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i 3 A H R CO,-C 22 R 4 NIRIAL R SMBC 3576 S1 A1 S2 $h /0 h A it i, S3 $h 0 ifik, 5 CK AH I,
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Effects of salinity and exogenous substrates on the decomposition and

transformation of soil organic carbon in the Yellow River Delta
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Abstract; In the Yellow River Delta, nearly 50 percent of soils are saline and alkaline. Soil salinization can suppress
microbial activity and thus affect the decomposition and transformation of soil organic carbon, while little information was

found about the effects of salinity and exogenous C and N amendment on the decomposition and transformation of soil organic
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carbon in this area. A laboratory experiment was conducted to investigate the effects of soil salinity and exogenous substances
on the turnover of organic carbon under conditions with 25°C and 60% water holding capacity over 45 days. Three levels of
salinity (S1; 0.1%; S2: 0.5%; S3: 0.9%) using NaCl (w/w) were imposed in the saline-alkaline cultivated soil in
Yellow River Delta. Soil was amended with or without C (750 mg/kg) or inorganic N (30 mg/kg) as glucose or NH,CI,
and 4 treatments were established, including ( Control: no substrates addition, N: NH,Cl addition, C: glucose addition, C
+N: glucose and NH,Cl addition). The CO,-C emission, soil microbial biomass carbon (SMBC) , dissolved organic carbon
(DOC) and calculation of the respiratory quotient ( ¢CO, ) were determined. Without glucose addition, the cumulative
amount of CO,-C emission was highest in S1 during the incubation, and it was decreased by 18.3%—23.7% and 24.3%—
39.8% in S2 and S3 compared with S1, respectively. After glucose addition, the cumulative amount of CO,-C emission little
changed among the three salinity soils, and especially it was no significant difference between the three salinity soils in C+N
treatment. SMBC was higher in S1 and S2 than that in S3 under the four treatments with substrates addition. Addition of
NH, Cl had no significant effect, but addition of glucose significantly increased SMBC, and SMBC increased by 80.4%—80.
5% or 58.0%—58.7% in S1 and S2 in C or C+N treatment, and only 68.9% or 49.7% in S3. The ¢CO, was significant
higher in S1 than that in S2 and S3, and it was significantly improved with glucose addition. Compare with the control,
DOC reminded unchanged in the N treatment, but it increased in S3 with glucose addition. It was suggested that the CO,
emission could be depressed with the increase of soil salinity without C addition, and soil salinity had little influence on CO,
emission after C addition. Microorganism was more sensitive to exogenous carbon and soil salinity. The size and the activity
of microbial biomass would be improved with C addition, but higher salinity (>0.5%) could depress the microbial activity

and the utilization of exogenous carbon, resulting in higher SMBC and ¢CO, and lower DOC in higher salinity soil.

Key Words: Soil salinity; exogenous substrate; CO,; soil microbial biomass carbon; soil microbial respiratory quotient;

soil dissolved organic carbon
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BEEE TR 3 R AU R, BESR I A N 46 23 o6 R3O, it 3 Wy 2B Wy e e
WP R S S AP MILA 1 s ], B - 96 MILA 19 43 A 5 7 Ak 6 8 2 B3 vy 2 MLk SRy i — 25 4 s i X
ERBRAL 1 A ML PG PR RRAE S (L BRI AR
1 #MRE5HE®
1.1 SR

FRRE R T LU ZR A PRAE BoKIE 3% £ X0 R AR AEFIAR X 12 X fiafy 2= RS A3 12.3°C 2421,
AR K2 600 mm, 4FZE & 524 2000 mm , HIESARERE £, 2011 4F 10 H REMER /ML HL (37°36
06.8"N,117°49'19.8"E) £ 2 (0—20 cm) H Bt +RERR 5 ] WAl sk A, i 2 mm FLAEGR , T2 +
et A Y i pHL, IR —38 20 F T 13 b i, Sh b BT 2t 0.149 mm FLE2, T
Mg HIEAIR 2R, LFEREARBYET N . AL 17.67 ¢/kg 2F N 1.07 ¢/kg A1 IEPEER 0.10% (Na'
270.5mg/kg . Ca® 71.3 mg/kg. Mg™ 36.2 mg/kg.Cl™ 196.5mg/kg . SO, 159.9 mg/kg, NO; 120.5 mg/kg) . pH
7. 58 H[EFFKE 22.9%,
1.2 REsT
1.2.1  H3EER b P

