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The variations in plant functional traits and forest carbon content with altitudinal
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Abstract: Plant functional traits are important characteristics for understanding the relationship between individual ,
community, and ecosystem functions. In the present study, we established 43 sample sets to examine 12 types of plant
functional traits and corresponding carbon density information at the community scale. The objective of this work was to
determine the internal relationship between the adaptive variation in functional traits and the carbon density of forest
communities along an elevation gradient. The results show that at a higher altitude, the carbon to nitrogen ratio (C/N) in
leaves increased linearly, whereas carbon content (C, ), specific root length (SRL), and height (H) initially increased

and then decreased. Chlorophyll content ( Chl) and fine root phosphorus content (P_ ) decreased with elevation and fine

root

root carbon content (C, ) initially increased and then flattened out with altitude. Fine root nitrogen content (N, ) initially

decreased and then increased, whereas leaf nitrogen content (N, ), lignin content (LLC), and fine root dry matter
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content (RDMC) showed no significant difference with altitude. SRL, H, the content of C, P in leaf and root showed
significant correlations with vegetation carbon density ( VCD) and soil carbon density (SCD) in the Tianshan forest, as
they have influential effects on the photosynthesis of vegetation, in which SRL and H could affect plants resource acquisition
and utilization, whereas C and P would limit nutrient availability. There was a negative correlation between LLC and SCD in
the Tianshan forest, as LLC would limit the decomposition rate of plant residue. VCD initially increased and then
decreased, whereas SCD and total carbon density (TCD) increased gradually with altitude. Plant functional traits interact
with environmental factors and forest structure functions at multi-ecological levels, and the relationship between the three

components needs to be validated on a large scale.

Key Words: plant functional traits; carbon density; altitudinal gradient; Tianshan Mountains; spruce forest
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A FFE AR DL 7 45 48 B0 b JE Ak H 58 T e MR 9 B V& 0 BT 4 ( community weighted mean,
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1 #MREFE

1.1 ARSI HESL

AHIFFEMRFT H AR 35 2R GE 5T N 45 K Ll R AR AR 2 R 0 e 67 W 9T 0l (87°07'—87°28'E, 43°14'—
43°26'N) HFJ& TAE  iZ M7 T80 2 5 R 57 BAR BHia ks, Ja KBl iy S S KRR 65 em, 4F B4R
F2970 5.85%105 J em™ a™t o KAt sz B v 26 B G XUHE B9 4a ] ok B R PG VR FURI L oK AR AR P
s PG TIN5 K L BELRG , 7K 3R 2% 2 B T R I B T 0 i, T B AR AR 27 (3R 1) AR ST R b A I A
TR 1700—2700 m , 13K AR (/R L, T8 B 42 (Picea Schrenkiana Fisch. et Mey. ) S K LR A HLAT
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TeA, MR FUAR 2% 53 40 1) HE K A5 /N BE ( Berberis heteropoda Schrenk . B. nummularia Bge.) . #% % ( Rosa
spinosissima L.) ¥ - ( Cotoneaster melanocarpus Lodd.) 254284 ( Spiraea hypericifolia L.) . J5 B¢ #1 ( Juniperus
pseudosabina Fisch. et Mey.) . 2.4 ( Lonicera hispida Pall. ex Roem. et Schunt), Ak T B A §= 2l & 9 &
( Geranium rotundifolium 1.) (K 11134 & (Alchemilla tianschanica Juz.) . *F-ff - ( Aegopodium podagraria 1.) 5§
>

*1 SEEXREEERATR
Table 1 Climatic factors Changes along with the Elevation

. N 4 :i: vE AE ‘5%7 E=N ) . .
4k L A Kira FHRIER
. Annual average Annual average . .
Elevation/m . L Kira humidity index
temperature/ “C precipitation/mm

1500 4.76 388 11.42

2000 2.282 543 18.06

2200 1.7 528 18.32

2600 -0.54 495 18.79

2700 -1.1 489 19.01

Kira TREEEEE =P/ (ET+20) ,P A4FEREKE  ET N H FHSER T 5°C 1Y A

1.2 BPAMEER R
1.2.1 M S 4

2009 4, FERFFEIX IR 1700—2700 m AR PHARHEHT  FERE SRR N L 200 m Sl —ANE4RRE BE , 7E 51
TR BE N LARE 50 m W3R R — /MK TEREA/ N I E T 1—2 41~ 20 mx20 m (e, 23t 43 A ek
M, TR A TR T YA I R BN I (s 4 12)2 (0—20,20—40,40—60,60—80,80—100 cm)
AR IR R AL AR R O S R A B AR T 2 mm AERT SRR

