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Abstract: The ecological stoichiometric characteristics of fine roots reflect environmental changes. Thus, they provide a
theoretical basis to explore the mechanisms of global changes affecting plants. The objective of the present study was to
analyze the stoichiometry of Pinus taiwanensis is fine roots inhabiting five different elevation gradients (i.e., 1,200, 1,400,
1,600, 1,800, and 2,000 m) in Wuyishan National Nature Reserve. The fine roots were collected and the carbon (C),
nitrogen (N), and phosphorus ( P) concentrations and stoichiometric characteristics were analyzed. The results showed

that; (1) The annual average C concentration of fine roots was (486.27+64.32) mg/g, and was not significantly affected
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by elevation. There was no significant correlation between the C concentration of fine roots and soil nutrients; (2) The
annual average N concentration of fine roots was (9.26+£2.09) mg/g, and was not significantly affected by elevation. But,
there was a close correlation between the N concentration of fine roots and C concentration of soils; (3) The annual average
P concentration of fine roots was (0.39+0.13) mg/g, which was closely correlated with altitude gradients and soil P
contents, but negatively correlated with the soil C :N ratio; (4) The annual average N :P ratio of fine roots was 26.94 +
12.51, which was negatively correlated with altitude, soil P concentration, and the soil C :N ratio. Therefore, fine roots
absorb N at the expense of C, fine root P is primarily limited by soil P supply, which would be further exacerbated by N

deposition in the Wuyi Mountains.

Key Words: elevation; fine roots; soil nutrients; ecological stoichiometry; Pinus taiwanensis; Wuyi Mountains
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NHE AR R RS RGE w5 L b A AR 4 R0 3 A B S 0 B B I EHIR A
ARIEAR 52 5 AR 3RV LU 3 2T 4 (400—600 m) | 1113 233 (600—1300 m) |, Ly b % #4585 ( 1300—1900
m) LA £ (1900 m L F) , HAARE R B RIRBTLLARME
1.2 PR E

HRIRAIE ST X P LA B SEFR AR K A3 A S 0, F 2014 4F 10 A, 78K 1200—2000 m [i], £EHF3E 200 m
) BRI E 1 IR 3 5 S LA TR AR B REHL T 32 3 1> 20 mx20 m AYRETT o WP REHL N MAR0R
T 5 em MRORMATREAR WA, HBE—HM (R 1), FEHRARARHEY 28 810 (Pinus taiwanensis) IR fif
(Schima superba) ¥ A ( Eurya japonica) A& 2545 ( Eurya muricata) YI.Fd LM ( Clethra cavaleriei) | =5 4R A€
( Rhododendron ovatum) EFiFEASAE ( Rhododendron moulmainense) \¥% K ( Cunninghamia lanceolata) 75 17 &A%
( Tsuga chinensis) .z #54LHY ( Rhododendron fortunei) (5252 ( Pyrus calleryana) %% .

R1 AEBHRGERE LRERRSFE

Table 1 The basic characteristics of Pinus taiwanensis along elevation gradient

EB I A 1 T T
Elevational gradient/m Forest canopy closure/% Density/ ( #&/hm?) Average DBH/cm Average height/m
1200 86.67+3.33a 717.25+65.08¢ 23.99+7.28a 16.19+4.24a
1400 86.33+3.18a 1991.12+256.73a 14.25+5.55be 13.29+3.55b
1600 90.33+0.33a 1533.36+370.90b 14.53+5.41b 10.49+2.16¢
1800 60.00+5.77b 417.29+130.98¢ 14.84+4.83b 6.22+1.4d
2000 49.67+0.33¢ 525.00+160.73¢ 13.17+5.2¢ 4.76+1.10e

AESE I (E AR UHEIR Annual mean+SE ; mﬁ']mm?ﬁ%%%%ﬁﬁ%(]) <0.05)

1.3 ZHAR S A R AR

TEAS BB T I 3 ANRATRE DT N, T 2014 48012 H ,2015 45 3 A ,2015 4E 6 H,2015 4£ 9 A 43I 3EH 3 £k
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I P SRR (H,S0,-H, 0,31 205 , MUHZELEF B0 B (San ++, Skalar, Netherlands) #EATI%E

