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Abstract: [Objective] Saline-alkali soils have enormous potential for carbon sequestration, and straw inputs in
these soils strongly influence the microorganism-mediated sequestration of soil organic carbon (SOC). Nevertheless,
the mechanisms and effects of different salinization degrees on the sequestration of straw-derived carbon in soil
aggregates remain unexplored. [Method] A 90-day laboratory experiment using continuous *C labeling combined
with amino sugars microbial biomarkers technology was conducted to investigate the effects of saline-alkali degrees
on the content and distribution of straw-derived carbon and its contribution rate to soil organic carbon. Also, the
content of microbial necromass carbon and its contribution rate to 3C-SOC at aggregate sizes in different saline-
alkali soils was evaluated. [Result] (1) From the perspective of aggregate size fractions, the straw-derived carbon
was primarily distributed in the 2~0.25 mm aggregate, and its content was higher than that in other aggregate size
fractions. In contrast, the >2 mm aggregate exhibited the lowest content of straw-derived carbon. With the increase
of soil salinization degrees, significant increase in the distribution content of straw-derived carbon was observed in
the >2 mm and <0.25 mm aggregate, but the distribution content of straw-derived carbon in the 2~0.25 mm aggregate
significantly decreased. (2) At the aggregate scale, in saline-alkali soils, fungal necromass carbon dominated within
microbial necromass carbon, accounting for approximately 84.74% to 95.29% of the microbial necromass carbon.
The content of '3C-fungal and '3C-bacterial necromass carbon was the highest in the <0.25 mm aggregate, while the
highest ratio of 1*C-fungal necromass carbon and *C-bacterial necromass carbon was in the >2 mm aggregate. The
content of 1*C-fungal necromass carbon and the ratio of 3C-fungal necromass carbon and *C-bacterial necromass
carbon significantly increased with increasing salinization degrees, but the content of '*C-bacterial necromass carbon
showed a opposite trend. (3) Contribution rate of straw-derived carbon to SOC and *C-microbial necromass carbon
to 13C-SOC increased gradually with decreasing aggregate sizes in soil aggregates. In addition, soil salinization
degrees significantly increased the contribution rate of straw-derived carbon to SOC in each aggregate size and the
contribution rate of *C-fungal necromass carbon and '3C-microbial necromass carbon to *C-SOC in the 2~0.25 mm
and <0.25 mm aggregate. However, a significant decreased was observed for the contribution rate of '*C-microbial
necromass carbon to 1*C-SOC in the >2 mm aggregate and the contribution rate of '3C-bacterial necromass carbon
to 3C-SOC in each aggregate size. [ Conclusion] This study clarifies the microbial mechanism of straw-derived
carbon sequestration processes at aggregate sizes in different saline-alkali soils, which provides important theoretical
guidance for regulating soil organic caron sequestration processes in saline-alkali soils ecosystems through straw-
returning practices.

Key words: Saline-alkali soils; Continuous '3C labeling; Soil Aggregates; Soil organic carbon; Animo sugar; Soil

microbial necromass carbon
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IR BIZEARIIRZ LB B, T4 B e AR e U 5 5 e B B ] 5 1 Rl A ZR A U, P A [ R
H) AT A R S, IRFRMIRR T SOC [ A7 IO AL o

T2 E A A (14 Jo S R RGP 1 52 B ER a8 S 1 B DA SR e U2l HRT, S8 Sl
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PR T ORI KR AR S (45°23' — 45°59'N, 123°47' — 125°45'E) [#75
FIERDR L o AR BERFE OMAEEY A TR GRS B 958D, B FEA 60 000 F-hm
2, B S5 HFEM, 10 ABGK. RHZ SORFEERENE LIRS, IBE/FER SR =,
S=EIEBAT, HRESEIRAFE A, 35S mm G T2 FRLK . AR AR
HPERT I 1.

