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Abstract: [Objective] Nitrogen (N) deposition is an important global climate change factor affecting soil phosphorus (P)
cycling in forest ecosystems. However, understory N application typically applied directly to the ground, has been widely
used to simulate N deposition in forest ecosystems in the past. This simulation method may neglect the retention and
adsorption effect of the forest canopy, which cannot truly assess the effect of N deposition on soil P cycling. Moreover,
organic N is another important component of atmospheric N deposition, but the ecological effect of the organic N deposition
has not been fully studied. [ Method] To evaluate the effect of atmospheric N deposition on soil P cycling, a field
experiment was conducted involving six treatments: canopy control (CNA-CK), canopy inorganic N addition (CNA-IN),
canopy organic N addition (CNA-ON), understory control (UNA-CK), understory inorganic N addition (UNA-IN), and
understory organic N addition (UNA-ON) based on the Anji MosoBamboo Ecosystem Research Station of Zhejiang A&F
University, in Anji County, Zhejiang Province. The N deposition rate was set at 50 kg hm2 a (based on the atomic mass of
N, the same as below). IN uses ammonium nitrate while ON uses a mixture of 25 kg him2 a urea and 25 kg hm2 a* glycine
as the N source. The CK treatment involves adding an equal amount of water. Soil P fractions, microbial biomass P, acid
phosphatase activity, P cycling functional gene abundance, and some physicochemical properties were measured to
investigate the effects of different N deposition simulation approaches and N components on soil P fractions and their
driving factors. [Result] The results showed that canopy N addition (CNA) significantly reduced soil total P, occluded P,
and labile P concentrations compared to understory N addition (UNA) with the percentage of 15.1%-26.5%, 18.3%-21.5%
and 9.7%-38.3%, respectively. However, soil P fractions did not differ significantly between CNA-ON and CNA-IN
treatments, whereas UNA-IN treatment significantly reduced resin P and labile P content compared to UNA-ON treatment.
Acid phosphatase activity and pH were the main factors affecting soil P fractions, but N deposition did not significantly
influence soil P cycling functional gene abundance. [ Conclusion] Therefore, it was suggested that simulating N deposition
via CNA significantly reduced the contents of total P and P fractions such as occluded P and labile P of Moso bamboo forest
soils, whereas simulating N deposition via conventional UNA underestimated this reduction effect. Soil P is closely linked to
the cycling of soil carbon and N, which are vital for maintaining a balanced nutrient ecosystem. Consequently, future
simulation experiments on N deposition should systematically consider the effects of N deposition simulation approaches
and N addition components on soil carbon, N, and P cycling processes.
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Fig. 1 Schematic diagram of stimulating canopy and understory N deposition experiment in a Moso bamboo forest!20]
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Fig. 3 Soil total phosphorus content (a) and total organic phosphorus content (b) in a Moso bamboo forest under the influences of

different N deposition simulation approaches and N components
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Fig. 5 Soil acid phosphatase (ACP) activity in a Moso bamboo forest under the influences of different N deposition simulation approaches

and N components
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Fig. 6 Absolute abundances of P-cycling genes in a Moso bamboo forest under the influences of different N deposition simulation

approaches and N components
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yRTE S A NE NPH

&
=K
H

F 1 FRIEMEEN A RFMERES T EMR IR SR
Table 1 The soil physicochemical properties in a Moso bamboo forest under the influences of different N deposition simulation

approaches and N components

Ab 3 Treatment pH TN/(g kgh) SOC/(g kg DOC/(mg kgh)  Fed(gkg?) AlJ/(g kg™t
CNA-CK 5.2840.02a  3.0530.15a 27.94+2.28a 19.98+2.03b 2.8530.11a 2.2740.14a
CNA-IN 5.1740.02b 3.3540.21a 34.28+1.48a 25.48+1.31b 2.3540.21a 1.9340.07b
CNA-ON 5.13#0.01b  3.58#0.32a 34.7143.53a 35.6444.79% 2.1440.35a 2.03%0.08ab
UNA-CK 5.26340.02a  2.8740.30a 20.35+1.62b 26.2440.92a 3.0430.42a 2.08#0.15a
UNA-IN 5.2540.02a  3.0940.18a 28.9642.29% 23.5244.77a 1.94490.09b 1.9940.05a
UNA-ON 5.2040.21a 3.3240.11a 30.75#1.53a 27.6443.06a 2.1840.06b 2.1240.11a
M P=0.211 P=0.262 P=0.080 P=0.174 P=0.393 P=0.413

F P=0.420 P=0.322 P=0.648 P=0.063 P=0.954 P=0.198
M*F P=0.947 P=0.991 P=0.781 P=0.394 P=0.311 P=0.820

: TN, £%; SOC, HIEHHUA: DOC, HMMEANMG Feor TEMER; Al, HLEM4H. T, Note: TN, Total N;
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SOC, soil organic carbon; DOC, dissolved organic carbon; Fe,, amorphous Fe. Al,, amorphous Al. The same as below.

