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NaHCO;-Po. NaOH-Pi, NaOH-Po. HCI-Pi, %k
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3.1 FIRMTHEEEREBA MR

AR IR B £ pH(E. TC. TN,
CIN{E (% 1), 5 CK#HLIL, DOC 7F HN 43T
WEW /> (p<0.05), 0~10 cm +JZ LN fil HN
Ab FH 43 ) & CK By 75.3% 1 63.5%, 10~20 cm
+J2 LN FIHN b3 51E CK 19 72.1% F144.7%.
NH,*-N & £ 76 LN Zb BT B 30 (p < 0.05),
24+ 2 LN 4b #4352 CK 11 69.0% Fil 53.4%.
0~10 cm +JZ ) NO;™-N & 7E HN Ab BT i 2%
BT 101.0% (p<0.05),

F1 ®HWRT LB ERNZ M

Table 1 Effect of nitrogen addition on soil physicochemical properties ( mean, n=4)

Tz Ak Ml X e BRI GINGIEZSRiIR 3 AR AR
Soil depth/em  Treatment P TC/ (gkg™ TN/ (g'kg™ C/IN  DOC/ (mgkg™ NH;*-N/ (mg'kg™ NO;™-N/ (mgkg™
CK 4.32 Aa 55.73 Aa 4.06 Aa 14.98 Aa 325.75 Aa 74.28 Aa 4.80 Ab
0~10 LN 4.32 Aa 55.99 Aa 3.75 Aa 15.01 Aa 245.37 Aab 51.23 Ab 5.69 Aab

HN 4.35Ba 47.02 Aa 3.12 Aa 15.12 Aa 206.87 Ab 62.77 Aab 9.65 Aa

CK 4.57 Aa 26.25 Ba 1.81 Ba 14.55 Aa 63.92 Ba 30.31 Ba 6.21 Aa

10~20 LN 4.60 Aa 27.27 Ba 1.62 Ba 14.82 Aa 46.07 Bab 16.19 Bb 5.49 Aa
HN 4.58 Aa 30.98 Ba 2.20Ba 14.11 Aa 28.60 Bb 29.60 Ba 6.45 Ba

i AFKE FRER AR AN R AE 42 [0 2 5 2.2 (0<0.05),  ANF/NG Bl 7+ BAN R R 18] 22 7 2 % (0<0.05) . R .

Notes: Different capital letters indicate significant differences between different soil layers in the same nitrogen treatment (p<0.05) ;
Different lowercase letters indicate significant differences between different nitrogen treatments in the same soil layer (p<0.05) .The same below.

32 FAMMIEMEVEYVERELFEITEL
=0pA10] CK 41T 108.0% H1 49.6% ( % 2); {H7E 10~
5 CKAHM, ESRMmEERIN0~10cm +)2  20cm +J2, 5 CKAHL, HNZFA MBP & &

F2 R LEMEY YRR BB R BN

Table 2 Effects of nitrogen addition on soil microbial biomass carbon, nitrogen , phosphorus and their
ratios ( mean, n=4)

# MBN &4 (p <0.05), LN, HN &35 5 kb

L WE WEWEMRE  AERERE  acknewms oSO SUEMERRGY SR AmERY

; gt iy e WEWAERER  WEWEWERE  MEME R
Soil depth /cm  Treatment MBC/ (mgkg™) MBN/ (mgkg™  MBP/ (mgkg™) MBC/MBN MBC/MBP MBN/MBP
CK 543.98 Aa 97.09 Ac 42.50 Aa 5.65 Aa 13.72 Aa 2.51 Aa
0~10 LN 682.61 Aa 201.99 Aa 54.24 Aa 3.35 Ab 12.57 Aa 3.73 Aa
HN 616.18 Aa 145.27 Ab 51.48 Aa 4.29 Aa 11.95 Ba 2.93Ba
CK 283.83 Ba 50.31 Ba 24.51 Aa 6.89 Aa 13.66 Ab 2.10Bb
10~20 LN 360.33 Ba 61.78 Ba 18.50 BAb 6.42 Aa 18.72 Ab 3.85Bb
HN 437.41 Aa 81.91 Ba 9.19Bb 5.52 Aa 62.00 Aa 11.11 Aa
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WERAL (p<0.05), MFMAEDEYELL, 5
CK #HEL, HN ZbFE{ i 520 10~20 cm + )21
MBC/MBP #1 MBN/MBP ( p<0.05) , 43 % It
CK 341 T 353.9% #H1429.0% ( p<0.05).
3.3 @AY T EREA S HI R

AT X 3 2 ) + w4 4 2 Residual-
P #1NaOH-Po (#3)., 0~10cm +/Z1, 5 CK #H
kb, HN kb3 MK NaOH-Po 4 f1 Residual-
Pi&& (p<0.05); 10~20 cm + /2, HN At
% NaOH-Po Fil Residual-P 77 5 JC i 35 52 1)

