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Vertical distribution pattern of N and P storage of ecosystem at different

vegetation restoration periods in the subtropical region of China
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Abstract: Nitrogen (N) and phosphorus (P) are the main nutrient factors affecting ecosystem productivity. This study
investigated the response of coupling relationship between N and P to environmental change during vegetation restoration,
and assessed the effects of vegetation restoration on N and P accumulation and distribution in ecosystem. According to the

restoration gradient, four fixed plots were respectively established in four distinct plant communities; 4—35 years scrub-
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grassland, 10—12 years shrubs, 45—46 years Pinus massoniana coniferous and broadleaved mixed forest, and >90 years
evergreen broad-leaved forest by using the space-for-time substitution method. The community biomass was estimated by
using the total harvesting method to establish the relative growth equation of organ biomass of main tree species. The samples
of vegetation layer ( leaves, branches, stems and roots ), litter layer ( un-decomposed, semi-decomposed and
decomposed ) , and soil layer (0—10, 10—20, 20—30, 30—40 cm) were collected to determine total N and total P
contents, and estimated the N and P storage of each component of ecosystem. The results showed that the N and P storage in
vegetation layer increased with vegetation restoration, in which the growth rate of N storage was slow first and then fast,
while the P storage presented slow-fast-slow. The aboveground (leaves, branches, stems) and underground (roots) parts
showed allometric growth. As vegetation restoration, the N and P storage in litter layer increased first and then decreased,
and the growth rates were fast first and then slow. The N and P storage in soil layer increased significantly with vegetation
restoration ( P<0.05), in which the growth rate of N storage showed fast-slow-fast, while the P storage was slow first and
then fast. From 4—35 years scrub-grassland to >90 years evergreen broad-leaved forest, ecosystem N and P storage increased
by 6031.5 kg/hm” and 454.7 kg/hm’, with the increase ranges of 231.5% and 41.1% , respectively. In different restoration
periods, soil N and P storage were the primary component in ecosystem, accounting for 87.27%—98.99% and 96.5%—
99.9% of N and P storage in ecosystem, respectively. The vertical distribution pattern of N and P storage in ecosystem
varied with vegetation restoration, among which the contribution rate of N and P storage in vegetation layer increased, but
that in soil layer decreased, and that in litter layer changed little. The contents of total N and total P in vegetation layer,
litter layer and soil layer had significantly positively correlation ( P<0.01). During vegetation restoration, N and P contents
in vegetation layer, litter layer and soil layer developed synergistically, but the change of P lagged behind that of N.
Therefore, reasonable management measures can be adopted to promote vegetation restoration, improve the biomass of
vegetation layer and the coupling and balance of N and P, so as to enhance the nutrient fixation potential of ecosystem, and

facilitate the efficient and coordinated utilization of nutrients.

Key Words: vegetation restoration; vegetation layer; litter layer; soil layer; total N and total P storage; coupling
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W A2 IO DTRRES I 2 RS RS Ur (B2 AT Z B2 ) Z 1) N P 1943 KR B R A
ERYEREE  HHIRMEIRUK RS O B A Y KRR N P A X R EH LB R4
FE ARSI RERAERE Y o DL WHIE AR S R G LA A58 NP A ik 14 43 TS Jm) B AP A K B2 114 A A AT
AERE BB Y R KR T DS RGE R A S B+ 3 B8, SR T BRI S 3o 8 114 ] S0 1 0 5 i
P BUA WWFR ORI TR BR AR B (A0t ) B —2H 00 (JAE ) 123%) 19 N P r e, H R P a4
ey T B N AR EE IR Y 3 DX ) B I A7 DG AR BRbR A 25 AR B8 NP fifh i B HLae B 03 O A Jm) AR UK 52 7%
TR BIFTEAT D DL TE R R 2 — R TE W2 — B2 — D RS8R H N P 3h8 L HA G R
WFFE AR WARTE R X A S RG4S A5 N P A C R SO 4 B i sE AT SR AN AR 78

