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Abstract: [ Objective ] Exogenous substrate quality (carbon to nitrogen ratio, C/N) can mediate priming effect (PE). However, the
effects and regulation mechanism of priming effect under different C/N ratios of substrate addition is still unclear. [ Method ] The
effects and regulation mechanism of purple soil which was fertilized by crop straw with synthetic fertilizers were explored
through an indoor incubation experiment using glucose and ammonium sulfate. [ Result ] Positive priming effect during the
incubation period was significantly reduced by 87.4% and 93.7% when the material C/N was 10 (CN10) compared to the
treatments with a C/N of 50 (CN50) and 100(CN100). CN100 and CNS50 treatments significantly increased soil soluble organic
carbon (DOC) and microbial carbon (MBC) content but significantly decreased total soluble nitrogen(TDN)content compared to
CN10. After 14 and 43 days of incubation, CN100 treatment significantly elevated the activities of cellobiohydrolase (CBH),
B-N-acetylglucosaminoglycosidase (NAG), and leucine aminopeptidase (LAP) compared to CN10. Positive PE in the first two
weeks was significantly positively correlated with MBC, CBH, NAG, and LAP, and negatively correlated with TDN,
(BG+CBH)/(NAG+LAP)(BG, B-glucosidase), and at the end of the incubation, the positive PE was significantly positively
correlated with MBC, BG, CBH, NAG, LAP, and (BG+CBH)/(NAG+LAP) and remained negatively correlated with TDN.
[ Conclusion ] Lower C/N substrate addition significantly reduced the positive PE in purple soils and contributed to efficient soil
carbon sequestration; Microorganisms responded to changes in the relative effectiveness of nutrients in the soil environment
mainly by adjusting the activities of key enzymes, which in turn regulated the PE. This study can provide a theoretical basis for
regional development of fertilizer application programs for efficient carbon sequestration, as well as an in-depth understanding of
carbon dynamics in agroecosystems and their microbial-driven mechanisms.

Key words: Incubation; Nutrient addition; Carbon-nitrogen ratio; Priming effect; Soil enzyme activities
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1.1 HARXER

SERARFCIU 48 R BT $h e BAkiL & ERREBE
eSOl SR, (31°16N, 105°27'E) i#H(7. BIFFEIXA
FUUNNZEH 3, FEBRTT R TT A0k, Rk 400~
600 m, AHLAIFF PRI R, PR 17.3
C, FFIREREN 544.18 mm (2012—2022 4E), H
EPTEEZE, JOREI 294 d, HIELIFPIR N &, bl
RACE g G, IR IRE 20 S S oy
FREMRMA RS G, HEEH, ROKAEIERE
Bz, XENR R LU N - oK
1.2 ik HERE

T 2023 4 5 H /NSRBI AE ol 9 55 68 - 3R
T P K IHIR I  R A L K (20 48 ) FEFFRC
Jiti TTALABALBE (FEFFRRAC 20%0tE &0 ) 4% HBEZ
T (0~10 em) #Edh. BRI HIERIZ RO FS
FF, NG5 80 B e i b 2 8 T EURR VR 4
SRR A B n] UL S AR R A4, A T
T EERESL I 2 mm G, RIS KRR AR
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— T B, AT e it
FHEAE 1.37 gem”, BPRL. BPRLAIERRLEY 5 L
20.1%. 46.5%#1 33.7%, H[EFFKE 19.01%, +HE
FHHUWK 10.10 gkg ', && 118 gkg ', 4 1.03 gkg ',
FRs 1614 mgkg ', W 136.36 mgkg ',
1.3 ERNIEFLE

TR AR BRI 4 LA K R 95 4 o e i B
Ay, B GEE] 50%L U, R E R SR
56 AT A VR SR SRS o 1) FH 4 2 B ot A R
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SAEE, AT, YL, B4 20 MFES, 4
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TR (RA SR B-HIRE TS (BG ). o
UEREM (CBH ). B-LBE#IMEEH i (NAG ).
SCRMREFEIKEG (LAP)); 55 MM TR FR 2 14 K
AP A TR PR ORE , U2 13 DOC, TDN. MBC DA

