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Effects of short-term nitrogen addition on bioavailable phosphorus in rhizosphere

and bulk soils of a Castanopsis fabri forest

YUAN Xiaochun"*, XIE Huan’, BAI Xinyu’, ZENG Quanxin’, ZHANG Xiaoqing’, REN Mengxiao®,
CHEN Yuehmin®, Zeng Jiahong’, LIN Kaimiao" *

1 College of Tourism, Wuyi University, Wuyishan 354300, China

2 School of Geographical Science, Fujian Normal University, Fuzhou 350007, China
3 Mount Wuyi Dagian Tea Corporation, Wuyishan 354300, China

Abstract: Nitrogen deposition usually exacerbates soil phosphorus limitation, and microorganisms and plants will adopt
strategies to offset this negative impact. However, it is unclear how soil microorganisms and/or plants affect soil bioavailable

phosphorus under nitrogen addition. Based on field nitrogen addition experiments, this study determined physicochemical
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properties, microbial biomass and phosphatase activities of rhizosphere and bulk soils, and root morphology and nutrients
during growing season ( April) and non-growing season ( October) in Castanopsis fabri forest. We quantified four forms of
bioavailable phosphorus through biological methods, including calcium chloride phosphorus ( CaCl,-P ), citric acid
phosphorus ( CA-P) , hydrochloric acid phosphorus (HCI-P) , and enzyme phosphorus ( Enz-P). The results showed that
contents of most bioavailable phosphorus in rhizosphere soils were higher than those in bulk soils during growing season, and
contents of CaCl,-P and CA-P in rhizosphere soils were significantly lower than those in bulk soils during non-growing
season. Nitrogen addition significantly increased CA-P contents in bulk soils during growing season, while significantly
reducing CaCl,-P and Enz-P contents and significantly increasing HCI-P content in rhizosphere soils during non-growing
season. However, the total bioavailable phosphorus content remained unchanged under nitrogen addition in the two seasons.
In the two seasons, nitrogen addition resulted in varying degrees of reduction in root length, specific surface area, and
tissue density of plant fine roots. However, a significant increase in mycorrhizal infection rate was observed, indicating that
plants tended to intercept soil available phosphorus through cooperation with mycorrhizal fungi rather than changing root
morphology under nitrogen addition. Additionally, no significant change in soil microbial biomass and phosphatase activity
was found under nitrogen addition. From dynamics of bioavailable phosphorus content in non-growing season, it can be seen
that plant roots and/or microorganisms activate mineral bound inorganic phosphorus by releasing protons under nitrogen
addition, which is crucial for maintaining soil bioavailable phosphorus in Castanopsis fabri forest. It is worth noting that a
higher response of bioavailable phosphorus to nitrogen addition was found in rhizosphere soil. Therefore, focusing solely on
the dynamics of phosphorus availability in bulk soil may underestimate the impact of nitrogen addition on soil phosphorus
availability. Overall, the short-term nitrogen addition maintained the potential supply of soil available phosphorus. This
study helps to further understand adaptation mechanisms of microorganisms and plants to nitrogen load in low phosphorus
subtropical regions, and provides a theoretical basis for the development of sustainable strategies to alleviate soil phosphorus

limitation.

Key Words: bioavailable phosphorus; rhizosphere and bulk soils; phosphatase activities; root morphology; nitrogen

deposition

B A R A A KA AT Bl 7543 Sl it R AR AR A 7 i BRI IR R R A
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Pl E WA RO | B SR ALEG-B (CaCl,-P) |, F -8 (CA-P) , EhW2-Bik (HCL-P) AAG-B% (Enz-P) , 5333417 E g
PUR S BT R A AT R . A LE T Hedley #2034 5507 7 vk 12005 125 T LASE 4F AR 58 A= A )
AR BRI SRS

AR P2 - e AR AR R TR W A 25 R e W B R o 52 4 1) 3% R DX, R S8 TR 7 (i 3 L AR AR P 1
HEe 2 A5 B EUURE IR AR R S A X o 900 3% 400 B ok AR AR A T B e AR AR B b e s AR
SR, M AT E A T TR AN AR AR BRBEOR PR A0 v R N 1 R R
P8 DT IEE L VA2 AR AR AR B LA A0, R0 DR T RS IR A X B R Ak A R AR A K
FHER ARG A AN 0 B I AR A S R T BE A AR S 25 5 B AT AR S R B, LR
AR R 2o ANEGE WA ML A9 55 6, 0 2 35 0 0 P oL 35 4, X T B SR TR Z T e SR P A R il A
HRARBE O A G UL ASBIFSE LARR 2 1L B R S RS X 4 e W S B R A S A e R
it AE AL S AR AR, AL PO AR 2 A A5, B FERT (1) AR ZE T AR PRAARAR P 5842 9)
AR S WAL 5 (2) ST S0 52 2 4 bR L S A WA Sl i) DG B i A A A