2013 4 WIS B AZ 0 AR Py i A T IR A ARSI A R et iR 7 7 B A B 30 ARARUEA , X 30 PRERMEAR
AT MRRARIANT K R E R 250 b o T 3 )2, R AR BRI 42 IR0 3 i
SRR FEAR A SRS IR B S AR 78 L v R 45 240 i B 3 s A, 47k B
F, 43 SR e RIS SR o i o 5 PR TSR FH A3 2 U0 B B 1.5 mo AIBURY A (8] 8% Ik o i o 5 o 9K
PRUEA TR 2R 8B E2 W Bk ff 1 SR 5 ST ARARERR I I - R AR AR R T T BEAILIURE | FR 2 fF 7 )5 2 A
A AR N AR S R T A AR A IR 5 [ S g8 = T e FRit T8,

2016 4F 7—9 A % 43 AN EREH AT AT AT RE N A AR ALY B M fe A Bk EIRSE IR E
BATEE R T X AR E 3 1 1 mx 1 m (AR Ty A BAKE 5 N A PRl 072 e B A4 55
FfER.

1.2.2  FESLCRAE

3N 43 A [ A P IR A J2 (BLFE TR ARRIFEAR ) FIRIAS R A TR

XFTARAR)Z TERA RIS 3 MURFERR SRR 78 R 3 4 DIr a8 A= it R AS [R] A 1Y
e F R A, SR FH U4 R | RIS SRAE /N T 2 mm AR S A RS ASHRIC , 717 A1 SE 50 S A0 HE

X FHRARZE  SRAEFARE T AR E b S TR 4) , 28 AR ASRIC 77 P SE 00 2= Ab P

X H BLAERE PN () T A 0, SR AE 2—3 BOCYAR A B B A BN R SC S = P R S
B 5E
1.3 Ao T i

FE YD REMEAR AR PR AR I I R LA A2 B LNk 2 P
1.4 Btk
1.4.1 GR%EHAGE

T 30 BRF IS B 2R UEAR AR, DUAR A O S s R AL D H) i B 78 i, 3 /G = A2 10
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Table 2 The measured method and ecological meaning of plant functional traits

YRR S bR P A PR i W 7 i A EX

Functional traits English name Abbreviation Measured method Ecological meaning
AR S R AR Leaf and fine root carbon,  Ciars  Niers Prars  BARBRETAMIAGE BRER S5 5 W E AH Y 0 A
Bk A B nitrogen , phosphorus content Croots Nioots Proot - ARTEA A K R E

R C Sl N B SRR W X 3R 20 B R T2

B AL S Leaf C/N and N/P ratio C/N,N/P BEEN AR P AR R Y

FFAE W R 3 HCHE U Y
o Ik Leaf dry matter content LDMC I/ fief B RET, B2 M EL AL A 5 B A m]

e
AR R 5 Leaf lignin content LLC TR IR A Ak SN PR R F A FR L
E2S Chlorophyll Chl SRR S5 E R

N L) 200 AR AR BB U5 1 T
4 iy ine roof matter conten E /4 iita:c |
AR T4 i o F t dry tt tent RDMC AR T 5/ Hﬂtﬁﬁié *E%XT?H}*E}%EEE"J&A[B
AR K Specific root length SRL AR K/ AR T & ,;iﬂj[? fﬁfﬂ PR K T 25 1
Lyl

Wbk Height H HR 3 RORTRE X sl

SHEE B R A

x3 BRAVMEANEYELR

Table 3 The biomass model of P. schrenkiana and shrubs

W Fh AR ® Sk
Species Biomass model References
Tz A% P. Schrenkiana W=0.7489 (D> H) >47% 0.9799 —
LA R. acicularis. W=-2.535+2.325V-0.007V> 0.998 LB 28]
B4 L. hispida. W=17.448°(D*H)*™ 0.89 fhprag28]
/NBE B. thunbergii. W=-3061.6+1251.5( D*H) 0.962 TSR]
FHLAG S, salicifolia. W=1990( D*H) " 0.892 F R0
IR F C. melanocarpus. W =5.654-0.11 V2+0.001 V* 0.992 g at28]
HiE A J. pseudosabina W=0.881+0.021( D*H) 0.85 B 28]

AR A= P T SR 43 AFEMB R AR A R R A2 AR W DA (1) TR g T

VCD = Y, BEC, x VC, (1)

