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Abstract: Phosphorus (P) is one of the essential elements for plant growth and is a key factor in
maintaining the productivity of subtropical forest ecosystems. Chinese fir (Cunninghamia
lanceolata) is mainly distributed in subtropical areas of China, and its soil acidification and
phosphorus utilization efficiency are low. It is of great significance to study the effect of Chinese
fir plantation transformation on soil P for the stability of ecosystem and sustainable forest
management. In this study, the rhizosphere soil and non-rhizosphere soil were collected from the
replanted Chinese fir plantation, Castanopsis hystrix plantation, Mytilaria laosensis plantation and
the mixed plantation of Castanopsis hystrix and Mytilaria laosensis on the cutting-blank of
Chinese fir plantation in South Asia, and the effects of soil P component and transformation on the
transformation of Chinese fir plantation into broadleaved forest were studied. The results showed
that: (1) The content of microbial biomass phosphorus and the activity of acid phosphatase in
rhizosphere and non-rhizosphere soil of the modified Castanopsis hystrix plantation, Mytilaria
laosensis plantation and the mixed plantation of Castanopsis hystrix and Mytilaria laosensis were
significantly higher than those of Chinese fir plantation. Soil total phosphorus of Castanopsis
hystrix plantation and the mixed plantation of C. hystrix and Mytilaria laosensis was more easily
converted to quick available phosphorus than those of Chinese fir plantation and Mytilaria
laosensis plantation. (2) The contents of calcium chloride extraction phosphorus in rhizosphere
and non-rhizosphere soil of Castanopsis hystrix plantation and the mixed plantation of
Castanopsis hystrix and Mytilaria laosensis were significantly higher than those of Chinese fir
plantation and M. laosensis plantation, and the contents of enzyme extraction phosphorus,
hydrochloric acid extraction phosphorus and citric acid extraction phosphorus in rhizosphere and
non-rhizosphere soil of Mytilaria laosensis plantation and Castanopsis hystrix/Mytilaria laosensis
mixed plantation were significantly higher than those of Chinese fir plantation and Castanopsis
hystrix plantation. (3) RDA results showed that soil water content and microbial biomass carbon
were the key factors regulating P components in rhizosphere and non-rhizosphere soils,
respectively. In summary, the transformation of Chinese fir plantation into broadleaved forest is
conducive to the storage and supply of forest soil P, and this study provides an important scientific
basis for tree species selection and management strategies to improve soil P availability in south
subtropical plantations.

Key words: Cunninghamia lanceolata plantation, broad-leaved species, rhizosphere soil,
phosphorus fraction, south subtropics
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2022) o HEHBAHL, M EERRRETE RNER, EBRGIRS D6 AR E KR
% (Gharuetal,2016) o BAKMIE, FEHMAMEF M2 ) 32 b T RED . R R
YA 5 oy AN [F) 3 3 SR U E I VR A IR ORI 22 57 CERERAT, 20210 o foldn, 2Lk
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I FE XA T P E ¥R DX AR T A B AR R 80 T B #ry otk S 56 A O AR I S50 3
P (106°39'0"~106°59'30"E, 21°57'47"~22°1927"N) , J& T WHAMFFERMEX, SRR,
WEEE, PBAKEMN, TR, FRELN21°C, FEYENELN 1400 mm, FFH
FEEPERGEN 4—9 Ho Rl RN X0 R ZH R, H IR RN e s
Eml s TRAZGEZM TR RED S, WA TE LS ER (Pinus
massoniana) FAZANE, FEHBAEEGHOHE., KEH. KM (Michelia macclurei)
A (Erythrophleum fordii) « ¥# (Eucalyptus urophylla) 55, FhEE = DLl pRATTR 22 K
NE.
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Table 1 Main characteristics in different forest type
MR W I IS e TR
i)
ﬁ:fd%tg:e Altitude Slope SD DBH TH LF
P (m) ©) (trees * hm?) (cm) (m) (kg * hm? * year")

