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Abstract

Aims Our objective was to analyze relationships between foliar stable carbon isotope composition (5*3C) and
environmental factors and leaf element contents in Pinus tabulaeformis, which is widely distributed in northwest-
ern China.

Methods Leaf samples were taken in ten natural populations of P. tabulaeformis from Gansu, Ningxia and Inner
Mongolia. The 5*3C was determined using an isotope mass spectrometer. Environmental factors were recorded by
Magellan GPS320 and from nearby weather stations. Leaf element contents were measured with low vacuum
scanning electron microscope and X-ray energy dispersive spectroscopy. Carbon content was estimated with the
potassium dichromate method, and nitrogen content was measured with the micro-Kjeldahl method. Data were
evaluated with Excel 2003 and SPSS 13.0 analysis of correlation and regression.

Important findings Foliar 6°C ranged from —28.68%o to —25.02%o, with an average value of —26.82%o. Foliar
5"°C did not closely correlate with altitude and longitude, but was significantly positively correlated to latitude
and negatively correlated with annual mean precipitation and temperature. Therefore, 5*3C in different natural
populations of P. tabulaeformis is significantly influenced by environmental factors, and annual mean temperature
and precipitation are essential factors in §**C’s capability of fractionation and growth. Leaf N, P and K content
were significantly negatively correlated with 6**C; however, Si, Ca and Fe content were significantly positively
correlated with 6"°C. Different 6°C in different natural populations reflects changes in plant nutrient element
content. Response mode of climatic factors and element content under different habitat conditions reflected and
affected properties of 5*3C change in natural populations of P. tabulaeformis.
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Feog A ZH AR A 7RER . AR RES
ST RE, VLSRR . g AR S, DA
I N T AR . FRIE R AR A B A 2
L% %2 (TIF ST AT (Farquhar et al., 1989; 7 & Jo2%,
2000; #RYEHE, 2010), HiME ek F A7 2 (CC) 43
T AR 0k ) 26 25 25 0 A BRI SR 9T 1)
Rt )iz — (SR AE A, 2004; Zhao et al., 2006).
HIAEW R COL AT A AE I, 5 80 [ A 2= 1)
ORI AT A R A7 st IR s o, B
()2 b 52 B FE ) A=A I IR BRI 52 o R o2
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U M ER R 2 Bl DA S SR LR 2 MR R,
SRR A 2 SRR 2E B0 2 530 1 b ik (2R
2 2010).,
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ZHMEZ, ESRGMES . WA (Pinus tabulae-
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PR AT BT PR X S A
B, DR RRIE . PO S AP RS, Wi
TR AR SRR AR, EMRE |
AL, HA A SN Z B (A R
2003). H T, K& M EIE ] P CHAR B A
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55 IR 7 1A K R (A R R B e, 1998; 2 AH 1R 45,
1999; 7 i 5%, 2000; % 5% 05, 2001; B4 4%,
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FLRRSE DR 4 B R AE I R Bk sk T
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WA ST SR R A I R DU R A K A
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Fig. 1 Map of the study area in northwestern China, circles
indicate the sample site. ¥ BS, Alashanzuogi Beisi Forest; CG,
Zhouqu Chagang Forest; CLS, Gulang Changling Mountains;
DC, Tianshui Dangchuan Forest; DL, Diebu Dala Forest; LC,
Yongdeng Liancheng; LD, Diebu Luoda Forest; LZK, Diebu
Lazikou; MJS, Tianshui Maiji Mountains; SYK, Yinchuan
Suoyukou.
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2.1 SHIAM B oPCT L By R ARYFE

FLRGE T MFA L0 KARFhBE Frfr107C,
FAWE P A (AR Ak Y5 [F] 75 —28.68%0 — —25.02%0.
6], ZAF kIR 4 3.66%0, “F-351H h—26.82%0. by
5% 1 Bl 72 ML b S AR 37 R 4 oRCHE K, N
—25.02%o; 1 H i 48 KoK A 1156 RS s vt
SUCAt /N, h—28.68%0. CattitIs CAE AR 1,15
1£-35%0 — —20%0-2 7], B VHIFA SR FH Cota 0t &A%
et B TCottidy; R Bl A [ A 856 I
A Al KM AE 3%0—-5%0 2 1], 2 B BRI % N
T OCCE I ZE
2.2 MESIEEFXSHRM B ClER

B HEREE R 7 55 SR I Fr 0" CAL I 2 18] (¥ 4 2%
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Table 1 The sampling site information and their values of stable carbon isotope composition (6**C) of Pinus tabulaeformis

