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University, Hangzhou 311300, China; 2. Sichuan Zoige AlpineWetland Ecosystem National Observation and Research Station, Southwest
Minzu University, Chengdu 610225, China)

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 Moso Bamboo Ecosystem Research Station of Zhejiang A&F University, in Anji County, Zhejiang Province. The N
deposition rate was set at 50 kg~hm’2'a’l (based on the atomic mass of N, the same as below). IN uses ammonium nitrate while
ON uses a mixture of 25 kg-hm >-a ' urea and 25 kg-hm >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.

Key words: Soil phosphorus fraction; Canopy nitrogen deposition; Understory nitrogen deposition; Organic nitrogen; Acid
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Fig. 1 Schematic diagram of stimulating canopy and understory N deposition experiment in a Moso bamboo forest!
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Bl 2 SR SRR AL IR (2048 A Tiessen Al Moir?!)

Fig.2 Steps of sequential soil P fractionation ( modified from Tiessen and Moir™*'!)
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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

http://pedologica.issas.ac.cn



13] B MRS R DX B ATAR LB 4L 70 A5 239

301
~ o5 [ ResinP M: P=0.224
o F: P<0.05
%D 20k MxF: P=0.076
>
£ 15F
g ! ra
& owob—t 4 b
9z N ) b =
= |
& 5+ !
0 CK IN ON CK IN ON
CNA UNA
AbFH Treatment
200 I NaoH-Po M: P=0.085
T 250 —INaOH-Pi F: P=0.698
fb MxF: P=0.717
g L
%:% E 200 Ta
I o
f;; g 150k Ta | 74 [a
il b
+ S 100k @ b ! a a
g N hr ab | ot T ot
< T 1
g sof !
> a a a v a a a
0 CK IN ON CK IN ON
CNA UNA
AbFR Treatment

60
[] NaHCO,-Po
— . M: P<0.05
o 50p LI NaHCOPi F: P=0.053
30 MxF: P=0.082
g 40 : Ta
; 1a ' b
5 30 :
S .b b a w1
&£ 20t a : b
E b b b
E§ 10— ! B
a a a 1l a a a
0 CK IN ON CK IN ON
CNA UNA
AbFH Treatment
450r . _
. I rcsidual P M: P<0.01
Tep [ conc.HCI-Po F: P=0.086
% 360+ conc.HCI-Pi MxF: P=0.629
E’ [ 1HCI-P a a
(=W
S 270 gt T = P
'g a : ¢ a €
3 = a a Mo _ i
S 180r 3 _ B
% I
- 1
E oofa | o |fa [}|® | ]2 |®
& i
o2 a a 1.[a a a
CK IN ON CK IN ON
CNA UNA
AbFR Treatment

¥ : NaHCOs-Po, W2 AR A MLk . NaOH-Po, E AR IREA WLHE. conc. HCl-Po, WELMIZIEAFA VM. TIH. Note:
NaHCO;-Po, organic P extracted by NaHCOj; solution. NaOH-Po, organic P extracted by NaOH solution. conc.HCI-Po, organic P extracted

by conc.HCI solution. The same as below.

Kl 4 AFERVIEELD MU ST BT ML 4L 5 &

g

—
aa

i

Soil phosphorus fractions in a Moso bamboo forest under the influences of different N deposition simulation approaches and N
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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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A5 SOC %, ACP {f¥E . phnK (H LB fLAH
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5 pH. JCaAlgk& . JoE MRS 8 i B G
(P<0.05); MEFIFHBE S Y pH. bpp CHHLEED 1L
MG ) FER Laxt F B B FIEAHSE, 5 ACP iR 3%
FASE (P<0.05); "MAETEMEBES Y pH. il
BRE R B IEAE G (P<0.05); S B & &5 pH.
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MBP &, ACP &M W% fiAH5¢ (P<0.05); Mg
BEE RIS MBC & & % IEAMHK (P<0.05),
NaHCO;-Pi 5o BRI & & . BT & . phoD
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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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Table 1 The soil physicochemical properties in a Moso bamboo forest under the influences of different N deposition simulation approaches and
N components