B - MRS . AR A A BRR AR 100 g T E 13Er
fif +4EE T 500 mL )7 Hirh . ShiEfkHaE, IRk
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Holland. Fitted with a TN unit ) {52 R HEIR H AR E

- RS PR O EhRIC Rk T K 1 g
e HERE A 200 mL B KB &, A pH A
6 ) 50 mmol-L™" B RRENZE hI 125 mL, FIRE 13
FEERHBTIR A 5 min. [ WA F 250 pL 2200
200 uL +HEAES L S0 uL ARUEYI BT . S50 uL I 53 )
A E] 96 FLEGFFRA T AE 25 CHRE A TFHE 4h
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Table 1 Information of types, functions, and substrates of soil enzyme

1S ] i) IR
Soil enzyme Abbreviation Function Substrate
B- I i BG WA 31 4-MUB-B-D-glucoside
B-glucosidase

o2 Yk 2 i CBH BRAG IR 4-MUB-B-D-cellobioside
Cellobiohydrolase
B- . Tt ] 2 A NAG AIGHA 4-MUB -N-acetyl-B-D-glucosaminide

TR T
B-N-acetylglucosaminoglycosidase

5C AR AL R LAP RIGHA L-Leucine-7-amido-4-methylcoumarin

Leucine aminopeptidase

1.5 EEAE
TR AR B HE O (R, mg CO,-Cog!
SOC-d™") MU TF AR &,

AC MxV

—x (1)
At WxSOCxMV,,,

total —

Kb, CAC/AL) HHALIETEIN CO, He B AR b i 5
M N C HIEER i (12 gomol ' ); VR TR
BU(L); WM T+E (g); SOC At +
HMANIE R (gkg); MV AR IE M5
FARBL (L-mol ), JfH L FARE:

273.15+T
273.15

MV, =22.4x (2)
A, TORIEFREEE (25 C); 224 LK 1 MR
KA R 273.15 K I 1Y BE SRR . 75 B> SR A% a] 1
+ IR CO, L (E o, mgCO,- C-g' SOC)
SE1 SR/ W =

Vi, +V;

Etotal =2 5 . ><("‘i_ti—l)xzél' (3)

Xof, Vi Vo RS M (i-1) RESFRBBEN A H

HE CO HE s (1t ) EMURIGFRAYBIFAITTE] (d),
SMEPRNR NG K A F A PLa IR — A L

BB (o) SRAIRSUOBRERSTE, AP,

a= (atom%t —atom%, )/(a‘com%c - atom%g) (4)

A, atom%, YRR NG HIEREE COo, i BC F
. atom%; atom%, AR PC FERE,
atom% ; atom%., Jy Xf 41 + HERE I 7 /4 CO, i 1PC
EE, atom%.

SRR 7 A 1 BB AN ( PE, mg CO,-
C-g' SOC ) J iR i 2 4% I ) - 9P g U T~ - 4y
BUBRFR 43 AR Akt , 28 6HBCA 800 H DA A

AbsolutePE=axE~E, (5)

Ao, By 5533 50 1) 15 00 4 2 0 A 25 b - g g
£H) CO,, mg CO,-C-g' SOC; E. AHE IR AR
I AL L CO, TR, mg CO,-C-g ' SOC.,
JI G B AR st S 2R AT R version 4.2.2 58
AP SR B R N 2243 Hr ( One-Way
repeated-measures ANOVA ) R/ iE 553 2 ANIH
Pkt C/N XF CO, HERGH 2 . WUV 3R | 5L
I #EEE . DOC ., TDN, MBC D Kz 4 32 it 356 8 (4 52 0
K FH LR 7 2243 M7 ( One-Way ANOVA ) H AN [H]
C/N Rb3XT CO, HERUH 2 . ORI R . RAH
KRN . DOC, TDN, MBC LA K 32t % 1 1) 52 0
(P<0.05), ZHEILHE KM LSD fik. K Pearson
FHOCHE T T R R ST B S5 A rh BB R U 5 13
PERT . Sl I 1 B LA 2 v o bE 2 ] 8 A e
IR A SRR TS R R Y “ggplot2” 45 8E
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2.1 A[E C/N PRlamzs YR 6 i & A