Hh ] ST AT 1 DK RRAS RO, HK ARIR BRI R e, AR AR B (C) il i s ims , 2 b [ 7
it =7 AR AN A RO A ey 1) B2 S 0 A DG ) A AR R X — e v ] R B R AR A X, T
DX BUR T [ 2 U B Bl BRI X, A TR B by A B — S R AR R ™ 5 - bR 5 RS
15 22745 S B SRR ORI D 2B SR BTN REIR S > o b TR E AR T RMAE S R GRS, K 20 £
Ak i EBUM Sl 1 RO R BRAAR AT IR PR R R A R Al AR AR AR TR i X
FLo 8% I SRS ARARGT IR ) R B PG, ZRARAE A B S H ol 752 T IR A [ B 1 1 — £ 471
N TR R AR AR B B VR A R R0 0 AR i b DX BRIV T A T R A 2 A R 7 0 20 L, T 3
FEPIREE R 43 TR N FEARAK D BAN ( Pinus massoniana ) 51 VR ASHR 7% I [ IH AR R 8 2 I b AR 7 4540 4
BB B, T AR M K Z PSRt T RIFAIZ T, ARS8 R A3 T I 18] A9 075 325, 763 b B IX 3k
B 4—5 AEPERIN (10—12 FEREARIR 45—46 4F DL AN TR SSARAN>90 45 4 i bk, AR ML #RAHF AN ) F
YRS Wi B, T EEL T s A L, SR HRE L SE DU A S/ B S RS A0 i NP i, BTEIRTTLATT 3 AR (1)
HYUZE Wz LR SRS N P A A g R R BB R AR (2) MR 1R N P Gk
XA RS N P AE a0 oTER A B anfl 421k (3) MR R i B2 A RE A TE )R  HIEE N P S
AIAR G R T FIMTRERE DR 2 AR S R GE & 40 N P figt i3l B0 BCA Jm 128 AE L R AR S R 45 4140 NP
ARG OGRS S AR AR S R GE N P Jo I SR s A 72 I B Sl AR AR AR 25 R Ge 7 7048 PR I £ 1%

1 FFsTisER

WS HOA TR 48 h AR B K 7 B (28.38°—28.40°N, 113.28°—113.45°E, W&l 1 7R ) , & M8 ik 1l
B Hu S, TR 55—350 m, FAA3% ETE 18—25° 2 [8], J& T Iy 2 KU fie , Z4F -3 [% K & 1416.4 mm, H
B 4—T7 H |, 28R 17.3°C (1 A BRI A -10.3°C ,7—8 A Wi 39.8°C ) . HIELITA M
R MR LTIER 3 s A R o S i

2 MIRAE

2.1 FEHBUEE R REE A

2015 4 10 H , R 2 [ AR I E] 3 5 5 0 3 , 0 0 IV A A A0 e o A ol K O e B o LA vt b 21
B, BECHB IR S8 FREE S5 (7t IR | 4 A ) FEAAEAL, AL TR TR S B B i) 4 AR RETR (4—5 4F
FERA 10—12 AFVEARMR 45—46 -5 AN FTRASHR  >90 4F 5 G Fa M) V5 — APk &2 )5 51, Rl
PR B BEEAS ] LA BEHLEE 7. 4 [ 22 b oA b, A b 9 795 8] 19 2 8] B 2 K1 1000 m( &1 1), 4—5 45
BN 10—12 A FEAMRAE Vo 28 B FLA8 ) LA T B, e 181 2 A v L 1T AR R 20 mx 20 m;45—46 4F 5
FERNEF FETR SR >90 AF 5 2% ] I ARF Vi 4L 1l RN 285 40 5 020 2%, g B i1 A v A L T AR % R 30 mx 30 m,
2016 4 10— 11 H ¥ A Fh & a1 o8 iU 0 RBE A TR A8 4 ASHEPI R IR I AL AN

(1)4—5 FEREB N (R E B B, f8TFR ER, T [A]) - 1965 AR R IR S it 4K, 1966 AEHk 1L B dth F
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Fig.1 Geographical location and plot distribution of the study area

1 SRR N TR, TOHENE Py s, 1990 4F ¥k 5 A N TR, Jr R F 8tk 2% iU KOR5E ACh T4E, 2012 4F
1 AR 4R T4, i 8 A SR KR, 2016 4 10 H A SR & M K ( Loropetalum chinensis ) + i
( Vaccinium bracteatu ) +¥18% ( Rhododendron simsii) VE RN\ | AR Y) 2 H A KB FERETF 2 4/INEAR | & Tk
2B,

