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(Trautv.) Maxim.) %I M- # F 5 H #e ( Betula
platyphylla Suk. ). 7Kiti#il ( Fraxinus mandshurica
Rupr.) #l1i# ( Populus davidiana Dode ) %7%
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AR RN AR A R B AT R D RE ALY
H, HAT, EWNIET BRI 3 E 4+
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JE CEOE FIRME250% H)Z) JIEY C. N,
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TSR B

1 PR R#R

5% XA T 75 PR VRIS ROl R 42 1 14 A3
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Table 1 Characteristics of sample plots
(¥k-hm?) stem/%
I 742 3 RAENE 13.9 145 934 0.74 47.8
I 732 5 AALNE 11.4 12.3 1167 0.76 55.6
1 769 5 RAENE 13.6 13.7 1301 0.78 54.7
v 773 3 ZAAENE 15.1 14.0 1437 0.81 52.1

: DBHM M.
Note: DBH is the abbreviation of diameter at breast height.
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K SPSS 22.0 Xt 4 HukEH F 20 H )2 H7%
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Y CINE H)Z W ER K (P<0.05); FIZHEY
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Table 2 Litter nutrient characteristics of decomposed horizons in spruce-fir broad-leaved mixed forest

Y& )2 b fwC/ ZIN/
(gkg™)

Litter horizon Plot (9-kg™)

TP/ T/ A T/ U
(gkg™) CIN cP N/P

I 419.90+60.90bA 16.45+4.71 cB 1.30+0.21 bB 27.55 + 8.40 aA 332.66 + 73.47 bA 12.93 + 4.32 bA
I 436.03 + 66.60 abA 17.21 £ 2.64 cA 1.49 + 0.40 aB 25.85 + 5.54 aA 314.07 + 108.25 bA 12.45 + 4.48 bA

EHRE (FE)

Semi-decomposed horizon Il 377.58+77.67cA 20.02+2.19bA 1.12+0.21 cB 19.01 £4.13 bA 349.70 £ 96.30 bA 18.44 + 3.57 aA

IV 453.22+93.73aA 21.76 +3.01 aA 1.12+0.22 cB 21.31 + 6.07 bA 417.03 £ 110.11 aA 19.93 + 4.03 aA

SEEMEE (HED

Completely decomposed horizon [ 321.32 +80.40 bB 17.54 + 3.00 bB 2.64 + 0.82 bA 18.60 + 5.13 bA 132.57 + 51.26 bB

I 354.22+81.90aB 17.71 +3.07 bA 2.73 £ 0.70 bA 20.32 + 4.78 bB 135.32+39.80 bB  6.80 + 1.86 bB
I 368.90+76.73aB 16.70 +2.75cA 2.14 +0.48 cA 22.60 +5.75aB 181.39+58.60aB  8.09 + 2.06 aB

7.24 +2.41bB
IV 358.70 + 108.30 aB 19.30 + 2.70 aB 3.18 + 0.82 aA 19.00 + 6.78 bB 120.81 + 54.00 bB  6.48 + 2.00 bB

Vi FFIAR NG FRERHA 257 23 (P<0.05); FFIAFRKEFERRFHEY A ZR 2% (P<0.05),
Notes: Means that in the same column do not share the same lowercase letters are significantly different at 0.05 level between the sample
plots and that do not share the same capital letters are significantly different at 0.05 level between litter horizons.
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He 3 Al WFOTIX Ak R R Rk 4
I 57 T i Y A A 5 TR B o e s (P <
0.05). 0~20 cm 2, FH I FIlH TP
B, BEETHAL 2 okt BRI AK B
THEHH (P<0.05), 20~40 cm + /)2, HEHl
I SOMFI TN & Z (R FHEMM (P <
0.05), APfEARTRIFEMLIM 2255 3% (P <0.05),
+ 1€ C/P 1 N/P 247 Bifi 4 1€ VR B 1 Jonn i 8 3 a1
(P<005), 0~20 cm + 2, A [EHEH 1 4%
CIN 25 AW (P>0.05), e [ AV 45
N/P i 2% = T HoAth #E H ( P < 0.05)., 20~40
cm )2, HHEN/P RV R, FE T kzZ,
TEYEESTHMIAM (P<0.05), Fib
M 20~40cm + 2+ 4 C/IN B & & T 0~20
cm )2 (P<0.05), 0~20 cm #1 20~40 cm