FREEACS ML Site Ik i 23553 R R K R sEBIR]
Code of Elevation Latitude  Longitude Temperature Precipitation {7241k
population (m) (N) (E) () (mm) 0"C (%o)
CLS HIRE S5 1l Gulang Changling Mountains 2 310 37°26' 103°41' 4.90 306.70 -25.32
MJS KKFERIL Tianshui Maiji Mountains 1551 34°20 106°00’ 11.62 433.89 -27.87
DC RIKF)IMIZ Tianshui Dangchuan Forest 2029 34°26' 106°08'’ 11.62 433.89 -28.68
CG Fril B & i< #k3% Zhougu Chagang Forest 2036 33°33' 104°20’ 12.70 473.37 -28.47
LZK LS F 11 Diebu Lazikou 2094 34°08' 103°52' 8.16 507.55 -27.60
DL B E kMg Diebu Dala Forest 2541 33°50’ 103°22' 10.58 525.90 -27.27
LD B H% KMkYs Diebu Luoda Forest 1985 33°58' 103°54' 6.16 433.96 —26.49
BS Bl 7 AL 4K3%  Alashanzuogi Beisi Forest 2138 38°58' 105°54' 7.60 208.50 -25.02
SYK H)11FRIE 1 Yinchuan Suyukou 1946 38°44' 105°54 8.20 193.50 -25.10
LC ik % B %4 Yongdeng Liancheng 2085 36°41" 102°44' 5.90 290.20 -26.35
“F¥{E Mean -26.82

www.plant-ecology.com
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Fig. 2 Relationships between altitude,
latitude, longitude, annual mean tempera-
ture (AMT), annual mean precipitation
(AMP) and foliar 6"3C values in Pinus
tabulaeformis.

BoR, WA R 2R TR F RN AC > K
>Ca>P>Si>S>Mg>0>Fe>Cl>Al>N. jiif
HHoBCE 5 & L B S RIH LR WK, 45 %
BoRoBC 5 ot EK S R A A A
(re=-0.941, p < 0.01), 5 FIC#EN. PRI HAH
FePE# 59 (ry = —0.644, rp= —0.635, p < 0.05), S
Cay i A S IR 25 IEAH K (rea = 0.790, p < 0.01),
i Si. Fedr & (r = 0.697, ree= 0.674, p < 0.05)
(R IEMIDCER ST . iAo Cli 5 A Cy O
Mg. S. Al. CIFEZ HEH ZENHILLR(P >
0.05). 1] LAy AN[R]J BE ) AR I 0 CAit 22 52
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R2 A GE T RATETR (%)

Table 2  Results of leaf element contents in Pinus tabulaeformis (%)

étzi@f%opulaﬁon N c 0 Mg Al Si P S cl K Ca Fe
CLS 065 5069  0.62 3.21 2.13 7.60 556 395 093 3344 3951  3.05
MJS 074 4871 - 2.35 - 1.75 644 328 040 4671 3843  0.64
DC 113 6285 473 267 100 313 739 335 - 5258 2374 140
cG 086 4709 083 299 0.9 190 1010 244 205 5021 2832  0.67
LZK 073 4825 122 257 0.42 1.91 684 261 094 4339 3956  0.54
DL 065 4978  1.82 368 148  4.98 724 307 - 4635 2984 154
LD 077 5261 213 2.38 0.40 1.76 774 291 - 4597 3616 054
BS 057 4476 197 3.27 155 6.13 541 333 - 2963 4605 266
SYK 080 5553 138 403 122 421 700 354 123 3513 4071 156
LC 070 4910  0.87 3.86 0.87 4.08 688  4.24 177 3819 3793 131
SFHME Mean 076 5094 173 310 106  3.75 706 327 122 4216 3602  1.39

“=TRTR N R R WA TR S M AT R R L.

The corresponding sampling points haven’t measured element contents. Population site see Table 1.

