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Characteristics of ecological stoichiometry in broad-leaved and Korean pine

mixed forest and its response to latitude gradient in Northeast China
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Abstract: Aims of this study is to explore the spatial distribution of nutrients and the ecological stoichiometry in leaves of
Korean pine ( Pinus KoraiensisSieb. et Zucc.) and identify the driven factors. According to the distribution range of broad-
leaved and Korean pine mixed forest ( BKF) in Northeast China, this study sampled 3 sites in Changbai Mountain (42°27’
N), Zhangguangcai Mountain (44°16'N) and Xiaoxing'anling Mountain (48°05'N) , and measured carbon (C), nitrogen
(N) and phosphorus (P) in top soil (0—15 cm), subsurface soil (15—30 cm) and Korean pine leaves, determined
spatial variation of nutrient elements along a latitude gradient and the relationships between leaves and soil. The results

showed that: 1) the contents of C, N and P in leaves were significantly higher than those in soil. The range of C, N, and P
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in the top (0—15 cm) soil were 27.6—87.4 mg/g, 0.26-0.92 mg/g, and 2.0—7.2 mg/g, respectively, in subsurface
(15—30 c¢m) soil were 8.1—59.7 mg/g, 0.7—4.6 mg/g, and 0.2-0.82 mg/g, respectively. While, in leaves, were 12.
7—172.5 mg/g, 1.1—2.1 mg/g, and 495.5—507.4 mg/g. 2) The organic carbon and C/P and C/N in soil significantly
increased along a latitude gradient. The correlation between the elements in leaves and latitude was not significant. 3)
Leaves N, P was significantly correlated with total N and P in top soil respectively, additionally, leaves N was significantly
correlated with that C/N in top soil, leaves P with N/P in top soil. Comparatively, the contents of N, P in Korean pine
leaves are lower than that in natural forest ecosystems along the North —South Transect of Eastern China, which might
suggest nutrients supply is not enough to Korean pine growth. Furthermore, low leaves N/P (9.9) indicated N limit is
stronger than P in BKF. The results clarify the nutrient supply conditions and their influence factors in BKF, and are helpful

to put forward effectively management way to increase forest productivity.

Key Words: ecological stoichiometry characteristics; latitude gradient; Korean pine; broad-leaved Korean pine forest;

Northeast China
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53 1 e B R A 19 TR R I 2D A AR 0 B 3 A IXC, 2 BR 2 B2 AR B 2964 I 88 /K] 5k A 0%
HIFBAR R/ NS W L8 5 3 MR R IFFRIX (3R 1) o IR P HELLAL ( Pinus koraiensis ) \ 5 #% ( Tilia
amurensis) /K M ( Fraxinus mandshurica) 5% i Bk ( Quercus mongolica) .}k ( Juglans mandshurica Maxim )
8 TERBRR AL B IS AL 5 D 0 5 42 (Picea spp) , LR K2 (Abies nephrolepis) o £1H J& [# £ 42
AR B B e s B T AR AR AR B AL EE B Y 23%—46% , 3 ANIF 5T X E TR R R A, AR TR N
4.9°C#] 1.8°C Z Ja] , B Wi B AE 550—700 mm Z 7], +-38 /8 TSR AR (£ 1) .
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Table 1 Sample sites information

o SRR
SR i (N) ZE(E) - Mean annual A FERF
. ; R Mean annual L . . .
Sites Latitude Longitude precipitation/ Soil type Main species
temperature/ C
mm
; - AR /NN ) 1 [ =y
7 7K ] 42°27' 127°52' 3.7 694 Y Y N N . :
#K EEERER YN S
N LI LR BAZ RS2 K
B b 44°16' 130°10’ 4.9 550 A (O R R 1 et e A
e AFROBIE g oo
TR & S RS
ik 48°05' 129°11" 1.8 666 e LAl A ks

e ks

1.2 W5k
1.2.1 HEARE S

FE 2015 47 7—8 H IR AR K IEZE 78 3 AN BB AT/ INB B AR IEA T T BF A IR A AR SR 4R
TR BEE 7 BOE AR 20 mx20 m AUREHD , ZEREHB N 6 8E 3 B K R KB L0 32 B[]
P52 R (IO A 56 ) FUASE 7 67 (2R (P8 LR AL ) OB e 3—5 38, SR B[R] — AR (i e
JEWRA BRI A . ERRERE L NSRS A o (REHL O AU A ) B9 R 2 (0—15 em) FTHZ (15—30
em) HE R —EES BRI BHE AWM FRIC ) A B4 MR L RS TS
100 H i, ISR 0T . MR A A7 HLER (SOC ) R0 SR FH E 4% WA — ANk 5 e 0 (TN R s 2R
PP AL Wk (TP ) M2 R AR ER T L a7k,
1.2.2 BdEAb P