PEE 3 NaCl Eh0B6F . (1) X8+ 38308 0.1%(S1) 5 (2) HIESER 5 0.5%(S2) ;(3) T3S L
N 0.9%(S3)  HARBRAEWT PRI 12.80 kg #rftf H4F 3 43, Ml 13 Sk, S IEML TR R & R
0. 5% it 1) NaCl, ffi Z 5% T 170 mL Z8I87K B 5 B ) -4 b, BRAS & 3h i 0.5% 1 HFF; S dh i
0. 9% ) T AELLFRR] [ % AL (5 3h iR 0. 1% ) [FIFERSI 170 mL Z8087K . 3 bk HAE T 25°C R &A%
TGS 14 d, BUEFRE A R LR 1,

F1 THEFMBLFIES 14d ELEERELMR
Table 1 The characteristics of soil incubated for 14 days with NaCl addition

+5EEL 43 Soil salinity pH HL 5§ Electrical conductivity /( ps/cm)
S1 7.59£0.10 a 102+8 ¢
S2 7.66+0.12 a 446+15 b
S3 7.61+0.10 a 847+18 a

F B I AR MR 22 | RN R R 45 4 3 E] 22 57 1 B P<0.05 3K 5S1.,52.,83 435I 0.1% .0.5% F1 0.9% Y 134k

sy

1.2.2 JEYALEE

SR 4 ASARFR . (1) SR (CK) , RERAEY ; () BWANE(N) 5 (3) AR (C) 5 (4) BANAR -+ (C+
N) o Zr5ILA NH, Cl R A/ S AR A, L7 in & 4305124 30 mg N/kg 750 mg C/kg, EARBRAEQT . X
IR FRIT 0 3 AN ER S AR R RO AR 4 Sy (BEOY - ARE R 3.2kg)  BSIIUR RN Y, FR R RS
P4 BEFR IR 05 AT NH, CL, B4 b B (I A T 28 18K b B 5 I AE A v (398 55 /K et 35 3] H (]
FEKEM 60%
1.2.3 MW@ fehs

(1) £HEREK CO,-C

FRUEE D BE 4 4E 50.00 g( 8 +T5) F SO mL BeAR b & F 1 L) FORA RN 10 mLL 25K LA RS
100% 23 S AR, AR EUR N ACE — A 20 mL 1 mol/L NaOH ¥ WSO , PSR i ZE %5 1) 1,
F25C BB IR 45 d, BAMCEIES 3k, Wit A 3 d BRET UM IR ST S K 4
HA3 d#A 15 min, 4337F 0.2.5.10.20.,30 .45 d Bl NaOH %8 W MO, I 46—~ 81 B9 NaOH 75 W I
R, I E NaOH Wi H CO,-C &,

(2) T3ERAEY YRk (SMBC) J& A HLER (DOC)
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PRI AEBE +FF 150.00 g( 8 +85) T 1 L) FOR A, B FREE 0 B8 A LS T/ ML R IE LS
iR, T 25°C REESRIF TR R 45 o B0 RR S 3 k, BEaRad i B 3 d BRI, DUOE WA FE g 2k
K53, HAE 3 d 3l 15 ming 4351177 0,2.5,10,20,30 45 d BEIRHEEREDE SMBC ,DOC & .