AR AR A SRy 3/ A3 1) BC ARic RS FF: ERIERPIE G, BB — 8
TR 2B Y B A RIARCH, KRH BC RUE RIMLERELERRIC 20 K, B RELEFRC 6 h.
BC-CO, @1t Na,'3CO3 (99 atom% 3C, 100 mL, 1 mol-L")F1 HCI1(200 mL, 2 mol-L-")ERH,
SONAHTR, A TER EARCAE AN 10.6 g Nax3C0s. Fric i F 3hiEH: H S5 H14 &
SR AR 3 BT DCEEAT SN R, (SRR IR AN BEFE I EL 3 °C,  HARICAE N COL ik
FELE 350 pL-L'e fpbnic e, WOR TR B3, FEAMM R E TS 2 mm i
L ASRFEFT I ABAL M . 4Bk 394.72 gkg?, 4% 8.31 g-kg?, HRELL 47.66, 13C
F ¥ 34.41 atom%.

x 1 TRIRETAIERIBUME R

Table 1 Soil physical and chemical properties of different saline-alkali soils

e it SOC TN TP TK S13C value ESP EC
Soil types PH /(g-kg™) /(g-kg™) /(g-kg) /(g-kg) /%o 1% /(mS-cm™)
NS 7.54c 124.26a 6.74a 1.81a 17.37c -27.15a 1.50c 1.34b
LS 7.83b 92.93b 6.62a 1.52b 18.72b -27.40b 5.00b 1.47a
MS 8.26a 69.13c 4.26b 1.15¢ 20.26a -27.37b 19.68a 1.37b

e R B NIIE, ARG TR AR SRR L ) % 5 B 1 (P<0.05). NS, dRERIRL:: LS, AL MS,
hESEL. SOC, LI TN, &% TP, &8k TK, &8 8°C value, 8%°C {H: ESP, WfLf¥: EC, #15%. Note:
the data in the table are the means. The different lowercase letters indicate a significant difference among soils with different levels of
salinity and alkalinity (P<0.05). NS, non-saline-alkali soil; LS, light saline-alkali soil; MS, moderate saline-alkali soil. SOC, soil organic
carbon; TN, total nitrogen; TP, total phosphorus; TK, total potassium; ESP, exchangeable sodium percentage; EC, electrical conductivity.
1.2 KLt

AARER 1% =PRI R A R (D JEEhmE (NS), (2) BEEEm L (LS),

(3) hEEHmt (MS), BMEHRE 3 MEE ., AL AP NEkE
FEYEFFIRAT I A 450, T IR B AR . ARSLAF S A AT e SR i . B ]
5 mm xR 5 )RR AT R 2 o AREGE 5 mm Gl KT 200 g BT 500 mL 415
AR, BN TS AR S K E B KRR 60%, ME @SN E RaRE T,
BT R 25 cClEIREDE R IR— A o IEUBEFRINKE 2 g Byi¥ 2 2 mm K/ME BC Axid
FORFAT SRR IR IR IR G2, RBMEE AN E MR 1, FREIFICTAE A
HE R R AR ARSI IRA T (25 °CIEIREEE) 7R 90 K, B 77 18] &3 4 R HIAK
HIEA TRy . REIRA AR REE LI i, — BRI E A B A 5
- HBo RS T E SOC & 8 KA 3C F . BILNE S & L 13C FEERR.

1.3 MEEIRSFHE

T IR R AR 70 SR A TER, R0 20 OO £ FE 57 70 9>2 mm., 2~0.25mm,
<0.25 mm =R HIRA, FREIFF RS R RE S LR RER T2 F.

PR 2 (TC) MER (TND FERMITR AN IINE; 13 pH KA B K
e (FKH=1: 5); HEERGR (BC) XMHRSRMME; AHLEK (SOC) K EH
FRARAMINFIENE s 2R (TND KA BsIRERENE; HETZHE (CEC) KM L
BRAA- K JECREVEINE . AZ WA & R OB - A A - KD BRI E , JF H SmsiAL
J¥ (ESP=Na‘/CECx100, %) !,
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+398 53¢ KR E AL & LB R %A% (ZX-2017, Delta V Plus, Germany) W5, #5
105 BHERIAEAT 13C F R e R b - R 2 S 0 T X (ZX-2009, Delta V,
Germany) %€ .