BUTRERRL T X BT & EA R ERmW, UNA LB ETHBESERE ST CNA 4B
(P<0.05), X+ TPo. MBC. MBN. MBP &A1 MBC/MBN Tt #50d. JIFEEIEAX MBN &
=AM MBC/MBN A &30, IN AFERL2 MBN & & 2% & T ON 4 (P<0.05), IN AL
MBC/MBN £ ON Ab#, %13 MBC. MBP. EATHH#E &I EZEMN. HitFsl =R
TR EI AN A HAR RS 138 TPo. MBC. MBN. MBP & & . BB &R MBC/MBN (#5205 A8
©# (E3b, £2).

*® 2 TRANEEMARFIBERLS TEMHR RN EYEMEREAE, HHSERNEYEMERAL

Table 2 Soil microbial biomass C N P, leaf P concentration and microbial biomass C/N in a Moso bamboo forest under the influences of

different N deposition simulation approaches and N components

A3 Treatment MBC/ (mg kg™) MBN/ (mg kg)  MBP/(mgkg')  LP/(mgg?) MBC/MBN
CNA-CK 443.6477.5a 37.0+12.8ab 18.0+2.4a 0.9420.06a 17.0946.58a
CNA-IN 451.1420.1a 67.547.0a 28.636.8a 0.8240.03a 6.9340.82a
CNA-ON 470.5423.0a 29.148.5b 30.043.1a 0.83#0.07a 20.09+4.66a
UNA-CK 400.0464.5a 13.840.4c 12.1+2.4b 0.7940.04b 29.4535.48a
UNA-IN 448.9436.4a 75.2#10.1a 26.8+1.9a 0.940.05a 6.37+1.03b
UNA-ON 461.840.5a 42.146.9b 22.842.2a 1.0140.02a 12.1742.50b
M P=0.813 P=0.239 P=0.267 P=0.009 P=0.142

F P=0.488 P=0.002 P=0.745 P=0.360 P=0.006
M*F P=0.888 P=0.749 P=0.500 P=0.460 P=0.196

7E: MBC. MBN. MBP 4l A3 A M L W Bk . WUEMAE R A WEMAYIERE. LP AM#E. . Note: MBC,
MBN, and MBP are soil microbial biomass carbon, microbial biomass nitrogen, and microbial biomass phosphorus, respectively. LP is leaf

phosphorus. The same as below.

24 BB SEETFHIXAR

T TP &85 pH. TEMESEEE LMK, (A5 SOC &&. ACPIEME. phnK CHHLBEN {LAH
K HER L F R E MAG (P<0.05); TPo &&ElH pH. TEAZEGE. LEHESTEEE EMX
(P<0.05); MRS ES pH. bpp CHNUBEN MLARIG) FERILXNTF R IEAHK, 5 ACP G EE
FAHE (P<0.05); GRS &S pH. JoE Bk & & B3 AL (P<0.05): SFHBEEES pH.
TS E. TEMESE. AU LIIREAC bpp BELAXTFERE LML, 5 SOC &,
MBP & & . ACP &1 3& 7 AHE (P<0.05); MERE S &S MBC & & & IEMHL (P<0.05).
NaHCO:-Pi 5 EE MM &S E . B HEESE. phoD CHHLEEN 1LAIOE) He R 4t = fF B 2% 1IE M ==
(P<0.05); NaHCOs-Po 5 pH. JoEfeke . e & E . MBC/MBN. bpp FEPH4x) 52 5.2 1E
I, 5 SOC &&. MBN & &. MBP & &. ACP JEPE. phnK R 4% 32/ B A% (P<0.05);
NaOH-Pi 5 ACP y&PEEZE fidHok (P<0.05), 5 bpp JEFLxt £ 5% IEAM X (P<0.05); NaOH-Po 5
pH 2 IEAMHE (P<0.01); HCI-P 5 ACP 23 iAH5¢ (P<0.01); conc.HCI-Pi 5 ACP &M i 2 i AH oK
(P<0.001); conc.HCI-Po 5 phoX CHALEEN AHIC) HePR4ant % 52 IEAHC (P<0.05); residual-P
5 ACP iR E k% (P<0.01) (B 7).
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1
residual-P 7 .