1 #RERHE

1.1 R IXHEA

WFFE XA AR RN T AL Bl = Ll R A SR [X (25°38/07—25°4340N, 118°05'22"—118°20' 15" ),
ZHAE TR A 15.6—19.5°C  AE[EIK 9 1700—2000 mm, Ji T B0 () 3TV B o 1 1k 2 KU, R b 0
PR B TERS | BT R FE R I %% ( Michelia maudiae) %25 ( Lindera aggregata) A ( Schima superba)
8, RN 1 2T
1.2 RIS

TEL FEEMRAT L 12 K/ 10 mx 10 m (YRES  SAE T ARG 2 m AR 2z Pl . 4R RRPHHLIX 27 i =
FHEGIALPE . X IR (0 kg N hm* a™') A% (40 kg N hm? a™') & (80 kg N hm® a™') | ML BHI% E 4 T
52, BURBRAIAEMR B 4% A FEARPRXT IR (RCT) , ARFRAIRAL (RLN) |, AR FR = 20 (RHN) DL R AR AR B 4 8 1) % i
(CT) AR (LN) I A (HN) SRR 356 X 2020 4E 5 F 04 8 18 780 PR Z AL A R 0, /s
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() 38 ) FARAR PR - 498 (AERE 25 +-48) 43 0F 8 5 0 B R AR R 2 IS EE AR B -8, W] AE H AR R . )
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AR N 5 L SR IS A pH 1 ( Starter 300, Ohaus, 5[ Ml 5E +3 pH (/K -1l 2.5:1) . R
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3 A A ) RN R S PRI A . 2 B Vance 551 IR BB 90 24 W) i ik ( MBC) A 90 4 9 e
Z(MBN) RS A BILAR 73 B AN 3% S0 30 43 A A3 53 Jo1) 0 7 i BB v 1) G A BILB AL L. 2 IR Brookes
SO G 0 TR -NaHC O IR B VA BRI W A W 0 ( MBP ) | 3% 52 88 30 43 A0 7 442 JBCIAR v 1) B TR 4
MBC 1 MBN & 14351 ok FE 26 5 A FEL 2% + 4 B HUBRRIL AR & B 22 (PR LR SR R 4, MBP &N S
R BEZE T IEWEIR AR & 5 1 25 (H R ABE MISOR FRRR LR B2 2%k, MBC \MBN Il MBP =242 R 053514 0.45 .0.54
10.4077 . S8 Saiya-Cork %> (177 WA LU MBI AR I ( ACP ) 5 28 Tian %5127 147 75 B OB 0l 1 iy
(ALP) FHRRPEERR AR EE (PD) . HAKWRE A B 1 g B 138, A 50 mmol/ L L2 wPiR E&E , WL 1+
P 5 min [FEFE 30 min, B 200 pL BT 96 fLALIR, ERALBINAJRY G & T 20°CfHiRH 57 4 h,
e ARF I A0 Bl R FH 2 DI BE B AR 12 ( SpectraMaxM5 , MolecularDevices , 5% &) I %2 . ¥ 1 min BEFZ 11 pumol
AT AE SO — D RHE TERAL, ACP, ALP I PD SRIBUR T I G2 0 23500 125 mL R ER (125 mL BRIR %
EHA 100 mL THAM BRI, ACP Rl ALP {1 ] A9 ) 2 4-H1 S W B IR T ( MUP ) , PD i 9K 9 04
bis- 4- 1 AL BB IR T
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M IE BRI (P<0.05 ), HA IR AL B R A K AR MR PR 18 AL &5 0 W & 38 0 (P<0.05) . BEAh, A5 %
MN Fl OP fF4E 534520 ( P<0.05) S RINIEAE K FS FAEK S, B TP, IP M AI™ & & 46, HRFr 13 TC,
TN, MN,OP, fll Fe*** & i ¥ i 2 5 TARMRPR 13 (P<0.05, % 1) .
2.2 RIRINF AN ZEATARPR S A EAR BR A e A e R R e T

RIS AR 49 SR AR i RN TR S 14 TG (0 3 S (36 2) AR LA I B & 38 T /48 K AR
Br43E MBP &, HAR A K MR PR A ARAR BR 13 PD & 445 50 76 4 220 R0 5 204k R 3548 (P <0.05,
B1) o, ARPREY ROV % 3 YA s A PD & B AF7E BRI (P<0.05, 4 2) . P15 MRBR £
% MBC 1 PD #3355 T AR PR 3% (P<0.05, & 1), Bbhh, =950 MBC \MBN F1 PD {778 . 3% 11 5%
M ( P<0.05,%2) .