434 Treatment pH TN/ (gkg!) SOC/ (g'kg') DOC/ (mgkg') Fel/ (gkg!) Al/ (gkg!')
CNA-CK 5.28+0.02a 3.05£0.15a 27.94+2.28a 19.98+2.03b 2.85+0.11a 2.27+0.14a
CNA-IN 5.17£0.02b 3.35+0.21a 34.28+1.48a 25.48+1.31b 2.35+0.21a 1.93£0.07b
CNA-ON 5.13£0.01b 3.58+0.32a 34.71+3.53a 35.64+4.79a 2.14+0.35a 2.03£0.08ab
UNA-CK 5.26+0.02a 2.87£0.30a 20.35+1.62b 26.24+0.92a 3.04£0.42a 2.08+0.15a
UNA-IN 5.25+0.02a 3.09+0.18a 28.96+2.29a 23.52+4.77a 1.94+0.09b 1.99+0.05a
UNA-ON 5.20+0.21a 3.32+0.11a 30.75+1.53a 27.64+3.06a 2.18+0.06b 2.12+0.11a

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
MxF P=0.947 P=0.991 P=0.781 P=0.394 P=0.311 P=0.820

H: TN, &%; SOC, HHEfAHLE; DOC, FMIEAILER; Fe,, LEREIE; Al,, LEH4. TR, Note: TN, total N; SOC,

soil organic carbon; DOC, dissolved organic carbon; Fe,, amorphous Fe. Al,, amorphous Al. The same as below.
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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

AbFE Treatment MBC/ (mgkg") MBN/ (mg-kg ') MBP/ (mgkg ") LP/ (mgg!) MBC/MBN
CNA-CK 443.6+77.5a 37.0+12.8ab 18.0+£2.4a 0.94+0.06a 17.09+6.58a
CNA-IN 451.1+£20.1a 67.5+7.0a 28.6£6.8a 0.82+0.03a 6.93+0.82a
CNA-ON 470.5+23.0a 29.1£8.5b 30.0+3.1a 0.83+0.07a 20.09+4.66a
UNA-CK 400.0+64.5a 13.8+0.4¢ 12.1£2.4b 0.79+0.04b 29.45+5.48a
UNA-IN 448.9+36.4a 75.2+10.1a 26.8£1.9a 0.94+0.05a 6.37+1.03b
UNA-ON 461.8+0.5a 42.1+6.9b 22.842.2a 1.01+0.02a 12.17+2.50b

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
MxF P=0.888 P=0.749 P=0.500 P=0.460 P=0.196

¥: MBC, MBN., MBP 74 H3EREY AW ik . BUEMEY A . BUEY YR, LP i#E. TR, 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.

RIER 5 i . MBC/MBN ., bpp SR 4axt F 5 WEIEAH  pH W IEAHC (P<0.01); HCI-P 5 ACP & % 4
X, 5S0C % & . MBN & & . MBP & . ACP i % (P<0.01); conc.HCI-Pi 5 ACP M B & 406
YE . phnK FEIR 4 %) 42 5 W35 A6 (P<0.05 ); ( P<0.001 ); conc.HCI-Po 5 phoX( T HLEET FLAHC )
NaOH-Pi 5 ACP 7t & FAHE (P<0.05), 5 bpp  FEFLNF B EFIEME (P<0.05); residual-P 5
PR 66 00 = B 2 IE A OC (P<0.05); NaOH-Po 5 ACP G PE R Z ARG (P<0.01) (K 7).

residual-P . v
conc.HCI-Po 4 *
conc.HCI-Pi .
HCI-P [**] 0.5
NaOH-Po - j
NaOH-Pi -
NaHCO;-Po - * * * *
NaHCO,-Pi ¥ . .. . * . * -’
WEREBE" *
srumee - = N -
e 0 o
MR TIRES % H -
TPo :'. *ox
B T
S T g e i ﬁgﬁ% RN Q\\O* Q\x‘& Q\@o

S

LR R I RRAE P<0.05, P<0.01 1 P<0.001 T & A, Note: *, ** and *** means significant correlation at P<0.05,
P<0.01 and P<0.001 respectively. (DResin P, @Labile P, (3Moderately labile P, @Occluded P.

