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Abstract; Spatial patterns for leaf nutrient contents of Dahurian larch ( Larix gmelinii Rupr. ) based on the analysis of 72
samples in 24 sites in temperate forest ecosystems in Northeast China were studied. The studied region belongs to the cold
temperate zone. The results show that the geometric means of leaf organic carbon (C) , nitrogen (N), potassium (K) and
phosphorus (P) contents were 543.970 mg/g, 16.902 mg/g, 14.625 mg/g and 2. 373 mg/g, respectively. The geometric
means of C/N, C/P and N/P were 32. 183, 229.226 and 7. 123, respectively. With the increase of latitude and decrease
in mean annual temperature ( MAT) and annual precipitation ( AP), leaf C and N contents and N/P ratios of Dahurian
larch decreased significantly, and leaf C/N ratios and K content increased significantly, but leaf P contents had no
significant change. The changes in the leaf N content with latitude, MAT and AP are different from those reported in
literature,, but the changes in the leaf N/P ratio are similar to those in literature, which are similar to the changes of other

species in our studied region. With the increase in latitude, MAT and AP decreased, and the growing season shortened,
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pedogenesis was weakened and available soil nutrients for plant decreased, but N/P ratios decreased significantly because of
the significant decrease in N content. This finding is similar to the results obtained in other global observations. The
differences in the spatial patterns of foliar nutrient contents between Dahurian larch and global and other Chinese flora
indicate the importance of an advanced understanding of leaf traits in terms of nutrient contents in a regional scale. The
significant relationships between leaf nutrient contents and climatic factors suggest that climatic factors are the major forces

affecting variation in the leaf nutrient traits of Dahurian larch.

Key Words: ecological stoichiometry; Larix gmelinii Rupr. ; mean annual temperature; annual precipitation; latitude;

spatial pattern; leaf nutrient
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Fig. 1 The distribution of sampling locations
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1.2 Y35 HI E

FEMERET 8, ME M R ALK (C) 2R (N) (28 (P) M2 (K) &, Mh CRH K, Cr,0,%
By BRI E B, B E SeR A H,S0,-H,0, 187, N SR #E M i b B E , PR A ARBAPT L (1
MWisE K SRR Rl e =
1.3 SEREHYIRE

SRAE AR HIR B AR YR &, 38 42 730 /Nl 1954 ~ 2002 4 0. 1° x 0. 1PHE R RBUIRE M IR
B e 3545
1.4 BEoath

TEARBFZEF, R 5 4 3 3% F Microsoft office excel F1 SPSS( SPSS for Windows version 13. 0, SPSS Inc. ,
Chicago, USA) B & {4 Xof it 3R 45 B B4R 64T 0 AT A0 3 . TE 28 70 A MRS 36 2R I K-S #5256, B One-Sample
Kolmogorov-Smirnov Test,
2 #ER5H5m
2.1 DeRIEMIAM R IR H A G2 RHE

MR T B2 ARE B SR R | s, NR AT LUE R K & &R C/P {UFF& X HUE
B (K-S K5 p <0.05 XS4 K-S £ %6 p >0. 05) , W] FI U8R HoR /D s e B H8 4R BV & IE S 4 A
XAFE X BOEZS 4370 (K-S K5 p > 0. 05 FIXS % K-S K5 p > 0. 05) , EARF-HFLAF-HHE AT IRAH K
Ne M F CEERAETEE M 403. 657Tme/g F| 653. 733mg/g, AR X%y 545. 169mg/g; M N & B
HETEEE A 10. 947mg/ g ) 31. 638mg/g, FHARF-HHNy 17. 468mg/g; M Ji P & & A ZEALTEHE A 0. 895mg/g F
3.553mg/ g, AR HN 2. 44Tmg/ g ;M K & B MR TG E M 9. 488mg/g B 27. 356me/g, JLAT-F- 350N
14. 625mg/g; M i C/N By 7246 765 B A\ 19. 783 3] 50. 734, B AR HHh 33. 127,/ C/P 197254k 75 B A
129. 158 | 601. 030, JLAAF-%0 R 229. 226 ;N/P HIASAL TG B 3. 866 3| 14.246 , AR T35k 7. 504

R1 MREHRM R FIOGIHSE
Table 1 The descriptive statistics of leaf nutrients of Larix gmelinii Rupr.