SRR S R R IR RE B I S SR B S R BR AT AR AR (Y B S A 2R R K AR
Ja, PRHUGRIEE B Al AT AR S IRAS RIS R EAT A 7, R AR g (GC-
6890, Agilent, USA; HP-530m x 0. 25 mm x 0.25 pm B4HE (il kE) FHATE LR 52
SE, MR AR S B S R T A R AN R B . PRSI BC [FIf
FFEERHAMEE-FHE BB R (GC-MS, Finnigan Trace, USA) .

1.4 HIELLIE

I R AR AR A AL (13C-SOC, gkg!) SEMHE AT,

13C-SOC= Csc x Fc/ 100 (D
X, Cse NIRIAEFFALEE SOC & & (gkgD), Fo NAEFFERXT SOC HITTHRE (%),

TP ARRE R AE R AR R B (grkgh) =% A B AR TR A WU & B AR &
& (gkgD) x ZHHREE > FE.

FEAFRRERT SOC (TR E (Fe, %) HIHH A R R4,

Fc= (atom%"Csc — atom%'3Cs) %100/ (atom%!'3Cc — atom%"3Cs) (2
A, atom%'3Cse NERIIAEFFALEE SOC Y 3C I FH %0 atom%'3Cs AR AN FF AL EE
SOC K BC JEFH D, atom%3Ce AVILEFEFFHI 1BC 5T H 5.

I R AR R AR E IR AR BC . (atom%B3Cas, %) K BC-HEMESE (1BC-
AS, mgkgD HIiHHE AT

BCas= (Nper % atom% B3 Cper—F—Nacet X atom%3Cacet) / Nas (3

BC-AS= (atom%13CAsSamp1e— atom%"3Cascontrol) % ASiotal /100 (4)
A, Nper AATAE G ILRERIRRIE T4, atom%'*Cpe AATAEJEEIEREN) B3C JH 7 H 230
F ARER T, Nace ARTEDBIRKIETEL,  atom%*Cace AATHEMIR] BC JETFH 3% Nas
NIRRT FENE IR T4 atom%'>Cassample NS IIAEFF AL B RF AR Z BN 1°C I 715 20 44,
atom%"3Cascontrot IR MIAEFF AL EREF PP IEME BC JE T H 505, ASiow AU INFEFAb B 45 F
FAHELE (mg-kg™D.

I AR BC-gH BB ARE (3C-BNC, mgkgl) 1 BC-H KA (3C-FNC,
mg-kgD) W& ES% Liang SR A 17 1H 5

13C-BNC= 3C-MurA x 45 (5)

BC-FNC= (13C-GIuN /179.17-2 x BC-MurA /251.23) x 179.17 x 9 (6)
A, GluN A MurA 735l 9 2 B6 7 ) 0 AR EE R & & (mgrkg™)s 179.17 A1 251.23 435118
I B A N BE R ) BE R R (grmol™D), 9 AN 45 4 S E LA A R A R o B
WA Bk 2 B RN B IR T 400 Dl A A e A e 15 1 1 A e R B

KA SPSS 26.0 HEATHHRACFRFISE T3 M. 15 S {E A Shapiro-Wilk A8236 P4k £ 4 (1) 1E
A, R Levene K36 7 22571 . fEULIERE b, 32 FH B R 7 Z 0 M LA [R SRl AL 2
FE B [A) FOIAS 6] [ SR AR RLAR (] - T A I 22 57, FER A XS B VETE P<0.05 7KF Eif AT 2 H
B, KRR R M. K] GraphPad Prism 8.0 #E4T1E &, & 2% v $icdls v F B M8 s vk 17
o
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2.1 FARKAER. SRARGHENNREERBHRERAREFSE