xR2 AN BEAESHTRESEERXY TEMEYEYSNBEREFENXMD

Table 2 Effects of nitrogen addition, rhizosphere, time, and their interactions on soil microbial biomass and phosphatase activities
ity R HRBR I BN B BRIy HRBRx 215
Indices N R S NxR NxS RxS
WAEYE Y EEi MBC 3.39 44.48 *** 12.17** 0.1 0.5 8.49**
WA A P MBN 0.75 15.75 *** 45.15"** 0.69 1.08 5.87*
WA YA Wy EE B MBP 2.67 577" 0.34 0.41 2.05 0.06
TR VERR R FRBE T ACP 2.69 0.2 0.27 0.44 1.9 0.07
DM BERR G ALP 1.24 2.5 0.57 1.73 5.25 4.64*
R VT I WL it PD 2.02 33.44 " 17.28*** 1.2 5.83 1.16

MBC . 4 ¥y A= W) d: i Microbial biomass carbon; MBN ; 1842 #) 4= #) 4 & Microbial biomass nitrogen ; MBP ; T A= W) A= ) 52 5 Microbial biomass
phosphorus ; ACP . TR PSR AR Acid phosphate monoesterase ; ALP ; B PEBERE Alkaline phosphatase ; PD ; FRTERSTR XU Acid phosphodiesterase

RN F AR RIS FE 5

B RD 4h, RSN PR RSB LA T BEMNE(P<0.05,% 3) . RIFMEBARBF THRER SRL,
SRA #1 RTD, HA IR A AL B E R T K2 dEAE KB R MY SRL AT SRA, 5 A AL HL B 5 AL T AE K AR
Z MY SRL A1 RTD(P<0.05) . RIS T AARIRITAFAE B 225 5, RIS IR ARFE S T A K A AR 35243, Horp
RAALH T 48R 575> RTC \RTN 1 RTP 2 1 3 FEAK (P<0.05) . FAEK IR, B &8 m 14k 4E
KEMRA RTC & i, [ FE RTC.RTP SR, L HALE LI T (P<0.05,% 3) . BLAh, A ZE
FASINE =R T LI ARR YR (P<0.05,F 2) .

2.3

x3 @AM EDBREEMNFTS R0

Table 3 Effect of nitrogen addition on the morphology and nutrients of plant fine roots

15F5 A K7 Growing season K 2% Non-growing season

Indicator X CT KA LN % HN P X8 CT &% LN % HN P
HAREK SRL/ (m/g) 1872.42+107.54a 1366.15£98.46b 1032.9+20.50c  <0.001  1589.57+60.10a 1049.97+50.48h 1533.88+10.87a  <0.001
WRT SRA/ (em/g) 474.98+13.94a 341.71£3.78b  426.40+42.40a  0.016  408.50£30.30a 287.65+19.21b 422.69+7.59a 0.003
4% RD/ mm 0.66+0.08b  0.87£0.06ab  1.00£0.11a  0.058 0.88+0.07a  0.89£0.03a  0.88+0.02a 0.983
HLUEE RTD/ (g/cm®) 0.11+0.02a 0.11+0.01a 0.06+0.01b  0.015 0.13+0.01a  0.14£0.01a  0.100.01b 0.017
MR Bk RTC/ (g/kg) 478.98+1.66a 470.29£3.67h  462.27+4.89c  <0.001  419.16£17.06b 459.6748.49a  456.17x15.98a  0.001
WRBA RIN/ (g/kg) 12.37£0.57a  9.62+0.43h  13.20£0.45a  <0.001  12.99:0.60b  9.46£0.73¢c  15.40%0.85a  <0.001
HRZ 5B RTP/ (g/kg) 522.00+10.30b 473.67x11.55¢  627.33£26.91a <0.001  686.25+36.73a 463.00+43.04b 678.00£34.40a  <0.001
;E;ii?;mﬁ%mﬁﬂ% i 918.52415.86a 994.12+17.09a  741.19+34.08h <0.001  615.25+37.49h 1080.98+65.78a 706.69+23.51b  <0.001
Eﬁiﬁ%ﬁ% AR 23.73%1.15a  20.36x1.16b  21.07:0.29ab  0.08 19.13¢1.53a  20.84£2.21a  23.89+1.43a 0.207

SRL: LR & Specific root length;SRA ; iy Specific root surface area;RD;ﬁ@ Diameter;RTD;éﬂzﬂ‘rﬁfg Root tissue density;zilﬁ]/]\Q#ﬁ?ﬁT[ﬁ]*ﬂ?%K
I RS AL B 2% 5, P<0.05 fRRA R INAb BN TP 25 2 52