FHIF AR J7 220 A Al LSD 22 5 LB AN [R) 43 B 1 Rl 2EAA AR P £0 08 3 fn it | & Ak 2 i e R kA 7
30T, SR Pearson MHSCTEAHTLIAAI B HHEA PR 2R 2B C:N C.P NP L ita b &4 2
] M S A AR,

2 HR55%H

2.1 +HEC NP &ERIESEARL
2 (0—15 em) HIEA MUK (SOC) S A fLIE N 27.6—87.4 mg/g, Ho @K Bbk | 108 55 Hi Ay F
BIE R 45.95 .56.01 mg/g Fll 77.00 mg/g, H SOC & 546 B FIEMHK(P < 0.01), HIERE(TN) M
LW (TP) S AL IE RN 2.0—7.2 mg/g F10.3—0.9 mg/kg, HSEEXLRZAP R (K 1), HILENTS , B
X IR AR A K, SOC TN Fl TP % i f m MR AR(E Y AR i i, 138 C/N C/P N/P 97224k
FEl43 591K 11.49—15.88 55.36—174.53 F1 4.04—11.93 , Hrp ¢/P N/P BESG B THE 2 08 FIHER (& 1) .,
H5RZ -3, P)Z(15—30 em)SOC F i A0 Fl ol 8.1—59.7 mg/g, H @& /KT b U A5 HL i
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SEXIE AT 14.71 .30.95 mg/g F1 32.51 mg/g, Jf-H SOC & 54 M W& IEAHE (P < 0.01), +3E TN,
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Fig.1 Dynamic of eco—stoichiometry characteristics in soil along a latitude gradient

SOC, HHLK soil organic carbon, TN, 44 total nitrogen, TP, L% total phosphorus. A FHRFRE— T ZARAFGENEZS B EH (P < 0.05)

2.2 AN R ARSI R R AR A AR AL

LR A LR (C) VA (N) (B (P) & 28T F 53] 495.5—507.4,12.7—17.3 [1.1—2.1 mg/g(
2), HAPEEAKE BE S R C SRR R 500.48 .503.96 .501.79 mg/g, N & f-F-H{H 55
9 14.99 14.11 14.17 mg/g, M P &HESEEMES M 1.57 1.5 1.44 mg/g, ZLWAMH C NP S HHES Y
ALY G E . M C/N(26.37—28.75) .C/P(235.14—350.1) Fl N/P(8.13—13.76 ) B 25 )& THE 284k A i 3%
(El2),
2.3 IS R AbsE TR R S SR e R

MR CERS TS FRIITCRGTEMELREARE(K2), M NSESRZE(0—I15 cm) 1 TN £
W EEARDG TS RE 14 C/N ERBEAACOCR ;R P &R 5KZ P2 (15—30 em) 15 TP & it
C/P FIN/P HRMBEM KR, HP 5RE PR TP SE2IEMXE, M5 C/P NP BFERM
K, RIZFAHZ LS R C/P N/P AHCHERIARRL, iR C/P 5 -840 C/P 2R, M5 NP 2
FHIEAEKZR A N/P 543 ¢/P fh )2 3 N/P RIEM LSRR, SHRZ T N/P B 5 EIEML
(%£2),
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Fig.2 the trend of eco—stoichiometry characteristics in Pinus koraiensis leaf along the latitude gradient

SOC, A MLk soil organic carbon, TN, 4% total nitrogen, TP, 2% total phosphorus. AN [FZ-H:F 7R [A]— 1 JZ AR A 4 B 0] 25 57 1. 3 ( P<0.05)

®2 EYHAFELE CNP SERETELLZENBEXRY

Table 2 The correlation coefficient between plant leaf and topsoil C,N,P contents and stoichiometry

K2 LHE(0—15 cm) W2 1 (15—30 em)
Top soil (0—15cm) Subsurface soil (0—30)
SOC TN TP C/N C/P N/P SOC TN TP C/N C/P N/P
A C 0.095 0.032 -0.162 0.201 0.315 0.301 0.195 0.136 0.051 0.348 0.207 0.106
Leaf N 0.228 0447*  -0.348 0.633* 0224 0.016 0.152 0.265 0.182 03%  -0.079 0.084
P 0.121 0.150 0.530* -0.097 -0.568"* -0.627"* 0.129 0.181 0482 -0.121 -0524* -0577"
C:N -0.321  -0.390 -0.104 0.087 -0301 -0369 -0.190 -0.198 0016 -0.047 -0.403 -0.417
C:P -0.119  -0.152 -0.500" 0.120 0555 0601 -0.153 -0213 -0.500" -0.141 0.554" 0.599 **
N.P -0.030 0.055 -0.366 -0.234 0463* 0652 -0079 -0.082 -0438 -0.060 0.550" 0.695*