(2) 10— 12 AFEABR () TR BB, TR MRI, R []) - 1965 AR IR 4R I i 4K, 1966 4F kil 4%
W ETERZARN TS, REAL T S, 1989 AR AR AR N ARG, & 3—5 AR MR A—WK, 2004 4F 12 A {5
1EARAR, 2016 4F 10 H BRYKE IR +42 K ( Cunninghamia lanceolata) + FAE ( Quercus fabri) #EARMK , JER K H
R4f BB BT ARR , AT, 8 TR Th s 1B B

(3)45—46 45 AT RRTRASHR (P30 TOARAZ BB, PR MRIT, T 1A]) <20 42 60 4FRAUR, KR # Skl it
MRARST , LEH A SRR g By R A + ]+ A B TR S AR, 2016 AEARIR 2 45—50 48 AR 4l 4 £, d bk
R A RARYAERR LU &, 8 TR s 10 BB,

(4)>90 4EH Lk Ak (W BRI BB, T PR LR, T [A)) AWK TE W] B T, PR AF LU 3 58 1 A +
ZLIR e+ X S R AR, B P S A AR R AR X Y b s R R £, 2016 4EARIRE A 90 248, )8 TIRE 5
BT ) BBz,

4 AR B BRI VS FE AR AR A 32 B b 2 1 L 2 2% SCRk ™
2.2 EYEDNE AU (RIS TR ZE ) SRR AR AR S A B

ST YRR R AZIR T 2016 48 10—11 H 5 MR a7, SR PO S F R e B A9
AR AR KT BRI E R AR . (1) TE 4—5 AERE RN 4 Yl A g 2 FRAPFIBEALICE 1 12 mx2 m
FEDT  WCHIRE TS N A B A, TRI R REAS (BSOS ) $emt BT (28) ARIPSE, R RN REAS R W) e . - ¥ 70 At T
530338 e B E R SR AEZY 0.5 kg 0 ATAESD . [RIINY B8 4 S 1 mx 1 m A5 ARAEHR B VR W2 00 2 (ORI
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A BT 80°C fH ML AR , 5 S KR TR AT T R E R A A R AR R (2) 12 10—12
AETEAMK (45—46 47T AN R SSMORE M , AR ARV I A2 Bl 3 B R B A LB o (A5 > 1.5 m) S
PR SRR B E IR AR . TR LA AL 23501 5 I R O S il 3 BRP AR A SR T 4y
JEDIRNE P e K T2 D S SR AR TR A AR R P R IR AR Y I e S SR AR
SIMTARE R o 80°C fERAL 5 I 5 K AR AN TS A G T T W S ST A R R A 8% AR W BN AR KO
PO AR R AR, (3) H T >90 4F S PR AR 1k SR AR, AR I VR A B R T 10—12 4R
A 45—46 47 5 ARG TR SSME L ITEAR TR TeARTZ LS Fh s e B AR W AN A R D7 AR A 3 AH LR o
SRR A SR Ouyang 55T ST AT X] 78 I I bR 2 i o bR 201 4 A 0 AR X A KD R )
S A AT ARSI AE X A RO R A S AR LA R bR AR L (4) 10—12 AEFEACH
45—46 -5y RANET RTRAIAR  >90 AFF SRR M MR T 1.5 m MEEARIZ AR AR IAE YR EY
EINETTHES 4—5 RS I . 256 fEve & 80, A A IR B BE A i AU s 5 e AR R, 4D
AL BOHLGUZ W P )= AR e e S5 R e 1 B,

£1 FRGENRERE BEDEEWEW

Table 1 Biomass of vegetation layer and litter layer in different restoration periods

HiB)Z Vegetation layer/ (kg/hm?) JAY%H))Z Litter layer/ (kg/hm?)
AW B . R P : .
e " e T it aif | Bt aif
estoration periods 3 Un- Semi-
Leaves Branches Stems Roots Total Decomposed Total
decomposed decomposed

ER 419.85 472.71 448.53 2029.55 1965.75 256.83 339.07 315.48 911.38
MRI 1610.81 2388.24 5511.93 5422.01 14268.67 1303.59 1731.39 1766.87 4801.84
MRII 10180.82 25003.72 72226.04 16331.69  121030.64 1451.37 1671.22 1964.58 5087.17
LR 7820.83 25977.94 86280.19 24400.39  142652.55 1047.49 1194.84 1637.47 3879.80