2.4 FHESIE AR ZEATARBRAEHEAR PR 4 e A= WA sk
BTG L A W RO A i RS BMIRAK YR HCL-P | Enz-P , CA-P 1 CaCL,-P (&l 3) , AR FAEKZE
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Fig.1 Effect of nitrogen addition on microbial biomass and phosphatase activities in rhizosphere and bulk soils
MBC .t W) AE W ik ik Microbial biomass carbon; MBN . i 4= ¥ 245 #) 7 & Microbial biomass nitrogen; MBP . i/ 4 2 #) it Microbial biomass
phosphorus ; ACP ; 2 1 # [#2 B8 1§ filf Acid phosphate monoesterase; ALP; Bifi ¥4 i B2 { Alkaline phosphatase; PD; 2 ¥4 i B2 XU g B Acid
phosphodiesterase ; RCT ; # FR %} B8 Rhizosphere control ; RLN ; #2 B % Rhizosphere low nitrogen ; RHN ; #2 PR & Rhizosphere high nitrogen ; CT ; X
¥ Control ; LN IRl Low nitrogen; HN: 7%l High nitrogen ; A [Al/NG T BRI T W) — &5 ARBRAIARARBR - HEAR R A A IR B 22 57 . 5 AR
FAR TR SRR LA B3E 2S5 + .P<0.05; ** :P<0.01; *#* .P<0.001

T 2B WA R i (HCL-P, Enz-P Fll CaCl,-P) ¥ JC W 5200, AU AR K R AEAR PR 158 CA-P & i
FHEIM(P<0.05, K 3) o AASINS 5% A WA RO A A 0 B 2 AR (P<0.05,38 4) . ML TAKSE A
IR A R 2 A A A s s i e 2, BRI =, A 2 2 B AR T AR AR K AR PR £ CaCl,-P
M Enz-P 15 i (P<0.05) , IR0 T 4 A4 K AR PR 14 HCI-P F1 TBP % i (P<0.05) , AX}EA: K 2 CA-
P IR ERNEN (E 3) . BR Enz-P Fidh A K EHEHAEY AR TIEERKRE(R ), I
Hh B 5 200 28U YA SO AEAE B E S EAR I (R 4) o A KM PR L4 CaCl,-P F1 CA-P & & i
FARTAEARBR (K 3) , midk4E K Z= +4 CaCl,-P, CA-P ,HCI-P Il TBP & 38 MR bR 448 i 2 5 TR AR
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Prt3E(#3) .
3 Wi 00 L P<0.001 ) : P<0.001
; AN I 3

3.1 AR ZERBR AR PR AR WA S i 22 55 M‘é b rob

TR R R R B2 T |
Sto TEARAERK TR R ZHUA: WA Rk & R B AR PR %E 40 - :
Fr B FARMR, T K 7 CaCl,-P 1 CA-P AU A : Ll |
B, RBARMRPR & TARPR (K 3) X T RE £ E S5 Y = I
BT KA K, RERRE meta 707K, B THEY) T N o™ v
TGS PR AR B A0 R SR 3G I, AR s - Sl 1 il 17 2 A ro vﬁfgi‘m Non_gfﬁﬁieason
738 i, S BOR PR A A AR AR AR Br 4 R AR
129 | fpH: K X F 40 1 o ek 1 L+ 2 FRmX T IERRELEAH

i:% ':F' j( i ':] ﬁ%{ ?,% % ){ % % EZ i % HITF E % (9 K , X >| % ) Fig.2 Effect of nitrogen addition on soil mycorrhizal infection rate
BUE R ZE A WA RO LA S HA AT R4 43 (B MN)

T (R TARE R (8 3 .38 1) o BEAh AR L T ARMR PR 88 AR AR 0 AR B 557 20 A RS 58 . il T CaCl,-P
A DL EEOR R I AR K AR PR R CaCl-P & i B R E AR T RGPS (181 3) . ML TAERKZE JEAEK
T TR RGO R B T e, AR PR FORHOR R B LA AR OB | 3 FL% S EUR PR £
HE HCI-P 54 35 TARMRPR 0 (BT AR MR B S 000 19 21 22 53t (BA P AL BR T T LA 2 o A
T BRI A AT it . oAb - SRR 2H 20 O AR PR B RO Y 21 22 R 0P AW anH 3¢ oP & &, —J7
AT, AR s DX 2 A1 AR A TR BR A ol A W 2 22 0 I AT HILRR N R S5 AL, vl AR INAR B 1 38 OP 5 8 55— 7
i, SEBE YT Al DA P R LI, AT PRI ARGE , 1 MBP 222 24 60% HIAXIR \20% i Fig
HA WU RIS TCHURE L S /N T 10% 5 IR DUBEALAL, & LA DB EEOR IR . o 22,
THRE I L5 OP A2 YA sl A W) BRSO FE . I, IS AR PR L OP S B s T
AEAR PR L2