KA Alibk
Pure plantation of Cunninghamia 4533 335 1112 19.86+0.44 19.44+0.53 5273.96+213.83 d
lanceolata

4
ZLHEALAR . . . 528.5 32.8 556 29.04+1.04 27.35+0.79 6673.47£207.92 ¢
Pure plantation of Castanopsis hystrix
N e
*%HEJEM( [ . 543.5 353 644 27.27+1.35 23.69+1.07 8360.594+290.22 a
Pure plantation of Mytilaria laosensis
ZLHE/ K EHAR A
Mixed plantation of Castanopsis hystrix 545.8 30.0 588 26.98+1.04 24.67+0.77 7514.49+226.44 b

and Mytilaria laosensis

i BUE=TIME £ ARAER, n=4. SD. M, DBH. fifE: TH. #fm; LF. JH%ME .

Note: Data are means + SE, n=4. SD. Stand density; DBH. Diameter at breast height; TH. Tree height;
LF. Litterfall mass.

1.2.2 FE kAR

2022 4 8 HiltAT L HERAE, HIEBLLHE 5 AKEHIRAS MBI A BA B0 R, A
WK H 2R G s A Wk i IR A, BB (20 mX20m) 7304 16 4~ S m X
Sm I IEF MR, WA SR REE S (9 o MRPR 3R HEAR bR L3R SR 4R £ E S
Cui 5§ (2019) MJ7VERET, FKBRRAE SR TR TE AN 4 1 f5 K4 0~10 em L2 1 3%,
B HE EERR BB PH, Ko E AR R B L R br L, $hE
(1) 3 N AEAR bR 3R B o K RS 10 L3R 5 B IR PR A7 IR IR R s 6 ==, A
LIRS LR 2 mm TR, ERRAH. WAL LIEIEY, —8H0 LEARNKT,
WEEE 5 FH T LB AR o0 i 59— 8B B T-20 CokFORAE, HT LI P A5, B
P KB A ) A A O E
123 FEm i

T AR ALV I E EE S (IR Y — BRI ik (M E,
2000) . E3EFKE (water content of soil, SWC%) KBt TEME; pHE KA pH 11
E (HIK=1:25 m/V) 5 HIEEHLEK (soil organic carbon, SOC) K H HEKER - AN
PR ; L34 % (total nitrogen, TN) 28 HoSOs- VR A I 51 TH A 32 B FH 3% 829 80 43
#11X (SEAL Auto Analyzer3) Wll7E; TIEEASE (NHS-ND AHEZ (NOs-N) M&=H
2 mol L'KCLEIR e fa, LR B) 7 HrACE: 3% TP A HaSO4-HCIO, ¥ 2 AL,
AP IR (HCI-H2SO4) 1248, 3R L AR E .

IS AE A ER (MBC) .« & (MBN) . MBP RH & BAKEUEN &, Hrh
MBC 1 MBN H 0.5 mol' L' K,SO4 iz 52, £ TOC 73 #r4% (Multi N/C 3100, #E[E) F
M€ . MBP H] 0.5 mol-L' NaHCOs12#2 )5, HHH K th ikl e .

K 96 AL D¢ ik e 2 5 3% C. N. PRI MG H - 3ERE S 1, FREL 1.25 g &
BEFE s, M 125 mL ) CHsCOONa ZZ Vs, 1E 4 C 2 N il 3807 W, HL 200
pL R T EEbRAR T, BRSO RIEG Y, 7E 25 CHFAF M REEREFE 3 h, A 5l



7 0.5 mol-L'NaOH ¥ g 2 11 e b7, A FH BEFRAXAE 365~450 nm I K 544 T W & 5% 6 -
RV PE KNG —H nmol-g ! o, Bl s BRI, Thit SRYME B e LR 2.
%2 13 C. N, P KRB AE R