RIS IMXT NaOHs-Po & 1 JC i 520, (H 1 3 1%
It 0~10 cm +JZAY NaHCO4-Po % (p<0.05),
Ak, Br NaOHs-Po #b, H R4 77 & 5 24 2
0~10cm +ZME T 10~20cm +)Z. 5 CK A
b, LN AZbFEEEH T 0~10 cm 1 )2 Resin-
P&&E (p<0.05) fil 27+ )ZA NaHCO3-Pi &%
w (p<0.05); LNAZFETF, 0~10, 10~20cm -+
J2 1) NaHCO5-Pi 5 1t CK X513 7 119.21%
#1127.06% (p <0.05). M4, 5 CKAHIL, &
BRI 2 4>+ )2 09 NaOHs-Pi &8 6 1 500 .

® 3 @RI LIEBEE S HFN

Table 3 Effects of nitrogen addition on the soil phosphorus fractions ( mean, n=4)

mgkg™

B g 55y i 75T Labile P

4k By iR 251 Moderate labile P

M43 fiR A5 Stable P

Soil depth/cm Treatment

Resin-P  NaHCO;-Pi NaHCOj-Po NaOH-Pi NaOH-Po NaOHs-Pi NaOHs-Po Residual-P
0~10 CK 6.32 Ab 2.29 Ab 27.86 Aa 19.36 Aa 35.84 Aa 4.94 Aa 286 Aa  40.00 Aa
LN 13.75 Aa 5.02 Aa 12.75 Ab 21.63 Aa 26.10 Aab 5.56 Aa 2.99 Aa 38.00 Aa
HN 10.20 Aab  4.90 Aa 9.28 Ab 12.98 Ab 22.80 Ab 4.33 Aa 2.87 Aa 32.00 Ab
10~20 CK 1.70 Ba 1.70 Ab 6.40 Ba 8.34 Ba 21.36 Ba 2.63 Bab 412 Aa 34.00 Ba
LN 2.63Ba 3.86 Aa 3.56 Ba 8.81Ba 17.07 Aa 3.30Ba 3.45 Aa 32.00 Aa
HN 2.94 Ba 1.55 Bb 4.08 Ba 7.26 Ba 17.94 Aa 1.85Bb 3.77 Aa 33.00 Aa

B IR it — 2R T S . R AR
Do A MERARE (K1), 0~10cm 12
H, HN AbBE G SRR 5 5 i Sk . RS

80
0~10cm

—~ 60 - a

" a
=E b b
418

i)

c

o

(&)

Labile P

PEEG S RASEE MRS
Moderate labile P Stable P

R i (p<0.05), HH4 5 40 S0 FIXER S
T 43 ) 2 %F BB Y 64.8% Fi1 82.0%, T &L U X
24T EG A S EY IR EEmW (K1),

60
10~20 cm

Labile P

B -
i BRI ZR AR BRI 2 5 82 (p<0.05), T,

Notes: In the same soil layer with different nitrogen additions, different lowercase letters indicate significant difference(p<0.05). The same below.

P EE S SRS TR
Moderate labile P

MESH R ST
Stable P

1 SR 0~10 cm 1 10~20 cm T E=MEESHBAS S EMNEN

Fig. 1

Effects of nitrogen addition on three forms of phosphorus fractions content in

0-10 cm and 10-20 cm depth of soil
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Fig. 2 Effects of nitrogen addition on ACP and PD activities in 0-10 cm and 10-20 cm depth of soil
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215
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o
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Notes: PLFAs, Bacteria, G*, G, Fungi, AMF, ACT, F and B indicate total phospholipid fattyacids, bacteria, gram-positive bacteria, gram-
negative bacteria, fungi, arbuscular mycorrhizalfungi, actinomycete, and the ratio of fungi to bacteria, respectively.
3 RHRMFT 0~10 cm F010~20 cm + E R4 MR B R RIS T
Fig. 3 Effects of nitrogen addition on soil microbial community composition in
0-10 cm and 10-20 cm depth of soil

3.6 IENTIEBANSTUMKERE

AWFFEH, IR YRR R R X 2 4y
R ASHE . TS A R AT FIME S R S B A B
fEReE (Kl 4a), HorfMAB S EL S PDIG
P£. NH,-N. DOC. AMF I G & A ¢; ey
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OMRASEEEES NH, N, TN SR %, it isk
SYRTRER, MR R GUE Y R R AR R T
A 11 72.07% (Kl 4b) ., DOC,
AMF 252 - S 2 oy B 2 MR EE R,

DOC & m M A b fil B T L B4 i Bk
63.0%.
4 b
4.1 FIRINXT L EREA 5B R0

AR K, BRI T AE )2 4%
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#/Note: **p<0.01; ***p<0.001.