T4 N ﬁ%%”ﬁﬁﬁﬁﬁﬁ?%*ﬁ{i( Vario MaxE, lemental Analyzer, Germany) MmiE.,
1.5 Bl ib 3Rt ik

BRI Excel 2007 #H47 (81 SR BARGE s FoUa ] SPSS 19.0 H 1 2L 1K 3 05 22 4311 | Pearson #4047
NS I 53 B 05 25 K S AR C NP & i Sl b e RIS [R) AR B 2 TR Y 28 S 2 5 i 3 O S 4
SR Z I R SCEAR B 5 R B OriginPro 9.0 £l K115
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21 WO E AT C N P S ft B Ak b A S

BLFAIAR C A EAFE TN (486.27464.32) me/g, BEWFHRASLTEH] WAL (£ 2) . Z0HR N A HLAEF
PIER (9.26%2.09) mg/g, IFHRATANR N S AP B EAT B F 0 (F =1.564,P =0.258) (HEZH K
SIS 1600 m ALFEALEADAL N B3 15 TR 1800 m ALY (42) . 4L P & BAE A0 (03920,
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13) mg/g, TR ATHA B 005 (F =8.381,P =0.003,% 2) , MR BT B0 I0As P A& B (K’ 1) .

BEILAS AR C N AR TIME N 54.12£11.32 WHO0 A B E - (F =2.120,P =0.153) {HEZH g
KPR 1800 m AL EEILIAAIHE € :N W35 5 TR 1600 m AR 2000 m ARAY (£ 2) . 40K N:P .C:P 4EF
BIE S5 26.94£12.51 F1 1286.94£63.78 M XT 4R N :P C :P SfFAE R E R (F =22.318,P < 0.001 Al
F =7.826,P =0.004,% 2) , BEMEEHK TR E LA IR NP C:P BERAC(E 1),

®2 AEEEBESZLRAR C NP RUFEITEIER

Table 2 Fine root C,N,P concentrations and stoichiometric indexes along elevational gradient

PR c/ N/ P/

C:N N:P C:P
Elevational gradient/m (mg/g) (mg/g) (mg/g)
1200 486.04+11.32ab 9.40+1.39ab 0.3420.11be 52.97+8.84ab 30.79+11.58ah 1432.72+47.10a
1400 495.17+52.64ab 9.28+1.8ab 0.32+0.11c 54.79+9.31ab 34.47+16.84a 1566.35+75.56ab
1600 476.93+17.74ab  10.09+2.17a 0.4120.12b 49.71%12.15b  26.99%9.95b 1189.49+107.71bc
1800 501.88+111.40a 8.10+2.84b 0.39+0.09b 62.76+13.56a 21.53+8.19¢ 1286.26+78.00b
2000 471.34+69.88b 9.45+1.41ab 0.50+0.14a 50.38+6.78b 20.94+8.69¢ 959.87+94.09¢
S Average 486.27+64.32 9.26+2.09 0.39+0.13 54.12+11.32 26.94+12.51 1286.94+63.78
1800
b y=-0.613x +2267.572
1600 ab E R?>=0.528
[
o P=0.02
O = 1400
o
Es
o 1200
i
1000
800 I I 1 I |
40 a
36 y=-0.016x+ 53.056
R2=0.701
.QT‘ 32 —
; z P<0.001
gg 28 -
Fo
£ 24
s
20
16 | | | | |
R 0.6, = 3=(1.958 X 107)x + 0.077
< R2=0.602 a
2 05 P<0.001
£
Q—4 -
= g 04 ~
&3
S 03 F
9
0.2 | | | | |
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1 HRPEENP.C:PEERBEZENEEXR

Fig.1 Linear relationship between fine root P, N :P and C : P with respect to elevational gradient

2.2 MRS 4 C N P i AT R RRIE 9 52

3 ¢ N SR M (83.32+17.86) mg/g F1(5.31+£0.90) mg/g, HEIR X HE W E W (F =
2.884,P =0.079 Fl F =2.733,P =0.090) (HZHE LB LM+ C N SR BfEEVBNEAER(£3),
HEP - FIEN (0.26+0.11) me/g, MR HHA BERZM (F =16.348,P < 0.001,3% 3) , & R 1 T+
L, HIEP HEBENS(E2),

