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Improvement of broadleaved tree species to soil nutrient
conditions of Picea koraiensis plantations

Zhou Lei Wang Shuli
(School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] Exploring the changes of soil nutrient conditions and the improvement role of
broadleaved tree species to the soil nutrients of Picea koraiensis plantations aims to select the suitable mixed
species and fertilization elements for the cultivation of Picea koraiensis plantations. [Method] We collected
the sample of leaf, litter and soil from Picea koraiensis plantations and natural forest in the sample plots, and
used carbon nitrogen analyzer to determine the C content of the samples, used Kjeldahl instrument to
determine the N content of leaves and litter samples, used the continuous flow analyzer to determine the N
content of the soil samples, and used sulfuric acid-perchloric acid digestion-molybdenum antimony
colorimetry to determine the P content of the samples. [Result] (1) The difference of C content, N content
and P content in the soil of four plantation types was significant, pure Picea koraiensis plantation was lower
than three mixed plantations, and highest in Picea koraiensis-Juglans mandshurica mixed plantations.

(2) The difference of C:N and C:P in the soil of four plantation types was significant, pure Picea koraiensis
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plantation was higher than three mixed plantations, and lowest in Picea koraiensis-Juglans mandshurica

mixed plantations. (3) The difference of N content and P content in the leaf and litter of three mixed species

was significant, lowest in Phellodendron amurense, and highest in Juglans mandshurica, but all of them

were higher than that of Picea koraiensis. (4) The C:N and C:P in the leaf and litter of mixed tree species

were highest in Phellodendron amurense and lowest in Juglans mandshurica, but all of them were obvious

lower than that of Picea koraiensis. (5) The correlations of C content, N content, P content, C:N and C:P

between leaf and soil as well as between litter and soil were higher in the mixed species than that in Picea

koraiensis. [Conclusion] According to the C contents, N contents, P contents, C:N, C:P and N:P in the leaf,

litter and soil parts of Picea koraiensis plantations, Juglans mandshurica and Fraxinus mandshurica should

be prefer as the mixed tree species, more attention should be paid to the lack of N content and P content

during the cultivation of Picea koraiensis plantations.

Key words: Picea koraiensis plantation; leaf; litter; soil nutrient; ecological stoichiometric characteristics
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Tab. 1

General information of the study plantations

sk ! T Rl AT /(B -hm ) IS A 1
Plantati(j):it_ . Species Average tree Average Present density/ Canopy
P P height/m DBH/cm (tree-ha™ ") density/%
£1 J A AL S . -
Pure Picea koraiensis plantation (PP) 4 [ =K% Picea koraiensis 15.28 12.82 2333 95
LB AL B BEIR AR #5E Phellodendron amurens 16.44 11.45 833
Picea koraiensis-Phellodendron B 95
amurens mixed plantations (PPheM) 4L L ZAZ Picea koraiensis 15.67 12.90 1967
L% AZ K IR AE AR KM Fraxinus mandshurica 18.22 13.19 769
Picea koraiensis-Fraxinus ) 95
mandshurica mixed plantations (PFM) 2L =42 Picea koraiensis 16.83 13.56 1346
AN S A ) 17 SRl N Bk Juglans mandshurica 19.78 14.08 722
Picea koraiensis-Juglans mandshurica o 95
mixed plantations (PJM) 4L} =42 Picea koraiensis 17.89 13.79 1430
FeoRM KM Fraxinus mandshurica 17.75 14.86
950 90
Natural forest (NF) HIRKARK Juglans mandshurica 18.23 13.25

HRCE 1AL B 1B B 10 s 4% A2 5 glidk 38K
C.N.P FE BB TR 1A, B 1B K 10).
N TR B BEHIEYIN CONVP SR EEKT
XTHECHE 1as B 1bs B 1o)s 40 % w42 s BEIR AT AR 1 438
B C NP EE W EZ LTI 1a. B 16K 10

