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Abstract:  Objective  Priming effect (PE) plays a critical role in the storage and turnover of soil organic carbon (SOC) in
forest ecosystems. The intensity and direction of the priming effect, induced by litters, usually depend on the availability of
limited nutrient (e.g., phosphorus, P), especially in subtropical highly weathered forest soils. However, how P and litters
addition affect the soil priming effect in this region is not clear. This study aimed to investigate the effects of litter and
phosphorus addition on SOC mineralization and priming effects in subtropical low-phosphorus soils and to provide a
theoretical basis for the study of the carbon cycle in forest ecosystems in this region.  Method  Three kinds of *C-labeled
litters (Pinus massoniana, Michelia macclurei and Liquidambar formosana) and P (KH,PO,) were added to P. massoniana
forest soil. The incubation of treated and control soils was conducted for 35 days in the laboratory. The physical and chemical
properties, microbial properties and priming effect of the soils were determined after incubation. Result The results showed
that the addition of the three kinds of litters significantly increased the soil native SOC mineralization, and produced a positive
priming effect. The intensity of priming effect performance for P. massoniana > M. macclurei > L. formosana. In addition,
litters addition decreased the content of soil inorganic nitrogen (nitrate and ammonium nitrogen, IN), but increased microbial
biomass nitrogen (MBN), microbial biomass phosphorus (MBP), and B-glucosidase (BG) and acid phosphatase (ACP)
activities. P addition alone significantly enhanced SOC mineralization, and the available phosphorus (AP), dissolved organic
carbon (DOC), microbial biomass carbon (MBC), MBN, and MBP were also increased. Compared with the addition of litters
alone treatment, the M. macclurei and L. formosana litters combined with P addition significantly reduced the priming effect
and ACP activity. Linear regression analysis revealed that the cumulative priming effect was correlated negatively with soil AP,
MBN and MBP content, whereas it was positively correlated with ACP activities. = Conclusion The addition of litters
stimulated microbial growth and as such promoted SOC mineralization and produced a positive priming effect. Also, the
intensity of priming was mainly related to the quality of litters. Although P addition alone increased SOC mineralization, the
influence of P added with litters on soil priming effect was dependent on the litter types; with low-quality litter having a lower
soil priming effect.

Key words: Priming effect; Soil organic carbon mineralization; Litters and phosphorus addition; Soil enzyme activities; Pinus

massoniana
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Fig. 1
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Table 1 Basic properties of the litters used in the experiment
) £/ 2R 2 Total ‘
YR VE 2K A WL
Total carbon Total nitrogen phosphorus 83C/%o
Litter species C/N C/P
/ (gkgt) / (gkgt) / (gkg")
LMY P massoniana 458.41+9.8ab 12.07+0.41a 37.9840.53¢ 2.0340.00a 225.6+5.2¢ 332.34+4.3a
Kl M. macclurei 47524+1.9a 10.384+0.25b 45.81+1.23b 0.9640.02¢ 496.61+13.5a 281.71+24.1b
WA L. formosana 4549+1.1b 9.44+0.14c 48.17+0.78a 1.414+0.01b 323.442.4b 339.2+13.1a
P 0.011 <0.001 <0.001 <0.001 <0.001 0.009

. RPEUE R R EE S hR 2 RIFA R FAE R R AL H R 22 55 3% ( P<0.05 ), T[d. Note: The values in the table represent

mean T standard deviation. Different letters in the same column indicate significant difference at 0.05 level among treatments. The same

below.
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2019 4F 6 H A B = b AR R X
(25°38'—25°43' N, 118°05'—118°20' E ) KA B
MRFR)Z I, 2 DX Ol A Vi R KU, AR
ISR 17°C, AEFKR S 1700~2 000 mm?Y, Hib
Wk HELIE B A & B L HE N 3 W R AR ) e
[l 200 28 Kb 3, S bR A B ml DL sh A sk L i 2 mm
FRTRA), —8a T AR, I e fb b,
— 5 4CIAFER TR RIS . i - 5EA Pk
(SOC) 80.04 gkg', &% (TN) 523 gkg', WA
F 15.30, 48k (TP) 0.46 gkg ', +3E pH3.71, A
WA HLRE (DOC ) 398.8 mgkg ', AIVEMEA HLA
(DON) 21.18 mgkg ', #A&A 66.17 mgke ', WA
H.7.97 mgkg !, AR (AP) 4.95 mgkg .