+JZ 58 C/P HpE eIV ik,
3.3 AEYBHEMLTEFSSEMAFITERMN
=1

WFIE X PR & D AT SR e b S AR )2 4
BT RPRIA AR (R 4),

0~20cm +JZ, FEMHZHEY I
( FLSC&HLSC) #15 + 4 C/N 24 i 25 1E A ¢
(P<001), HHLSC (r=0.184) # FLSC
(r=0.131) 544 C/IN MR BOK, MEE
i, FIZIRIEWR (FLC) 15+ AK 24 2%
IEMX (P<0.01), i HZE%EWHK (HLC) 5
TIETP A AK 2 B EEME (P<0.01), 5§
SOM & 1EAIE (P <0.05), FH HZM%
Y (FLP&HLP ) 5 SOM ¥ BEAH K (P <
0.01), MXZRE % ~-0.170 1 0.212, F 2
AL (FLCN) 543 C/N &2 &g 3 fufH ¢
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Table 3 Descriptive statistics of soil chemical indicators in spruce-fir broad-leaved mixed forest

LT IR 2R 2% LT ,.
Soil depth FfHh oH Organic Total Total Available available T/ 5 T/ T
Plot matter/ nitrogen/  phosphorus/  phosphorus/ ) C/N C/P N/P
om @kg’)  (@ka)  (gkg’)  (mgkg')  PoEssum
(mg-kg™)

I 549 + 155.41 + 583+ 0.88 + 731+ 128.86 + 30.68 176.45 + 6.84 +

0.25aB 96.81 aA 3.18 aA 0.31aA 4.89 bA 54.27 aA 2260aA 87.07bcA 3.24 aA

m 476 £ 121.59 + 439+ 0.75 ¢ 1048 + 122.68 + 30.07 = 163.67 584 +

0~20 0.18 dB 36.21 bA 2.07 bA 0.17 cA 3.82 aA 39.29 aA 7.90 aB 38.91 cA 2.45 bA
I 4.99 + 144.78 451+ 081+ 10.80 + 93.31 % 33.14 180.90 + 5.57 +

0.24 cB 40.77 aA 1.41 bA 0.19 bA 3.69 aA 36.84 bA 7.37 aA 45.41 bA 1.27 bA

v 521 153.14 482t 0.75 ¢ 5.06 + 114.65 32.34 205.43 £ 6.47

0.23 bA 63.53 aA 2.03 bA 0.22 cA 2.01cA 76.91 aA 7.03 aA 64.94 aA 2.31 aA

I 5.62 + 76.13 £ 251+ 0.61+ 4.00 £ 73.20 + 31.10 121.87 4.08 £

0.37aA 45.89aB 1.63 abB 0.17 bB 1.94 cB 29.94 bB 8.16 bA 52.24 bB 2.17 aB

m 4,94 + 60.79 £ 1.70 £ 0.57 763t 53.50 = 42.65 + 107.20 = 291+

20~40 0.44 cA 23.87 bB 0.92 cB 0.13 bB 2.14 aB 17.16 cB 22.00 aA 35.10 cB 1.20 cB
1 511 77.67 233 0.67 6.49 + 77.23 = 38.93 117.71 350+

0.41 bA 22.89 aB 0.99 bB 0.19 aB 2.14 bB 24.32 bB 32.50aA 28.72 bcB 1.20 bB

I\ 518 + 83.50 + 271+ 0.63 ¢ 3.15¢+ 102.68 + 3143 + 137.87 443

0.36 bA 30.30 aB 1.03 aB 0.18 abB 1.46 dB 50.80 aB 6.21 bA 46.90 aB 1.41 aB

W FAIAE NG FRER R — LR E S 2 R B (P <0.05): FFIAEKEFRERRFE—HMA R BRENZREE (P<

0.05).

Notes: Means that in the same column do not share the same lowercase letters are significantly different at 0.05 level among different plots at
the same soil depth and that do not share the same capital letters are significantly different at 0.05 level between different soil depths in the same

plot.

