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KT Nupatue 8 B M 32 40 & &
NUgenesced FEEMF5T 5 1o
5 f R s R e R i e,
iz il Microsoft Office Excel % ¥ 4 i 17 8 1 )5 |
K1 SPSS 24 iz ANOVA iy LSD #E47
BEMERR (P<0.05), Mf37 455 IR 55 m
Z 2 ] (A ¢ P ] Pearson AH G 43 #r i#E 47 6
5. >Rk ArcMap 10.2 #1 Origin 2018 #1474 K,

NURE = x 100%

*1

3 ZR5H

31 AEZEEEMRMFSAENFITTERIRE
TS

1. BAMRAN CEHE&EER
405.66~424.05 g'kg™', N Yotk 6.95~8.50
gkg™, H, b KEENSTREER TREE
(P<0.05); P ¥¥¢i 4 0.85~0.94 gkg™'. &
B C. N P& Rk b B >0 >
EE, BANEZMA C. N, P A RIEAR S
(322 AN 3 o AN [R5 BE 1 SE A B CiNL
N:P RI N s B> (R B> = % B, C:P BRI
WSS EE; R CN, C:P RN
T R > R S IR, NP AR B > T 4 i > )

HH e 2 AT AT ASIRI% B 1Y PR SR A3 B RSCR AT
HES, HAEWKE (NRE) & T ER IR
(PRE); a0 NRE i, &8
1) NRE Ak, —# M Z5W3%E (P<0.05); PRE
FHEH NRE —5(, ¥ hEE>REE>REE.
3.2 ARAZBEENRTEFRSRUZEITEHMT

Fe 3R MR S RIS B
B, SRS EEPE R B S m e
WA E S T RS M (P<0.05), AN
P AR R PR & R 2ERARE, (HhE
FEMRA I HHEA PR S B e N, SRR
TSR MR E, PEEARSN RS
TEBERGTEEE, H5REEAINZERAE
Fooh. MEEAS LN EHRTEERARE,
HEERTRHEEMNLELBESTE (P<0.05),

FRAZEBRBHALSSER C:N:P LETTEHE

Table 1 Contents of leaf nutrients and C:N:P Stoichiometry characteristics of
Pinus thunbergii at different densities
it R 173 A i3 & T Tl R

Type of leaf Density Cl/ (gkg™) N/(g'kg™) P/ (g'kg™) C:N C:P N:P

= High 405.66+38.14 a 6.95+0.25 b 0.85+0.27 a 48.38+8.72 b 499.51+51.36 a 8.18+0.37 a
T i Medium  424.05:22.93a  850£0.28a  0.94:0.02a 61.64t801a  431.09:4596a  9.06:0.43a
Mature leaf

& Low 415.83+41.86 a 8.01£0.32 a 0.92+0.06 a 51.45+9.50 b 453.09+91.10 a 8.88+0.52 a

= High 437.48+34.67 a 4.804+0.24 a 0.62+0.06 a 90.69+18.99 a 750.31+226.77 a 8.35t1.19a
R . 1 Medium 422.16+33.57 a 4.81+0.34 a 0.60+0.08 a 91.96+9.46 a 778.76+267.82 a 8.49+0.76 a
Senescing leaf

{i% Low 414.86+16.71 a 5.16+0.33 a 0.64+0.08 a 82.11+12.63 a 707.92+220.98 b 8.81+1.17 a

i AR R R E R E#E (P<0.05). &2, 3.

Notes: Means that do not share a letter are significantly different (P <0.05). The same as Table 2 and 3.
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%2 FEBEZH NP HESERKE N:P ok, HEHETHE. LK.
Table 2 N, P resorption efficiency of Pinus 33 FARAZEEMHFESSERUFITEREHFS
thunbergii at different densities ENER e
ey AR ke th# 4 TR : 758 % NRE 5 3820 2 A

C:N M i ZEMHE (P<0.01), PRE 5 %4

& High 48.13+8.53b 45.77+12.35 . e N N
9 ° B, N:P 4 5 A 36 (P<0.01), 530t
H Medium 57.6218.63a 52.82+14.89a C:P. BBt 4 8k . C:N 2 ZHM % (P<0.05),
1k Low 51.57+9.00ab 46.99+17.02a EP %Fi NRE Lﬁ’{%% lH‘éﬁ N C:N %*&E %*ﬁﬁé
(P<0.01), 53t C:N. C:P K iE &t 20 .
F#){H Mean 52.44+9.20 48.53+14.46 CPREE#M* (P<0.05); PRE 5 &4

