40 31, Titter doubling treatment ; NL : Z3BR 8754
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Table 3 Influences of changing carbon inputs on metabolic richness of six groups carbon sources of soil microorganisms (n=5)

b S BRI AR e Ramk He

Treatment Sugars Carboxylic acids Amino acids Amines Polymers Others
CT 7.83+0.31ab 5.83+0.31a 4.67+0.33a 1.83+0.17ab 2.83+0.4a 2.00+0.00a
DL 8.5+0.34a 5.83x0.17a 4.33+0.33a 2.00+0.00a 2.67+0.33a 2.00+0.00a
NL 6.5+0.62b 4.17+1.08a 3.83+0.17a 1.33+0.21bc 2.83+0.31a 1.67+0.21a
NR 6.33+0.71b 5.17+0.31a 4.33+0.33a 1.67+0.21ab 2.83+0.4a 1.83+0.17a
NI 6.67+0.61b 4.67+0.42a 4.83+0.31a 1.00+0.26¢ 2.67+0.33a 1.83+0.17a
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PATE A AL BRI IS S DRIR IS TN BB IR A QI Shannon ZHEMEFREL(P>0.05,5% 4) . 1E/SK
Kbl rh, A RBR I T A B 2 RO B 2R AR VR Shannon ZHEMESE L (P<0.05) , HARALBEXS 75 K

IR Shannon ZAEPEFE UL 35520 ( P>0.05)

R4 MEBEAX LM EM AN KERRIFR S Shannon £ REEIEHEI R0

Table 4 Influences of changes in carbon inputs on metabolic Shannon-Wiener diversity index of six groups carbon sources of soil

microorganisms (n=>5)

ab B i ES e HIM e REWK He
Treatment Sugars Carboxylic acids Amino acids Amines Polymers Others
CT 1.98+0.03ab 1.75+0.05a 1.4420.03ab 0.610.05ab 1.0920.05a 0.610.02a
DL 2.06:0.04a 1.78+0.03a 1.42+0.03ab 0.670.01a 1.07£0.07a 0.61+0.03a
NL 1.9+0.05ab 1.64+0.0%a 1.51+0.05a 0.45+0.1ab 1.07£0.07a 0.530.03b
NR 1.84+0.11b 1.72£0.04a 1.4£0.04b 0.57+0.05ab 1.04+0.1a 0.610.03a
NI 1.88+0.06ab 1.66=0.05a 1.5+0.04a 0.39:0.1b 1.04+0.05a 0.59:0.02ah

SN RRAR LG, S BR TR P AL B 2 SRR 2R A FRRN JC i A KL R 2 PR AR S A AR SR B (P<0.05, K 5) .
KRR T b PR ZE FRIOR MRS M FE IR I A i IR A Rl 95 2 (P<0.05) 5 oAb FEXPREZE (RG W2 FL g2k

BB TR R B2 G 25 5 ( P>0.05)

R5 BEBRBANTEMEYARRERRRGRENZIG

Table 5 Influences of changes in carbon inputs on metabolic intensity of six groups carbon sources of soil microorganisms (n=35)

pisi! e Rz AR ek REWE He
Treatment Sugars Carboxylic acids Amino acids Amines Polymers Others

CT 330+20a 223+9a 290+25a 249+26ab 302+18a 183+16a

DL 319+27ab 218+23a 285+27a 265+27a 307+24a 186+24a

NL 227+29¢ 165+30b 219+46b 187+37b 241+33a 167+22a

NR 251+20bc 223+12a 270+12ab 229+21ab 287+19a 157+15a

NI 255+20bc 203+15ab 279+17ab 198+30ab 279+10a 164+15a
2.3 WUIEBRE ARTRRS AR U A bk S R R

WDIRE RS 0 [amaan )