1.2 EWigit

FHIDA R gt , ik (KH,PO,)
MURNEAEY) (SRR . KOIfE . B ) k. It
W8 ANAbHL, AR (CK ), SR AN ab H# (P ),
IS AN IS AL (PM ), Th R M 75 - A
LR R AL BE (CPMAP ) IR0k T3 A R 9 o Ak B
(MM ), K II 08 35 vk Fm AL [ AR b B ( MMAP ).
I P8 9% AL B (LF ), AR U8 9 - A 3 )
Wb (LF+P), B3 6 MEE (3 4MEEH
F5E +3€ SOC w1k, 3 4~E & I HoAth - 45
R APt bs Do BARI BT 100 g 1Y i i
fif 1A 500 mL #5580, T 25°CRYREFRAa bk
17 15 d Tss IR M I N BB T AR o 4RI H 1]
BT P 30 mgkg ! T B TRN KH,PO,P
Fie i SOC 19 2%y LA 34 7 U8 2 - W de g s - (R
C 20 mg-g' SOC), PIM#thA:wistE), 8%t
PR S KRR & R AR K Y 60%, JFH
bR 3 d X RHEK A HITIOE . TEREFREE 00 1. 2,
4,6, 9. 14, 22, 28 Fl 35 RKAMPUSAARM & 1 1
CO, HEL A CO,-C By 8°C Z5{HHHE )54 SOC 71k
MO RO, I HAERESE 35 d J5 31T MR pE
L ME RIgEfb T UEY AR BTG PR SR
febr
1.3 MEFE

FEW 7 e bR A W Bk AT R S BT A
( Vario EL III, [ ) J%Emt A TC, TN & &; M A
PO [R R RS [ 2 L s U 2 ( MAT253;
Finnigan MAT, Bremen, [ ), [ E (5°C)
PLTr (%) Row s YRR 2 H,SO4-HC10, 1M

fift ), Mt ELL BT ( Skalar san++, fif %)
MsE TP &,

- HEFAR LA T AT A2 - SOC AT TN F -1
RICER 7 HTL (Elementar Vario MAX, F&[E ) .
13 TP 4 H,SO,-HCIO, M5, il L2 sh o dr
% ( Skalar san++, faj>%) . +3% pH H pH it
( STARTER 300, [H) M. 14 DOC LU+ : K=
14 HEBEFKRE, BHEO0E, 4045 pm 3§
P oE , @t B LR BT ( TOC-VCPH/CPN,
HA) W, 13 NH,-N F1 NO;-N LA 2 mol-L ™'
KCl 42024, 445 AP L1 0.5 mol-L ™! NaHCO; $21>,
FESE s /Y ( Skalar san++, fij==) MlE., L
BEHLA (IN) N NH,-N Hl NO,-N Z Fil,

TR A Y I Y YRR
(MBC). MAEMAYEA (MBN) MY AV &
B (MBP) RIEN B 282 4R P @t BA bl
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B ( Skalar san++, fif2%) M%E.,

- EBEE PRI E . SR Saiya-Cork 2581 )5
HEE T B-#i AP EE ( B-glucosidase, PG ) FIFR
PR A ( Acid phosphatase, ACP ) T 7K fiff il 75
P, BARDTEEINT : B L g e 0, A 125 mL
FIRS R ER 22 vk (50 mmol-L™', pH=5), FH#E ¥
FEASHE 5 min FOIY L, FRE RS R RS R
FREL 200 puL BT 96 FLIRFLA . HIIEEN (MUB)
VB R B 71 JES 400 0 2 7K A TG 1 o W7 AR T BRI A
R4 20°CHEE R IR, 2 T 6E AR X
( SpectraMax M5, Molecular Devices, F[E ) £ 365
nm 3 I R I AR B

IR AN A KON I S BB AR RCR B
SRR N FAF 9~ 11 i, SRAESIRRTIEIN 0.5 h,
FHEA R & il 55 70 N R S5 4 s e o st
Bl F AR CO, I 5efl, I T%E 2 h 5
UWAHIBUS AR E CO, e, LA FE 2 h 9 CO, ¥R
ZEHITH COL HERH % i A (351 GC-2014,
HA) M CO MR .

+ 3 CO, HEM i R K A CO, HE 2% Lang
PR Chao %P, Hoh CO,-C HEGE S R
AT .

ﬂx 273.15x M xV
At (273.15+1)x22.4xW
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T=> - 5 Bl (t,, —t;)x 24

KL, 7R CO, BREHEE (pgg' T14), R ARy
R i RS i+1 K COp it 0~ R § KBNS
(1) RZIE W EIBg B E (d ),

H R [ 7 & i35 ( MAT253; Finnigan
MAT, Bremen, Germany ) & CO,-C FJ[RIN E 4
i (8°C), LX) CO,-C YATRIRIER ( +-3EURRR Al
JAIE MR ). 2% Keith ZEPR 05k, MR AR IR X}
CO,-C Tk AT AT

C =G, x(8,-8)/(6,-6,)
C,=C-C

KX, C R ME COHEM; C MIEA SOC I
CO, HEl: C R COo, Rk o, MR mEE
I 3 9 R I RS i Ak B 4 3 CO,-C B 8 C
s o0, xR+ CO,-C 1Y 8"°C fH; o, MIHVEI
) 83C 14 .