T C:N EIMEN 15.72+2.27 4R L HA W2 0 (F = 18.016, P < 0.001) , {5 M 3k Hb X (1
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£ =1800m) 1458 C :N B ML T RiEIK (I < 1600 m) (£3) ., +1EN:P .C:P FHES TN 22.88+7.36
1 371.28+40.75 , ik 3 H HA BERW (F =17.125,P < 0.001 F1 F =18.426,P < 0.001,3 3) , b5 15k
BT, FEEN P C:P BEFRE(E2) .,

R3 TRBHBERE LR T IERL SR

Table 3 The basic characteristics of soil along elevational gradient

TEAR B L X - g

Elevational gradient/m  Total C/(mg/g) Total N/(mg/g)  Total P/(mg/g) C:iN N:p P
1200 98.75+5.50a 5.840.07a 0.19:0.01c 1691£0.30a  31.45£2.09a 529.74:18.62a
1400 77.02£18.27ab  4.200.19h 0.15£0.01c 18.20 £1.68a  28.98+3.02a 523.29+32.65a
1600 907.42¢23.46a  5.74£0.38a 0.27+0.03bc  16.971.15a  22.21%5.72b 383157 73.46b
1800 66.66:4.22h 5.03£0.00ab  0.27x0.01b 13.25:0.06b 18.29+0.70bc 240/80+5.99hc
2000 76.76:10.22ab  5.76:0.17a 0.43£0.02a 13.29:0.41b 13.47%1.24e 179.01£9.94c
SEHI Average 83.32+17.86 5.310.90 0.26£0.11 15.72£2.27 22/88+7.36 371.28+40.75

600
a y=-0.492x + 1158.435
500 i R2=0.833
o e P.<0.001
OO 400
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-H 2] 300 -
| ]
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1 1 1 1 1
36 - a y=-0.023x + 60.185
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12 | | | | |
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Fig.2 Linear relationship between soil P, N :P and C :P with respect to elevational gradient

230 4IR.C N P & & RAb2A iR e 355 53 19 38 R
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KRR, M 18 CNAEREFENAMCKR, 5 C:P Z A EW B E WO ER(F4,K3),

AR NP .C:PHLENSRZMAILRELR (K4 HY L P FREMBFNTACKR, RN
P 543 C:N ZAFFEEW B IEM LR AR C:P 53 C:N ZRBFIFEAL, I N:P C:P 5+
HEN:P Z[AW W E ARG, 40R NP 5438 C:P Z I W IEAHSE, 4iAR C P 543 C P Z R E1EH
K(E4),
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x4 AR CNPEAFITEFESTEFSEXREY

Table 4 Correlation coefficient among fine root C,N,P concentrations and stoichiometric indexes

HARTR Y i C LHEN diEp T C:N NP e
Fine root nutrient Soil C Soil N Soil P Soil C:N Soil N :P C:P Soil C:P
YR C Fine root C -0.152 -0.259 -0.346 0.129 0.16 0.13
4 N Fine root N 0.536" 0.485 0.251 0.213 -0.053 0.003
4i# P Fine root P -0.177 0.352 0.922"* -0.696"" -0.858 " -0.840""
4t C:N Fine root C:N -0.469 -0.493 -0.349 -0.095 0.095 0.048
4AM N :P Fine root N :P 0.344 -0.257 -0.811"" 0.842"* 0.863 " 0.893"*
4t C :P Fine root C:P 0.108 -0.409 -0.882"" 0.684 " 0.799 ** 0.790"*

% . 7E 0.05 /K- B EHILE P <0.05; * * . 7E 0.01 /KF FBFMAE P <0.01

0.6
12+ »=10.032x + 6.569 y=0.628x +0.226
R?>=0.287 o R?=0.850
PR . 05F P <0.001
2 2
W E w2 r
' =
£ 0t ﬁEE sl
= g g &
= §3
< £ [
[ [ o
8 03 | ¢/
1 1 1 1 1 1 1 1 L L L L L
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+3ECE B Soil C/(mg/g) +3P 4 & Soil P/(mg/g)
0.6 0.6
o y=-0.023x + 0.746 o y=-(3.933X 10%x + 0.536
- R>=0.484 R*=0.705
205 L P=0.004 ® 05 L P< 0.001
i & E
Rute o © [} HE 2
& P ~
= § o \\
& 5 04 b e 04 | A
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[ 3 ° T~
03 | 03 | °
1 1 1
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B3 @RNPIESTEFFSZHEHNXE
Fig.3 Relationship between fine root N, P and soil nutrients
3 g