&3 kAR OCCIE SR TR A R IR T ) AR G 4 B

Table 3 Correlations coefficient between foliar 6°C values and leaf elements concentration, environmental factors in Pinus tabu-

laeformis
fi;ﬁzﬁs oC AMT AMP N c Mg Si P S K Ca
AMT -0.779"
AMP -0.829™ 0.526
N -0.644" 0.523 0.282
c -0.234 0.147 0.023 0.815"
Mg 0.545 -0.258  -0.560 -0.309 -0.060
Si 0.697" -0501 -0.575 -0.477 -0.104 0.586
-0.627 0.565 0.508 0.508 0.096 -0.128 -0.631
S 0.547 -0.561 -0.664"  -0.193 0.174 0.527 0.623 —0.606
K -0.941™ 0.719°  0.837" 0.699" 0386  -0531  -0.734 0.703" -0.556
Ca 0.790"  -0.640" -0.643"  -0.753"  -0.547 0.180 0.347 -0.676" 0309 —0.859™
Fe 0.674" 0450 -0.629 -0.381 -0.051 0.471 09757  -0.647" 0592 -0.728" 0.353

*, BEFEAI(p < 0.05); **, MEFM(p <0.01). AMP, fE[F/KE; AMT, P8l
*, correlation is significant at the 0.05 level (2-tailed). **, correlation is significant at the 0.01 level (2-tailed); AMP, annual mean precipitation; AMT,

annual mean temperature.

AU G — AN e etidA /N Py KL Siy Ca
Fe Tt Z TR EA A AR ARk i

F3[AII A1 P A 3 35 A 2 A DGR T 34T,
WA B oo B 2 A DG AT R B, AN
5C. N5K. N5Ca. Si5K. SikFe. P5K. P5
Ca. P5Fe. K5Ca. K5 FeffyW il 24 1R 4 1 i
FAEH o an REEA ST A FE TR A =, R
Z s T AE ) B X 2 0 3% I A2 42 R R R A AL Ll o1 3k
AT, AR T AR A R FARFNRE R i R
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3.1 SHAM R CCHERFER ESIMERFRIX R

EHAREM T EAECs. CoMICAMA YA N 1)
S 3CAE 43 5] H—-35%0 — —20%0, —15%0 — —7%o, —22%0 —
-10%o (Francey et al., 1985), Ut FIr, JhfaJE TCs
TR, 10 250 CHE V358 N —26.82%o0, 2
T BRI A R 0 C P (1 -28.74%0 . 42
BRC W6 B -27.20%0 (3 5 k%5, 2002) LA
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e 2 [ A T Cot MAe b BEAT [ A7 22 29 17 BT 343 110
P (E-27.10%0 (Farquhar & Richards, 1984). 5%
FW, Y R S CAR AT L Sk Ta) B s R (1 K
FHIK S FI R 0%, R A 7K 43 R R 0 A 3%
FebR, OCCHIMAK, 7K 23 FI IR %1 i (Marshall et
al., 1994), TUIbH D hFA I F 8 w0 CAl R e 1
KRR, BoR T A e b o v
PEASEREIA AR R 2 — . BRI CHE
& B A 5 Hst AL etk a0, R I8 E s
Betth 52 BRI A KRBTV 5, FREE R w13 R
S CAH 7E3%0-5%0 2 1] 45 1k, (O’ Leary, 1988). A5
MR, BT RAE SO CAE AR K, i)
3.66%o, [ii]— B it 76 AN [] . [X 6™ C AR 013 il ] 8 72
BV, KA ATIRBE ) 22 TP A R — B R
Wi () 5 51, SRS IR R AR T SR, B S ety
] — BBt T B A PR BE (TG R o XN e R
FARESUE T R A MRS B A AR Bk R A 22 41
A (V) 388 4% 2 DR 7 5 PR 858 DR 4 [ 1 1 &5
R (Francey et al., 1985).

AT 57 KL 40 B AR 5 A6 J3E R0/ Ak IR 1 1) 2 S R A
VP R IR B A AR A R i ML 2, TR
A SRR DT 5 R0 RO AR BT 4 A AR AR AR K, T
IR Ak DR 7728 A iR A0F 5 b mT BB T R A B
(AR AR PR, X LRSS AR N TS S . 4.
W WL PR e MR SR(E PR IGAE, 2001;
ZEAH IR K, 1998) .

Tk 2 5 ) A R ) S 2 A AR I — A R
PRI (A1) e R 45 75 8%, 2007), 2 22 I 2 6 A ol
BT HAEER R, R O R e
W EE IR e, AT A A L& 16 A 1 T il
J o [ 22 4(2002) (HFE 45 B8R W, Coftitniro™C
(E 5P 5 0 OO, AR ) T AH )
(R4t B, B BE A 4T 40 5 (R BRI, Cofidmihas i
Fi (K10 3 CAR 5 T i DR A, 0 WL S 5% o i s o
FroBCAE ) — AN BN 2%, 973025 (2000) 9 5 T
[ 4 b 55 S A5 R i WK 10 C At Ja e B, AN TR R
WIS T4V YL R PR AT AN TR (R o A DA
GO AR, I AR A IE 25 B SR S
FLRIE. COMMMMNR, TP HMEICO 5 L (X1
HEEMIZE T R, 2007), LR 5 R0 CHL 55 & B
Bk, AIRESE A AN R AT AN [ 1) ' A fe i i
JE 2k (Schleser et al., 1999; 5Kkt 4:4%, 2008),

A B PR AR il AP
EREARA K.

