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OB A ST R B S BRI M A AR R RS R 4, T i X IR (CK, N 0 kg/(hm?-a) +P 0 kg/(hm*-a)) . K% (LN, N
50 kg/(hm®a)+ P 0 kg/(hm>a)). & (HN, N 100 kg/(hm>a)+ P 0 kg/(hm™a)), 2 EEBEHNLP, N 100 kg/(hm*a)+P 50 kg/(hm>-a))Fl =5 &
ESBE(HNHP, N 100 kg/(hm®-a)+P 100 kg/(hm®-a))5 Flgb 3, JF/RZELE 5 A BF AN AN HRTE , JFT 2023 4£05E 0~20, 20~40 cm
)R R HERARPER . A LR FIK SRS, PR T A AT ZRbR A HLAR A 73t (M B L OCRRRI 3R SRR

ORBERINT, L3 pH BHEFRALT 3.49%~11.48%, HNLP AT 0~20 cm + 2 HIEMASR . BT 200 BEHINT 128.10%.

76.67%; @35 AN HHEEHLRSOC) . PkiSA PR POC) ., F LA BB HIRMAOC) ., AWV REIRMBC) &2 0E
SN HN ARHER 3 n] i3 HLER(DOC) & B 5 1R , HNLP A B T 0~20 cm )2 SOC .POC . MAOC & 435l B & 34 A1 T 31.51% .
18.01%. 27.12%, 20~40 cm 1) MBC & B &N T 13.35%; QM B RLNH, FEimels T b S ames &,
i R (AR 4 B-1, A-RATHIRES . ST4E AT, B-1, 4-N-Z BRI SO B PR B R oy S R NI,
KGR ER M EERE , S AR & AT A A T3 i R Ea P AR e M . IR G R R HARI SR L T
AR E I .
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Effects of Nitrogen and Phosphorus Addition on Soil Organic Carbon Fraction in

Pinus elliottii Plantation

HE Hui'?, LI Wei'?, MA Su'?, ZHANG Chouchou'?, LIU Yi'?, LIU Xijun"*"

(1 School of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, China; 2 Anhui Provincial Key
Laboratory of Forest Resources and Silviculture, Anhui Agricultural University, Hefei 230036, China)

Abstract: In this study, the Pinus elliottii plantation in Wanling Forest Farm, Xuancheng City, Anhui Province was selected as the
research object. A controlled field nitrogen (N) and phosphorus (P) addition experiment was conducted with five treatments,
including control check (CK, N 0 kg/(hm*-a)+P 0 kg/(hm?-a)), low N (LN, N 50 kg/(hm?-a)+P 0 kg/(hm?*-a)), high N (HN, N
100 kg/(hm*a)+P 0 kg/(hm*-a)), high N and low P (HNLP, N 100 kg/(hm*a)+P 50 kg/(hm>a)) and high N and high P (HNHP, N
100 kg/(hm*a)+P 100 kg/(hm*a)). Based on five consecutive years of controlled experiments with N and P additions, basic soil
properties, organic carbon fractions and hydrolytic enzyme activities of 0—20 cm and 20—40 cm soil layers were measured in 2023,
to explore the effects of short-term N and P addition on soil organic carbon(SOC) fraction contents and their key influencing
factors. The results showed that: 1) The addition of N and P significantly decreased soil pH by 3.49%—11.48%, and HNLP
significantly increased the contents of NO;-N and total P respectively by 128.10% and 76.67%. 2) N addition of 5 years had no
significant effect on the contents of SOC, particulate organic carbon(POC), mineral-associated organic carbon(MAOC) and
microbial biomass carbon(MBC), while HN significantly increased the content of dissolved organic carbon(DOC). HNLP
significantly increased the contents of SOC, POC and MAOC in 0-20 cm soil layer by 31.51%, 18.01%, and 27.12%, respectively,
and significantly increased the content of MBC in 20—40 cm soil layer by 13.35%. 3) Structural equation model analysis showed

that N and P addition changed the contents of NO;-N and total P in soil, affected soil carbon fractions by directly or indirectly
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affecting soil B-1,4-glucosidase, cellobisidase, B-1, 4-N- acetylglucosaminidase activities. Thus, from the perspective of long-term

carbon sequestration, the mixed use of high N and low P is more beneficial to improve the stability of soil organic carbon, which

provides theoretical support for forest management to realize the goals of forest carbon peaking and carbon neutrality.

