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Abstract: Microbial residues are important sources for stabilizing soil carbon pools and are of great significance for carbon
sequestration and accumulation in the degraded habitats. Plant root exudates, as the medium of plant-soil-microorganism
linkages, play a key role in regulating the migration and transformation of soil microbial residues. In this study, we
simulated the effects of different nitrogen concentrations (low nitrogen-LN: 0.1 gN/kg; high nitrogen-HN: 0.2 gN/kg) and
diversities (3 compounds, 9 compounds) of root exudates on soil microbial residues in extremely degraded grassland soils
with amino sugars as markers. The results showed that; (1) the input of root exudates significantly increased the content of
soil microbial residues in alpine degraded grassland, which was mainly contributed by fungal residues. The microbial and
fungal residues increased by 101.14% and 125.16% in the high nitrogen and low diversity treatments, respectively, while
only increased by 35.79% and 33.51% in the low nitrogen and high diversity treatments. (2) The input of root exudates
increased the activities of [-glucosidase, acid phosphatase and peroxidase in soil and promoted the growth of
microorganisms, while decreased the activities of B-N-acetaminoglycosidase and reduced the decomposition of microbial
residues. (3) Regression analysis showed that soil microbial residues were significantly negatively correlated with soil
environment C/N, and significantly positively correlated with microbial biomass C/N. The results showed that the soil
carbon sequestration strategy simulating the input of root exudates could be fully utilized in the future restoration of degraded
grassland, which could promote microbial growth, accelerate metabolic turnover and further increase microbial residues

content by improving the availability of soil nitrogen.

Key Words: alpine degraded grassland; root exudates; amino sugar; microbial residual
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SRR 3430 m, J MR g D SE IR AT IR 2 R, AR 1.3°C AERE K B 615 mm, AFEZE K i 1352.4
mm , TCLXFICRGI T 5 - R A i JE ) 4 AR Ve R AR B, B AR SR VDR R
( Carex spp) J ¥ ( Leymus secalinus ( Georgi) Tavel.) Z5 VM EAEY) . BEMLAG & 5 4~ 10 mx 10 m HIEETT , WikE 5 *t
FLLHMAER 3.5 em Y HEEEL0—20 em )2+ 3 &5, BT S AEE K ITEE AR AT R — MR A FEM .
FHVKASRAEAE M SC80 % 3 2 mm AL BEAS . 3000 - 98 00 S A B AL T Ol 22k 2.1 ¢/kg, 2% 0.25 ¢/kg,
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Table 1 The proportion of carbon atoms in the mixture of root exudates with different nitrogen concentrations and diversity

RHkBE R BEE AR IR

N Concentrations Diversity Sugars Organic acids Amino acids

% Low nitrogen (e I 60% TR 20% HHA 20%
HAIHE 12.7% 2 4.3% TR 4.3%

K% Low nitrogen [ZEZ: e TEME 25.5% LAz 6.4% R 6.4%
R 12.7% BEIHIL 8.5% T 2R 19.2%

A High nitrogen &2 Rtk HEIE 45% 2 15% HE R 40%
I 7.3% LR 2.5% R 8.6%

7% High nitrogen [EEZi HEBE 14.6% FLIR 3.7% NER 12.8%
Rtk 7.3% BRFAMR 4.8% T 52 38.4%

RIGVEFEFAIR AT  ERRFRIL 400 ¢ HHat H4 T 500 mL 7 EUM P, BEJS B 25 °C 15 1% 3546 N B8 55
15 d; 3537 0], 4 24 h FIHIESAS (10 mL) 2218 S5 MA 7.5 mL BB R 70 WA e v (TS 3 e B, 4
HS N 7.5 mL 2818 7K AT 4ERF + 5985 /K B 7E ) e KK 1Y 75% 2247 ) , CK AR BRAIN A 55 1 Z8 18K
1.3 LSRR SR R A I T P S S R I

HE R R T R R RO R TR, 2F 100 B, HERIFK 80 mg AbHE - HERE 5L, B 4K
WE RSN, KRG B E T 105 CHFR T 2 h, Bk B a0kE 5 B T o0 E 43871 ( Elementar Vario EL
I, FEEDME .,
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MBN = (2)

K AE, AE, N EZE S KRR MR A S B A 2E1E k8 MBC R HE R0, M 0.45; kA MBN IR 3 2 %L,
4 0.54,

IR PRI E O L R YE R R (AP ) | B-N-Z IR R (NAG) R B A M ( BG) T M
K Z ARSI E 5 i A AP G (POD) T MR HI 2 FLAR T EC BRI E

HIEEINE S TS B Indorf S RINE Y BB BRINT  FRBUA VR TR 5 0 H RS 1 g T 10 mL
AR, A 10 mL 6 mol/L i HCL W, 35, & F R R K E# 105 C/KffE 8 h, RHEZRG, A
100 pL 1 mg/mL AR, PRA1 G 1 0.45 wm JEIE, DRV HIER 78 B GET B PiaF 20 mL K&+
KGR 2R UG MM, I 0.4 mol/L KOH ¥ CKF pH i & v (pH 6.6—6.8) , S8 J5 L 3000 rpm/
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W 2R 00E B LR R S mL A7, 76 45 CFH N, BIRINA 1 mL K8 F /K4 %
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L FRC hEL AR IARR (me/kg) s BRC S 41 B % 1A% (mg/kg ) s MRC R IWUAE 18R KB (me/kg) 5251.23 Wi
BEFR (MurA) 943 T8 5 179.17 N IEHZ0E (GLuN) FY43 T8 ;9 Fl 45 23501 A %) 7 s 4 258
1.4 BS540