Table 2 Basic information of soil C, N and P hydrolase substrates

[N B ik JEAD) B
Enzyme type Enzyme Function Substrate and concentration
-7 ] Bl FRfReT 4R 4-MUB-B-D-glucopyranoside
) -glucosidase, BG Cellulose hydrolysis 200 pmol-L™!
C K B-glu u ydroly: (200 w )
-h 1 T — : N
Chydrolase 14— B G MRS % 4-MUB-p-D-cellobioside
Cellobiohydrolase, CB Degraded cellulose (200 pmol-L")
N- 2 -] 6 i I Refil JLT 4-MUB-N-acetyl-B-D-glucosaminide
-N-acetyl glucosaminidase, NAG Degrades chitin 200 umol-L™!
N K B ylg g (200 p )
N-h 1 B S oy ” - . . .
ydrolase o B BRI Rk fife 2 1 L-leucine-7-amino-4-methylcoumarin
Leucine aminopeptidase, LAP Degraded protein (200 pmol-L")
P /K fifi i PRV T TR AL BRI R 4-MUB-phosphate
P-hydrolase Acid phosphatase, ACP Catalytic esterification of phosphate groups (100 pmol-L")

13 P 47 E K H Deluca 5§ (2015) = T-AY0A B0k H P 4500 5E 77 (BBPX) -
SPATRRBOR AR 4 0.5 g T 4 15 mL B0, 72 4 DEOE 20 I 10 mL 0.01
mol-L"'CaCL ¥+ 10 mL 0.01 mol-L" F7 R« 10 mL 0.02 EU-mL"' B8 5 S2 UK. 10
mL 1 mol' L ERFRVEWE, HHE TGN HEY 3h (180 pm, 25°C) . RHEARTES,
B b Sk A B0 B0 2/3 PR FEAL B AL TR 1 mLIB AW T 1.5 mL #5080 1 min

(10000 rpm, 25 C) , dxJa RHAILERALENE FIEWRE P kA .
1.2.4 %4 70 #r

+3% P Z 51 2% (phosphorus activation coefficient, PAC) i+ AR T (ZHHEE,
2022) -

PAC——AP xX100%
TP%x1000

A AP N (mg-kg!) ; TP A% (gkg!) .

iz H SPSS 26.0 3t s Bt 34T LK 3R 5 Z 0 Cone-way ANOVA) , 73 il LEAR
ANFE R AR PRAAEAR bR I AR . AR AR BRSP4 E R, FER
KK H (least significant difference, LSD) , EZEHM/K P& E N P<0.05. H Canoco 5 #fF,
LA AR Sy 1 38 P Al p g AR, L Eifb M o MR R | AT LR

(redundancy analysis, RDA) . “¥XH] Origin Pro 2023 #1174
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2.1 AR B8 A A TH R AR B A0 JEAR B - 3B B AL R AE
3T A, EARPRAIER PR H 2, ool S 20 #EMRISOC. TN. NH4*-N. NOs;-N. AP. C/P. N/P. SWCEHEHLREE TEAMK (P<0.05) ; X
HEMISOC. TN. NH4*-N. NO3-N. TP. N/P. SWCEEEZ H TEAMK (P<0.05) ; i KEZHEZAIISOC. TN, NHs-N. NO3-N. TP. AP.

SWCHREZE mTAEAK (P<0.05) .

3 LRI TR
Table 3 Soil physicochemical properties

Y, L SOC TN NH4*-N NOs-N TP AP
B B B i 3_1 B B CIN C/P N/P pH SWC
Stand type (g-kg!) (g-kg!) (mg-kg!) (mg-kg!) (g-kg!) (mg-kg!)
*/tﬁ . . 20.31+1.43 ¢ 2.43+0.10 b 9.7840.60 ¢ 10.23+0.74 b 0.26+0.02 b 3.19+0.31 b 8.43+0.78 ab  79.41+£10.65b 9.32+0.46 ¢ 4.41+0.16 a 28.76+2.73 ¢
Cunninghamia lanceolata plantation
ALEEA . . . 37.75+1.49 a 3.70+0.22 a 16.23+0.89 ab 19.334£0.81 a 0.30+0.01 ab 6.02+0.43 a 10.24+0.33a  125.41+£547a  12.29+0.67 ab 4.15+0.04 a 36.63£1.43 b
Castanopsis hystrix plantation
R KEZHAM