1.4 ¥rrik
SMBC Fill o R AT TR 250 . TR BE IR A ARIBOR S UL T3 25.00 g 9 H4F AN TEZ%24 b BR 2

b BRI A PR & R TOC/TNb A 31438 ( Liquid TOC 11, Elementar, f% [ ) Il £ , SMBC = 2.22 x
(FEZE TR A DB - 28 AR R A ALK ) , U b LUAS 22 25 T R 2 09 HILBR A 0 5 e AT BILk
(DOC) 3,

NaOH WY CO,-C &5 AN e R % 58 2% . W 5 mIL NaOH BT 100 mL = R, SR J5 A
2 mL 1 mol/L BaCL iAW & 5 By EKFE /77, F 0. 1mol/L ARAERR (HCL) W 5 2004 2 AR R B 5o 8
WO CO,-C Fr i,

I YRR R CO, = (CO,-C) ./ SMBC,*" X (€O,-C), W45 i K HHER L CO,-C iY3H R (mg
CO,-C kg™ +3E -d7") ) ,SMBC, M5 i K- IFA WY &k (mg SMBC/kg +-4) .

A LT A R R RS R AN ARGE T L A ARG E R TR R, FOC R A M A (varioEL 11T,
Elementar, 75 [ ) W52, 4488 £h 2 A0 2 R Ak, o Na®™ Ca™  Mg™ A9 52 2R FH T IR AL ( AA-
6800, Shimadzu, H <) %, C17,SO5 \NO; R E T35 (1CS-2000, Dionex, £ [E ) ., 48 pH {E A9 . FK
BOM 24 FHEF 5 10.00 g B AL, A 25 mL 2818 /KIZ 42 15 min, F pH 1 ( Sartorious PB-2) il %, 1§
(0 22 L FREUH S FHET T 10.00 g A4, A 50 mL ZE58/K I8 3 min, HHL 544 ( Mettler toledo ) M
FH TR 4 7K SR FHER T iz

BAE N 3 EL N FEHME, DT 383, R Excel 2003, Spss 12.0 #4711 & 5 48143 #r, % H
Anova ¥l Univariate 38877 50K 2 F38 HAE RO 225007,

2 ZR54H
2.1 HHEEMLRY AR

T EEA VLRI DL R CO,-C fkIT5 . AFEY A3 | L5 HUEK 19 8™ 4k 34 775 B8 > 53 i
BBt JEFRHT 10 d A PRSE S B B R TR A8 ST Fate e i B (R 1) o 1597 45 d 9, CK N b3
R Bt LI A WU AR AR AR ], R HEREL CO,-C RINTE S1 R0 5 F e, S2.83 thar &1 F +
HEREL CO,-C BN, HZERARE . CK AR 45 d Y ST 04514 F 23R CO,-C &5 T S2 Al S3 #;
I3 18.3% M1 23. 7%, ¥RIN N AL BE 45 d PN S1 Eh 20 648 F LR CO,-C B T S2 M1 S3 #8743 24.3% Fil
39. 8%, W C b3, S2 43 HHERIL CO,-C iR, S1 M S3 AL, HEFARE ., 45 d N S2 $har &4
T IR CO,-C F T S1 M S3 853 6.9% F1 9.8% , AsH C+N AbFE, S1.S2 il S3 £h3 4148 F + 3Bk
CO,-C EEF AT,

ARAFFELERAB T, 254205 e R IR ¥ T DI 3R CO,-C & (BN 451 T g
Jit CO,-C HEMMIFAR, 5 CK AHLL, 7 N AP AR I ST M S2 $h 04508 F HHERI CO,-C 134 m
W RE (61.4%—62.3% ) W 5k = T S3 870 4514 T IS IR B2 (37.4%) . #shn C 43R S2 $h4 H1EREIL CO,-C 1Y
BTN EE A 331.5% , B i AR 2 o R RN IR (226.3%—275.8% ) . WM C+N 4bFE S2 S3 4
Or AT IR CO,-C R AU NMRBE (311.19%—313.4% ) B 25 T S1 R0 4500 T RS IR (243.1%)
2.2 HIEMCEYAE YRR (SMBC) 1281k