FHEAR 2 22 50H7 ( One-way ANOVA) 454 Turkey FEAG IR IR 2240 WAH A i X 18 1k 5 3b - el A4 W 5k
TR 25 5845 Ab B IR) - e A U E D A it IR M 22 5 AR (P =0.05) o A HZE IR 8 +
Bt A sk iR S + e A S A W S P SRR Z B R [ H] Pearson #5640 HT i AL 7E AR
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Fig.1 Effects of different root exudates on soil total carbon, total nitrogen and microbial biomass carbon and nitrogen
CK X I8 INHLD : AR B BEHIRZREE ; LN+HD AR AU B2 + 25 2R s HN LD - 5 UK + (IR 2 BRI HIN+HD - i3 Uk B + i S REVE S B2 2%
HBRE 22 (n=3) AL EIr ARG T8 (a—e ) FRAR AR b P I 22 55 ik 25 ( P<0.05)

2.2 AN[EIAR R 4TI IR b 8 S SR RN R SR AR Ak

VS TINASEAUUAR 2R 53 A0 25 AL B %) sl A A B A B R EC TR B AR 381 $ 35 55 T CK, B LN+LD \HN+LD &b 3 1)
TR M FR A RN EL T B R AAHR & B 20 90 55 T LN+HD CHN+HD Ab PR | [5]if 7E HN+LD b3 i 2 55 T LN+LD
AhFR X B LD AT HN LB AT BEA B Tk O sk iR FR R [ E HR ™ & B, A0 TR SRR 7E LN+LD 1 HN+
LD LN+HD Fl HN+HD Z [0 JC i 325 % {X HN+LD AP E T HN+HD Zb38 . oAb, 4544 I mab 3 rf GluN/
MurA FA], 398 BC B -5 40 B AR A L 3], 2 AR Ab 5 b Aol 2 4 5 Ak 6 2 Pl B BRI AR AR TR, AN SZ AR R 40
amsgmE (52,52 2)

R2 RESBUENT, TESEGEE RERSERELLH

Table 2 Contents and proportion of glucosamine and muramic acid in soil with the addition of root exudates

CK LN+LD LN+HD HN+LD HN+HD
GluN/ (mg/kg) 14.07+0.21d 23.43+0.75b 18.91+0.44¢ 30.37+2.04a 20.52+1.89¢
MurA/ (mg/kg) 1.40+0.26¢ 2.12+0.23a 1.96+0.14ab 2.24+0.13a 1.69+0.21¢
GluN/MurA 10.32+2.13ab 11.16x1.45ab 9.69+0.48b 13.58+0.09a 12.34+2.53ab

CK ;% LNALD o AR BE HIR R ; LN+HD AR B2 + 15 Z M HNHLD o 20K B2+ (IR 2 B HN+HD i3 U BE + 3 2P 5 GLuN .« 2
FERTATH s MurA : HURERR ; ANR/ING b (a—d) R A R0 3L H] 25 57 1 35 (P<0.05)
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Fig.2 Effects of different root exudates on microbial residues carbon

CK 0 S LN+LD AR BEHIR AR s LN+HD AR SR B+ 2 AN LD« 5 SR BE +IR AR s HN+HD R SR B + R 2R IR B
bR 2 (n=3) ,H EITARR/NE bk (a-d) FoR AR B 22 5 2.3 (P<0.05)

2.3 ARRP YA IR R A

IR 2 53U 45 A B0 + SRR ME R R G | B- 780 40 Wl 1 I | o 4L Te W 05 M 34 10 38 /& T K, T B-N-
O RS AR R TP AN T CK, S A0, BRI o0 A 40 45 Ak B2 ) P ek ol R TG P T (0 3 25 5 5 B A W
FE PEA HN+LD AbF B 2555 T HN+HD AL B ; 3-N- 2 BE 2 56 55 25 W5 11 B vE HN+LD b33 25 5 T HAb iR
JnAb B i S AL TG MY HN+LD AL B 535 55 T LN+LD AL BE | HAB A A 2 6] JC i 5 22 5 (&1 3)
2.4 TAYERIATR S 148 C/N MBC/MBN L% i % 1 45 A AH DG

% T IEFEARIA] ) Pearson A A3 A 45 5 UL 3, WT 0, - 3960 oy R0 T Pl TG G o 4L 1k 0 il 9%
5 RS B R R E EASE(P<0.05) s W WA U i ik 5 B-N - £ Pk 4 35 46 760 T 1 1 2 3 R R 56

R3 RRSBYRMNT, LR R RIS SR Z R X

Table 3 Correlation between soil carbon, nitrogen and enzyme activities under the addition of root exudates

TC TN MBC MBN AP BG NAG POD
TC/(g/kg) 1
TN/ (g&/kg) 0.62 1
MBC/ (mg/kg) -0.15 0.59 1
MBN/ ( mg/kg) 0.42 0.78* 0.63 1
AP/ ( umolkg/h) 0.64 0.73* 0.45 0.68 1
BG/( wmolkg/h) 0.66 0.59 0.33 0.49 0.82* 1
NAG/ ( pmolkg/h) 0.13 -0.32 -0.80* -0.52 -0.52 -0.43 1
POD/( wmolkg/h) 0.72 0.77* 0.43 0.71 0.91 *** 0.77* -0.48 1

#, P<0.05; s

P<0.01; #=*%  P<0.001
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Fig.3 Effects of different root exudates on soil enzyme activity
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