DAY It o Ak SN 7 0 5l [ S n Ak 3
HiFEA SOC i CO, HEji 5 X I £ iy SOC w1k
() CO, HEfi Z 23R B & &0 (PE) M

PE=C,-C,

K, C., Rt 3R SOC i CO, HEik .
1.4 HEIE

R 2 5 225301 (one-way ANOVA ) XL
R Z 7 22001 (two-way ANOVA ) $RIEHEIEY (6
PATEASIN . BRI T AR
R ) Mgk CHICuEm ), Uk = #HsZHAE
FHXF 43 2R RN . DOC, IN, AP, 494
Yy ARSI . R FH R 1A 43 B R 56+ 8

SBUAAONS HIRA AR . MBN.. MBP Al
FHEERGEPEAYIC R . P<<0.05 Bl W22 55 3 o D EER
PRI T X B e, DAMGE IER 0, 507
%, A G HT S TE SPSS 22.0 #fFrhitkAT. fi
H] Origin 10.0 #4-2K ,

2 45 R

2.1 AEMAERMX LR
BEFRAE A, R T R B S o s R S
Xt SOC., TN Fl pH # B E#m (£ 2), itk
WM EN, WAk LR T R TP M
i (P=0.004), HJH7%HFIBEA AT TP 128 HAEH
W% (P=0.043). 5 CK ML, AEMHIMZEAE L
5 T 13 DOC & & (P=0.030, £ 2), {H5HH
NP T e R o = e A B/ R 78R A [ B/
JnJE 13 DOC & & 1 35 FEARC P v i Al i) 22 B4R
FR#, P<0.001), 5 CK #Lt, &7 n
F R PR IL R R 38 B PR T R IN A
(P<0.001), H5HMESIMAEGEHA L, P87 i Fk
FEEIA NG A48 IN Fr o 3 A C U 75 i A 1) 38
HAEHEE, P=0.011), FAAINGE . 087 Mk
RN AP &8 B2 5 T CK( P<0.001 ),
22 BEMFBERMIT T CO, HEMUR B A& M
=pA|
Bigitondl, 5 CK AL, =Fha &m0 14
CO, HE A A R SR F, 5 B MR (181 2 ).
REFwniy, Bt T Ry bR, JF AR
85 4 KRB RME, BEE&EHRES 5 CK T —3
(El2). 5 CKALL, 8% MR8 el 2L [ i
Jnds AR T 3 2 Co, HE (K 3a). ARMA
IR SOC # k5 B CO, HEt &b —
H, ¥% PM>MM>LF, &R CO, HER R N
MM [ 2 5T PM Al LF ( &l 3a ), BEES N2 AL T
KR AR 08 7% 5 T 1) 238 SOC Wik, {HXT =
Al IR CO, HEO L W &5 (8] 3a ),
SRR T S IS A T R B ) IR R AN, L
TR 0N 5 B TR O P 2 T S5 ( P<0.001 ), RILH
PM 35T MM Al LF (I 3b). BERINE B &
M) PM & A=A B R RN, (R 3 AR T
MM Fl LF B A7 A B 80w (P<0.01, &l 3b ).
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Table 2 Effects of litters and P addition on soil chemical properties
AT LR oo U Al PEAT LA THLA Ak
b3 PR E
SOC N TP DOC IN AP
Treatment pH
/ (gkgt) / (gkg") / (gkg") / (mgkg™) / (mgkg™") / (mgkg™)
CK 72.10+0.93 5.1040.09 0.411+0.02¢ 238.1£6.2bc 163.0+£0.9a 3.001+0.20a 3.661+0.01
PM 73.64+1.84 4.98+0.13 0.431+0.01bc 230.1£26.2¢ 142.3+0.8d 2.801+0.20a 3.661+0.01
MM 70.91+1.37 5.0740.09 0.42+0.00bc 313.3+28.1a 149.8+2.3b 3.131+0.76a 3.681+0.01
LF 70.48+2.96 4.91+£0.10 0.421+0.03bc 279.2+19.8ab 143.7£0.5cd 2.87+0.12a 3.661+0.00
P 72.97+1.68 5.01+0.10 0.46+0.02a 311.2+48.6a 163.6t1.6a 5.87+0.83b 3.661+0.01
PM+P 72.11+2.77 5.014+0.17 0.421+0.01bc 241.5+14.6bc 140.5+1.0de 6.471+0.76b 3.73+0.13
MM+P 71.71£3.27 5.14£0.16 0.44+0.01ab 242.7+7.5bc 145.8+1.9¢ 6.531+1.33b 3.67£0.00
LF+P 70.71+£3.45 5.05+0.14 0.44+0.01ab 233.8+11.9¢ 138.1+1.8¢ 6.13+0.50b 3.6710.01
PH
L 0.367 0.294 0.756 0.030 <0.001 0.771 0.539
P 0.925 0.512 0.004 0.437 <0.001 <0.001 0.392
LxP 0.816 0.492 0.043 <0.001 0.011 0.799 0.447