CK Ab3EAIGIN N AbHE 3 RS540 SMBC BIFEREFR5 2 RIS AR, M fs R F e g, B R 4h
HIE, CK 4bBE SMBC & & 8 TRIUA{E 37.5%—52.3% , i il N AL P SMBC % 12 5 THI LR H 44.4%—46.3% , 1M
AN C Mz C+N B 3 ANERAF 500 SMBC Y7E85 5% 2 d R THE , BAEE 3545 10—20 Kk 38 {35
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Fig.1 Dynamic Changes of CO, emission from soil under different treatments
Vel T S P S (b it 2 | Tl T R (1) FeR NI R 43 R HEAE P<0.05 /KF A LSD fH; S1.,82.,83 43143 0.1% ,0.5% H1 0.9% 1+
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Fig.2 Dynamic changes of soil microbial biomass carbon under different treatments

45 d 55574018 SMBC BSEYIESRE , CK AbBE ST F S2 R0 4514 T SMBC RYX(EE &, H2E R A3,
{HPIANER S 254 SMBC W5 555 T S3(P<0.05) o ¥4 N 4bFR, ST 38730454 SMBC i, 5 S2 #HIL Z 54
W EBEET S3, 5 CK M, B N AP ST #4325 SMBC B&AG 340, 34164 6.6% , 1M S2.,S3 #h43 4%
F SMBC {5 CK AbFHAR LA —F, %00 C Ko C+N AbBH, S1 F1 S2 #4344 F SMBC S, H 2%
SANRE HPAER SR SMBC BB & T S3(P<0.05) . 5 CK ML, 7A€ kbBE S1.S2 i1 S3 543 514
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T~ SMBC FOBE IR Ky 80.5% .80.4% 1 68.9% , 7 fill C+N Kb S1.S2 Fil 3 Eh/0 454 F SMBC (14 /il 0 15 Ky
58.7%% .58.0%#1 49.7%
2.3 THEMAEYITIRET(¢CO,) BAE L

BAEEFEHIN ORI AE S SR I B IR0 2 d e, IS FFIRBR IR TAaE (8 3) X 5 H 3 Pk
HI RN AR —E(E 1), NFEJEYIALLEE, gCO,ITE ST a3 5 N i, B 343 F BT ¢CO, H PR AR
¥, CK FESHN N AR FEREFR BRI 2 d N S1 R0 55 0F T qCO, I T S2 1S3, {HBE & $5 77 isf ] 1y 124
H2E R BN, WINC B C+N AL FERE SR PIY 2 d 9, S1 F1 S2 R0 2544 T qCOL(HE S ,{H 2 d J5 S3
R FAET qCOMEA = FHA R A3 [FIRHASHIEIY 25 R & 0 3R R Y J5 of B B4 = ¢CO,L(H, %
RN SR IR A EL, 3 N C M C+N &, AR &4 qCO, B 38 Jin e B 53 51 4 24.6%—
43. 1% 164.6%—263.7% M 248.5%—312.4%
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Fig.3 Dynamic changes of metabolic quotient under different treatments

2.4 HHEEMEA LK (DOC) A1k

BATEFRN , Fhor S X 13 DOC (FZ AR AN (B 4) o CK TSI N Zb3 3 AR o0 55 T 14
DOC M b IAEEA —2, H 3 134+ DOC 2R A WE . Wi C K& C+N 43 1555 2 d J5 +3E DoC &
B IN, H S3 $hor 404 13 DOC A58 i B (433.3% K 90.1% ) B B KT S1 A S2 £ 40 418 R i3s m
W (34.1%—190.5% M 22.19%—33.5%) . M ,S1.S2 F1 S3 Eh/r &4 F 13 DOC & 22 548/, HAE B 55
SRR T RIIRE
3 iTig

o Er i SR CO, & (R R AL R 3543 6 CO, B I sE AN [R] . AN IR 4 i R
IINAEAL I, HIEREIL CO, mITEARER 451 T Bl AE & R i i3 + 5B Co, i il Rk X 5
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Fig.4 Dynamic changes of soil dissolved organic carbon under different treatments
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