(P<0.05), 5+ CPEWBERIE (P<
0.01), 1M HEMFEWmKAL (HLCN) 5+ 5
C. N. PIeim b LB EM M (P>0.05),

20~40 cm + )2, HLC 5+ TP 4% i 3%
IEME (P<0.01), 514 AK 2 B 3E ke
(P<0.05), MM FLC 5 4574048 F5 JC i & AH
Xt (P >005), FLCN5 SOM, AK. TN,
TP Al 11 C/P 2 B E M AHE (P <0.01), T
HLCN {5 AP F1 AK 2% i ZEAH5¢ (P < 0.01),
FLSCH -t pHE B EF EMX (P <0.05),
HLP . H 2% Pacti b (HLCP ) F1 7% 4 A ik
[t (HLNP) #5438 pH S48 B 416, H HLP
5 +4 pH ACH R (r=0.246, P<0.01),
34 BEYBESTEFRIBRUFITELHNTSR
S

RDA 73 (&l 1) %8 : 0~20 cm Fl 20~
40 cm - JZ T 2 i 5 P KX ISR A B i
oAb 21 5 L iy BB R i 43 il 3k 72.60% F
82.41%, FLN. HLP. HLNP#1 HLCP XHFF4k
1) BTk Rk . FLSC 5 FLC. FLCP 1 HLP A
BRI IERY . FLSC. FLN, FLNP 1 HLP 5
0~20 cm - HERM A L ( SCN1) RIEAMH K, H
i, FLN 15 SCN1 2 & 5% 19 IE AN . HLSC 5
0~20 cm+ 2 4% ( TN1) I+ 3 & 8 Lt

(SNP1) 2EGRFAHN, 5 20~40 cm 3R
[t (SCP2) FILEEAHLE (SOM2) RARIEAH
K, A X HE AR STk R — . HLN 5
0~20 cm 4 pH1, fAHLET (SOM1) . Fik i Lt
(SCP1). &# (TP1) FIEHZHE (AK1) DK
20 ~ 40 cm A (TN2) AR IER,
X TNA R IE &0 4855, 18 B HLN J2& 52 i pHA1 |
SOM1, SCP1, TP1 AK1 #l TN2) X &t A 7,
1M TN1 Z 24 F RSN
4 i
41 =AZ-EAMESHAEMES RELFETER
ATED IR frm— B AR R (R
FEPEXT SR W IRE ) ), S5 — T Tk HAEE Y
£ (RIRMBEAKERER T ) PV R X EEY
C V& 386.23 g-kg™", B T &L 5 Fh
HLRBR 0 8 95 ) SF- ¥ C & B (1368.01 gkg™'),
T8 85 5 78 s X A AR TR 95 8 C & i
(501.02 g-kg™) B2 BF5E X & Tl 2 K
X, BRIAFRE S, (EREH s R i L )
B WMES R T RAIS T ORI 0 o e R, ks T
WA RE S 2, BEE X EEY TN, P & i
(18.34, 1.97 g'kg™) mrFy&MREIMERSHR (12.23,
0.46 g-kg™) P4, FREAEPET A N, P & blish g



534 BOE, s KA RRSSAEE Y- A SR AR 95

x4 FAEOERSAELETERSEROEXES R
Table 4 Correlation analysis between litter indicators and soil nutrients at varied depths

L R AR e UM pOGl e wm s
Soil depth/cm  Indicator pH rganic _Total Ve AEIERE available CIN C/IP N/P
matter nitrogen  phosphorus phosphorus potassium

FLSC 0.160" 0.103’ -0.032 0.061 -0.093 0.003 0.131" 0.056 -0.088

FLC -0.006 -0.041 -0.049 -0.091 -0.080 0.151" 0.006 0.015 0.003

FLN 0.029 0.179"  -0.056 0.049 -0.156"  -0.048 0.261" 0.169"  -0.069

FLP -0.092 -0.170"  -0.072 -0.049 0.061 0.176"  -0.115 -0.198"  -0.091

FLCN -0.001 -0.162" 0.017 -0.099 0.021 0.145"  -0.222° -0.130" 0.075

FLCP 0.081 0.101° 0.008 -0.041 -0.143"  -0.070 0.116" 0.149" 0.045

FLNP 0.051 0.219" 0.017 0.043 -0.115’ -0.178" 0.243" 0.226" 0.006

020 HLSC  -0.025 0.131"  -0.029 0.060 0.042 -0.132" 0.184" 0.101° -0.068
HLC 0.051 0.116" 0.067 0.138" 0.016 0.169" 0.045 0.029 -0.025