A

AN TR Ak BB R] R G A8 B A 34t 35 e
CO, HEH % . REL CO, HEMR . PR UN 3 R LA
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SOC-d™") 23 MV IAESS 2 KA 3 K, CN100 4bFH
T CO, HERGH R IG(E B2 % F CN50 ZbH T
37.3%; CN10 ZbH T i CO, HEU# HR I {H( 27.09 mg
CO,-C-g’' SOC-d™") HHITE 0.5 d, BEMLTF CN50
F1 CN100 4b3, 14 d 5, SALHT B CO, HE 2 B
FERAS (B 1a). BEgeiim], B 0.5 d fi12 d 4h,
FAEHT B CO, HEi Y £ CN100>CN50>

AR 2 CO, HEif i 43 114 CN50 Fil CN100 Ab 34!
FEA% 69.3%F1 83.9% (1] 1c ). FEXEFEINIMA] 4 4b HE I
T IERCR RO (F 1b). BRT 0.5 d Al 2 d 4,
CN100 AhHEF 3 & R0 3R 3 i 2 5 T CN10 Al
CNS5O AbFE, #AbBE RN HARTE 14 d ZJ5H
TR, Kk 2 d, ST BRI RN
CN100> CN50> CN10, H 2253k 5] K. K
FRE5 R, CN10 AbFET BB RSN CNSO Al
CN100 4bBE B Z AR T 87.4%. 93.7% (I 1d),
2.2 BEFHEIARE C/N R met 5 R R EE

iE MR R0

AbEE . RE]YY B2 DOC, TDN, MBC #%
(% 2).14 d B, CN100 4L ¥~ DOC 3 F CN10
1 CK W FHETF T 80.5%01 245.1%; 43 d B}, CN100
Ml CN50 b3 F DOC B3 & T CN10 ) 25.2%7#

F2 4E. HEREZEERNBIEY LU R DIRERMFE

Table 2 The effects of treatment, time, and their interactions on the C mineralization and soil properties

3 COLHE ‘ o 2B
- COHEREE WO N ‘ o
TR RN AEHEA LR ATEMEAR
Cumulative Rate of priming
Rate of total CO, Cumulative priming DOC TDN
emission of CO, effect
emission effect
Treatment ( Tr)

15 8] Hokok ok ok koK *okok ek
Time (t)
KT x [ [ Hokok $okok sokok sk $ok sokok

Trxt

AWy AR W i ik B-FHI o-£F 4 B- L BEHIHE TR SR ERAE
MBC L N NAG 29N
BG CBH LAP
R ¥R Hokok s$okok * Hokok $ok
Treatment ( Tr)

i 8] ok ns ns * ns
Time (t)
RbFR x B[] ns ** ns *okk ns

Trxt
e, R s fER 0.05, 0.01 A1 0.001 B /KF, ns [RFRFEWIA R, Note: *, **, and *** represent the 0.05, 0.01,

and 0.001 probability levels repectively, and ns shows no significant effect.
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differences between treatments ( P < 0.05) .