P73 AN L R 2H 43 2 (R AR D

Fig. 7 The correlations between the soil factors, leaf phosphorus and soil phosphorus fractions
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AR TR 7 e — e R R T B ATAR
+HERY TP &, H UNA AHAY TP S B F ST
CNA 4b¥E ([ 3a), XULALGR UNA ik fikff
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UNA 21 H3Em 15010781k, K3 UNA 2RI A i
FL R B O B35 2 8 CNA 4L, i A2 53
AR PR A DRI Ty X H e 22 5% (B 4 ).
PRI, X AR Al R 2 R R v R DT R4 K oA
[) g 17 AT R S BOR R R TR ) =X -8 TP
TR WEERRE,
FaABHERRYE T PR MR 22D, MR A
SESFAE T A, ml A ER, XA EER KR
JE L sh R S A MY, Sl A e AT, A
FERIMER IR & 5 5 pH BF EAHX (K 7).
CNA 4R UTFEANHE + 3 pH AL CK B &G, If
HAEREE XMER B AN AR EERREAR (R 1), X
Y Zhang P HE R DT IR S5 R —5, HIt,
A DAHEWT CNA ZHUER] FH#E Y s /0 AT RE 5 12338 pH (1)
FEACA G, DM R, KIS Z A AL
PSR A K, HE T AR P oAb IR e K (W
BRAE ) MTESK, RN T AR A S R G R o R A
s H A IR TR B Z A REEEY . SOC/TPo # >k
FIRE AR HE IR, 2 SOC/TPo /T 100
i, 26 W] 3 2L 58 &2 L 2 SOC/TPo KT 200
b, U A RO I A L P e R )
+3 SOC/TPo iA %) 374.21~410.6, KT R W),
+3£ SOC/TPo iAF) 264.41~357.7, tital WL, &L
Rof S AR DX 3830 3l A7 A RO AR 10 AN 2 1 20
CNA 4 F i & B8 UNA 4l B E 0% (£ 2), H
YINHERE A . BT, MRS ACP RN i
A HLERPILL G SR A AR B, RS SL T, ACP i1
R, R A A ) T 4 g ) B ) AR R BT EE, UNA
2 ACP i PR CNA 41 2 #11X 40.1%~51.8%( ¥ 5 ),
EW CNA HEMMAETRGEZH] T K AYBERR
i, - H CNA 41 TPo & & A Hi 7 B 5R %) ACP
TACVER T B FAE (B 3b), Ko FRAILR
AL R 5SS A 1 R SR DY, ONA 4l

SETEPERE A i IR R R EEREAR (1B 4) AT RESE
RSP T REA VRS2, [F]E Kt ] i B A
WFoE CNA 4IJoE B & B e A UIRE T TR
AR SR (R 1), FAKS FRA LR A
BHATEREMNGE S, 1 UNA 4114 TPo.
TSR PERE . MR HBEL 0 CK ¥t E Ak,
JEH CNA dXEF HBE & & LT UNA 4 (P<
0.05) (& 3b, &l 4), UL UNA kB RDIRE
ARAG T U T B FH 8 %) P00 o 33K ] g
& UNA LB/ Db X & #3252 AR
WD, BATRE)ZXT A DTREBRE E 2 30% ),
UNA 4142 KR 155 F CNA 41, 434 ACP
W EIRT CNA 4 (& 5), X 38 b 25 5 M e A
SR A1) FH 1l 1) 0 55 PR AR % 2 55

A YR R G S R A Y A
AL A LB, NaHCOs-Po 18 H it 2 S A Y iR
YR Seii bR, CNA 41 NaHCOs-Po & 7E AL
FeJa o TR, 5 R R & SRR (B 4), X
5 Zhang 5P 56 )2 R U K45 R —5. MBN,
MBP 5 NaHCO;-Po ¥ 2 W fAHE (K 7), Hit
ALUL, AT Rt B 5 T A R B TS AR [
UNA 411 NaHCOs-Po F1.5 F| FH# & 16 R UL 5
WREED (K 4), X5 Zeng ZPWEBATHMAEK
BRI 25 RAH] 5 B AH DG 12,
UNA 41 MBP & s A UIRE G B 8m (P<0.05)
(% 2). {Hj2 UNA 45 FH#EEE 5T CNA 4
(P<0.05) (& 4), Xl UNA kR4 T/ iR
TS MBS T ACP B 9 1k
NaHCO;-Po MIEM, IFH & NaHCO;-Po &5
ACP 3P B 3 A OC (P<0.001) (& 7), HILATHEE
J& UNA Z4UMXF CNA ZH{RAY ACP IEMESET
UNA Fl CNA 45 FI| 1w & i 19 22 5

WIEBELL /0 7E UNA A1 CNA 48]0 e %25 5%
(1 4). 1M CNA 414 R0HE B i B g il 7 = 398 ufe )
FHE | o A3 PR 5 B FH B34 0 5 AR R AL T
HFFRMBRNHNTT, X T REE o LY s A
TS A T R RIIR S, WA b i s 1 A g 1 7 20 30 i
A W T A 4 R, a2 3 ONA 4
RUTREXT + 1 TP 5T IS A — > 2 A

(EASTE RIS, KRS E 2R3 5 2 R X AT
R AN 35, (B2 bpp . phoX. phnK . phoD F&[H
FRE G WEL A AE 0 EAROCHE (I 7)), BTG 2R
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Ty 5 R 4 Xk = B X 4 O AEAE — e RE W, FE AR
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