A, VCD M 8RR % B (Mg/hm®) , BEC, WA HEBZ (TeARZ JERZ AR ) Y (Mg) , VC, NS
EEER, PR R ARZEWRE N 49% " HERZEEN 50% 7 | FARZGWHRE N 429,
3R AN (2) PR

SCD = Y RCy x Dy X E, x (1 = G,)/10 (2)
k=1

K, SCD N HHEF WK JE (Mg/hm®) K A 2R, SC NS K 2 AR 2 (o/ke) ,DAE K E+
B (g/em’) JE NS K ZHZIRE (em) , 6, 0% K Z2HEHEHAKT 2 mm AERANEEBE (%) o
TEVE B B ('TCD) = BRI B (VCD) + 48 % J (SCD)
1.4.2  FEEMYIDIRETEIR AT
CWM = 2 Pi x Trait, (3)

i=1

K, CWM RS RUEE EBURE I REVEAR , P AR AR ) 6, Trait, A 45 ZAE Y DI REHEAR
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FAJZTE Chl fTHEE 18 e AT AR A5 B T O3 25 B A Wy ol 1) o S (1 ( RSB ET = AR oy 32 + A N 22 32 + A
X5 ) N ZHE MAGH A B ARZ 1 Chl &5, FFLA(3) 2R RUE I Chl &4,

IR TR ARSI E B PEAR TR BRI R RO b AR T RETEIR
1.4.3 BTk

7 Excel 2013 (Microsoft Corporation) H%f & FEFRiFAT B AL | 2255 B SS(E AL 3, 7E SPSS 17.0(IBM) Ht, Xf
FEVRIEAT BREAR K-S G256, B A F8 R 4 I A IEZS 204 (P>0.05) , LA 27 22 3 # ((one-way anova) H /N
FH2ER(LSD) kAT 22 8 Ho A PR DA 1 S AR D RE PR 9 22 18] 118 9 28 R HTAH G A 0 A

JH Origin pro 9.0( Originlab Corporation ) 2%l &8 bR TEA RIS BE T BRI

L1 Canoco5.0 ( Biometris, Plant Research International ) #7 i DCA #3471 Fl RDA 4 HT# 1% 48 i S5 AE Y T e
PRI E 2 3 F R-3.2.0( The R Foundation for Statistical Computing ) X 4% 2H 43 %5 B 5 A D e IR FE PR AT
AHICHE 3T, e P<0.05 HIFEAR LA leaps L% 25 41 70-B %5 B2 S5 AH ) D RE MRk A T 4 - B 3 B 228 ) R s 1)
R fe i 19 5—15 DMHEFRH S Im s B0 H AT Z2 02 P [1H #2288 R AR e A . (1) BRI
2578 1 5 2 KO (2) BERURE IR I ALC (B R /IN(3) FET R FT B U AR (i 74 i A5 D g

2 HBROH

2.1 FEERYI DR EIR R 2 B 1) TR o S
2.1.1  BEEMOIREMR AT B S

FEVERUBE bk H PRI R i s A WL 1, C,, (P YIBETEFR TT 5 2 2100—2300 m 6 P 35 2
KA TG A T TR, HAE 2100—2300 m H1 2300—2500 m 4K N B3 5 T HABE (P<0.05) . LLC FEEIRHE
PR STV R (45 vk B IR G g 3 P 25 57 (P>0. 05)0 eat ~ ChL N/ P[RR T 150 B TR AR, N 7 A V3R B
[0 i PE24 R (P>0.05) . LDMC 7E 1700—2700 m i AL T 0.33—0.64 ¢/¢ Z 0], e Tt E#a T F 22, 4%
TR B () UG .35 22 57 (P>0.05) . C/N B4 T, IF HL7E @4 X 3 2100—2700 m &35 = T 1700—
1900 m( P<0.05) .
2.1.2  FEVEANART)BE IR AT AR 2 B A 2 Lo S A

TV RO I AR PR R R 0 B 4R O AR (L R LI 2, 25 SR 36 I, 78 Vg 4% 1700—2700 m, C Kb T
37.14%—83.25 %3 il N, I Bl T4k 1) e i s, R 7 2100—2300 m 6 B2 1 355 T 1700—1900 m
Ab(P<0.05) 5N, 7E 1.25%—1.61 % {6 [N, B SGRAR S Th s s R 0 TH s S 280 P, B WG, (H R 7E
2300—2500 m B 5t 2 ( P<0.05) fIX T 1700—1900 m 4, HAx 45 3R B 0] R A7 i 35 2% 5 (P>0.05) ; RDMC , SRL
I H Rl I3 I 5E T 5 B, (H RDMC 76454k B 0] 6 b 224 5 (P>0.05)
2.1.3  FETE I T A S