# P <0.05; * * P<0.0l, N =21

2.4 SHABX X

L5 A BN v [ AN [A] RUBE A 58 25 SRR LE , AT 5 DX SR LT FA I ke 75 1P 3994 (502.2 mg/g) EL 4 BRfili
AR 8.8% , 1T He P FE AR m LR AR AR 25 2R 48 HoA X U M 75 4.6% (3 3) o 785 v [ X A4 Bk
RBE B 1 Fe e rh R B ARG i A S N 14.4 mg/g, BT B T b E B AR A (20.2 me/g) FIA Bk
Bt A HE (20.1 mg/g) , A1 L o R R 3 e AU AR A Bl ZE R AR 17.7% , Lo Hp 1 AR 30 R U AR AT FR AR R S A PG
21.3% (% 3) . IR P &0 1.50 mg/g, S5 ERAAEYIH 1.46 mg/g 45022 5 W3, 1 Al b [ 4R34
FACEEAT AR R A EE , R P S A A 1T A R A A S A AR RN e b AR R
FEAT FRAA: B RGN 25% (2 3) LM C/N, C/P g 34.56 F1 350.1, 2455 T b B A ¥R JL A AR Ak

ARG 29.1 F1313.9,N/P A 9.9, 8 [ HALAE S RGP (£3) .,
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Table 3  Stoichiometry of C, N, P and C/N,C/P N/P in terrestrial soil of China and Global flora

Co&E N & & P &&E

217‘1}?% C content/ N content/ P content/ C/N C/P N/P Sj(ﬁk
ects ources
! (/) (mg/g) (mg/g)

<3 LR BRAMRAE S R
PRA AL AL R 480.0 18.3 2.0 29.1 313.9 11.5 [27]

GiAHY) Trees in NSTEC *
Hh AR R LR Bl A AR

Plant in NSTEC 17.5 1.28 - - 13.5 [28]
Tematit o i Chin - e~ — e ne
iiiflﬁli1ﬁffal plant 461.6 20.1 L77 T - 13.8 [28-29]
Cloel el ln - .
[f# - ZT BBk BKE * 502.2 14.4 1.50 34.56 350.1 9.9 —

# NSTEC: North-South Transect of Eastern China; BKF: broad-leaved and Korean pine mixed forest

R LA AR 0—15 em 13 C/N C/P N/P ¥ B35 TR E R 3, H C/P N/P W 8 3% & TR E
MAIE15—30 em £33 C/N & TRBREH 3 | ML T3 E M asR i i 2R 43 HH S 5 EHA L
HERE R (k) ,

x4 FEREKFEEFM T C NP ITEF4HEXL
Table 4  Stoichiometry of C/N,C/P and N/P in terrestrial soil of China and Global flora

HEFEXT4E Objects C/N /P N/P ik Sources
v 5] fifi 1 £ 38 Terrestrial soil in China 12.30 52.70 3.90 [31]

[ #f K 3 Forest soil in China 13.70 44.50 3.20 [32]
ERRf b 13 Global terrestrial soil 12.30 72.00 5.90 [33]
EERARAR L HE Global forest soil 12.40 81.90 6.60 [33]
FEREHL 1+ Global grass soil 11.80 64.30 5.60 [33]
FEM£IHA K 0—15 em Top soil in BKF * 13.19 105.53 7.89 —
2L AABK 15—30 cm Subsurface soil in BKF 11.97 61.45 5.05 —

# BKF: broad-leaved and Korean pine mixed forest

3 e

3.1 M KSR AT R RE

FEGE A R RUBE () A X 35, () 2T AA AR LT AR | C i i (3R 3) , U X U W0 A ML) 5 f i
i, IR T LA IZ AR S R G T RE LA B R B RRE

ARG I LEAAARAE I B N 5 i ko b E B AR A N & S P E WS (35 3) , X T BB 5%
DX IR AR AL . #E Reich F1 Oleksyn £ H F L — A= Wy M BR AL 24 AR Y AT 23 5 AR 40 117 L e )
FRERE (AN A B ) |, E I 52 0 25 A — 2R 80 0B MR AR el R, DT IR AR X 1 g rh N i
SEHY R AT BRI, 758, 2R RER R ORI R SEE A (NS A ES R |, T7E 4
ARG ARG LR o e YA R K % A IR S, A Wl it s Ak R AR AR
B Ak 5 A P 1 R RS A WL AL T v M LR T B A0, 2 5 T LI i 2 2 4k
PEFIT - HERR85E b 5 R R T - St b R 9 I o B R A A I TG M A T AR 5
BAVRIF 5 DX 3 Y- $47 5 B AR R 3R, s i 398 b %) e A 20 R - S8 T AN T P R X A, 45 T AR A P B OR [) R E
4 I 22 i AR, 36 sl T g T 2 S 802 M X MR 4025 ) D AER AR %o R A TR A 12