R4 BRMARRNETRELZEERX EMERBERRMN

Table 4 Effects of nitrogen addition, rhizosphere, time, and their interactions on bioavailable phosphorus

izt Ausm HRFR T R NXAR P IR TETS HRBRx 74y
Indices N R S NxR NxS RxS
AL -# CaCl,-P 3.06 1.63 283.56*** 8.36 """ 440" 15.67
PR CA-P 1.4 0.41 313.30*** 0.3 3.87%* 44,75
EHhER-WE HCL-P 5.85* 4.64" 3 0.92 0.84** 5417
i} Enz-P 2.91 0.42 26.61*** 0.11 0.27* 1.69
S R TBP 3.41% 2.84 13.51 0.27 0.75* 9.82**

CaClZ—P:/ipﬁég-@% Calcium chloride phosphnms;CA—P:*i‘%@-@é Citric acid phosphnms;HCl—P;ﬂf@Z‘i—@i Hydrochloric acid phosphorus ; Enz-P .
M- Enzyme phosphorus; TBP : &A= %75 %8 Total bioavailable phosphorus

3.2 AN[IZEN B AR YA SRR AN I e 1

B 000 S 1 STE N7 N [ i I N a1 47245 7 w7 N T R N 1 S i P 2/ 1 = e o o= = 7 1
X AEA A AR YA SO A e TN 2 (1 3 K 4)  EAER TR VA AR BR 580 CA-P & = 7E A
A ETEI (B 3) XU g A AL R A e A S H A 5 R AR S A S SORL 2R 1T %) B B B
S AR BT AR S AR T ICALUIE Y P B JCHLIE R AR IR R AR KB AR R bR
T Sk AL BRI (3 1) HE—25 T DI AW, , PR 28 et AL B3 £ 20 F b a2
L H 5 3R L0 W (AR RERRER ) K A: T RO, TAEARAE K Z2 R PR + 3 CaCl,-P A1 Enz-P & & 3%

http ; //www.ecologica.cn



17 34 JUBER A T RSN % S A AR B A AR s 8 A WA i 4 52 7825

3 . 25 i -
4 | i
L a 2.0 P2
1 e w
w3 ; {‘ I~ ' %%%
ﬁ%o 3 ﬁffn 151 sk 5 {‘ b b
2 2 | b b %1- > a :
®o ok | 10} :
s | © b
O ! be ]
1 i L i
. A a a | 05r¢c ¢ |
L Elllm HE ’
0 =i ] ! 0 :
| 4} i
| * i
20 i ’—‘ :
i a a i
; 3 b !
e~ b :
® 15t a % % lab 2 ‘} ab o+ i
. * 2 2
= 2 a : b TE b b b Py
% = a a i b fieog Q\‘_ 2t i b
w2 a | b b 2 :
T : = :
s Ul i
i 0 i
=z Z =z z =z z =z
O O O @]
25 3 ok 22z -~ 3g
i a
} a ENES K
20 | i % Growing season Non-growing season
o a i ab ab
e 15t ab ; b
g g ab by | b
= b i
HaE 10} | ] #k
= & 3 [ hitks
st 1
0 A4 =z z | =z Zz =z z
O ©)] O O
© 3 E Sy S 3 E a4 T
AR KT
Growing season Non-growing season

3 EHRMITIRBRFIIERER L EE Y B RBEA DRI 0
Fig.3 Effects of nitrogen addition on bioavailable phosphorus components in rhizosphere and bulk soils
CaCl,-P . 54 1L5-# Calcium chloride phosphorus; CA-P . ¥7#BEFR-H Citric acid phosphorus; HCI-P ; £k i8-8 Hydrochloric acid phosphorus; Enz-P

fiff-1#% Enzyme phosphorus; TBP ; 4= 47 0% Total bioavailable phosphorus

WA, [RITAR P 4 HCI-P 5 R0 (1 3) o XL T — A R ZAY X IR 70 BRI AR, AR
IR AR R F A A WS AR KRR 2, ARSI, T AERKS ARE KRFIMR RTC,
RTP BRI (3 3) , UL RAS I T 2 TR R IR L2 i AP, AR A R B B T —
E BIWERR ] o SCRTAIFTE R 0l , A2 84 e ) Ut L FIBR 8 LU , RO ) A R oK 30 el HER R 23R B
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Fig.4 Schematic diagram of the effect of nitrogen addition on bioavailable phosphorus in rhizosphere and bulk soils in different seasons
SRL. FLAR K Specific root length ; SRA ; LA Specific root surface area;RTD;ﬁﬂéH‘?‘EfiT‘ Root tissue density ; RTC:RTP ; RER SRS R BB