2 53 B P U TR AR (A AR AL R LI 3, 25 R 3R, 7E 1900—2300 m, Fifi 45 i 4R T+ 55, VCD I 2 K i 4
i, s/ MUK 19.57 Mg/hm®, 5 Kk 61.89 Mg/hm?, FifiJ5 7% 2300—2700 m 35 i A FrBEAI, SCD Bl 14k %
Wik | A FEHII K SCD Sl 555 Mg/hm” ; & FEH VCD 18/ SCD, SCD &4 45 R Geb I 1 £ 87 2L,
Bl AR T S S TCD e a3 B 5 ik 3ot T2, IF4E 1700—1900 m 4b &t 2 ( P<0.05) Ik T Ho A 4%
FREE
2.2 FHERLYI DR IR S 0 B 2 E] Y R
2.2.1  FEERLYIDIRERIR S5 05 1 R

PLICAY T (RDA) J5 T 45 4L 0 ik 2% B S ETE R D MR Z I B 56 2R WIRST 3R, DU A e il ot
TEPRBE T 1 4% 2H A3 0 28 B 1) BB BB R 93.8% , nT fift B¢ 1009 F B 25— ) Sh B IR 22 1] ) A e e
RDA HEF B — A EREAE 23 91 4 0.743 11 0.047 , e 1 4 LAy 35 T AR ALY 77.5 %, FRAE T 4> HE
FEhfsoh —4EHE R R (K 4) . S5 —MhBE%E H.SRL.C,, /I8, VCD ,SCD Fl TCD ¥ &g K, o — 5
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Fig.1 Community functional traits of leaf change with altitude
Cpoar: M 3% 55, Leaf carbon content; N, : M F %07, Leaf nitrogen content; P : M % 5& , Leafl phosphorus content; C/N ;M &% ¥, Leaf
C/N ratio; N/P ;M 5 %UHs L , Leaf N/P ratio; LDMC ; M F T4 i & 4, Leaf dry matter content; LLC ; M F A i £ & f | Leaf lignin content; Chl;
£%3 Chlorophyll; BT AFE/NE FhE a b e TRk P<0.05 KV T 225 2% HF R A BE  NF R/8 & IGR080 2 1) G % 24 5+

P....SDMC P, Al Chl A7 55 i SAHIGHM: 5 7 N/P AR A E &, VeD 5 H.C, P, S IEM G,
SCD 1 TCD 5 H SRL.C,, .C, JRIFAHKEIEEK M5 Chl \LLC #1 P, S5, XS A Th REMIRTE 16t HE
FP R BT TR B, 1 XHHEF A B i e K, M 64% (P<0.01) . C,...SRL.C,,, .RDMC XHEF 9 sTik% I, 4
WM 17% 10% 5% F1 4% (P<0.05)
2.2.2  FEIEHEYITIREEIR S R BE AR D

24 o S RE TS A ) DI RE TR AORH SC M 23 B WL 4, VCED 5 H . C, P\ .SRL Fl C/N # .35 (P <0.
01)1EAH%, 5 RDMC F1 N/P(P<0.05) & & i A5, SCD #il TCD 5 H.C,,, .SRL &% (P<0.05) IEA 1 5
LLC .Chl.P_ 3 (P<0.05) it
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Fig.2 Community functional traits of fine root change with altitude

C oot 2 ANARBK 75 12, Fine oot carbon content; N, : AR & &, Fine root nitrogen content; P, : 40ARH & 5t , Fine root phosphorus content; SRL: kb

M1, Specific root length; RDMC : 4R T4 /i % &, Fine root dry matter content; H: £k , Height

R4 BEWEESEWINEMR ERHE KT

Table 4 The correlation analysis between carbon destiny and plant functional traits

Carbon density Cot MNur  Pug  LLC  LDMC  CW P.,  N..  C.  SRL RDMC C/N NP
VCD  0703" 0591 0158 0400°° 0081 0188 -0.102 0152 -0132 0168 0425 -0330" 0436 0306
SCD 0505 0186 0004 -0014  -0445°° -0.066 -0370° -0350° -0044 04887 0316" -0057 0027 0.5
TCD  0646™ 0312° 0037 0089  -0405° -0013 -0368" -0363° -0076 0497°* 0386° —-0.126 0085 0024

xR P<0.001 BEKFE, + = 18 P<0.01 BEKF, + f03F P<0.05 BEIKF, T, VCD: MBIk % ¥, vegetation carbon density;
SCD ; +HERR%E B | soil carbon density ; TCD ; S\i#% %5 FE | Total carbon density