B 7K S R A 0 S C A Ik ¥ S — T Bk A
(Francey & Farquhar, 1982). 5T~ H [ 75 1k Hh X ()4
W5, KO3 %o 46K 22 SR ) AR KT 3 22 PR
Rl —o PR KA RAE T35 K R 2
BEARIS, M0 T 9K I3 78k, # 2 G <AL,
AL T R EPRAG, AT 5 AR N COLK
T, AR PSS CAE T (Tieszen & Bout-
ton, 1989; [ 2 Flih 5 1%k, 2001b). AresFlIFownes
(1999)%¥: M (Acacia koa)lH Fi FIHFFT NNy, EE 2
LIRS0 T o CEMAR b, B4 2 BT R,
B KR A SO R T, R 6" CAl
BEAR, (HASLIR AN K. i N EFECaka o CAL K
5K KRG BT VF 2 TAE (Marshall, 1994;
Anderson et al., 1998; Z=AHIHAIFRIE K, 1998), £
4t A B oK B> T 3K 7 4 AR 22 HL X T
Cotti o CAL AR T, PRIk, TSIt (s 51, Rl
AT 6™ C LSBT B /K BB /I T 38 K (a3, S
5 R AN FANRE A0, A P 0 C ALK
A 1] BeAE N A B K S AR R .

H R TR 0 CAE 5 26 B 5% R M i
WD, 4 R2E SRR, 1% 655 (2003) 71 1
56 8 (Pedicularis) R4 K B, )% 5 0"CHE 2 1]
JE— R IEAHOCOC AR XG5 45 (2009) 71 H 1 b ik
(Hippophate rhamnoides subsp. sinensis)H & I.6*C
B AT W) S TE PR 4 BN, 5 A RIS IR 2 R
Bo AWETURIR, WA FRRER . S B
W2 A OGOC R, T 55 46 B2 2 1AV A7 A0 AR il 2 1R TEAH
KKFR, TATAK T LR TR FORVEHE A,
N2 18 AT R K00k DR % 45 R R 0 P CAE AR 4K 11
PE PR ER, SR AR IR g DRI 2 s R B /K 3 3
IR AR <E.

MY A K B2 B K BRI, 9PCHE S K
R IE AR DGR, 1X OV 2 o 45 R
UESE (V5 P8 Ju A, 2003; BRnAE, 2004; o 9EsE
2008b), Pk CAE % )2 P AR K 43 I 20 (3
INFERR . TR T K 4 N IR AR, FRoK
CA SRR BRI R 38, WA 4S5
BE PR 7 RS2 M AN B 5%, IX AT BB AH DR
BORHI FE LR . AT LSS R B, ahia s
BELE[47K450-550 mm, 4/%33°-34° N, o"C{E A

o, R DN

doi: 10.3724/SP.J.1258.2011.00596



602 4 &R Chinese Journal of Plant Ecology 2011, 35 (6): 596604

KRR Ry A, XM R IEH I, AR B
FEHi(Liu et al., 2005) %R TR S5 R, XUt IAE
P b R A 1) S CAELN T I K 1A R B Ll AE T
LK G, [l REAEAR L B X R 4 6T C AN T4
JEE R RIUER PSS Bl 2 B ARG o BCTFAE v B /K i X S0 5K
3 19 2 BIORVRE i SRR (K47 BRAE A 75 5™ CAD6 T Ak
A PRI DAL R S A IR AN T, 7
L IE AT INIUIEIE VA 7 g W IR E T ST & VAT K
455

32 M HOCCHEMEM R RTESEMAR

OCCHE R R I IO BT B B R e K
BCo,z it — R 5 P A YA 2 1 R B AR 14
W I A A AL S T I R, e (R I 52 2 - 45 R
I/ UE 57 6 2 B2 (Ehleringer et al., 1991
Welker et al., 1993). " Jii’5 5 7t % v] LA H 452 £
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