A The ratio of total root carbon to total root phosphorus

http ; //www.ecologica.cn



17 34 JUBER A T RSN % S A AR B A AR s 8 A WA i 4 52 7827

WA U 5 B Ak TR K I U W o3 AT LB U WA S midR it 1A MR A, SR, B A b U
RS Enz-P 5 G E AN (K 4) X ERIAN T RZES T T HERAE Yy A= Yy R0 R I 1 A 5 Y
AR 2) , O E Y o WM AR (A LSO {2 Enz-P (9 FZORIE, A RAINT 78 2 19 A BT I 2 0
WA IR, SR, A BURE Dyl R R Y R R I 4 h U 7 A R R B B IR
it , 2R T R A DA BRI IR R PR A, AL TR
PUBED AL , TOHLURE 47 AT RE R IV AN I N S B 35 AR A A i S B IR A . B G, 2 I M5 SR A AL
B LRI T WA BTN, AR5 HCL-P 2 A Wi 2y, & 290 Enz-P 1) 2—8
15 (181 3) ,HCI-P S i A 5 T A WA RO & i 2 4, RO, RIS I T A= WA ROl 128 e A= 28 AL T
HCI-P 5 A IR ) T A8 B A YA O e AR | It — 2P U IR ) AR AR el ol A W 3 o BB 15 4
WA A A TOHUBAE R AR ) LR A R E G B (181 4)

4 #ip

AT T RN TR AR D IF MR RS AR PR - E O s A fb, K Z Bk
K72 o Mk A WA S5 X GRU SN B e 7 17 A S8 3 (RGN N D b 28 80 - S WA e S AT A
EES, M TAERKSE AR KERPR - CaCl,-P il Enz-P & i W E AR, M PR 128 HCI-P 7 i 3% 1
T, U AR M 2R AR 3 e BRI AR R S A AU RN R 4 RR i Y AR A R i
W, EAS I RFEAR T A 20 MR 2 FUAR K AN EL R AR, S S B AR A2 e, X Ud B b T B AR &=
T4 AHY) F 2R B R 5 RAR A (97 SO T B A 2w . A, B TR B B A A 280 X R0
A 17 o AR AR PR - 1 O A EAR PR e A S A sh A8 T RE S ARG R Inxd L s A stk e, 28 A
5, ARSI 384 W0 R0 0l 4 4, BF 9 445 55 ] Ry ol S % ik 3 8 PR o) %) T R 82 SR s B 43E T 8T 1Y

£ % 3Lk ( References) :

[ 1] CuiYX, Bing HJ, Fang L. C, Jiang M, Shen G T, Yu J L, Wang X, Zhu H, Wu Y H, Zhang X C. Extracellular enzyme stoichiometry reveals
the carbon and phosphorus limitations of microbial metabolisms in the rhizosphere and bulk soils in alpine ecosystems. Plant and Soil, 2021, 458
(1):7-20.

[2] JianZ]J, NiYY, Lei L, XuJ, Xiao W F, Zeng L X. Phosphorus is the key soil indicator controlling productivity in planted Masson pine forests
across subtropical China. The Science of the Total Environment, 2022, 822. 153525.

[ 3] ReedSC, Townsend A R, Taylor P G, Cleveland C C. Phosphorus cycling in tropical forests growing on highly weathered soils. Biinemann E,
Oberson A, Frossard E. Phosphorus in Action. Berlin, Heidelberg: Springer, 2011: 339-369.

[4] YuGR, JiaYL, He NP, Zhu J X, Chen Z, Wang Q F, Piao S L, Liu X J, He H L, Guo X B, Wen Z, Li P, Ding G A, Goulding K.
Stabilization of atmospheric nitrogen deposition in China over the past decade. Nature Geoscience, 2019, 12 424-429.

[ 5] Luo M, Moorhead D L, Ochoa-Hueso R, Mueller C W, Ying S C, Chen J. Nitrogen loading enhances phosphorus limitation in terrestrial
ecosystems with implications for soil carbon cycling. Functional Ecology, 2022, 36(11) : 2845-2858.

[6] YaoXY, Hui D F, Hou E Q, Xiong J F, Xing S, Deng Q. Differential responses and mechanistic controls of soil phosphorus transformation in
Eucalyptus plantations with N fertilization and introduced N2-fixing tree species. New Phytologist, 2023, 237(6) : 2039-2053.

[7] QiXX, Chen L, Zhu J A, Li Z, Lei H M, Shen Q, Wu H L, Ouyang S, Zeng Y L, Hu Y T, Xiang W H. Increase of soil phosphorus
bioavailability with ectomycorrhizal tree dominance in subtropical secondary forests. Forest Ecology and Management, 2022, 521, 120435.