Key words: Nitrogen and phosphorus addition; Organic carbon fraction; Soil enzyme; Pinus elliottii plantation

+ 3 HLk (Soil organic carbon, SOC)Z[fiith A
BRG P EREKRIRIE , TE2ERRIGA T L5 EEW
PERWM . ZRARAEZS RG0S bl b A 25 28 40 0 5 L4 A
G, ERARAMBRIC R R 276~448 Tgla, Hrf 40% 14
FAAE A8 bR A S 2 X 4R AR A Ay i B S22
Yy 3R A 27 U A TR o BRAR A ML 1Y 4 53
Y53 R 203 RN L S AR P A A O S A AL Bk
(Particulate organic carbon, POC, >53 um)fl/N>T
1 2 BN PR I E LR E MR ™ 45 638
A HLE% (Mineral-associated organic carbon, MAOC,
<53 um) Bl FRAR 3R] A A LR (Dissolved organic
carbon, DOC). %94 ¥ &K (Microbial biomass
carbon, MBC)% /2 HIEFMEHR N ELEEAK, 25
MR RGBT . AR Y A KRR R
G A7 3 %) e R B PR AR SR O, Rk DA Ay S il
HiE S RFE R ER TR Y, BB 2
ffRRARAE S R G TR BRI AT R it , S0 Ui s A
W Bk A1 o A ), AR IR A A
WA B LA R A S R G i HA SR 43 e 2R A R
T MR P A K A R AR B R, A=
BRGMR . A BEAATEE BHENIRE LR,
S0 R TR AT RES IR AT ARAR A B BRI, s 2k
B RGP R

HOAOE S R B, RN ety A&, i
AR, {2t SOC [EIFF, (A 77 7e I ikt
SOC fiff f A7 7E /0 B8 TC b 52 e (A Ol o TRl ,
BB B 255 SOC MRS e EY, SR, Bk ik
IR R, T2 ZME R, RXEH T
il BB SOC Rk iy sZm, L5 N AE T A
%t SOC 4143 (i POC Fl MAOC)5% i A ] 1)
FEAEBRR I AMrEZm SOC 45 B e HLHI A
HAE WMEIN, TR RS R G %
B RBR AN, RS 023 am 2k BG hn &00 /T A L R
W) A DL K B-FE 5 M T I (B-glucosidase) i
fieiff + 5 POC il MAOC & B (), SR, 7
FHE 7O i AR, A el g8 & 5] i
MAOC &8 H) T, HIEHATRER -5 POC A
MAOC %% + 3¢ MBC. pH. [ififPE LR fb2=it &
P U2 R U A ot £ 58 POC Rt MAOC (193¢

UK BB v A I AT T BRI

P, A BIFFE 1 35 AR L 2% 1 38 B A (Pinus
elliotti) N TMABFFER G2, TT I T P AMR I AU U
T il . 3E i AN SE S B SOC i KA ) |
Feor i MEEVESF AL, BV T ARSI SOC
L5 s SRR AEALR] , X o T o b A 2S5 R B2
e s A5 P B S ARV R B e 1o B AT T A R
S, SRR AN N AR AT R 228 e 3 Ap 254 BRI
S

1 #RERE

1.1 HAREXER

W 5% X A7 T 22 808 5 300 & M X% % Ak
(118°3'39"E, 30°7'48"N), J& FALIL R, BN
Sy P 1L, SRy 1L LDk ) G SR ik . DX PN
AHXTIREHR 10~50 m, BEJE 10~15°, +-HERAI J w41 3
+ 2B 60~100 cm, Z5HEAL, WBIHALK, KEH
FZERE 3~5 cm, MikIE )RR 3~7 cm. FFEIX
SRR IR R, AER 159 °C, 4R
YR K& 1368.6 mm, JCFEH 230 d.
1.2 HRFE
120 FEMsEE Sabs SR T B
A BB IR (T 2011 4E 87 2685 28 4F2E |
ST H SR A ARARL L G it 58 4 — BUNIE M A N T AR
BRI, FEJTR/INA 20 mx20 m, Fhi% B [ ERE
J5 30 B, BEDTIRIEE 20 m LA B AR . AR
IS4G T 2018 4F, FE TR R A DI 4
SRS S S FRABRA AL, 43 XHR(CK, N
0 kg/(hm*a)+P 0 kg/(hm*a)) . fEA(LN, N 50 kg/(hm*a) +
P 0 kg/(hm*-a)). & & (HN, N 100 kg/(hm?*-a)+P
0 kg/(hm*-a)) . = A KB (HNLP, N 100 kg/(hm?-a)+P
50 kg/(hm® a))Fl = & = B (HNHP, N 100 kg/(hm®-a)+P
100 kg/(hm*a)), FFFPALEL 6 P~EAE . I 2018 4F 7 H
FRUARHEAE, BERE 2 A A REAE 1 K RUBRER A2 5
KPR ZE (N = 46.2%) R 3 R 45 (P,Os = 12%, Ca=
10%, S=10%). KM EABREHE, EEr,
I i 3 S RB o R 0 R 2 L8
122 BHERESCRAE 2023 4E 3 H, fEREEREET
T F LR 7 4% 0~20, 20~40 cm 4 J2 48 FH T34k (A
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2 3.5 e RAE HIERE S 3~5 0, IRE LI A KA,
WS . KBREREP AR MPIIRIR G,
i 2 mm B, R R TR RE G 48 53R B =4