CUnZ R AR Y FEATT R N P ICE SR MR 2 7 50 3 8 0 B 1) 7 3% TR, 76 52 e 4 AR A AR S
FrPERY RIS XTI A K B VR 2 R D S A S R G 41 B B S0 8 S A AR Wy M R AL A0 PR R R )
~RIER G TR P R E EEER
3.1 ALK E IR C NP & A s b

VLPG AR LLAAIAR C N & AR RIE 5308 « (486.27+64.32) me/g F1(9.26£2.09) mg/g( 3 2) , M
TR C N S EFAE (058 :473.9 mg/g 2 9.16 mg/g) ' (BAKT Yuan 2572 FF5T45 R i 45K
T AR N & FFA4{H (9.90—11.2 mg/g) i PTRE- S ARARMERAHE M XK Y N TREAT ¢, R0 N TR 2 43
FE BRI N A AT AR N A ST P &S AR F4 (84 (0.39+0.13) me/g
(F2) FEIE TR LS S ERA AR P& BT HI( (S 5009:0.954 mg/g B 0.55—0.85 me/g) ™ ALEHR
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Fig.4 Linear relationship between fine root N :P, C: P and soil nutrients

Kerkhoff %55V BF5 S BRI B A b KA 2 0 5 N K PRI —3, Han 25720 BN, o KR40
X P A& AR, X TR B0 TR ER s B D P A BT 2RO R A

BILFAIAR C N S AR T IE N 54.12+11.32(F 2) , H T Jackson %57 fF5E BRAEBEAIMR C N (973
{E(41.41)  (HESAS T A AR C <N A 5P (E (59.15) 727 NP S i ARl 26.94+12.51(F 2) i
BT RERAUD E AR NP SR (510,82 & 14.27) 27 P SRAE I K 1286.94+
63.78( % 2) i T H EAM YA C P 5 (844.07) %, T I A HEEZM N SCERMWEICA
HUASECAEM, MAIR T EE 25 P A rRNA SR RFE AU AY A A, T2 R AR A NPl
PRI H T RN AR S TR 2R K32 N AT P FRIAY N P B{E AYAH ST, 4 Koerselam i1 Meuleman ' % 40
AR AL RGUMACIRIG (25 ST 45 SR R N P B{E 14 A1 165 Chen %57 %o v [ P9 58 7ty A58 K 7598 1 4R
PR AOAFGELE ST 0 N P B{E 12 A1 14 235 TR, WA 45 R P 4R NP {H 5T 16, RIAARMFE
I A A 22 3] P FR

TEAY N AROKE L SR e Z S e, s gR ¢ s T EMEY M A C & FEHE (459.1
mg/g) , 4R N P i FriEMEY R NP &350 18 mg/g X 2.3 mg/g) ™, RBT AR T
WRFAEH I F N P &8 (5918 :10 mg/g & 0.8 mg/g) ®! R4 5 Rt R SR ESHR A, 4R
A SE R FUK Y FERS T 2 0 3R B b DL ST ER A A RN 202 ) DT B A i A 2 R R |
WA= 7,
3.2 IR C N P & LA 2E T i L R

AT LT, SR B LA AR P & & S AR AR LU & — 2 4i1AR ¢ & & N SRk
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T FE 22 1) B AR A A 0 35 28 S (HLHEAA0O0S L X T b 2 5 ), DXL LI PA AR ) N <P C 2 P BB TR SRS B2 1) T v T
FEAG(IE 1), X5 Kerkhoff 451 (B84 R HA — 30, o T o v 45 i DX AT 20 o, IR TRLRR ) 77 A 40 Ak
S L A i L 7N e 7 T e S R S A S A i powe Wt /2w 1= L 7B U N1 74 S 1 e o= v 2
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