2L mAZIRAS MK i, BBk i € &
BEE S TAR o2 N T aibk; d5E. K i, 58k
W I NGP S ERE S T A a2 N Tk, H
BABRAR T A ONG P AR R E A TR B 1 N,
P8 la. B 1b B 1c). EIEWIH C & E Ik
PR 2 TR BE, JRVE N NS P B 2K AT A Bk
PR 2 T BE AL A2 (] 1as B 1b. B 10)
LT % 542 7K BV AZ BN 2T B2 2 42 BB kTR 22 pk 1=
W CN.PEHEEYWEESTAK 2N T4k,
2L AL B EERAS AR B ) C P S BB E KT HA
PIFIRACHR, H TN SR EERTAE
BB AR VR A AR -3 (] 1as I 16 B 10D

4R R NI R L ZEH C FEER
FH i ZEREEE 1A, MY N SEEES T -
NS EE B . BB K R Bk Ak C.
N ER2AEAFRAS I EREE, MY C N FEEE
mT 3 CON S &K 1a Bl 1b),
22 ABRZEEAIREHNE-AED-TENES
T 4T

FEXT TR A RN 5, 45 A2 N T4tk
L mAZH B R CING CIPO NP B R 3 5
TR, A2 N TR L = A2 7[R CIN I
C:P B EE T XA 2A. B 2B, K 20). 4=
Faitktr CNM CPHEEZE ST R
(] 2A. B 2B) o 20 5% = A2 TR 28 bk v 3 BE R V5 1 1)
C:N.C:P BE & TXIEA 2a. F 2b).

ZL R A2 N AR SR R s BE oK it SH B ARk
FAEEYIH) CINLCIP NP W B K T A =42
N L4tk (& 2a. B 2bs B 2¢) . H B MR & 5
CIN, C:P 2 E L T BE &) CIN. C:P(& 2a,
2b) . LI RIZIRAS MR CIN FI CiP B E
KT Ao N T aibk, L5427 SRR A bR
TR CIN A CiP B EMR T 4K s A2 BB A
+ 3R CIN AT CIPC(A 2a. E 2b).

AN Ay % Ll o I Uy o S AN 7% /) I o=
C:N Al C:P ¥ME MK BNIMK IR AR ) At
., MY CINL CIPL NP ¥ 2 28 & T 431 CINL
C:P.N:P([& 2a. [ 2b. & 2¢).

23 AREZZAIHKF C.N.PEEEMH A%
WIFn £ 1% 8] B9 A8 K 14

4 TR A2 N TR L 2 42 J FLTR A 4 Fol
C.N.P & &AM S5HEY. 515 HiEE
JETE 2 18] 3400 J 35 B S 38 TE AR R (3R 2D, JRIKITE
TR CONLP FEZRIE T VR, V&Y E#
KR T Fr o BRI CONVP SR S+
B S R g 2 )RR DG At T R AR Y AT
M CONVP & &N 5 g Ay S i
Z T A DR (R 2D, Ui TR A AR T 872 70 B8 2 v e
TR AR Tl () P MR S, VR AR Bl T e R
PNt NS
24 ARZEAIRNHNE-BEY-TERSE
FARR BT

AR R ZAZ2 N TR HER CONVP & &
AR RE FE IS T RARARAR N 1381 CONVP & &
(£33, Hp, A= AN T4k 3% C NP & &
FEXE T2 A2 N ARSI LG S5 RIRIR B AR
iy