Cait N &t P K&t

T B Ttem Leaf C Leaf N Leaf P Leaf K C/N c/P N/P
(mg/g) (mg/g) (mg/g) (mg/g)
BARFZHB Arithmetic mean 545.169 17.468 2.447 15.176 33.127 239.339 7.504
SD 36.202 4.629 0.544 4.447 8.043 85.336 2.478
Cv (%) 6.641 26.498 22.230 29.303 24.279 35.655 33.027
JUAT 313X Geometric mean 543.970 16.902 2.373 14.625 32.183 229.226 7.123
KA Maximum 653.733 31.638 3.553 27.356 50.734 601. 030 14.246
$5¢/]M# Minimum 403.657 10.974 0. 895 9.488 19.783 129.158 3.866
7% Median 541. 668 16.887 2.439 13.266 31.471 224.560 6.934
K-S K36 p {4 p of K-S tast 0.256 0.484 0.735 0.013 0. 448 0.003 0.410

X%k K-S #:5 p {5
p of K-S test(lg-transformed )

#£ A% Number of samples 72 72 72 72 72 72 72
* SD : fifli 2% Standard Deviation ; CV ; 45 5 R 5} Coefficient of Variation

0.373 0. 886 0.130 0.052 0.538 0.187 0.991

2.2 DTN IR B HUER AR R

MBVE RN SR & B R L LI RE S BE I A A AR SR AN B 2 B o INPEIFR AT AT e, X2 A
9 CN S B N/P XIBEE 5 BRI TR ik B35 MREAR (p <0.001, n=72) ;i J K & &M C/N WS E )
T R S BT s T F P& RS B BT R TR, (B A X B B K (p =0. 168, n=72) ;1 J1
C/P FEG TR BB A BB B E K (p =0.341, n=72),
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Fig. 2 Geographic spatial patterns of leaf nutrients of Larix gmelinii Rupr.
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B>P SRR GUEMPIRAR -5 . SHEMBHEYM R TR FAHEA L (R 3) , XE st
A NPHK SEZSTHERPHEY, Kb P K SEBAZHEMKN 2 FEEES, NP /NTFHERR
Y.

R2 MREHBRHAEFSESEEFHXER
Table 2 Relationships between leaf nutrients of Larix gmelinii Rupr. and climatic factors

iH Ttem SRV BE MAT AEBIRET R AP
Ji 7 Equation R? 3 777 Equation R? P

C & Leaf C y=7.2475x +571. 42 0.3427 ** 0. 000 ¥ =0.4626x +310 0.391** 0. 000
N & Leaf N y=1.061x +21. 31 0. 4494 ** 0. 000 ¥=0.0736x —19.93 0. 6048 ** 0. 000
P &5 Leaf P y =0. 0249x +2. 5373 0.018 0.261 ¥=0.0018x + 1. 5487 0. 0253 0.182
K & Leaf K y= -0.5489x +13. 188 0. 1303 ** 0. 002 y= —0.0253x +28. 061 0.0778 ** 0.018
C/N y= —1.2895x +28. 457 0.2198 ** 0. 000 y=-0.0973x + 2.584 0.3503 ** 0. 000
C/p y= -0.6031x +237. 15 0. 0004 0. 863 y= -0.2252x + 53.81 0.0167 0.280
N/P y=0.3241x +8.6775 0. 1462 ** 0. 001 y=0.0202x - 2. 7454 0.1585** 0. 001

MAT:; mean annual temperature; AP; annual precipitation; T [f] the same below

R3 MREHRHREFOFSSESHERREMHILER
Table 3 Compare leaf nutrients of Larix gmelinii Rupr. with other plants of Pinaceae

N &t

Pt

I F N/P

K &8

iﬁ%z% Leaf N Leaf P Leaf Leaf K ff)}*iﬁ
ecies ata source
P (mg/g) (mg/g) N/P (mg/g)

MAZIE A 17.468 +4.629 2.447 £0.544 7.504 £2.478 15.176 +4.447 AT
Larix gmelinii Rupr. (n=72) (n=72) (n=72) (n=72) This study
M 13.174 +2.856 1.111 0. 660 11.858 6.331 +1.856 [25]
Pinus massoniana (n=16) (n=29) (n=1) (n=26)

ESIEN 13.398 £5.715 0.860 +0.448 15.579 5.113 £1.305 [25]
Pinus armandii (n=4) (n=4) (n=1) (n=4)

PHEVN 11.442 +1.739 1.142 +0.337 10.019 5.474 £1.120 [25]
Pinus tabulaeformis (n=10) (n=9) (n=1) (n=10)
FAR /N 11.734 £3.036 1.228 +0.258 9.555 3.698 +1.565 [25]
Pinus koraiensis (n=5) (n=5) (n=1) (n=5)
\

f’%%%l ori 10.473 +1.114 0.966 +0.02 10. 842 3.878 +1.470 [25]

inus sylvestris (n=2) (n=2) (n=1) (n=2)

var. mongolica

R TR, R LI IRRIUE N B, TR IR Pz Rt
NP & BB T 3N PR AR H RS TR A N R P S R FHE W NP R
{RET S e AN AR AT R RN T A P AR ARG R 2 TR R O A X B T B AR
YA E R, HH A NP AR THEMBHEY) A N P SRR THEWH, RN P SEAEIELL N &8
FHo. R KROPTRIET Y 0RS S RETE TESMEY 7 HI =4 R AT 3%
SR THERHEY 53 — R AT BE -5 2% 2 ARSI AR, T EAARHEY) o B SR Ko
3.2 DCRVEMHAM IR IS B AR IR