. CPEWE FME (P<0.01), 5l

CINRI W& E>LHEE>TEE, HE%EL P hE2nr CN. NP 2528 (P<0.05),

HMCOCNRBER T, MEE,;, SEENLE M[MEENRESEZH2AE D EH L (P<

CPik, HEFm TREE,; mEEMLIE  005), 5FET CNEWREEMML (P<0.01);
%3 FEAZEERKTEFSSER C:IN:P LF T

Table 3 Contents of soil nutrients and C:N:P Stoichiometry characteristics of
Pinus thunbergii forests at different densities

- AR ey T SR I o e e . p
B N s Tk A R0 IR
Density NO3-N/ NH;-N/ AP/ soc/ TN/ TP/ A a5 i

(mgkg™  (mgkg™  (mgkg™ (g-kg™ (g'kg™ (gkg™

i High  2.700.20a 4.62+0.60a 13.35t3.08b 7.48+0.49a 0.19:0.04b 0.04+0.00b 49.89+8.74a 156.18+27.45a 3.96+2.02b
' Medium 2.66+0.26 a 5.35:t0.95a 12.30+2.44b 8.69+0.99a 0.34+0.08a 0.06x0.00a 30.19x11.14b 147.88+35.14ab 5.51+2.54 a

fkLow 2.85t0.28a 4.52+0.47 a 21.90+2.99a 7.84:+0.44 a 0.25+0.04 ab 0.06+0.00 a 35.08+13.84b 126.32+28.16b 4.12+1.60 b

*4 AFEZEMH CN.PFS AFITELSEREENHEXE
Table 4 Relationship between C, N, P contents of leaf C : N : P stoichiometric characteristics and
resorption efficiency at different densities

=% g iK% &
TiH High density Medium density Low density
Type BRI R T FE ISR e e e il EIL ISR
NRE PRE NRE PRE NRE PRE
2% TN 0.363 0.057 0.328 0.379 0.494 0.441
L% TP 0.113 -0.202 -0.497 -0.369 0.275 0.357
e 2 TC 0.114 0.514 0.419 0.433 -0.210 0.527
Mature leaf C:N -0.097 0.548" 0.544" 0.444 -0.376 0.467
C:P 0.104 0.247 0.511 0.538" -0.440 0.223
N:P 0.367 0.186 0.468 0.474 0.054 0.121
2% TN -0.839" 0.431 -0.896" -0.621 -0.536" 0.092
AT TP 0.493 -0.936" -0.505 -0.980" -0.134 -0.899"
. TC y -0. ; : -0. )
— ERs 0.435 0.430 0.152 0.306 0.265 0.287
Senescing leaf C:N 0.857" -0.472 0.908" 0.547 0.786" 0.093
C:P -0.163 0.534" 0.510" 0.931" 0.217 0.943"
N:P -0.710 0.941" 0.389 0.505" -0.193 0.530°

i SRREFEMR (P<0.05); “FRREZFEML (P<0.01). &5,
Notes: * indicates significant correlation (P<0.05); ** indicates extremely significant correlation (P<0.01). The same as table 5.
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i35 %

PRE 54, C:P S W H5E (P<0.01),
5o k. s NIPR B E M E (P<
0.05).
34 FEZEEMMKRIEFRSRAFITEHEN
FNERBENXR

% 5 A, E%E NRE 5+ C:P £
FHAE (P<0.01), H5HHESA . AVKS
BB EME (P<0.05); PREYS + 1 4 & .

x5

N:P. B & o 52t 5 A ¢ (P<0.05) ., H%#
JENRE 5 M SR . BSATRED EME
(P<0.05); PRE 5+ 14 8% . T2
HEM K (P<0.05), X% NRE 5 L 2% .
C:N. N:P M B E MK (P<0.01), SHEA.
A . 2. ALK, CP2 B EMX
(P<0.05); PRE SfHA%A . BB & &2
FA (P<0.01),