AR R P SR AR (32 3) , W BB R Hh T AR 5T S B 1 R 4 S TR IS pROR A 1
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RERS , A T AE )2 56, R B0Z A A I i KAV AR 4555 , i 3 b P F B0 A B XU T A
TR P SRR  FT LI R e BREE AR IR UL P S AR, AN LR F AR X T A A
PP R | HAzh X AF SR B AR XS B, AT AL 2 i R ARG 5018 | 35K 10 ] - S804 1 v m] (LA 4 I i
A LR A 2

ZIRAIE - C/N, C/P B E AR R AURE AR (32 3) , X B Rt B & C B30, i
R N/P Lo E R A A N/P AR T 39.2% , e 2Bk A AR T 28.29% M1 22.1% , M i N/P A2 3 s
TIE3Z PS5 R 0 L [R5 D T AR e 1 A K SR | A AR P s FR AR50 (N/P< 14 4 N BRI, N/P>
16 4 P R 2 AHFFE o LLRAE - N/P ANT 14 3 17 4 I A X 38k P 200 B9 A2 K T RESZ N G PR, 31X
LIRS RS AL T ZRAR G A K T BE A2 R B 25 SR AR TR T

ARG HLIX F 2 T C/N C/P \N/P XS T3 [ Ath b X A FRAK - 58 0142 3ok i by - B8 2 fd e, HL oo
C/P N/P ZFHAR(F4), 1M FZLHC/N .C/P N/P BT RIZE T X — G 0] GBS P A LR K i 23R
BT HERZ, HAPUERIKH 5 AMERIEY Bk SR 3l it LArh 26 Dbk & & 0/ N TR 2 M)z -5
NP i AR (HSZ BRI AR /N M BRI A L2 S8R )2 C/NLC/P NP 5RZE 2T
XTI
3.2 RN LA 2E TR S 2 A R

LIMMFRZ AR L HE C N P S EBES AR R B, b 38 P2 SOC & 54 e R
H I IEME (P <0.05) o dK w5 e 8 4 ) ORI - 2R ST AR BB 52 A S B 1Y
Fhi,SOC TN ¥IRELE BE A T+ = 8 50/, 1 TP & 5 TG W ARk, SARMF IR 45 R 22 e K, X nl R A& K A
9 A A BR5E 25 5 B 8, 8 v D DXt 2 5 g g /A e i/ T o P20 A A T A A=A 2% A AR VR, 3 T B
XA 5% 53 R FIAG IR 7= FE AN RIS . ASBIFE i Bt 2 15 T, 3 B8 288 0 i W66 A e AR, AV 03 5 il IX Bt o
TEEEREN , 3R W16 S B WG IR, S T SOC FRR B, T 78 1 20 1l IX R A A M 1) AP 2% 1 1R
FEMIREAR S T L SOC % 1 BE 2 B2 T i i 3G I E L AE & 26 B s e A i 2, H8Erh N TR F 2ok Al
Yixd N Z WS JHIEY 0 o, AR R N JG 22 SR 0IN, W00 75 40 1) = 3946 305 19 5T 2 A X 1
ZESEROIN, BT AR AR E 3 ZOC R ML ALt AN B35 +3E P on R FEORIE T4 4 Kk, e
DB | R R B 22 /N, LA 2D AR g W A G R R T DA B 2 35 s Bl 2 1 1) A8 A 3R
AR, RZMAZ 158 C/N C/P #RREE T W Z 3G (P <0.01) 1 N/P LR BEF = A 2 X & i
TFLIAAAR L HE TN TP & 1l 25 B AR R AN W28, 1T SOC 5 f: Bifi 443 FE 16 I mig 384, AT 530 €/ N C/P Bt 26 FE 1Y
Wt MR N P i b 2 B AR AR R HAOR 835 BT DL N/P BEZ EE TC W 84k, R DL S5 SR AT DL
HEWT, AT SOC K C/N . C/P WAL BAT SR ) | HLRE 20 Mk e R B 26 B 0978 Ak 3 B2 52 T TR R
AT

ZIRAE R C 3 REREZ B T e Sk 8 5 B AR, X — 8 Ak S5 AR 24 B i AR AR AR ], S5 R K AR A AR ), 3 32 22
SRR B R A T R K B8 Sl T R IR A 233G B 1 e A e i A 2R LA (AR T
R), AR Z 2045405, It A Brep C S B 3 m . AR SCH 2R | TN F i B 26 B2 1 T S B
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