ER; 4—5 SEHEE (K S B BE) 4—5 years scrub-grassland (early restoration period ) ; MRI: 10—12 4E 3 AbK (38 1 K B BY) 10—12 years shrubbery
(medium 1 restoration period ) ; MRIL; 45—46 44 R #A £ & IR 3C bk ( H 308 11 Pk B By B ) 45—46 years Pinus massoniana and broadleaf tree mixed forest (medium II
restoration period ) ; LR ; >90 4E# 2 I MR (MK E BT BE) >90 years evergreen broad-leaf forest (late restoration period ) s #EE T MY BT AR AR BA
JREI A B YR AR RAR)E EARE Y, TR AR TR Y R RO AR AR R

FEREZ JITE D Z S HTke i T 80 CHAEIR T ML ZH 5, 2 A W) My E LR 188 J5 10.25 mm i PR A7 T4
L HTMES N 2P SR,

TGRS BITE 2016 4F 4 6,10 H FAIREE 0—40 cm + 20 HT A B 3 YORARD 2 A ~F- 3518
VE e B BE ) WA B [ B RE T 2R3 S B 3 A SRR A5, B YR A - S RE i 38 70 SR A B ST 3
Wi M ZRAG ) R RV W s 3248 30, vy 5 3T B R i L4 0—10,10—20,20—30 1 30—40 cm 43)Z
RAE IR FIRTRHER RN E A, E AR AR TP A TR SEY R RS AR XT, BEREA 0.
25 mm HHEG SR FHTIUE H3E2 N 2P &,
2.3 KEN N P SEINE

MY (G TRTEY)) | HHERE S 4 N ] KNS80 4 H shdll G I & , 4 P & & A —sH 8 L
ke ) MWZE REYE RS N 2P FRIESRIE 2 FR,
24 BdEgitbs

HH)Z JIEYE N P i EARE L N P S EAAEY RN AT,

_ WVi X CVL' 1
Vi _T ( )
W, xCy
IR =

K, Dy, D AR | G E TR YIE j M2 N(P) fifiik (kg/hm®) , Wy, W, SR A HERZ i@ 258 7%
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W2 j R ZA Y (kg/hm?) | C,, (C A3 BIAEREZ @ 48 E JHIEWIZ j 432 N(P) & it (mg/kg) o
TR N P AR L N P AR A E A LR R A AR AT
BDg x Cg X Hy
Dy=—"" (3)
b D N HIERS @ +)2 N(P) il (kg/hm?®) ,BD G HIZE | H2ATE (g/em’) ,Co W HHE i H2N
(P) & & (mg/ke) H N EIEZE | 2R (em)
BRGNP it MA8ZE EYER )2 N P s 2 Fl, FH Microsoft Excel package ( Office 2010)
Gi it & Wb F A E AR R 22 , 8 N P fifi e ; ] SigmaPlot 12.0 ]8R SPSS 19.0 PR E J5 250 Hr
Tukey's Honestly Significant Difference (HSD) #%F N P fith &t [f] — MMy a8 B (S5 92 | 12 ) ARl BB
Z 18] | [F— R W B A A e B (SR s Y2 1 R) Z A28 AT 3 P (P<0.05) K56 R A R 4.0.1
1 PerformanceAnalytics (125 HilME 8% 2 75 )2 A T )2 N P & &AM COC R ], Smart GG AR B2 | 7%
YIEF 32 N P & AR HELL 3230 7115 ( Standardized major axis, SMA) & (44

®2 TRAMEMREHEE AEYE . LEEE N 2P 2 (FHHREE)

Table 2 Contents of total N and total P of vegetation layer, litter layer and soil layer in different restoration periods ( mean+SD)

4y ER MRI MRIT LR
Components N/(mg/kg)  P/(mg/kg)  N/(mg'kg)  P/(mgkg)  N/(mg'kg)  P/(mgkg)  N/(mg/kg) P/(mg/kg)
Mz iy 10457.79+386.11  423.41+6.62  13843.67+210.26 611.92+17.31 15898.75+443.93 738.22+14.99  17404.07+73.93 638.76+1.89
Vegetation 53 5728.43 +409.96 455.51+£76.05 7999.63+1141.55 530.54+84.99  5909.57+678.72 481.83+19.25  8879.24+358.24 504.52+36.61
layer F 8285.14+1664.45 257.77+68.83  3506.81£909.83 192.36+31.64  3328.79+564.75 293.09+34.70  3185.30+144.27 242.01+17.87
Iisd 3089.93£361.15  179.64+12.92  4937.31+£702.65 324.42+30.52  5337.10£685.45 297.03+13.96  8791.42+720.79 432.00+38.50