— U HE T 4 °C UKRIRAE, TS A (NHL-N) | il
SHENOs-N), [ HEAYLERDOC) . WAEY A Y &
f(MBC) & A s — T IR s, T 3
HLER(SOC). 2%(TN). & (TP). POC. MAOC %%
HIE ; FIRTRAEE 20 °C VKA, AT L
K firk il 15 A

123 BHERRMERR . BRAIE 3 pH RA
3% pH HHIE K LB 12 2.5); NH,-N NO5-N
TP. AP ] FlAstar 5000 % l7E 40 Hr 40 s 4

DOC. MBC 7 &tk HLE A ALK 43 B AL 2 (Multi
3100, 7)), MBC 545 280k 0.45; SOC. TN &
FHIRATCE SHTLEA 3000, EAFHIME, POC
M MAOC 5 f o FrEGE 50 H i iR ke
10 g % ABEEGHN, HIA 30 mL 5 g/L BN i iR AN
W, R 18 h 5 B R 0.053 mm K,

G RBAiK e, AR ETRF LR R, F
60 C AL 48 h Z=AEEE , SR HIRATTER 7 TX
Mg, ENfS POC #1 MAOC %,

1.2.4  EHEREEPENE SRS R T
DA, FAREAE TR . FREL L g B+
A 125 mL 50 mmol/L {4 B 4425 WA W (pH 5), 76
WHENR a8 L3R 1 min, SRJGHESIBEHE 5 min i
B5y 5 il IR WA 1) 96 FLEGARAR A 200 pL 143
BRI 50 uL ALY, FEARAED)TFL I A

50 uL ¥ Bk 10 pmol/L AFRUEN ST 200 pL fY Jiti iR
MR BRALRCE T 25 CHEEEAME TR 4 h
J& . A 10 pmol/L 4 NaOH 2 1F 0 5 e
Z )i bR (Synergy H4, BioTek, Winooski, USA)
£ 365 nm A HEFTHEEI A , 450 nm AbFEFT AR
BAEEMIIE 8 M EE .
1.3 HESESSH

FIMH Excel 2021 #EATEEEEH, @it SPSS 25
HATGEH T, JH Origin 2021 84, Hid, %
FHEA R 5 2243 7 (One-way  ANOVA)K: 16 & W 78 Jin
APRIE 2257, SRA ¢ K00k LA 4 J2 (Rl 25 57
K Pearson 7570 M +EA WAL /05 & B A0
TR A A G BN, R R4.3.3 B
Hif) “lavaan” Fl1 “semPlot” £ UEfT45H 5 Fapki Al 4y
Wit

2 HERE4SWH

21 TEERMR

M2 1 A%, 78 0~20 cm +)2, 5 CK AbBEARLE,
HN AbBETF 13 NH3-N. NO;-N 43 il i 3 4 m
61.76% . 272.53%(P<0.05), HNLP AL 43 NO5-N
SR ERAN 128.10%; HNLP, HNHP 4b3 | + 4%
TP & B L E N 76.67% . 51.52%; 4% A WAL
145 pH BRI T 3.49%~11.48%. fF 20~40 cm +
2, HN ZLFEF 4238 NH,-N . NO3-N & 143 5] il 3544
i 61.27%. 320.59%; HNLP, HNHP Z3 K + 4 TP
o N 29.49% il 23.64%.

