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determine the contribution of MNC to soil organic carbon (SOC) and its influencing factors. In this study, we measured soil
physicochemical properties, microbial community and soil amino sugars contents through the biomarker method in 0—20 ¢m
soil layers of Meadow steppe (MS) , Typical steppe (TS), Desert steppe (DS), Steppe desert (SD) and Desert (D) in
Ningxia, and further analyzed the relationship between MNC and soil physicochemical properties and microbial community.
Our results indicated that: the contents of soil organic carbon (SOC), total nitrogen (TN), ammonium nitrogen ( NHj-
N), nitrate nitrogen (NO;-N) , microbial biomass carbon (MBC) , microbial biomass nitrogen (MBN) , fungi, bacteria,
actinomycetes and protozoa in MS and TS had significantly higher other grassland types ( P<0.05). The contents of
glucosamine ( GluN) , mannosamine ( ManN) , galactosamine (GalN) , muramic acid ( MurA) were the highest in MS, and
the lowest in D (P<0.05). The content of GluN ( (0.62+0.18) pg/mg) in different grassland types was the highest, and
the content of MurA ( (0.04+0.01) pg/mg) was the lowest. The contents of bacterial necromass carbon ( BNC), fungal
necromass carbon (FNC) and total necromass carbon (TNC) in different grassland types varied 0.12—5.74 wg/mg,
0.22—15.31 pg/mg and 0.34—21.05 pg/mg, respectively. The contribution of BNC, FNC and TNC to SOC in different
grassland types varied 9.0%—17.8%, 22.0%—48.2% and 33.5%—66.0% , respectively. We found that the contribution
of MNC to SOC was 1.3—3.8 times higher in FNC than in BNC. The correlation analysis showed that MNC was significantly
positively correlated with elevation, MAP, AI, AGB, BGB, SOC, TN, NH;-N, NO;-N, TP and microbial biomass
(MBC, MBN, MBP, fungi, bacteria, actinomycetes and protozoa) , and significantly negatively correlated with MAT, BD
and pH. The content of BNC and FNC increased with the increase of bacteria and fungi, respectively ( P<0.001). The
content of TNC increased with the increase of fungi/bacteria ratios (P<0.05), and decreased with the increase of GP/GN
ratios ( P<0.01). The random forest analysis showed that the different importance of climate, plant and soil factors on the
MNC. In conclusion, the variation in grassland types altered soil physicochemical properties and microbial community,
resulting in more beneficial to the formation and accumulation of FNC, and TN and pH were the main influencing factors of
MNC. Thus, this study can provide data support for further research on the microbiological mechanism of SOC sequestration

in arid and semi-arid grassland ecosystems.

Key Words: grassland types; amino sugars; microbial necromass; soil organic carbon; biomarker
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MZEfE) /25]x100% , kp F e %1 0.40,

F1 FEIEH KRR SR

Table 1 Overview of sampling sites of different grassland types

WA ZBE(E) A (N) {357 GapiT R TR S E R 7/) R A
Grassland type  Longitude Latitude Elevation/m MAT/C MAP/mm Al AGB/g BGB/g

MS-1 105.6216° 36.4517° 2651.37 6.69 640.66 0.39
MS-2 105.6144° 36.2290° 2273.22 6.18 687.50 0.38 215.36+24.26a 385.02+50.69a
MS-3 106.1250° 35.9220° 2229.9 5.98 698.96 0.50
TS-1 106.4083° 36.1917° 1842.4 7.67 601.64 0.38
TS-2 106.2634° 36.4067° 1924.38 8.07 527.16 0.34 159.81+31.34a 239.12+49.09b
TS-3 106.5008° 36.7404° 1917.43 7.73 557.29 0.32
DS-1 106.9528° 37.4553° 1508.07 9.41 455.29 0.22
DS-2 107.0541° 38.0783° 1431.34 9.38 402.26 0.20 81.70+8.48b 138.95+52.61bc
DS-3 106.9567° 37.7339° 1365.12 9.69 432.74 0.19
SD-1 106.4227° 38.1540° 1227.56 10.97 281.84 0.14
SD-2 106.4748° 38.2922° 1203.32 10.79 288.93 0.13 42.86+12.05b 44.82+15.61cd
SD-3 105.9948° 37.6067° 1333.31 10.73 277.95 0.15
D-1 106.8383° 38.9489° 1067.06 10.80 240.92 0.12
D-2 106.8227° 38.8470° 1089.45 10.48 271.98 0.12 32.12+2.44b 5.05+1.90d
D-3 106.7429° 38.7583° 1076.61 10.80 240.92 0.12

MS ; Hiil) 55 Meadow steppe; TS : #7551 Typical steppe; DS: T B i Desert steppe ; SD ; B JFALTEBE Steppe desert; D : it Desert ; MAT ; 41
& Mean annual temperature ; MAP ; 4F %[ & Mean annual precipitation ; Al; T 52354 Aridity index; AGB; Hi_I-A4= 45 Aboveground biomass; BGB; #ii T
4y Belowground biomass ; [ 51/ 6] 7 R: 7R 25 57 18 3 ( P<0.05)