AN [F) ER AL R P a8 g A AR ZH R IA>2 mm HR RS AR, FH N
10.30%~20.00%, 2~0.25 mm [#]% 1 GSERE, SN 56.28%~63.63% (K 1a). BEZEHIIL
FEEERI3E N, >2 mm Kifz 415 1 SN, 1M 2~0.25 mm F1<0.25 mm K% A &%
Ko HRi A RAAF ) SOC & i%b” SN A SR AR (/N T 3G n, L350 B B A e T 3
TR, 5 NS ARFEAREL, 7E LS AF R, >2mm. 2~0.25 mm F1<0.25 mm A& F 1
SOC Z &ML T 1.13 f5. 036 {541 0.13 £, (EMS &FTR, 2RI T 2.62 5.
1.05 f5A1 0.35 f5 (B 1b). L4 BIRM AL SAN5 F1 R AR SOC & 2T SOC 7E [ 5 Ak
d R RN, & RIS s, SOC ¥ EEAMEUAE 2~0.25 mm FIRAAT, Hkk
<0.25 mm FR4A, M>2 mm FHEAGH SOC hcid (K 1e). tbah, BEERBALTE R Y
hn, SOC 7£ 2~0.25 mm A Z& 44 rh 4 Be i FRARMEFE oK, LS AT MS 48 NS 23 il P T
40.28%#FH 131.72%, TMHAE<0.25 mm A AR FEACTRE S/, LS F1 MS 458 NS A5 51l BRI
T 17.83%F11 48.79%

CONS B LS mm MS
60 ¢)

)
=
S 80 a) __80F b) b A 22
z A ) &£ A
S 2 p = 335
2E 60 ¢ o 60 —B—n b = &4
s wE | < &%
S bo 8 B =
o 40 E E 40 ¢ = 23
&8 = H %
£ a ab b =8 b oF &
g & e P
=& 20 S 20 c P
I c g =5 a
5 S
& 0 ’_'"_‘ | «x o ! L L i § 0 ’;hLL- L
2025 0.5 >2 2~0.25 <0.25 o 2~0.25 <0 25
e}
15 14K 4% Aggregate size/ mm [ % Ak 47 Aggregate size/ mm @ 4] 5% 4k 42 Aggregate size/ mm

M AFEVNG FEER R AN SRR TR A L IR R ZE R B (P<0.05), AFIKSE T BER AR AN PR ] SR Ak 8 2 57 . 35
P (P<0.05). NS, dEdhiit; LS, BEHML; MS, HEEME, FF. Note: the different lowercase letters indicate
significant differences between soils with different degrees of salinization (P<0.05), and the different capital letters indicate significant
differences among different aggregate size fractions (P<0.05). NS, non-saline-alkali soil; LS, light saline-alkali soil; MS,
moderate saline-alkali soil. The same below.
BT AR R TSR AR AL % 2 SR A A W URsG 25 8 S LA [ SR A 14 2 i
Fig. 1 Aggregate composition, SOC concentration in each aggregate size, and distribution of SOC content in aggregate fractions
in different saline-alkali soils

22 BREARM BC-SOC FE. BITHRERRFHNDE RHERT SOC HITTA

BC-SOC & HAE<0.25 mm BBk i, Mi7E>2 mm BIBAA T AR RN Shos A0 FE
Xﬂﬂi FARr BC-SOC E & MFLMIAE: 7E>2 mm F1<0.25 mm KiZk I F Ak 1BC-SOC

BRI MS>LS>NS, MS AbFEAEX AR A R AR 1) 82 & T LS NS Ab#E,  HAYL
E<o 25 mm A2 SRR A5 AR ER R 2253 WA, A 2~0.25 mm REZL F R Ak BC-SOC
BB M, BN NS>LS>MS, #AE Mg /E R EE 2R (B 20). REATRKE 20 BirE
2~0.25 mm FIRAH, HKN<0.25 mm BIEMA, MfE>2 mm BRI RS BRAG, 3
B RAERFTRE C R I 5 EEAN 2 9%, ERBIME PR 7 AR FTBRAE 2~0.25 mm IR A Y
e, 5 NS HHEL, LS Al MS A ASFF 1 70 Bl 5 25 BEAIG, BRI 17.28%A1 46.75%; [+
I, 5 NSAALL, >2 mm F1<0.25 mm kiZk 3C-SOC % & LS I MS &1, H4iE 5K
50.94%. 13.82%F01 181.52%. 20.18% ([ 2b). FEFFIERKT SOC HITTHRAE NS, LS il
MS =Fh R0 0.49%~1.75%. 1.21%~2.35%F1 2.31%~3.07% (2¢). 5 NS #kL,
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SR 8 2 IR AT RO SOC HITTRREZS, P fE>2 mm H SRR p MR A K, LS AN
MS 4372 NS ] 2.45 ff5F01 5.13 fi5.