3 JA S MR SN TR RS FRR I e R 49
600 A 600 -
480} Ab  Ab  xp  AD 480 |
’T:D heb +Bb  FBb {-iBrb ’T:D
ansﬁo- 7 % % Mi‘nsﬁo-
4 g g
O £ 240} Oz 240
3 S
@] @]
120 o | ob | Pca | Yca 120
LA LA 0
PP PPheM PFM  PIM
40 B 40 b
32 Aah? ! Aab?
Ttll) Tbl)
Ab X
. 24t Ap Ab A';b EE = 524l 58
= Bb TAb Ab i K3 = %
5 7 % 5 )
“ECT A Pl ool 2 TR T2 Ko
° / bc / a / ) © <3
z Cc ﬁ ’ / K Z
UiaEl
K
NEiZ BNz BNZ WRZ W 0 K
NF
25 ¢ 2.5
Ba Aa
ol Aa Aa Aa 20 Aa Ag Aa Aa
25l ae A0 B i 2
CICR By CICR
Pa= K dr 2 IR
5 £ 5
~21.0f ~ =2 1.0t
o =] 4 .
o 33 R
~ ~ K
0.5} % 0.5 K
0 0 %

PP PPheM PFM NF

PP PPheM PFM NF

#R% Plantation type

O 4L =AM A Picea koraiensis leaf

B IR FRI A Mixed species leaf

[0 21 )% A2 JRIE ) Picea koraiensis litter [ 1R3CHFIATE% Mixed species litter

B KERMAFRI A NF species leaf
@ KARHRIATEY) NF litter

RN o B R R ) 22 5 525 < R R RS 5 B R L4 ) 2 5 2 % (P < 0.05) .

W A\ T AHk+4E Plantation soil
B RARMK L1 NF soil

N |] . Different lowercase letters mean the

difference is significant between varied plantation types; different capital letters mean the difference is significant between varied components (P <

0.05). The same below.
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C content, N content and P content in the species leaf-litter-soil of Picea koraiensis plantations and natural forest
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Fig. 2 Ecological stoichiometric characteristics in the species leaf-litter-soil of Picea koraiensis plantations and natural forests
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Tab. 2 Correlations of C content, N content, P content among species leaf, litter and soil of Picea koraiensis plantations

BN PP LU AL S BEIRAC M PPheM ZL K A2 /K HIMINRE AT AR PEM ZL B2 A2 BRI ZZ AR PIM

TLHR HRAH

. AN R HBE ANy 7 7K i Agp AN Ry 2 EABR AN R
Element  Relative component Picea Phellodendron Picea Fraxinus Picea Juglans Picea
koraiensis amurense koraiensis mandshurica koraiensis mandshurica koraiensis
- Fr 5%
th H{ﬁ% 0.82%* 0.548%* 0.653* 0.507* 0.605* 0.410* 0.639*
Leaf and litter
H A5 44
C T 5 f 0.481* 0.701%* 0.576* 0.745%* 0.692%* 0.791%* 0.645*
Leaf and soil
Y5 115
E@% Iﬁi% 0.716%* 0.814%* 0.642* 0.674* 0.562* 0.860** 0.676*
Litter and soil
SR
T f’]{@r% 0.840%* 0.693* 0.736%* 0.723%* 0.645* 0.641* 0.608*
Leaf and litter
5 4%
N TS e 0.503* 0.646* 0.513* 0.804%* 0.672* 0.748** 0.573*
Leaf and soil
W5 1%
Jj(g% 5 .%2 0.695* 0.765%* 0.607* 0.704%* 0.691%* 0.820%* 0.610*
Litter and soil
It EYETEY
th H@% 0.724%* 0.696%** 0.638%* 0.512%* 0.658%* 0.607* 0.792%%*
Leaf and litter
H 5 A5
P P ,%& 0.578* 0.529* 0.402* 0.612* 0.559* 0.694** 0.588*
Leaf and soil
THEY) 5+ 1%
S 1R 0.638* 0.754%** 0.518* 0.733%** 0.630* 0.784%** 0.607*

Litter and soil

VE: *RIRML B FEA TP <0.01), *FK/REFHMI(P <0.05). Notes: ** means extremely significant correlation at P < 0.01 level, * means significant
correlation at P < 0.05 level.
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Tab. 3 Decrease situation of nutrient in the leaf-litter-soil system of Picea koraiensis plantations