conc.HCI-Po *
conc.HCI-Pi .
HCI-P . o5

NaOH-Po - **

NaOH-Pi & &
NaHCOs-Po | * R | H -
NaHCO;-Pi *

AR *

SR EHD L% _— -
TS o -

=
B
AR BEY - -
&
@)

TPo 1. %

TP *% *
T T T I!I T T T T T T |.—r_r— 1
2T ENE FIF S TSI WG @
3 FPFFTEIE I @y

FE: <L I B ORTE P<0.05. P<0.01 fil P<0.001 F&#EAH3. Note: *, ** and *** means significant correlation at
P<0.05, P<0.01 and P<0.001 respectively. MResin P, @Labile P, ®Moderately labile P, @Occluded P.
B 7 3R 7. A SRR oy 2 TR AR 5

Fig. 7 The correlations between the soil factors, leaf phosphorus and soil phosphorus fractions

3 9t it

31 ARIERFEEINF X TIRHE SRR

AFRRYRETT NI —E R LR 7 BITARLIRR TP &8, (H UNA LLHR TP SEEHST
CNA 42 (& 3a). KUHIMESEK UNA JHARfl 7R TRITFEN SRS R G IR TP (K I ,
XE AR —MERATF S @ L CNA R UNA Z-EIEREAL o 10784k, R I UNA ZHLHER] FH Al
SIS RS RE ST CNA 4L, THABEAE & EAAEPIF R UTREB T AR B2 2R (& 4),
I, XA P B 2 R0 P AR SRR AR T SRR AS R W 2 AT RE 2 3 BN R R TR 50N L3 TP &

FEABEERIE R P RUE MR ER, MEMASF AR 774, EREERL, XWRRARE
EHESHRGASBRIIE MRS, SEIEASCIEHT, ABE TR BUER B SRS pH B IEME (B 7). CNA
ARV L% pH ML CK R PR, JFHAEREE R BEA 2 AREE K (R D, X5
Zhang ZF I MR BUTRE I L5 R — 20, Bk, AT DAHERT CNA ZUXER FIRE K J8 /b T RE-5 3% pH (PG
AR LMEFFFRY], KPsUREREMA AR, Sy = o ok (B #5%)
7oK, IR T RS RS IR 70 KA B At IR 7 TR B Z (K KB, SOC/TPo i ISR M€ +
A BRI BERAR DL, 2 SOC/TPo /T 100 I, B HIA RN 782, 24 SOC/TPo KT 200 i,
W] LA A N A 2B MOEE it JE, 3% SOC/TPo ixF| 374.21~410.6, M FNEMit/G, +3%
SOC/TPo k% 264.41~357.7, Hilbwl WL, YUK 07t X 38 A7 76 A RUBE R AN 2 A1 L. CNA
HM RS EE UNA HBFHEIC (& 2), HWNERFE. BEFd, WRASW ACP FK TR AL
RRBAVL G SRR BRI, EHEOLT, ACP J&PHlE, SRE Y 2P BRI RE L™ H, UNA 4

http://pedologica.issas.ac.cn



+ 3 AR
Acta Pedologica Sinica

ACP JE TR CNA 4112 1K 40.1%~51.8% (& 5), FH] CNA HEITHAES RG22 T 5 K15
g, JFH CNAZH TPo & & AHRM AT SR F ACP i AL/ T R K (& 3b). (R4 FEA NI G
A SRR A 1) R AETE PERERS, CNA A SR TERE S R I A R PR (K 4 TTRERIR RS
MESFEANR S, R X EREA 7T CNA 0@ B4R & BRI N BT A FFE R
SHIE (R D, FUNKSTREAVREAZE 0w L6 1B, T UNA 241138 TPo. Hr &g
MR B2 73 5 CK 330 3284k, JF H CNA dUHMER] i & & 2 E KT UNA 4 (P<<0.05) (8] 3b, [
4), VI UNA J5 i Bqbl BT BRARAG 7 U At o 8 e ) FE e 1) Bk 0 o X T REFE UNA 2B/
e BB R R SO R R B IRIEWIP IS, BT 2 X BT R %49 30%), UNA YA K i
P55 T CNA 4L, J3ibff) ACP thid (KT CNA YL (& 5), b398 o % 35 gl A ) FH Al 1) 974 5
WSCRE X L5