HLN 0.174" 0.098 0.095 0.021 -0.240"  -0.001 -0.013 0.139" 0.162"

HLP 0.261" 0.212" 0.018 0.169" -0.286" -0.010 0.219” 0.113 -0.068

HLCN -0.050 0.020 -0.008 0.091 0.123’ 0.183" 0.022 -0.042 -0.093

HLCP -0.189" -0.078 0.042 -0.023 0.253" 0.117° -0.151"  -0.065 0.055

HLNP -0.173" -0.131" 0.050 -0.132" 0.170" -0.022 -0.232" -0.044 0.160"

FLSC 0.119° 0.061 0.084 0.041 -0.136" 0.006 -0.053 0.051 0.097

FLC -0.008 -0.030 -0.002 -0.086 -0.042 0.063 -0.027 0.026 0.076

FLN 0.012 0.218" 0.196" 0.095 -0.122" 0.267"  -0.036 0.197" 0.201"

FLP -0.047 -0.161"  -0.139"  -0.096 0.181"  -0.204" 0.009 -0.147"  -0.107

FLCN 0.034 -0.199"  -0.147"  -0.144" 0.038 -0.167"  -0.013 -0.143"  -0.089

FLCP 0.044 0.133" 0.1317 0.014 -0.192" 0.234"  -0.037 0.139" 0.142"

FLNP 0.015 0.255" 0.206" 0.125° -0.180° 0.318" 0.001 0.212" 0.176"

20740 HLSC 0.013 0.143" 0.043 0.096 -0.060 0.251" 0.075 0.099 0.019
HLC 0.053 0.048 0.069 0.140" 0.081 -0.102" -0.06 -0.044 0.001

HLN 0.056 0.164" 0.207" 0.097 -0.148" 0.172" -0.103" 0.107" 0.159"

HLP 0.246" 0.194" 0.305" 0.140” -0.294" 0.224" 0.103 -0.107" -0.159"

HLCN 0.023 -0.070 -0.056 0.054 0.158"  -0.227" 0.016 -0.092 -0.089

HLCP  -0.151"  -0.115 -0.170"  -0.025 0.314"  -0.264" 0.130°  -0.121° -0.215"

HLNP  -0.213"  -0.085 -0.153"  -0.082 0.230"  -0.112 0.129"  -0.066 -0.175"

¥: FLSC: FEREMYAFE; FLC: FEEEMMEE; FLN: FEAKDEASE;: FLP: FEAEKYBSE; FLCN: FERAEWHAL;
FLCP: FEHEMGRBELL; FLNP: FEJWHEWEREL: HLSC: HEWEMIAAE: HLC: HEREMG S E; HLN: HEREEWE S & HLP:
HE R Y& & HLCN: HEREEWIREL: HLCP: HEREWHBEL: HLNP: HEREWEBL CRFED: *RRTEP < 0.01/K PR B E4H
s *FRTEP < 0.05/KF REMTK.

Notes: FLSC: litter standing crop in the semi-decomposed horizon; FLC: litter carbon concentration in the semi-decomposed horizon; FLN:
litter nitrogen concentration in the semi-decomposed horizon; FLP: litter phosphorus concentration in the semi-decomposed horizon; FLCN: litter
C/N ratio in the semi-decomposed horizon; FLCP: litter C/P ratio in the semi-decomposed horizon; FLNP: litter N/P ratio in the semi-decomposed
horizon; HLSC: litter standing crop in the completely decomposed horizon; HLC: litter carbon concentration in the completely decomposed
horizon; HLN: litter nitrogen concentration in the completely decomposed horizon; HLP: litter phosphorus concentration in the completely
decomposed horizon; HLCN: litter C/N ratio in the completely decomposed horizon; HLCP: litter C/P ratio in the completely decomposed horizon;
HLNP: litter N/P ratio in the completely decomposed horizon (the same below); ** meant a very significant correlation at 0.01 level; * meant a
significant correlation at 0.05 level.