A LA B 2 R R I R S “ ° i, \
AR A T L i 2 e, S O o R LN
PIH R T LERCE BRI S R S 27,40 & O[T e ”
(F=5.06,P=0.001, 14 2) Jirivdih | i@ T 24.0% 02 277 . _ % et
R(F=8.45,P=0.001) Bl 2 B RE T 3.4% (025 (F= & 04 [ BB . AN
1.79,P=0.086) . 3 YIRS 60 B i ol oN

-0.8

P SR EE 5 A LA B S U AR R IE AR (P<
0.05,% 6) . v Py 175 Ak BEAE 82 5 R A Pl & &=
I, ERRFETEYAE R Tok AL AR T A
SN ML 5 Ha il /b (9 5 18] (181 2) o X W I v M 4%
34 R P S 38 S B AR R BB 5 (3 2) 3
TIEGE YRR IR S RE , L BRI P P A0 A AL B
PR L e S R LB &5 B (3 2) |, R IR L e
ot IRACH DI BE
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Fig.2 Redundancy analysis between carbon source metabolic
diversity and soil factors under different carbon input treatments

(n=25)

http ; //www.ecologica.cn



4116 2 R

&t
s

iz 41 4%

3 e

3.1 U AT LA Yy IR D BE AR R

ABIEFE T, J T A 4 Ak PR AU 0 L S W DA Shannon Z2REME RS A BIFE 2 WY 4 9 W 5 484
WA P bk L Gl A P PRE A R R B A S A ik ] AL A AR DGRIFE 2, U9 A S 1 i B R e vk
SRS . AR, PR 9% P A5 A BN SR R A S R A BE T, BRI R IR (R
SEMRIEFN R YIZERIAGIBE ST o JAVE YA Bt AR R s AR AU AE ) (LIBESE TERy DRIRZE LT 4R RS
ARG ARIAR DG - SRR 1 ( W0 A4 T I MG 2 4 WG AT ) s DY 2 R ) B S 4 LR
(AR 1 P A AR RE T (Uit R GH JLT A o Ao 38 A5 AR sl A QI A 5 Sl T35 4 ( 55 L BT
M B-1, 4-N-Z LRI 20T HG 9 S AL o AU S5 ) sl 2 R ) ) RS BT R W U V& W i g
ARV ] b LS B T PR A T, S P AR 2 (ELARRIF T AR 20 7 22 8 AT % i 1 Ak PR
TN REITEE S AR A SR A T PR A, WA PR AT o ARPR o S RIA Qafi5 DR e e R 4 0 i A ) Jc T
AL, AN A A LY, LA R D A ) AR R e A AL

ABFFEH , KER AT B E PR E D A RE 1 . AR BRI, L BRIV P38 et it bR e i
MRS A i EE WS SR W, 25 U 9 0 A AR AR R I o b L S R A T R AR TR
2200 ARETE D, R ERE T AL IR 3 AR S R W TR R AR AR T . A B S R I R R )
FEROIMIE PR EC BT F W] 2 R 7 ) 0 KR AR e AR, 0 S0 3 R A A M Tk L M
PIRIR TR S | VE R AR, 35 A IR MM bR R 3R R S 1 AR 2 e 0K ) bk 308 B — 0 4 4 it 0
P2 RS BT R I, 25 B R T Ak B 8 e v bR L S R AR A E R T R ] L R R )
T EREARHEEERR AR 2 AT AL © R Z 5T R WY, BRI 7% P B AR B ) TR S8 R L e Wi AR T
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Table 6 Spearman correlation analysis between carbon source metabolic diversity and soil factors (n=25)

" B Cag = BRVRARH Shannon Z4EE 3V AWV LIS
AT . : . .

i Carbon source Carbon source metabolic Carbon source
Soil factors L ) . N . .

metabolic richness Shannon-Wiener diversity metabolic intensity
M A L

LI 0.494 " 0.506 " 0.573"
Organic carbon content

ARG
PSR o i 0.471"* 0.417° 0.231

Ammonium nitrogen content

#  P<0.05; * * P<0.01
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PIANAR F | LA PRS2 PR R BRI AR T REREAG
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