FRAZELEFRS UFETELSERH RS ERKERNEXERY

Table 5 Relationship between nutrient contents of soil C : N : P stoichiometric characteristics

and resorption efficiency at different densities

o % (e
H High density Medium density Low density
e RERIE R RICR HERIE B E IR HERE R RICR
NRE PRE NRE PRE NRE PRE
AR NOF-N -0.188 -0.418 -0.524° -0.351 -0.593" -0.873"
B % NH-N -0.531" -0.283 -0.563" 0.539’ -0.509" 0.424
SR AP 0.360 -0.520 0.105 -0.564" 0.357 -0.876"
HHUiK SOC 0.512" 0.175 0.024 0.369 0.694° -0.283
2% TN 0.226 0.510° -0.174 0.329 0.876" 0.003
L% TP -0.345 0.438 -0.456 -0.008 -0.514" -0.499
C:N 0.193 -0.442 0.039 -0.504 -0.840" -0.140
C:P 0.808" -0.208 0.314 0.376 0.520° 0.077
N:P 0.294 0.549" 0.027 0.472 0.938" 0.181
4 i N:P <10 5 NFR#I, N:P>20% PBE#l. Han
44 REEET R0 AL B SRy, A AR A T R ) 5 43 0 NGP Il
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Characteristics of Nutrient Resorption in Leaves of
Pinus thunbergii with Different Densities in Sandy Coastal

REN Yi-wei, YI Hua-peng, ZHONG Xiao-ying

(College of Resources and Environmental Engineering, Ludong University, Yantai 264025, Shandong, China)

Abstract: [Objective] To study the nutrient resorption characteristics of Pinus thunbergii under different
densities (high density: 1150 plants-hm™, medium density: 535 plants-hm™, low density: 285
plants-hm™)and the effects of leaves and soil nutrient contents and stoichiometric characteristics on the re-
sorption efficiency, in order to provide a scientific basis for the rational management of Pinus thunbergii.
[Method] Taking Pinus thunbergii in the shelter forest of Muping coastal zone in Yantai as the research
object, by collecting mature leaves, senescing leaves and soil samples of 0-20 cm under forest of Pinus
thunbergii with different stand densities, the carbon (C), nitrogen (N), phosphorus (P) of leaves and soil, ni-
trate nitrogen (NO3-N), ammonium nitrogen (NHz-N), available phosphorus (AP) contents were determ-
ined, and researched the nutrient resorption characteristics of Pinus thunbergii at different densities, and
analyzed the resorption of Pinus thunbergii leaves under different densities characteristics, leaves and soil
nutrient contents, stoichiometric characteristics and their correlations. [Result] (1) The average nitrogen
resorption rate (NRE) and phosphorus resorption rate (PRE) were 52.44% and 48.53% in Muping coastal
shelter forest. The NRE was similar as the average level of global coniferous forests, and the PRE was
lower than the average level of global coniferous forests. Under the three densities, the growth and devel-
opment of Pinus thunbergii were more restricted by N, which was consistent with the “relative resorption
hypothesis”. (2) In the medium density area, the nutrient contents and resorption rates of mature leaves
were the highest, and the NRE was significantly higher than high stand densities. The contents of C, N and
P in mature leaves of Pinus thunbergii increased with the increase of density and then decreased, and the
contents of senescing leaves were not significantly different among different densities. At medium density,
C:N of mature leaves was significantly higher than that of low and high density; C:P of senescing leaves
was significantly lower at low density. (3) Soil AP content was significantly higher in low-density forests;
soil TN was significantly higher in medium-density forests; soil TP in high density stands was significantly
lower than that in medium and low density stands. Soil C:N and C:P were significantly higher at high dens-
ity, and at medium density, N:P was significantly higher than low and high density. (4) Nutrients and stoi-
chiometric indicators of senescing leaves had more significant effects on nutrient resorption, and the re-
sponses of NRE and PRE to leaf and soil nutrients and their stoichiometric characteristics were different
under different densities. [Conclusion] In our experimental condition, Pinus thunbergii with medium dens-
ity can relatively improve the nutrient utilization efficiency, which is more conducive to adapting to the N
limitation in this area.

Keywords: coastal shelter forest; stand density; Pinus thunbergii; nutrient resorption; ecological
stoichiometry
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