BORMBFFRRI, 0 A N AP AT HR SRR KR B AR 7 % FE @R EEBF ST 45
SR, A N R P BB BE R AR 138 BE A AT T, T B NP IR o e o X A
Hh [ AR F R LAY (NSTEC) IBFFE A SRS ok i N R P & 5 &3k RE OB Fe 45 SRAR DL, P 2 b
&P TR AR AR T R R T R , T A N/P A RER A S (R B IR B B K

X TIE AR DTSRRI (B 2,3 2 A0k 4) , BESS BETH R L AF B3R B R AF X [ T B O eI, 1 7 N
BRRI BE WL, X5 2B RE NPT RMER ;A P & BRZEMEAREBE K, X 52K
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BERIBTFE G R i i) N/P AR5 2B REZ S R — 2 0 TR RE AR 377 B 5
EERREAF A R R AEE FE— 2P 0T T 5% 208 A LT ) — DX ISR B B A 45 % 22 v P
HEWHE NP &EUL NP KA R (ATFRAREREIE) SRR B, NRFPRURH, %
LFEARE N A P 5 85 R AL TR — DX I8 B B W b B 4 AR 238 B F) 0 A B AR ), B
SHBE TR AR R IR B AR, R NOR P BRI (ER DS LI AL P& B BE A AR IR B AR L B A
BEBEIRF o ABFFEHNEE MM A N M P SRS 2HMEEEARE LM S RFEA R K5
W, X EZAT RS f TAEAS ST BT TS B 26 2298 i Al oA T IR A AN SRR AT , SR iR B R A K
B AR S , A AT LAMROSCR R E SR BBl . R 26 BE (9 T e AR 3399 BE I R A1, 24 22 9 I s
) N/P AR, T2 XSS B i U 50 BA S A s e e A, FLJR DR AT BB 2 T EAS 9 X SAR X Tk
REBEB/INERS) e YA i) 4 6] 15938 53 K T4 298 B 7= A2 i My, T 55 1 2L N/P B4 3471 € 1 32
St T4 2 3 A D B — Wy b ey TS A7 AE 4 b 1) 9 28 5, DR uh B 7 4 9L B8 R 443 B 9 A8 AL X 1) 58 38 7KF
S TR R A S RGBTSR P SR B TR W T AR 3R 43 s SR i — A B
ZHET . SHERRENPITXSEAML (R S) , AT RS BT E U 45. 60 ~53. 30°N, A% FHEH5T
KRB/ M2, X ] fE S M AT R AR R R BB AiAg R, IR TS X3 /0N T Bt R T
BT a R — > E A

R4 NREHRMETUMFSHES S EMENRER spearman X R
Table 4 The spearman correlation coefficient between leaf nutrients and latitude, MAT

MAZYEMH Larix gmelinii Rupr. HBWFh Other species in the region

i H Item

N P N/P N P N/P
45 Latitude -0.766 ** -0.164 -0.401** —0.449 ** -0.307** -0.035
AEHRE MAT 0.670 ** 0.134 0.382** 0.444 ** 0.358 ** -0.016
£ % Number of samples 72 72 72 303 303 303

x5 TAEAHARRENSGEER
Table 5 The latitude ranges of different study regions

9% X4, Study region 25 BE YL Latitude range 22 3Tk Reference
ALK LR . .
North of Northeast China 45.60 ~53.30°N ABEIE This study
o AR AL R .
North-South transect of Eastern China 18.3 ~52.32°N (31]
H1[E China 18 ~49°N [18]
2FRRBE Global scale 43°S ~70°N [13]

MBFEMAR N AP & BB R AR S SRR T IR R 54 T R — X e i i o A
BRI B H SRR ET) B2 RERPIFEERA R, B A 3801 X E Bl A BT 45 R T BE 5 K
RETIZEFRRERPRE R ERREREZMR MR, ERREEELRRE EWPTRERA—E
EET XL, FIEE/ NPT R E BT R SR EA — 8 & TARRBESERR, R 1A R X6 T fE
BRI ZE S o SX UL RN DX 38R BE 14 A Wy st R AL S 3BT 52 B B 2 o
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