Bl 1 A C/N PPRHES X B CO, HECHE A (a), BRI AR (b)), R CO i (¢) MREBUHANL (d) 1

Fig. 1

LAl

Effects of different C/N substrate ratios on the rate of total CO, emission ( a ), the rate of priming effect( b ), cumulative emission of CO,

(¢), and cumulative priming effect (d)

29.8% (&l 2a FIE 2b). 7EPIIRMEIRPERURERT, £
AbEEZ [A] TDN 22 5l R B —3, CN100 Fl CN50
ARFRAE 14 d B4 CN10 535 FEAIK T 88.9% 411 93.5%,
1£ 43 d B3 CN10 Ab PRI EFEAK T 63.9%F1 64.1%
(F 2c FIE 2d). AR, 7EEEFRE R T CN100
F1 CN50 AP AIAE T CN10 W E 42T T MBC (H
2e FIE 2f ),

ANTe) b B G SER) 4 R B AR R 2 ).
14 d F143 d i, CN100 &b 34 H A b B3 1) bt 2 4%
% I CBH Hl BG Biidit: (R 3). 7€ 14 d F1 43 d B,
5+ ERAERAE Y NAG FIl LAP B P 7E A [R] ik
P2 (8] 2 BRI AL, RIS CN100 b3 4
CN10 434 & 4T+ T NAG 1 LAP B i% 1.
( BG+CBH ) / (NAG+LAP ) 7 ¥ R VR4 BORE B 52
FUAH S LA 6 4).14 d I CN10 A HAHSE CN100
WERET (BG+CBH ) / (NAG+LAP), #Xifi 43 d
if CN10 23 F ( BG+CBH ) / (NAG+LAP ) 133
filiF CN100 4b ¥, AN[F]4b ¥ 2 5] DOC/TDN 7E I
KR 22 57 B2 (% 4), CN50 Fl CN100 Zb# T

DOC/TDN }iFR 5 R A8 15 9% 14 d I BB FRAE, R
1M CN10 Fil CK Ab3E T B5 52 45 BT 305 3% 14 d B i
EHOm
23 EFHEARE CO/NIRARNTRARMNS -

EE R HE XS

Higk 14 danf, RBUHCERN S MBC. CBH,
NAG il LAP E{EMERBE FE EMXLR, M5
TDN. ( BG+CBH ) / ( NAG+LAP ) S 3 i 7k &
KFR, 5 DOC Hil BG M IEHEAFAEREXLR(E 5),
BgR 43 d B, BRI S MBC. BG. CBH,
NAG. LAP FiE A1 (BG+CBH ) / (NAG+LAP)
FETER EIEMSCOC R, 5 TDN 23 i 2 7 ¢
#, 5 DOC NMEFERE LR,

3.1 A[E C/N #RR N £ & 4 8% 0 221
AR FE 53 N 22 IR A LT Y 40 ik R
BT 7= A TE 3 8 B s o, ¢ N P &
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. ANR/NG FRACERE — R 32 W N AR A B 2 [ A e B3 P22 %, P < 0.05. Note: Different lowercase letters represent

significant differences between treatments within the same incubation period, P < 0.05.

FARBEN (14 d F143 d) AR C/N PPRHES Il s EA AL (a, b), AETERA (¢, d), BUEYEYERK (e,
f) BRI

Fig. 2 Effects of different C/N substrate additions on dissolved organic carbon ( DOC ), total dissolved nitrogen ( TDN ), and microbial biomass

&l 2

carbon ( MBC ) at different sampling periods ( 14 and 43 days )