YR ROME 1240111229295 317.06+82.67 14258.98+966.52 465.45:77.74 13318.66£129.57 300.59:15.80 16563.59+351.44  424.54+59.89

Litter layer ~ 2F4M%  10937.30£126.53  313.45£30.65 11795.26+830.14 401.35+38.94 11985.83x638.77 368.44+63.61 14374.54x36436  465.68+25.04

TR 9038.55+457.53  271.58+15.87  9030.23+153.07 251.41x17.68 10756.85+336.13 368.52+46.51 11854.96553.03  387.28+58.89

BRI 0—10em  788.74£17.03  229.07+39.75 1546.13+14.87 219.20£19.71 1823.99+6.75  250.95:34.51  2246.59+38.41  301.97+26.03

Soil layer 1020 em  357.98£10.51  178.18+22.42  659.60+3.47  196.8320.66  707.64x18.70 23439+34.85  1095.82+20.19  261.94x20.17

20—30em  307.17£21.10  179.38+27.85  521.57+19.88  193.03+22.53  55242:21.02 22330+37.91  1097.12+1823  255.08+26.18

30—40em  340.96:8.90  172.66:2526  508.60+13.01 188.25+15.33  537.72:18.56 256.42+29.25  1144.97+37.08  256.1931.30

HBUED IS EONT AR AR A Z M S RSO E AR ER S, TS N AE AR TR AR
TARSE AR A BRI

3 ZBRE5S

3.1 HE#E S N 2 P i M H D

M 2 A LLEH FE#Z 4 N(16.8—857.4 kg/hm*) 4= P(0.9—49.9 kg/hm”) fifi & FEAE # K E i ¥ hin , H.
4—5 FPEFIN 10—12 FHEARME 45—46 475 AN FITR MK >90 475 SR k22 57 W 35 (P<0.05) ;4 N
it B B B R S 398 R TR SR I O 18— PR — PR B R AR T4 P At o ) 3R A 18— P12 A AR AR s b |
(M B T) 4 N 4 P it A 4—5 AERER N >90 45 4 iE AR 2 il 52 1 5850.0% 1 7201.8% , b T #B 43
(AR) 2045 T 3497.4% Fl1 2847.4% , ML I M F#R84r4 N 4 P RN S K

BEAR DL, £ 35 5 4 N2 P A SR L 233 (K 2) . 45—46 4F 5 AN TR 38 Akt (161.3
kg/hm?) Fe K, H 5 4—5 FREFR N 10—12 AFEHEARMZE F 2 (P<0.05) 5 >90 4F & &R fid i ok (228.3 kg/
hm?) \7(277.0 kg/hm?®) AR (216.2 kg/hm*) fe i , B AR5 HABKE B Be 2 0], T5 4—5 R 10—12 4F
HEARIRZ B 22 57 835 (P<0.05) , 45—46 4 Dy R AN F IR S MR (7.5 kg/hm?®) (T (21.4 kg/hm?) fe K, it 5
HA R E BT B, T5 4—5 4EHEF M 10—12 FEFEARMZE T B E (P<0.05) ;>90 4F 4 4 g oAk
(13.2 kg/hm*) 2 (10.6 kg/hm®) F e AR 5 HABMKE B Be 25 55 o 2 B0 4—5 AFHERL N (10— 12 AFEVE AR MR 22
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Fig.2 Total N and total P storage in vegetation layer ( mean+SD, n=16)
ER: 4—5 4EHEE N (R IZ I Bt ) 4—5 years scrub-grassland ( early restoration period ) ; MRI; 10—12 4E 3 AMK (0] 14 2 B BE) 10—12
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Fig.3 Distribution characteristics of total N and total P storage in vegetation layer (n=16)
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Fig.4 Total N and total P storage in litter layer( mean+SD, n=16)
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Fig.6 Total N and total P storage in soil layer (mean+SD, n=16)
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Fig.8 Total N and total P storage of ecosystem at different vegetation restoration stages (mean+SD, n=16)
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Fig.11 Coupling relationships between total N and total P in vegetation layer (n=64), litter layer (n=48) and soil layer (n=64)
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