o . . 32.43£1.69 ab 4.28+0.33 a 18.7240.96 a 20.214+0.87 a 0.33+0.01 a 3.70+0.41 b 7.68+0.54 b 98.59+3.88 b 12.97+0.74 a 4.22+0.07 a 58.74+2.84 a
Mpytilaria laosensis plantation
ZLHE/ K EHAR A
The mixed plantation of Castanopsis 29.39£1.70 b 3.53+0.16 a 15.35+0.46 b 18.72+1.02 a 0.33+0.01 a 6.52+0.45 a 8.40+0.72 ab 89.19+5.79 b 10.67+0.23 be 4.16+0.04 a 44.02+0.84 b
hystrix and Mytilaria laosensis
*/*T)F . . 13.91£0.50 ¢ 1.70£0.10 b 3.76+0.39 ¢ 6.13£0.36 b 0.24+0.01 b 1.39+0.15b 8.21+0.32 ab 59.49+3.42 b 7.23+0.24 b 4.50+£0.15a 23.9942.06 ¢
Cunninghamia lanceolata plantation
AR

. . . 25.61+1.21 a 2.84+0.09 a 7.56+0.31 ab 13.41+0.39 a 0.26+0.01 ab 3.20+0.12 a 9.01+0.21 a 98.22+7.59 a 10.88+0.64 a 4.30+0.04 a 33.40+1.68 b
Castanopsis hystrix plantation
NR  CKRZH#H

oo . . 21.10+1.15b 3.08+0.16 a 8.13+0.06 a 14.16+1.01 a 0.29+0.01 a 1.56+0.08 b 6.87+0.38 b 73.82+4.27 b 10.79+0.62 a 4.3940.03 a 41.18+1.19 a
Mpytilaria laosensis plantation
LLHE /K EHER AR
The mixed plantation of Castanopsis 19.49+0.89 b 2.68+0.21 a 6.85+0.06 b 12.15+0.40 a 0.29+0.01 a 3.63+0.19 a 7.41+0.68 b 66.60+3.24 b 9.154+0.70 ab 4.30+0.03 a 34.9842.02 b

hystrix and Mytilaria laosensis

W RORFREIE; NR.IERBREIE; SOC. fHHLEE; TN. &% NH-N. #E%: NOs-N. HA%: TP. & AP 738 C/N. BEE; C/P. wBith; N/P. &Bitt; pH. IRBE; SWC. &/K&E; RHFEIIAFTH
FORARBR BARAR PR AN R MR A 0] 22 B R (P<0.05) &

Note: R. Rhizosphere soils; NR. Non-rhizosphere soil; SOC. Soil organic carbon; TN. Total nitrogen; NH4*-N. Ammonium nitrogen; NO3-N. Nitrate nitrogen; TP. Total phosphorus; AP. Available phosphorus; C/N.

Ratio of organic carbon to total nitrogen; C/P. Ratio of organic carbon to total phosphorus; N/P. Ratio of total nitrogen to total phosphorus; pH. pH value; SWC. Water content; Different letters in the same column of the table

indicate significant differences between different stands of rhizosphere or non-rhizosphere soil (P<0.05) .