Wt Leaf JA7EY) Litter 14 Soil
.
P Index Calt NAE  PAE  CHE  NAE  PAR  CAE NAE  PAE

C content N content P content C content N content P content C content N content P content

2L BN LIREMF B

Average decrease value of PM/(g-kg ") 10.17 0.62 0.13 27.05 4.71 0.33 8.60 2.08 0.30
AW Py 7 AR 2 P
4B EALN T AP AR -1 36.70 6.97 0.64 26.67 10.38 0.90 19.62 5.17 0.77
Average decrease value of PP/(g-kg ')
A =H TRAS RT3 S

BAEPATRIAF AT 2.10 2.18 7.03 6.56 17.79 18.54 10.58 16.98 15.87
Average decrease rate of pure PM/%
A w2 N T AT PR E

BEBNT AR 7.58 24.46 34.81 6.46 38.72 50.56 24.13 42.20 40.74

Average decrease rate of pure PP/%
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Tab.4 Improvement of nutrient in the leaf-litter-soil system of Picea koraiensis mixed plantations

W Leaf 759 Litter T3 Soil
AR T o . o o . o o o o
Hihs Index CHl NaE  PERE CHE  N&RE  PEE CAE NgE  PAR

Ccontent N content P content C content N content P content C content N content P content

2L Bz mAZ IR IR ST ) S v

Average increase value of PIM/(g-kg ) 30.29 7.67 0.61 12.50 7.61 0.76 17.42 4.65 0.66
o A A TR

iﬁ;‘g;ﬁ?ﬂ ﬁ:ﬁjﬁi?fz(;& ]) 33.72 7.25 050  —420 5.99 0.61 11.92 3.20 0.49
4T 7 7 A BE YR AT MR S v

fﬁfg:ﬁi; f:ﬂfiﬁ%h:ﬁ(g_kg, y 1559 4.16 042  -943 3.24 0.34 3.70 1.41 0.24
ffﬁiﬁfﬁjﬁifﬁﬁi(gkg, ) 26.53 6.35 051 -038 5.61 0.57 11.02 3.09 047
fﬁiﬁfﬁgféﬁgﬁiﬁﬁg ) 6.77 35.65 50.58 3.24 46.29 86.36 28.24 65.65 59.29
ilﬁfg:fﬁfﬂ ﬁfjf;ﬁji Lk 7.53 33.67 4163 —1.09 36.43 69.09 19.32 45.14 44.11
fvifgjfiifif igﬁﬁ/% 3.48 19.32 3516 —244 19.73 38.64 6.00 19.94 21.61
4B SRS T IR 5.93 29.51 4262 —0.10 34.14 64.77 17.86 43.64 41.96

Average increase rate of PM/%




52 1t

oMok R

¥k

42 %

I A IR 8 BAE R E R VR AT A R R I
FeRg AL A ML R N TP m A2 5IR A
WEFREVEDD NS P & R/ (8 D Ld
(9 NS PRI A R SOR B 22, T AR 9 0 DA 1)
A, FEHEYN SEEZE ST HENSEE 1.
WA BB LA RE# 78 38 57 0 OB O, AT (2
MARMAK .

4 % P

CDKIIE B L0 =42 N T afi bk 3 30pk s -+ 45
AHLCoA N AP S E N RSB R
AN VR AE W DA RU T 1 BRI G 41 K 42 N AR
B, AR AL C. 2 NV 2 P .

(DB w2 NI K F 3 CLN.
P &8 KA B E T RN = A2 N TR
FhE PRt TAKYE . 20K =42 N TARIR A Wi
FAETEYIN NP & B T 2L ZAS AR TR 2
A BN NLP &2, £ CINL CIP.NIP
WAH S o 3 FlvRAS A A b BB ARK I o RV VE P 1K) NS
P & & H¢ i, CINL CIPL NP k.