F1 ABAMTLEMNERMER

Table 1 ~ Soil basic properties under nitrogen and phosphorus addition
12 (cm) OB NH,-N(mg/kg)  NO;-N(mg/kg) TP(g/kg) TN(g/kg) SOC(g/kg) pH

0~20 CK 5.24+0.9bc 1.83+0.3¢ 133.4+11.97¢ 3.3+0.34a 13.85+3.01bc 4.66+0.11a
LN 6.42+1.56bc 2.11+0.84¢ 146.04+11.62¢ 3.63+0.31a 12.01+0.85¢ 4.30+0.14b

HN 8.48+1.23a 6.81+1.22a 145.53+4.70c 3.69+0.22a 14.34+£1.15bc 4.15+0.17b

HNLP 6.60+1.51b 4.17+0.99b 235.67+10.75a 3.67+0.18a 20.84+1.27a 4.35+0.10b

HNHP 4.11+0.51c¢ 1.03+0.64c¢ 202.12+17.62b 3.49+0.29a 14.67+0.99bc 4.13+0.13b

20~40 CK 4.45+0.12bc 1.47+0.18bc 125.16£8.03¢ 2.88+0.2a 13.11£3.68a 4.68+0.13a
LN 6.21+0.99ab 1.97+0.46bc 120.56%15.4¢c 3.16+0.22a 12.09+1.12a 4.48+0.05a

HN 7.18+1.15a 6.16+1.07a 137.48+9.52bc 3.31+0.33a 12.20+1.84a 4.60+0.29a

HNLP 4.81+1.27bc 2.55+0.89b 162.08+6.57a 3.18+0.27a 14.90+0.73a 4.42+0.08a

HNHP 3.91+0.20c 0.68+0.24¢ 154.75+8.60ab 3.13+0.36a 14.44+2.63a 4.36+0.21a

T RIS/ NG F RS Al — L2 A [F) 4 BE A 25 5 2 3% (P<0.05),

22 tTEWmAS
& 1 aJH, £ 0~20 cm +J)2, +3 POC.
MAOC. MBC, DOC &&E4M4A 4 SOC & &R

10.80%~12.40% . 33.50%~39.71%. 1.17%~1.61%.
0.71%~1.24%; 5 CK 4bFHAHLL, HNLP ZbBH T 45
POC . MAOC &35 i 18 n 18.01% F127.12%,
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Contents of soil POC, MAOC, DOC, MBC as well as their ratios to SOC under nitrogen and phosphorus addition
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HN 43R 1% DOC & & i E 3 1 39.60%(P<0.05).
7 20~40 cm + 2, +1% POC. MAOC, MBC, DOC
SHINZ)E SOC FEnY 5.40%~8.60% . 33.60%~
43.46%. 1.31%~1.62%. 0.98%~1.55%; HN ALK
13 POC. DOC & W ERT 13.27% F1 42.60%,
HNLP 4b3 ~ MBC it i 325 13.35%(P<0.05).
KA INALFE T 14 POC. MAOC, MBC &1
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2.3 1TIERRAS. BEERERERZ EREXE
AR T (B 2) B8, 7E 0~20 cm £, +3
NOs;-N, TP, SOC. POC %514 BG. CB iftk
SR H L T A 4(P<0.01), 13 NH,-N. NO3-N. TN,
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BT POC ZEfL ) 77.6% , NAG(A=—0.26) Fl
SOC(2=0.70)AL: [F] fit B T MAOC A2 K1Y 52.9% , ACP
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1E1Y 60.2%.

20~40 cm
1
= 0.8
0.6
FE B 04
|
o 0.2
m *k 0
e | Hok
D E E o
sk m mg m -0.4
om @ @i N
= oo o
.
PR OO OO0 R OR K
Q«:Q‘ioﬁ& N2 S Qo&,o WS c?’@. SF

(BG: B-1, 4-H4GMEH R ; CB: P4 “HEHE; NAG: B-1,4-N-ZBAMEI NS ACP: MRUEBEMRNG; LAP: SEMALLIKNG; »,
I3 WIFRIRAE P<0.05. P<0.01 /K- %4 %)

2

TIRBA S SEEEMN . BEARMRZERHEX Y

Fig. 2 Correlations between soil carbon fractions with enzyme activities and basic properties
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Fig. 3 Structural equation model of soil POC, MAOC, DOC and MBC with potential influencing factors
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