{E: CK, XM PM, SREMMEMHEN; MM, JOMMEEEIN; LF, SWEMEEM; P, $REIN; PM+P, HhREMIHE
RIS RN, MMAP, KA I 3 i FIBESL RIS N s LE+P, B V& i RIBE L M. L, PRI LxP 4351 375 UK R 43087 b i 7%
M-S h0 . ®EES i LA B A V& i e L R s I a9 E840 . F IR, Note: CK, control; PM, P. massoniana litters addition; MM, M. macclurei
litters addition; LF, L. formosana litters addition; P, P addition; PM+P, P. massoniana litters added together with P; MM+P, M. macclurei

litters added together with P; LF+P, L. formosana litters added together with P. L, P and LxP respectively represent the main effects of litters

addition, P addition and litters and P addition in the two-factor analysis. SOC, soil organic carbon; DOC, dissolved organic carbon; IN,

inorganic nitrogen; AP, available phosphorus. The same below.

& 2

ffE] Time/d

i T i RN TS XS 45 CO, HERCE F (4 52

Fig. 2 Effects of litters and P addition on soil CO, emission rate
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I 3a PARRIRE FRFRRA LI SOC I CO Hil2: 5 ¥ (P<0.05), ANF/NEFRERR AR % IR CO, HE 2
S 3 (P<0.05). & 3b i1 L, P LxP 435375 SN 4347 o JA B TR, B8 o0 LA B 981 b R0l 2 [R) R I i 22000 5 ANl /NE 7
BE SRR AN ) 6 7 0 Kb B 22 5 3 ((P<0.05 )5 * R+ 43 1) 3R i AH [ 8 7% IH S 490 0 O e 5 AS e 1] 22 57 @ 2% ( P<0.05) A i 3%

(P<0.01), ns MZFEREFAEFE (P>0.05). T[F. Note: In fig. 3a, different capital letters indicate significant differences ( P<0.05)
in CO, emissions from SOC sources among different treatments, and different lowercase letters indicate significant differences ( P<0.05) in
CO, emissions from different litters sources. In fig. 3b, L, P and LxP represent the main effects of litters addition, P addition, and interaction
between litters and P addition, respectively; different lowercase letters indicate significant differences( P<0.05 )in different litters treatments;
* and ** respectively indicate significant( P<0.05 )and extremely significant( P<0.01 )differences between the addition of P and non-addition

of P under the same litters substrate, “ns” indicate no significant differences ( P>0.05) . The same below.
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Fig. 3  Effects of litters and P addition on soil cumulative CO, emission and priming effect
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Table 3 Effects of litters and P addition on soil microbial biomass carbon, nitrogen and phosphorus

A ) WA YA A )
AL Treatment MBC MBN MBP
/ (mgkg") / (mgkg!) / (mgkg!)
CK 1197£39¢ 111.0+16.8d 38.09+0.76d
PM 1415+76a 167.449.3bc 42.95+0.92cd
MM 1367+27ab 151.2410.5¢ 47.31£0.5.36bc
LF 1282+83bc 185.8+14.3ab 52.85+2.41b
P 1 341+ 76ab 152.3410.0¢ 51.86+5.04b
PM+P 1267+48bc 164.14+5.7¢ 51.73+1.50b
MM-+P 1 292+23abc 187.246.9ab 49.11+2.47bc
LF+P 1350+ 132ab 197.2+15.8a 62.87+6.78a
P1H
L 0.355 <0.001 <0.001
P 0.926 <0.001 <0.001
LxP 0.011 0.015 0.089

Note: MBC, Microbial biomass carbon; MBN, Microbial biomass nitrogen; MBP, Microbial biomass phosphorus. The same below.
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Fig. 4 Effects of litters and P addition on soil enzymes activities
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Fig. 5 Relationships between soil cumulative priming effect and soil nutrient availability and enzymatic activities ( The natural logarithmic

transformation was performed on the original data )
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