LA =2 NTIRAS MR s BE K i il 58k
Wk ATVE ) CONLWP & LI CONVP B &)
(AR DG 1 v 1 R AR B o 40 2 A2 i e IR T4 Cs
N.P & & 5413 C.N. P &2 [ I, JRASH Fh
FOLL e w208 TR T AN 33 57 005 R S 5K

(OMHE LT = A2 N AR | 95 4 o 338
G HE TR B S o3 A g JRy, R I A S Ak AROR 7K A0
NP A2 N TR E BIRAS A . WF T X 4L =
NI Resx 32 2 P HIPR &, 725 & 1 7% o RivE
R NEAT P A BB it A -

2 £ X B
[ 1] Wang H, Huang Y, Feng Z, et al. C and N stocks under three
plantation forest ecosystems of Chinese fir, Michelia macclurei

and their mixture[J]. Frontiers of Forestry in China, 2007, 2(3):

251-259.

(2] JE2sm, )pR, wttt4x, & )P e 1L =42 N bk L35 o vk

MRIEAE (1], LE AR, 2004, 24(2): 261-267.

Pang X Y, Liu Q, Liu S Q, et al. Changes of soil fertility quality

properties under subalpine spruce plantation in western
Sichuan[J]. Acta Ecologica Sinica, 2004, 24(2): 261-267.

[ 3] Hartemink A E. Soil fertility decline in the tropics with case
studies on plantations [J]. Soil Science, 2003, 170(2): 149—151.

(4] B, 0T REN T T fORER (7], MRolk B 2281 5T,
2018, 31(1): 1-14.
Sheng W T. On the maintenance of long-term productivity of
plantation in China[J]. Forest Research, 2018, 31(1): 1-14.

(5] SR, Bl NI IR0 F 4k (1], B st ol ok
223, 1997, 21(2): 77-82.

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Ma X Q, Huang B L. Advance in research on site productivity
decline of timber plantations[J]. Journal of Nanjing Forestry
University, 1997, 21(2): 77-82.

Wb A2 AR N Tk i g T8 1 R PRI AL A B By v 1 e L. i
FARALEFFE, 1997(4): 34-39.

Yang C D. The reason and control of site productivity of Chinese
fir plantations [J]. World Forestry Research, 1997(4): 34-39.
F8, AR, P K L BRERFA-BRERAR R SE MR S
SRR RIBT FE L], ML}, 2004, 40(5): 39-44.

Wang Q, Xu X N, Eiji H. Characteristics of growth and soil
properties in a mixed stand of Pinus luchuensis and Schima
wallichii Kort. ssp. liukiuensis Bloenb. in subtropical zone[J].
Scientia Silvae Sinicae, 2004, 40(5): 39—44.

TG, BEOAL, S . T RS R AR B g B R I R
ma (3], AEASEREE S, 2013, 22(4): 598—604.

Qin J, Tang X H, Yang X M. Effects of soil physical and chemical
properties on different forest types of Pinus massonianalJ].
Ecology and Environmental Sciences, 2013, 22(4): 598—604.
KRIRH, Bolh, IR, 55, B L ZV M o MR = ZAE - )y
PR B FARE R AR [T]. Hh EYPE, 2015, 35(6): 1496-1504.

Zhu Y J, Yang J, Wan J H, et al. Leaf traits and their
interrelationships of main plant species in inter-dune lowland in
the Mu Us Sandy Land[J]. Journal of Desert Research, 2015,
35(6): 1496—1504.

WAL, sk dn, BER9b, & 3 b s FRI AN R 4003 A 5 4k
FAFERFRMF ], 585, 2014, 51(1): 133-142.

Yang J J, Zhang X R, Ma L S, et al. Ecological stoichiometric
relationships between components of Robinia pseudoacacia forest
in Loess Plateau[J]. Acat Pedologica Sinica, 2014, 51(1):
133-142.