S YA P /) >
96 Mmool BE % OBF 5 %5 36 &
0~20 cm FLN 20~40 cm pH2
! FLCN 4
041 Fune | SCNT 4
HLeC 03f FLSC
FLSC f T
HLP = | \ i HLP
X o < \ FLS, -
> - © \
3 FLCP 2 =
o O PH1 4 TP— < 3
S SCPLA=—="— = = 0
“HIN < AK1 =
g somTT HIN, ! ] F_'-P_‘ g A gve2
E / ‘ -2 ap1 E T HLN
HLCP TN2
-04} HLNP ~0.3 FLNP
‘ ) HLeP 4 FN
/ FLCN /
¥ 4 sc‘r:z 4SOM2
™1 v £AP2 scp2
SNP1 HLNP
. A . : i : :
-0.5 0 0.5 -0.4 0 0.4 0.8

RDA1 (52.21%)

RDA1 (67.96%)

TE: SCN: LHEkZEIL; SCP: tIEmewilt; SNP: LHERWELL; 1% 0~20 cm 1)z; 2 i 20~40 om 1)z,

Notes: SCN: soil carbon to nitrogen ratio; SCP: soil carbon to phosphorus ratio; SNP: soil nitrogen to phosphorus ratio; 1: 0-20 cm soil depth;
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FIEZFHZ, F250& mBRZ4E AR f 2 sh,
W SFEHIMOABE LA RO R H ST R AT .
FEEVERA .
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BB AR IR ZEMAE R F1 1L b 3 37 i R
SRRy, H M Sk &, SOM. TN Al
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3R AT L RR S R TR oA A
KA REEARESREZ M hEL. =%
2 -l R 32 Ak 4248 C/N R C/P ¥4l ( 33.80 Al
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Redundancy analysis of litter characteristics and soil nutrient indicators and their stoichiometric ratios
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Eco-stoichiometry Characteristics of Litter-Soil in Coniferous
and Broad-leaved Mixed Forest of Changbai Mountains

CUI Xue, WANG Hai-yan, ZOU Jia-he, QIN Qian-gian, DU Xue,
LI Xiang, ZHANG Mei-na, GENG Qi

(College of Forestry, The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry
University, Beijing 100083, China)

Abstract: [Objective] The ecological stoichiometry of litter-soil at the stand scale was studied to clarify the
changes of litter and soil nutrients and their relationship in forest ecosystem, and to provide a scientific
basis for the operation and management of natural coniferous and broad-leaved mixed forest.
[Method] Based on the four plots of spruce-fir broad-leaved mixed forest with an area of 1 ha on North
slope of Changbai Mountains, soil samples of 0—-20 and 20-40 cm and litter samples of the semi-decom-
posed horizon (F) and completely decomposed horizon (H) were collected. Soil pH, soil organic matter,
total nitrogen, total phosphorus, available phosphorus and readily available potassium were determined,
and litter standing crop and litter-soil stoichiometric ratios were calculated. The correlation analysis and re-
dundancy analysis were used to study the litter characteristics and their effects on soil nutrients and the
stoichiometric ratios in spruce-fir broad-leaved mixed forest. [Result] The results showed that litter stand-
ing crop had a very significant and strong correlation with soil C/N at depth of 0-20 cm (P < 0.01). Litter C,
C/P and N/P decreased significantly with increasing litter decomposition degree (P<0.05). The redundancy
analysis results showed that litter standing crop had a strong positive effect on the litter carbon and C/P in
F horizon and litter phosphorus in H horizon. The stoichiometric ratios of litter nutrients and soil nutrients
were C/P > C/N > N/P. [Conclusion] Litter nitrogen in the H horizon is the critical factor affecting soil pH,
soil organic matter, total phosphorus, readily available potassium and C/P ratio in 0—-20 cm soil. Litter nitro-
gen is the main source of total nitrogen in 20-40 cm soil. Therefore, litter nitrogen may be an important
factor driving soil nutrient changes in the study area.

Keywords: spruce-fir broad-leaved mixed forest; litter; soil; stoichiometric characteristics
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