2.2 AR BOGE B FE AR B HR B A0 JEAR bR - 48 B 4 43 R A AL RBURFAE

B 1 PTA, A2 AR EOE B AR, AR B AT AEAR bR 1338 b % P4 7 & BRI N Eh R
BB (HCI-P) > f7 MR IE B (Citrate-P) > B2 HU#E (Enzyme-P) > G4k 45 42 B ik
(CaCl-P) , FFHAMFr IS P A& EIAEMREE LS. ERER TEF, SR
b, ZLHEMRRN 20 4E K 2 HER A R CaClo-P & & 20 A3 N 1 33.9% 41 21.6% (P<0.05) ;
KEHEMR AL HE K HEVR S MR Enzyme-P & &2 A0 T 20.6%F1 9.9% (P<0.05) ; K
ZHEMR LT HE 2K 2 HERAS AR HCL-P S & 38 I T 22.2%. 12.0% (P<0.05) ; KEHE
M LLHE KRR AS AR Citrate-P & 8270 A0 T 20.2%M1 12.0% (P<0.05) (K 1: a)
EAEMR R g, SR ARG, Z0HEMR AL HE K E HER AR CaCla-P &5 245 7 3 0
T 42.6%7H1 28.9% (P<0.05) ; Enzyme-P & &5 AN T 8.5%H 4.8% (P<0.05) ; HCI-P
FESMEINT 13.1%A1 7.0% (P<0.05) ; Citrate-P & &2 A2 ZE N T 18.8%F1 10.2%
(P<0.05) (H1: b .

N2 AT5N, A AR S B ARG, PEAR R g, ZDHE ORI 24 oK 2 HER AT AR 1)
PAC HEAZ ARl R0 ) B 4R 5 T 62.2%H1 60.3% (P<0.05) ; ZTHEMANZLHE/ 2K 2 HER 2T AR
K] PAC 43 B LK Z HEM B Z 35 T 78.0%F1 75.9% (P<0.05) (K 2: a) . fEAFMEFR 1%
W, T HERORD 2 R/ K 2 HETR S AR T PAC LLAZ R AR 43 5l B 3 R T 109.3% A1 111.2%

(P<0.05) , £rHERRAL e/ K ZHER AT PAC 70 A LK ZHEMR B E 52 5 T 124.6% 1
126.7% (P<0.05) (K& 2: b) o AR LHESRM PR ARRAKZ AT PAC ¥ TG 2% % 7
(P>0.05) (K2: b) .
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Phosphorus component content (mg-kg™)

[STSESCN

R PR3, NR AERPRE3; CF. ARM; CH. 4k, ML KEHA; MP. 4K EHHRSS
CaCL-P. S L E5 1R BV ; Enzyme-P. B2 B ; HCI-P. ZhIR4LHUIE, Citrate-P. /BRI ELRE, AN K
TR ECARRER LA FE M 257 82 (P<0.05) o R
R. Rhizosphere soils; NR. Non-rhizosphere soil; CF. Cunninghamia lanceolata plantation; CH. Castanopsis
hystrix plantation; ML. Mytilaria laosensis plantation; MP. The mixed plantation of Castanopsis hystrix and
Mytilaria laosensis; CaCl,-P. Phosphorus extracted from calcium chloride; Enzyme-P. Phosphorus extracted by
enzyme; HCI-P. Phosphorous extraction by hydrochloric acid; Citrate-P. Citric acid extracted from phosphorus;
Different letters in the figure indicate significant differences between different stands of rhizosphere or non-
rhizosphere soil (P<0.05). The same below.
B 1 AR AR 3 22 (AR B A AR AR B - 358 9 2H 20 25 B ARk
Fig. 1 Changes of phosphorus content in rhizosphere and non-rhizosphere
soils of different stand types
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Phosphorus activation coefficient (%)
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B 2 AS[E AR AR B ATAEAR s 3% PAC O3B AL
Fig. 2 PAC changes in rhizosphere and non-rhizosphere soils of different stand types

2.3 AR BOE B FE AR R B A0 SR AR B - 48 0% A2 4 A2 0 B P B MR AR AE

ARG b AR S, FEAR bR L3RR bR, ZLHERR . K2 HRAR S LD K2
HERAZ AR MBC. MBN. MBP & &) 83 5 TAARK, HHRRLIERAERR LIRS &
(B 3) o fEARBR T3, S AL, ZUHEM Y MBC. MBN F1 MBP 437 & 2 34 i1
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