132 +HHEHAEY SR
eI A W RIS 2 R T B RE IE T R ( Phospholipids fatty acid, PLFA) Zi%E" | & IE#Y Bligh-Dyer J7
AT HR AR BORBE IR G IR 34T, TARRBLEL M 1:2:0.8 A9 0 H B P IR 2% v 4 3% R U IR 2, SR 5
%% SPE Rk 5 B A5 BN W NE AR WM , 4415 20 O BE RS A5 Iy BR A TH Mk Y Bk, FH Agilent 6890N “SAH (X 5347
PLFA fIRLS AR A TE+ TUbERR AR (19:0) , &80 nmol/g, JEHFFR 12:0, 13:0, 14:0, 15:0, 16:0, 22:0,
24:0 ZFR /R ;al2.0, al3.0, i14.0, al4.0, i15:0, al5.0, i16.0, al6:0, il15;lwbc, i17:109c ZEF/RIHE
22 RFHYEANE (GP) 515 1w5¢, 16:1w9¢, 17:1w8¢, cyl7:0w7c, 16:0 20H, cyl19:0w7c, 20:1w9¢, 21:1n5c
SEFORF L CBAPEA TR (GN) 518 1w9¢, 18:2w6c, 21:0, 23:0 FFRI/REK; 16: loSc F7m AECH R EH
(AMF) ;10Me 17:0, 10Me 18:1w7c, 10Me 19;1w7¢ 10Me 17: 1w7c, 10Me 18.0 %5 F /R L ; 20 406¢,
20:3w6¢c, 20:5w3c, 19:3wbe F5EFKRIFEA Y,
1.3.3 IR
BRI R F K i i e ) AR S gk i alifk AT A R A R AR 0 3% A ( Agilent 7890B

GC, Agilent Technologies ) M 5347, Agilent 7890B GC FL'E HP-5 i+ (30 mx0.25 mmx0.25 pm) A& FID,
1 WL 2 BE0E 42 OB A 2t 3 A AT 2, N, /R 800, TN 0.6 mL/min, SR (L% FF FF R E 3% 8 R
250 °C, 70 b 301, ZHME L 45 AL A0S (GluN) (= BEEFLBE (GalN) (2 5L T 250 (ManN ) F1 i BE R
(MurA) , THAEDERAGR S B GluN A1 MurA $H5-68A5 2] AT .

FNC = ( GluN/179.17-2xMurA/251.23) x179.17x9

BNC =MurAx45

TNC =FNC+BNC
Ao, FNC R B FR AR , BNC A 21 R 5% 4B, TNC R B 5% 1A R# 5 179.17 F1 251.23 J& GluN Fl MurA #9453 F 1,
9 1 45 F3 51l 2 LT G AA B FIAH P 5 (A Tk 1) e 8 2R 5K
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FH Excel A1 SPSS 24 JE47 54 4 B, B 15 0 F- Y £k E 2 ; I Origin 2024 11 ; FH SPSS 24 EfT BN &
T5 25571 (ANOVA) |, BE#R /N 25 5 0 35 A 50 (LSD ) X EGE R4 T 8 & M40 s T Origin 2024 HEATAH G 73 B
A R, LB DA ) A W e O AR AR B Z TR YOG B ] Canoco 5 #EAT 072017 LE
AN R S ST A W RIS A 22 5 F RIE T (4.3.1) (EA7 BE ML AR PO R0 T30 A= 40 5 A Bk A =5 2 52 1)
HF, T fE P40 0 “ ggplot2” | “tidyverse” , “randomForest” , “ rfUtilities” F1“ rfpermute”

2 ZERAMH

2.1 [FE A A R A T

FH 2R 2 W B B (MS ) R AR RS (TS ) 3% /K il 2 5 T Al R 2 Y ( P<0.05) |, T - A
1 pH WIZEBLH MS FI TS /N (P<0.05) ;3 (D) Ay - HER b & 5/ B0 & i d K MS A TS HHEA HL
B AR VES A SR E Y ik AR A W T AR 2SR (P<0.05) ;SOC/TN ,SOC/TP \TN/TP |
MBC/MBN ,MBC/MBP F1 MBN/MBP 7£ A [f] 5 i 24 R (8] 7778 ik 2% 22 5 (P<0.05)

x2 AREEMERHIEBYMER
Table 2 Soil physicochemical properties of different grassland types