[8] PengZY, Wu YT, Guo L L, Yang L, Wang B, Wang X, Liu W X, Su Y J, Wu J, Liu L L. Foliar nutrient resorption stoichiometry and
microbial phosphatase catalytic efficiency together alleviate the relative phosphorus limitation in forest ecosystems. The New Phytologist, 2023, 238
(3): 1033-1044.

[9] Zhang Z L, Guo W J, Wang J P, Lambers H, Yin H J. Extraradical hyphae alleviate nitrogen deposition-induced phosphorus deficiency in
ectomycorrhiza-dominated forests. The New Phytologist, 2023, 239(5) : 1651-1664.

[10] Zhang X, Zhao Q, Sun Q Y, Mao B, Zeng D H. Understory vegetation interacts with nitrogen addition to affect soil phosphorus transformations in a

http ; //www.ecologica.cn



7828 JAE = 44 %

[11]

[12]
[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

nutrient-poor Pinus sylvestris var. mongolica plantation. Forest Ecology and Management, 2022, 507: 120026.

Touhami D, McDowell R W, Condron L. M, Bouray M. Nitrogen fertilization effects on soil phosphorus dynamics under a grass-pasture system.
Nutrient Cycling in Agroecosystems, 2022, 124(2) ; 227-246.

Bolan N S. A critical review on the role of mycorrhizal fungi in the uptake of phosphorus by plants. Plant and Soil, 1991, 134(2) . 189-207.
Giles C D, Richardson A E, Cade-Menun B J, Mezeli M M, Brown L K, Menezes-Blackburn D, Darch T, Blackwell M S, Shand C A, Stutter M
I, Wendler R, Cooper P, Lumsdon D G, Wearing C, Zhang H, Haygarth P M, George T S. Phosphorus acquisition by citrate- and phytase-
exuding Nicotiana tabacum plant mixtures depends on soil phosphorus availability and root intermingling. Physiologia Plantarum, 2018, 163(3) .
356-371.

Latati M, Blavet D, Alkama N, Laoufi H, Drevon J J, Gérard F, Pansu M, Ounane S M. The intercropping cowpea-maize improves soil
phosphorus availability and maize yields in an alkaline soil. Plant and Soil, 2014, 385(1) . 181-191.

Fatemi F R, Fernandez I J, Simon K S, Dail D B. Nitrogen and phosphorus regulation of soil enzyme activities in acid forest soils. Soil Biology and
Biochemistry, 2016, 98 171-179.

DeLuca T, Glanville H, Harris M, Emmett B, Pingree M R A, Sosa L L, Cerda-Moreno C, Jones D L. A novel biologically-based approach to
evaluating soil phosphorus availability across complex landscapes. Soil Biology and Biochemistry, 2015, 88 110-119.

Kuzyakov Y, Blagodatskaya E. Microbial hotspots and hot moments in soil; concept & review. Soil Biology and Biochemistry, 2015, 83, 184-199.
Chen Y, Xia A Q, Zhang Z J, Wang F, Chen J H, Hao Y B, Cui X Y. Extracellular enzyme activities response to nitrogen addition in the
rhizosphere and bulk soil: a global meta-analysis. Agriculture, Ecosystems & Environment, 2023, 356 108630.

LiuY, Bing HJ, WuY H, Zhu H, Tian X, Wang Z G, Chang R Y. Nitrogen addition promotes soil phosphorus availability in the subalpine forest
of eastern Tibetan Plateau. Journal of Soils and Sediments, 2022, 22(1) . 1-11.

Zeng Q X, Fan Y X, Zhang Q F, Yuan X C, Lin KM, ZhouJ C, Lin HY, Xie H, Cui J Y, Wu Y, Chen Y. Differential factors determine the
response of soil P fractions to N deposition in wet and dry seasons in a subtropical Moso bamboo forest. Plant and Soil, 2022, 1-19.

WovE, WatdE, MW, 22, ISR, R, BRSCH, BRER. PR 3 RAE YR RBCR X R S I e . N A A
iz, 2022, 33(10) ; 2611-2618.

JEGEI, XINK, R, TR, 2o, tRIEER, BRE R, R RDURERT i IR R AR KSR PRI W 2R W kS BTG PR S AR
¥4, 2017, 37(1) ; 127-135.

2

Gregorich E G, Carter M R. Soil sampling and methods of analysis. CRC press, 2007

B, RO AT, JUaG: P ERO R AL, 2000.

Vance E D, Brookes P C, Jenkinson D S. An extraction method for measuring soil microbial biomass C. Soil Biology and Biochemistry, 1987, 19
(6): 703-707.

Brookes P C, Powlson D S, Jenkinson D S. Measurement of microbial biomass phosphorus in soil. Soil Biology and Biochemistry, 1982, 14(4) .
319-329.