R3 AEEERE T IREEE S

Table 3 Soil enzyme activities at different sampling periods

BB H 1l a-LF 4 Z i
Qb
BG/ (nmol-g"-h™") CBH/ (nmol-g"h™")
Treatment
14d 43d 14d 43d
CK 20.50+1.58b 21.72+1.41c 3.06+0.36¢ 3.86+0.29b
CN10 37.84£1.79a 27.24+1.96bc 4.57£0.72bc 4.76+1.29b
CN50 46.47+2.46a 31.33£1.86b 5.41+£0.43b 5.50+0.26b
CN100 41.2742.65a 56.09+2.09a 8.07+£0.37a 7.93+£0.36a
B- 2 P A B e W il A ER e YN
OB
NAG/ (nmol-g"-h™") LAP/ (nmol-g"-h™")
Treatment
14d 43d 14d 43d
CK 2.61+£0.35b 2.72+0.16b 10.14+1.46b 13.01+0.86b
CN10 3.42+0.28b 3.22+0.38b 13.09+1.06b 14.47+1.11b
CN50 4.30+0.43b 3.96+0.50b 18.56+1.15a 15.78+1.23b
CN100 7.01£0.69a 6.89+0.66a 19.17+1.23a 20.84+0.35a

e ARVNG PR R R — 5 FE R R R AL B2 (o) 77 e B P22 5% (P < 0.05). Note: Different lowercase letters represent

significant differences between treatments within the same incubation period ( P < 0.05) .
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x4 TEIEHEEEAB L it 8 LE R AR MR HLER/ A S EAFHE
Table 4 The enzymatic stoichiometry and dissolved carbon to dissolved nitrogen ratio at different sampling periods

( B-HIBE il +o- 2T AE 2K G ) /

A EAT LB/ ATVA TR SR

Qb ( B-Z BRATHE B 1T B+ 2 R 2 L I )
DOC/TDN
Treatment (BG+CBH ) / ( NAG+LAP)
14 d 43d 14 d 43d

CK 2.22+0.18Bc¢ 11.38+0.68 Ab 1.88+0.09Aab 1.62+0.06Ab
CN10 3.07+0.16Bc 10.49+0.57Ab 2.67+0.31Aa 1.68+0.07Bb
CNS50 94.72+16.19Aa 38.23+3.94Ba 2.28+0.12Aab 2.04+0.20Aab
CN100 50.10+2.45Ab 36.56+2.68Ba 1.80+0.07Bb 2.30+0.02Aa

IE: ARKEFRARE b BN R R I 2 A 22 57, ARG FREAER [R]— 15 F7 I 0 A A ) b B 22 8] 47 77 S
#2257 (P<0.05), Note: Different capital letters represent significant differences between sampling periods for the same treatment, and

different lowercase letters represent significant differences between treatments within the same incubation period ( P < 0.05) .

x5 BRBEMMNS LIEMRAY Pearson AKX DT

Table 5 Pearson correlation between cumulative priming effect and soil properties

i ] ] (G
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DOC TDN MBC
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e a-2F- 4k B- . Bk b LR ( B-HINETT W +o-2F e 20 ) / (B-L BRI I
s i
£y JebE il KT BEAH B2 R A SE K )
Time
CBH NAG LAP (BG+CBH ) / (NAG+LAP)

14d 0.828" 0.830™ 0.704" —-0.695"
43d 0.669" 0.835™ 0.652" 0.776"

TRk, RERPee R AN R BAE 0.05, 0.01, 0.001 K-35 Note: *, **, and *** show that the correlation coefficients are

significant at the 0.05, 0.01, and 0.001 probability levels.
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JEAT SOC bt 2k it e A o 33kt vl B 28 4 A 1 I it
FRAE Y 55 €5+ SOC RSB i (% C/N kb & , ixX vl
A HAA L B R e MR I LY . 5 =224,
Fang PN EBLICIS R EHOIMNRINA R, mREH S

ALY BB N4 25 1 55 2.3%~8.3% 1 J5 AT
UK . X AT REZ N 7E R TR C/N Pehas
ZF, SHmERE RS ER T, 3T e
X F R A LB o o AR RE SR A e e R
CN100 4hbBH, B#EF+ T MBC. CBH, NAG, LAP
fitg & 1 (B 2e; 2 3), ULBHEIZNES 0 LiIE 9 7R
G IE T R FEAL T “HENR” ARESARCEY,
SR 1 A ML R o, TR T B B IR
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RIS IN, RERE PR A AR A ARG R T S
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