IR AV B A R A RS, A R N AN I, NaHCOg-Po W % 2 g i A i e
YIZSEIEWHIA, CNA 4 NaHCOs-Po ZEAERVIIEE B& T, ZFHBEERERIIK (B4, X5
Zhang 25290 5 2 B ITRR R I6 45 5 —F. MBN. MBP 5 NaHCO3-Po ¥ 2 B F 756 (B 7), Hital i,
WAEYTT RS 5 T 49 S L 2 . UNA 20 NaHCOs-Po 1 5 F) FH Bl & S e BT 5t 3%
b (B 4), X5 Zeng SFRFWE BT KRBT IR S H S RAHE, SHHEKHZ, UNA 4
MBP & BRI EREIN (P<0.05) (& 2). {Hi& UNA A5 AR T CNA 4 (P<0.05)
(K 4, XUl UNA A4S 78U T SR b . BT ACP BAH 1k NaHCOs-Po FIEH,
I H R HL NaHCOs-Po &85 ACP #f 153 fiAHo¢ (P<<0.001) (& 7), KA UNA ZUAH% CNA
HEARA ACP IETE S EL T UNA FI CNA 45 R & 25

P REBZH 20 7E UNA R CNA LR E 2 2 57 (I 4D, 1 CNA LA 01 5t =5 W i Bk 7 - 398 i ) P
Bt oSS PR AN R R 3 3 PRI S OL R, AIIFARAS BIRb AR, X AT AR A DR A LI A B AR AT
Qb T BB IR A, D91 A 7 s P RS I 1k S e o AR AR Wi [ A 4 O R R R ), X 2 33 CNA A&
YR XS L2338 TP B K 80 S. 1) — > L SR A

ERERRSE, KB D) fe 2L R0 B TR ma A 22, {H:2 bpp. phoX. phnK. phoD %[
FRES WA AEE R ZACME (B 7D, UL BB PR ) R 5L D5 2 0 3= FE X B Lo AR — @ i, FERK
WEFEH, R RS OCTT B AIE B ) B 2k DR 5 i 2H 40 o 60t e v 7 14) S ) 1

32 ARELAMERRASITIRBE S

AT, Sk ON AREEAT IN RFE R L3 TP EREFER (K 3a), X5AREHE - AMEik
AHETE, HE Wei SR FAGFHIZE RA A 300 LB I, Sk L IN A3 I g
WS E R E LT ONALEE, IN AR HIEER R, hESa i SR AR S 25 ON LB LR E ER
(B 4). XARe =B AR ON J5, ON B i IR ALK iR f5 7= AE 1) OH- 40 1 36 7 LIl 1 it
BROE A, RS IRAR T A 7S X R - 9o s Al 2 2 1) [ e 8L, gk Ah, MBCIMBN W J G A= W e v vh
LA TR RN B B VR AN B AR AR 3, B AN R PR AL 23 i 5~15 Rl 3~60%9, 13 MBC/MBN
AR, DO EE R SR, AHEST IN 418 MBC/MBN ZZLT ON 41 46.7%~65.5% (P<<0.05) (%
2), LT IN 418 ON 4 A A 2 1 HI8ANE, 24 IN 88w DB A B, APLURE 3 2 R H
BRI S AR, BEERCEIIAER, e RE 2B m C:P BB MBRE], & B A=Y D e 1 i il
BT PR, IN ZEAORE B SR I Rl R oy 2 O A R M L R, X S 8T VA B IN b ER Y
R IS B R KT ON AbEE. 55—l REJRIAZ ON B4 & SR A I WK, Xl Lkt A+
BN ON ALERR) DOC &, X85 ] BB IR G 2 (e it f AR ARG 20 10T, g iy fef . 43 Wi B
2R T EAVR G =4 2 A AERE . 11 CNA AR V0258 4H 5072 ON A IN [ B =R (B
4), XAJREREA CNA HEA T RMBERG], FRASuEm b s N i F 2 1) 28 8 5 OB il 52 B R
HIIRE RS A7, R UEHE 25 T ON R IN G AR Tl 52 i 1) 22 5%
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PRGNSR R T A 48 A sy B S 2 AR TR LR T S 2R, B4 o R FH 18 A0 2 ) P
AR AR F ML T % e, BRYEBERREGE L. pH RixE RN FERSE T Fik, RAKTY
R TR TN RS R G RRAEIA AR RN, F] e 2 (A BT R X 3 2 70 o e R Tl A 2 )
P HIRAN o MR A HLEAEHL R DT R 3B 7 IS o B 25 22 57, MR ENLRUTRE T a8
FEWEAN 2 P & B R TR T ARV R . TS, RS cRmAdRs e, HX
SR O I PR AE S RGUFR AT . LI @AY A K A B R, Rk, EARRIM R
BRI, N[0 R R AT AT U &0 ek . & BRI AR S R GRS ThRERI
M o

BOW AP AR AR 3R L R E BRI AT £ B b B AR A BT AT E M T
b 255 a9 B 0 o
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