o
o
% X
NS E3 LS m=m ME 2 3
En = 29 4
PR - mE%YD 2340 »
& b - g2 5 2
& & b =
I z 15 ¢ Z 2 0.6 %_g 3 F) oA ,
il Fy i) c 8 =8 E}
%é £ 10 b 804 b a %5 2 b c
E o < = c
S5, b 3
# Qo5 by 2 & F 02 c B2
2 b "[i =2 T =2 b
G &g b =5
QU 0.0 ’-_-| L L L & S 0.0 r—cﬂf_ L 1 %E}E: 0 |—| L 1 L
: >2 2~0.25 <0.25 o) >2 2~0.25 <0.25 s >2 2~0.25 <0.25
7] o 2 s .
[R5 ki 42 Aggregate size/ mm o 12K AR 4 Aggregate size/ mm 15K {4 R4 Aggregate size/ mm
2

B 2 AN [ Eh ik 45 2 R AR Th RS AT SOC (BC-SOC) &y A AT 28 ¢ v 14 2 i B HLous A ALk
DAY

Fig. 2 Straw-derived soil organic carbon ('*C-SOC) concentration in each aggregate size and distribution of its content in

aggregate fractions as well as contribution rate of straw carbon to SOC in each aggregate size in different saline-alkali soils
23 PRk BC-REESE. PC-HMEMREREER PC-HMEMRARMTEITIRIIRS
AR B9 DA

BC FRic R SR UM AN M BE G 5 5 70 il 7.78~54.57 mgkg.

3.37~25.35 mg-kg A1 0.10~1.27 mg-kg™?, HJ#E<0.25 mm FIERAK T & &, MAE>2 mm H
. ANFERIBCTEE 38, BC-Z A &R & B2 mm FIRE IR EER, /£
2~0.25 mm M1<0.25 mm H5R A rp R I BEERTRALAE L FOHE a3 n, B MS>LS>NS (4]
3a). FRIM PC-MUEEIR & B PC-a M AN & B S , RIFERS BB 5
ERBRALRE EERG NI REAIC, 4] 3¢ B, LS Fl MS #1KT NS. BbAbh, BC-aFEF M & &
FEAZ VR AR BN LS A MS 2T NS, HAX LS Al NS [ 225 221 (18] 3b).

3 NS = LS = MS

IS
S

b) ~ 16

A
a

w
S

b b

B
a
: b
L | |
>2 2

1
~0.25 <0.25 >2 2~0.25 <0.25

IN)
=3

R e
C-MurA content I(mgkg*

B A
13¢.GalN content /(mg-kg )

Beaiuma s
13C-GIuN content /(mg-kg')

;‘Iziw?rx#ll,éfig:f:gate Size/:f 1 541 £ Aggregate size/ mm 44 Kt Aggregate size/ mm
K 3 ARSI SRR AT PC- AR SR
Fig. 3 ®C-amino sugar content in each aggregate size in different saline-alkali soils

PRAE DR AR T 1 BRI T LR SRR, FLR TR AR (X 25 B Sl 2 Bk A i ) i ik i
84.74%~95.29%. 3C-J BFARBAN SC-2H B F AR S B AR 2R 4 R A rh 2 R BN R
<0.25 mm B P im, Hik09>2~0.25 mm BIZRAR, (HFE>2 mm BIRAR P EAL, H&HK
P RAR IR 227 SO EM IR & BAE SR G BIR R b A2k 35 5 13C-
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Fig. 4 *C-microbial necromass carbon content in each aggregate size in different saline-alkali soils
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Fig. 5 Contribution rate of '*C-microbial necromass carbon to straw-derived soil organic carbon ('*C-SOC) in each aggregate size

in different saline-alkali soils
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