U, RS, BRIERE, WRAE, M, R, MREEBE, XBHsE, FuEE, MRIER. FESINEE R AR R R R UME LR R
Btk A EMR, 2022, 46(7) ; 811-822.

Saiya-Cork K R, Sinsabaugh R L, Zak D R. The effects of long term nitrogen deposition on extracellular enzyme activity in an Acer saccharum forest
soil. Soil Biology and Biochemistry, 2002, 34(9) . 1309-1315.

Tian J H, Wei K, Condron L M, Chen Z H, Xu Z W, Chen L J. Impact of land use and nutrient addition on phosphatase activities and their
relationships with organic phosphorus turnover in semi-arid grassland soils. Biology and Fertility of Soils, 2016, 52(5) : 675-683.

Cao J L, Lin T C, Yang Z J, Zheng Y, Xie L, Xiong D C, Yang Y S. Warming exerts a stronger effect than nitrogen addition on the soil arbuscular
mycorrhizal fungal community in a young subtropical Cunninghamia lanceolata plantation. Geoderma, 2020, 367 114273.

Ahlers J. Kinetics of alkaline phosphatase from pig kidney. Mechanism of activation by magnesium ions. The Biochemical Journal, 1974, 141(1) .
257-263.

Liu S B, He F K, Kuzyakov Y, Xiao H X, Hoang D T T, Pu S Y, Razavi B S. Nutrients in the rhizosphere: a meta-analysis of content,
availability, and influencing factors. The Science of the Total Environment, 2022, 826. 153908.

Turner B L, Lambers H, Condron L M, Cramer M D, Leake J R, Richardson A E, Smith S E. Soil microbial biomass and the fate of phosphorus
during long-term ecosystem development. Plant and Soil, 2013, 367(1) . 225-234.

FHE, EIHM, AIRR, KRB, W&, ST, TS FER XS B e A ARt . b R SR, 2023(8) : 33-41.

http ; //www.ecologica.cn



17 34 JUBER A T RSN % S A AR B A AR s 8 A WA i 4 52 7829

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Fan Y X, Yang L M, Zhong X J, Yang Z J, Lin Y Y, Guo J ', Chen G S, Yang Y S. N addition increased microbial residual carbon by altering
soil P availability and microbial composition in a subtropical Castanopsis forest. Geoderma, 2020, 375 114470.

Ma X M, Zhu B, Nie Y X, Liu Y, Kuzyakov Y. Root and mycorrhizal strategies for nutrient acquisition in forests under nitrogen deposition: A
meta-analysis. 2021, 163 108418.

Fan Y X, Lin F, Yang L M, Zhong X J, Wang M H, Zhou J C, Chen Y, Yang Y S. Decreased soil organic P fraction associated with
ectomycorrhizal fungal activity to meet increased P demand under N application in a subtropical forest ecosystem. Biology and Fertility of Soils,
2018, 54(1) . 149-161.

R, skbk, skib, EL40, TS AREAREE SY IR R K RSP TE RS, T, 2022, 54(5) ; 882-889.

Liu Q, Zhuang LY, Ni X Y, You C M, Yang W Q, Wu F Z, Tan B, Yue K, Liu Y, Zhang L, Xu Z F. Nitrogen additions stimulate litter
humification in a subtropical forest, southwestern China. Scientific Reports, 2018, 8. 17525.

Burns R G, DeForest J L, Marxsen J, Sinsabaugh R L, Stromberger M E, Wallenstein M D, Weintraub M N, Zoppini A. Soil enzymes in a
changing environment; current knowledge and future directions. Soil Biology and Biochemistry, 2013, 58. 216-234.

JUERR, BRIGE, 80, Kmf, wlAc, Jusll, M, . AU AN AR LA nl v PEA ALY Bk B RO i A IR 1Y
WAL RS SAR, 2017, 28(1) ¢ 1-11.

Han B, Li J J, Liu K S, Zhang H, Wei X T, Shao X Q. Variations in soil properties rather than functional gene abundances dominate soil
phosphorus dynamics under short-term nitrogen input. Plant and Soil, 2021, 469(1) ; 227-241.

Dalai R C. Soil organic phosphorus. Advances in Agronomy. Amsterdam: Elsevier, 1977 83-117.

Ma X M, Zhou Z, Chen J, Xu H, Ma S H, Dippold M A, Kuzyakov Y. Long-term nitrogen and phosphorus fertilization reveals that phosphorus
limitation shapes the microbial community composition and functions in tropical montane forest soil. The Science of the Total Environment, 2023,
854 158709.

Spohn M, Kuzyakov Y. Distribution of microbial- and root-derived phosphatase activities in the rhizosphere depending on P availability and C

allocation-Coupling soil zymography with 14C imaging. Soil Biology and Biochemistry, 2013, 67. 106-113.

http ; //www.ecologica.cn