5k LS Grassland type

Index MS TS DS SD D
SWC/% 1.07£0.01a 0.11£0.02b 0.01£0.00¢ 0.0120.01c 0.0120.01c
BD/(g/m*) 1.06+0.03¢ 1.10+£0.02¢ 1.48+0.03a 1.30+0.04b 1.55+0.02a
pH 8.5720.10¢ 8.89+0.03b 9.27+0.06a 9.52+0.12a 9.43+0.04a
Clay/% 0.87+0.25h 1.95+0.25ab 3.94+1.30a 4.36%1.25a 0.26+0.14h
Sil/% 17.57+5.62ab 32.71£6.17a 19.93+4.97a 22.85+5.51a 3.2720.71b
Sand/% 73.02+4.06ab 60.98+4.52b 74.60+5.03ab 66.52+4.55b 89.23+6.66a
SOC/ (g/kg) 32.30+3.70a 17.25+1.64b 3.87+0.60c 4.3620.14c 1.3120.36¢
TN/ (g/kg) 3.93+0.44a 2.15+0.27b 0.57+0.03¢ 0.5620.06¢ 0.08+0.03¢
NH;-N/(g/mg) 9.68+1.12a 11.39+1.97a 4.38+0.62b 4.1220.51b 3.56+0.24b
NO3-N/(g/mg) 3.52+1.16a 2.20+1.20a 0.12+0.05b 0.130.03b 0.06+0.00b
TP/ (mg/kg) 0.64+0.08a 0.68+0.05a 0.29+0.01b 0.54+0.03a 0.23+0.00b
MBC/ ( mg/kg) 508.53+71.00a 399.05+58.32a 104.39+22.67h 85.48+8.72b 43.63+4.43b
MBN/ ( mg/kg) 30.78+7.20a 20.98+5.45a 6.10+0.82h 3.87+0.21b 3.79+0.12b
MBP/ ( mg/kg) 15.04%3.17a 5.67+1.53b 5.42+0.36b 4.5420.51b 4.79+0.23b
SOC/TN 8.21+0.17h 8.11+0.31b 6.83+0.99h 7.89+0.63b 24.85+15.42a
SOC/TP 50.74%3.74a 25.58+2.14b 13.28+2.02¢ 8.13+0.31cd 5.68+1.55d
TN/TP 6.21+0.58a 3.17+0.34b 1.9620.18¢ 1.04£0.07cd 0.36+0.13d
MBC/MBN 17.20+1.57ab 20.46+3.43a 16.87+2.39ab 21.99+1.04a 11.511.14b
MBC/MBP 34.71£2.17b 76.41+13.50a 19.303.90bc 19.02+1.76bc 9.23%1.30¢
MBN/MBP 2.03+0.08b 3.72+0.04a 1.150.21c 0.8720.08cd 0.80+0.06d

SWC: +-3E5 /K it Soil water content; BD: 25 Bulk density ; Clay ; K7 ; Silt; 43 % ; Sand ; #0K7 ; SOC : 45 HLE# Soil organic carbon; TN : 4= 4 Total
nitrogen ; TP ; 2 Total phosphorus; NH} -N : £ %% %&( Ammonium nitrogen; NO3-N; fi§ &5 %( Nitrate nitrogen; MBC : fift £ ¥ 2L ) 5 % Microbial biomass
carbon ; MBN . f4: ) £E ) it 4 Microbial biomass nitrogen; MBP : f(4= ¥4 #) 12 % Microbial biomass phosphorus ; AN [] /N5 - RE 3R 7R AN [] B 4 24 751 ]
225 3% (P<0.05)

2.2 AR A+ AR W RRAE

P 1 AT B W A R P MS((29.13+0.98) nmol/g) Fll TS( (16.99+1.07 ) nmol/g) 2 3 = F DS
((6.2620.41)nmol/g) SD( (5.81+0.48)nmol/g) Fl D( (3.45+0.33) nmol/g) (& 1,P<0.05) , H % F&BH 40 i
552 FCRA PRI R MS TS A1 DS B 5T SD M D( 1 1,P<0.05) , 1 B 5 40 H R 80H A
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Fig.1 The characteristics of soil microbial in different grassland types
MS . i) 5 i Meadow steppe ; TS ; L7 75 )T Typical steppe ; DS ; 75 5B Desert steppe ; SD ; 5 JFAL T Steppe desert; D : it Desert; Bac : 4 B
Bacteria; GP ;: %% [ PH % 4l B Gram-positive bacteria; GN; ¥ % [GBH¥E 4l 1 Gram - negative bacteria; Fun; H. & Fungi; AMF; AR B AR L 1#
Arbuscular mycorrhizal fungi; Act: JiiZZ T Actinomycetes ; Pro: JiUAE B Protozoa; AN[A)/ING Ak /R AN ] 5 1 500 18] 22 5 .35 ( P<0.05)
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2.3 ORI[RIE A 1 G RUE My aR A h AR RRE

G (CluN) (2 EEZUME (GalN) (2 H Z5 0 (ManN ) FlHLBEfR (MurA ) BRI K MS W2 & T
TS, EEHT DS I SD, BEE T D(K 2,P<0.05), GluN,GalN ManN F1 MurA £ H N GluN ( (0.62+
0.18) pg/mg) >GalN ( (0.45+0.13) wg/mg) >ManN ( (0.10+0.02) wg/mg) >MurA ( (0.04+0.01) wg/mg) .

21 a 0.30 1

18 r } 025 | {a
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09 r

AR AHE GluN
Glucosamine/(pg/mg)
-
S EEHE ManN
Mannosamine/(pg/mg)
(=]
O

0.6

03 r c ¢ 0.05 c |_I_|
1l = IR

161 0.18 1

12 |

0.8 | b

AL FLHE GaIN

Galactosamine/(pLg/mg)

HIBERR MurA

Muramic acid/(ng/mg)
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