TR, SR, MR W, A g b e e R S A N AR TS
RGBT RRHMET]. £, 2018, 38(4): 1328-1336.
Zhang G Q, Zhang P, Chen Y M, et al. Stoichiometric
characteristics of Robinia pseudoacacia and Pinus tabuliformis
plantation ecosystems in the loess hilly-gully region, Chinal[J].
Acta Ecologica Sinica, 2018, 38(4): 1328—1336.

(G A TS R NS N U 72 T O T I L8 N 2 7
1992(1): 66-73.

Xu H C. On the decrease of soil fertility in plantations[J]. World
Forestry Research, 1992(1): 66—73.

JE G, EA ). RRIRAE R L A2 N AR R 43 iy e (0]
FRAbMRL K 22417, 2019, 47(2): 37-41.

Zhou L, Wang S L. Effects of mixed tree species to soil nutrients
in Picea koraiensis plantations[J]. Journal of Northeast Forestry
University, 2019, 47(2): 37-41.

TR, &, R, 5. 4 PR N AR =8 -
A A BRI LEB [T]. B RObRL R A 22 4 (B R 2
fiK), 2019, 43(4): 101-108.

Hao Y Z, Zhou L, Wu H, et al. Comparison of ecological
stoichiometric characteristics of leaf-litter-soi in four types of
Fraxinus mandshurica plantations[J]. Journal of Nanjing

Forestry University (Natural Sciences Edition), 2019, 43(4):


http://dx.doi.org/10.1007/s11461-007-0041-0
http://dx.doi.org/10.3321/j.issn:1000-0933.2004.02.014
http://dx.doi.org/10.3321/j.issn:1001-7488.2004.05.006
http://dx.doi.org/10.3969/j.issn.1674-5906.2013.04.009
http://dx.doi.org/10.7522/j.issn.1000-694X.2015.00145
http://dx.doi.org/10.11766/trxb201211280492
http://dx.doi.org/10.3969/j.issn.1000-5382.2019.02.009
http://dx.doi.org/10.1007/s11461-007-0041-0
http://dx.doi.org/10.3321/j.issn:1000-0933.2004.02.014
http://dx.doi.org/10.3321/j.issn:1001-7488.2004.05.006
http://dx.doi.org/10.3969/j.issn.1674-5906.2013.04.009
http://dx.doi.org/10.7522/j.issn.1000-694X.2015.00145
http://dx.doi.org/10.11766/trxb201211280492
http://dx.doi.org/10.3969/j.issn.1000-5382.2019.02.009

%38 Ji e

LIPS AN SN YN w2 NP 0l & X (B 53

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

101-108.

Ji &, A A2 NI CONGP R AR T ERHE [D]G
IRIE: RAEMRAL R 2, 2019.

Zhou L. Ecological stoichiometric characteristics of C, N and P
elements in Picea koraiensis plantations[D]. Harbin: Northeast
Forestry University, 2019.

i B R B (B8 = ROMI. bt d E AW R,
2000.

Bao S D. Soil and agricultural chemistry analysis(3rd ed.)[M].
Beijing: China Agriculture Press, 2000.

VLR, Mtetl, arH 2. I AMEUR A AR5 13986 58 5T 20
FRE AR R AL (T AR AR 2B 223K, 1996, 16(2): 97-100.
Yang Y S, Yang L Z, Yu X T. Changes in composition and
propoties of soil humus following replacement of brood-leaved
forest by Chinese fir plantation[J]. Journal of Fujian College of
Forestry, 1996, 16(2): 97-100.

Guo L B, Gifford R M. Soil carbon stocks and land use change: a
meta analysis [J]. Global Change Biology, 2002, 8: 345-360.
SN, B M. R N ARG R AR AR TR 0 X LB (0]
LML RH, 2009, 36(3): 1-4.

Gong S S, Liao S G. Soil nutrient characteristics in eucalypt
plantation and natural forest[J]. Journal of Jiangsu Forestry
Science & Technology, 2009, 36(3): 1-4.