4 TEBMESSWEETFHEXESM (a) TR (b)

RDA1 (67.20%)

Fig. 4 Correlation analysis ( a) and redundancy analysis ( b ) between environment

factors and soil phosphorus fractions
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5 Fan MR as R —8, R RIRINA B35
i) 0~10 cm HIERUE BEVEZ5H (181 3), {An]
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4h, DOC 5 £ 4l 7 i B3 06 & 1T BB S IR A ik
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PEBE ML, &R . BEEIGERILL . A,
AP Fe 45 22ty BH S 1 [ it 5 ) 4 I ) By R 1A
o U R AR 1 BF 8 1 #E A LS BB A = el
P, S PR Z ST R AR T - HEE PLR A
IR, X SRR SR, HE B AR A o
Mo FEIGE B, RASIMREAL T8 ILAA k- 1EE
BILITE B S T 0 o R0 S e A R B (R & R ),
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5~ ACP 5 5 43 fiff il 22 (B B A 535 119 170 AH G
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B R T 107 R AR 1 S B 100 S X 4 43 Ak
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=, [\, BB AMF 55 4 il 255 F b 25 5
SRS R BEIEMSC (K 4a), HIL, )5
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Effects of Nitrogen Addition on the Soil Phoshorus Fractions in
Subtropical Pinus taiwanensis Forests

LIN Qiao-yu', ZENG Quan-xin', YUAN Xiao-chun', CUI Ju-yan', XIE Huan',
LIN Hui-ying', LI Wei-peng®, YANG Qing-bo?, CHEN Yue-min'
(1. School of Geographical Science, Fujian Normal University, Cultivation Base of State Key Laboratory of Humid Subtropical

Mountain Ecology, Fuzhou 350007, Fujian, China; 2. Daiyun Mountain National Nature Reserve
Administration Bureau, Quanzhou 362500, Fujian, China)

Abstract: [Objective] To investigate the changes in soil phosphorus (P) fractions in Pinus taiwanensis
forest under nitrogen (N) deposition, and further explore the driving factors of P fractions changes for
providing scientific basis for how Pinus taiwanensis forest adapts to the continuous aggravation of nitro-
gen deposition in the future. [Method] Soil P fractions, microbial biomass, acid phosphomonoesterase
activity (ACP), phosphodiesterase enzyme activity (Phosphodiesterase enzyme, PD), and soil phosphol-
ipid fatty acids were detected in a short-term N-addition experiment in a Pinus taiwanensis forest on Daiy-
un Mountain, Fujian Province, China. [Result] There were significant effects of high N addition on the con-
tent of moderately labile P and stable P at 0-10 cm depth, whereas insignificant effects on the content of
labile P, microbial biomass, ACP, PD, and community composition. In addition, low nitrogen supplementa-
tion significantly decreased the ratio of gram-positive bacteria to gram-negative bacteria in 10-20 cm soil
layer (p < 0.05). In general, the variation trend of P fractions in the 10-20 cm soil layer was consistent with
that in the 0-10 cm soil layer, but the change was not significant. However, N addition significantly de-
creased the content of microbial biomass P, and significantly increased ACP, PD activity and microbial bio-
mass N/microbial biomass P. In addition, low N addition significantly decreased the ratio of gram-positive
bacteria to gram-negative bacteria in 10-20 cm depth (p < 0.05). Redundancy analysis showed that sol-
uble organic carbon and arbuscular mycorrhizal fungi key factors affecting changes in soil P fractions.
[Conclusion] Short-term N addition maintains the soil P availability by promoting P transformation (e.g. the
mineralization of moderate labile P), which is helpful for understanding the maintenance mechanism of soil
P availability and productivity in P-poor ecosystems under short-term nitrogen deposition.

Keywords: nitrogen deposition; phosphorus fractions; phosphatase activity; microbial community

(AT : REFH)



	1 研究区概况
	2 研究方法
	2.1 样品采集
	2.2 测定项目和方法
	2.2.1 土壤理化性质和土壤微生物相关指标测定
	2.2.2 土壤磷组分

	2.3 统计分析

	3 结果与分析
	3.1 氮添加下土壤基本理化性质
	3.2 氮添加对土壤微生物生物量及其化学计量比的影响
	3.3 氮添加对土壤磷组分的影响
	3.4 氮添加对土壤磷酸酶活性的影响
	3.5 氮添加对土壤微生物PLFAs特性的影响
	3.6 驱动土壤磷组分变化的关键因素

	4 讨论
	4.1 氮添加对土壤磷组分的影响
	4.2 氮添加影响土壤磷组分变化的主要因素

	5 结论