Giisewell S. N: P ratios in terrestrial plants: variation and
functional significance [J]. New Phytologist, 2004, 164: 243-266.
Redfield A. The biological control of chemical factors in the
environment [J]. Science, 1958, 46: 205-221.

ST, AHEAL, B AR, A5 605 0 X R R AR AR R R
RIS 7T (3], AR A AR OL 25417, 2017, 25(4): 520-529.
Zong N, Shi P L, Geng S B, et al. Nitrogen and phosphorus
resorption efficiency of forests in North China[J]. Chinese
Journal of Eco-Agriculture, 2017, 25(4): 520—529.

VREss, TKUL, XU, S5 BRMIE B AT Sk (7). i K

[24]

[25]

[26]

[27]

(28]

[29]

TARFFRHE, 2007, 5(4): 93-100.

Xu X J, Zhang K, Liu B, et al. Review on litter decomposition in
forest ecosystems[J]. Science of Soil and Water Conservation,
2007, 5(4): 93-100.

TPy, A5k, J R, 45 DRI CINIP AL T SRR AE T
Iy AR R L] TR ARG, 2015(3): 24-27.

He D, Li L, Zhou G X, et al. Influence of C:N:P stoichiometry
for decomposition rate in Pinus massoniana litterfall[J]. Hunan
Forestry Science & Technology, 2015(3): 24-27.

Wang W, Wang C, Zeng C, et al. Soil carbon, nitrogen and
phosphorus ecological stoichiometry of Phragmites australis
wetlands in different reaches in Minjiang River estuary[J]. Acta
Ecologica Sinica, 2012, 32(13): 4087-4093.

Agren G . Stoichiometry and nutrition of plant growth in nature
communities[J]. Annu Rev Ecol Syst, 2008, 39: 153—170.
EH5, T oth. £ RGERARE TR INESH AR5
fE[J]. ZEAS 4R, 2008, 28(8): 3937-3947.

Wang S Q, Yu G R. Ecological stoichiometry characteristics of
ecosystem carbon, nitrogen and phosphorus element[J]. Acta
Ecologica Sinica, 2008, 28(8): 3937-3947.

Aerts R, Chapin F S I. The mineral nutrition of wild plants
revisited: a re-evaluation of processes and patterns[J]. Advances
in Ecological Research, 2000, 30: 1-67.

BT, BRXU, iF, 4. 5 X YA CONL P ARSI
MR 2> B IROCRRAE R B2 (1], R2 ] A2 35 5441, 2013, 24(4):
893-899.

Guo Z W, Chen S L, Yang Q P, et al. Effects of stand density on
Oligostachyum lubricum leaf carbon, nitrogen, and phosphorus
stoichiometry and nutrient resorption[J]. Chinese Journal of

Applied Ecology, 2013, 24(4): 893—899.

(FAE4E & A
FiE%E FheEra)


http://dx.doi.org/10.1046/j.1354-1013.2002.00486.x
http://dx.doi.org/10.3969/j.issn.1001-7380.2009.03.001
http://dx.doi.org/10.1111/j.1469-8137.2004.01192.x
http://dx.doi.org/10.3969/j.issn.1003-5710.2015.03.006
http://dx.doi.org/10.5846/stxb201106160817
http://dx.doi.org/10.5846/stxb201106160817
http://dx.doi.org/10.1146/annurev.ecolsys.39.110707.173515
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.08.054
http://dx.doi.org/10.1046/j.1354-1013.2002.00486.x
http://dx.doi.org/10.3969/j.issn.1001-7380.2009.03.001
http://dx.doi.org/10.1111/j.1469-8137.2004.01192.x
http://dx.doi.org/10.3969/j.issn.1003-5710.2015.03.006
http://dx.doi.org/10.5846/stxb201106160817
http://dx.doi.org/10.5846/stxb201106160817
http://dx.doi.org/10.1146/annurev.ecolsys.39.110707.173515
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.08.054