2.2.3  BERBREE RSP D Re AR AR A

I FH 22 TR [ U AR TR0 Xo) 45 2 e 2% B S AR P D e R A 1] (%) O R A TS, 45 SR L3R 5, VCD A7
TSN H (. I FEAR LT B0, Horh B B IR B K7 BH P AL T 0.05—0.1 Z [8], FE Bk
I EIRE] P<0.001 B &K, BAR L BRSS9 R M 0.51(P<0.001) , - 3Rk 2 BEA A A0 5 H
LLC,Chl P, K8 #0000 (P<0.05) BRI S B R* M 0.43(P<0.001) , BBR % EEA R 90 A $8 45 H SRL, Chl
K P, B SRL I PAEN 0.52 &b, HAFebn AR B 24 ik P<0.05 (9% /K, BRE 4 5 RN 0.55 ( P<O.
001) .
2.3 WY D Re AR AR AR B AR A ) IR

FEYI DI REPEIR (R BT 7 B A CHE AT W 6, H AN C 5 A WL Kira 1882 485035 0.3 (P<0.
05) IEME, C, HAEVLE & (P<0.05) IEAHE, P, A1 SRL 5 + e 5k % ( P<0.05) IEAH K, LLC S54ER%
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Fig.3 Carbon density change with altitude
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Fig.4 Two dimensional RDA ordination diagram of Carbon density with plant functional traits
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Table 5 Multivariate regression model of carbon density
W/ (Mg/hm? ) PEAR flitHE S il t1H P{H
Carbon density Trait Estimated value Std. Error t value Pr(>1tl)
VCD H/m 4.17 0.88 4.73 2.83x1073 ***
Coear/ % 0.85 0.45 1.92 0.06
figiell -35.85 20.00 -1.79 0.08
A VCD=4.17H+0.85C,,,~35.85 F=23.21 adjr*=0.51 P=2.032x10"
SCD H/m 8.77 3.18 2.75 0.009 **
LLC/(g&/kg) -0.77 0.34 -2.28 0.028*
Chl/(mg/g) -99.40 41.15 -2.42 0.021"
P,/ % -545.26 202.43 -2.69 0.01*
g el 639.99 104.66 6.12 3.96x1077 ***
A SCD=8.77H-0.77LLC-99.4Chl-545.26P, ,—639.99  F=8.93 adjr?=0.43 P=3.49x107°
TCD H/m 12.50 3.26 3.83 0.00047 ***
SRL/ (m/g) 239.34 119.11 2.01 0.052
Chl/(mg/g) -112.95 39.81 -2.84 0.0073 **
P,/ % -564.12 194.42 -2.90 0.0061 **
fig el 303.62 130.02 2.34 0.025
A TCD = 12.5H+239.34SRL-112.95Chl-564.12P,,+303.62  F=13.91 adjr* =0.55 P=4.454x10""
x6 EYWIMAEMRSSEERFHEXES
Table 6 Correlation analysis between plant functional traits and climate factors
LA AR e 49 R R
IR Soil organic Soil available Soil available Annual average Annual average Kira 7 Mﬁ&.%ﬁz
Trait matter/ nitrogen/ phosphorus/ temperature/°C. precipitation/mm I?‘” humidity
(g/kg) (mg/kg) (mg/kg) (n=5) (n=5) index(n=5)
(n=43) (n=43) (n=43)
H 0.319" 0.223 0.298 -0.787 0.481 0.949*
Crear 0.374" 0.109 0.306 -0.375 0.593 0.692
Nt -0.108 -0.099 -0.073 0.796 -0.265 -0.796
Pt 0.208 0.269 0.480 " -0.140 0.348 0.375
LLC -0.216 -0.004 -0.037 0.083 0.957* 0.484
LDMC 0.024 0.011 0.213 -0.845 0.502 0.984 "
Chl -0.529 ** -0.099 0.239 0.929* 0.357 -0.568
P -0.061 -0.141 0.029 0.932" -0.132 -0.851
N ol 0.242 0.333" -0.313 -0.007 -0.960 ** -0.541
0.325" 0.020 0.053 -0.805 0.395 0.922"
SRL -0.058 -0.038 0.352* -0.076 0.720 0.517
RDMC -0.293 0.321" -0.158 0.298 0.902" 0.259
C/N 0.203 0.202 0.098 -0.860 0.305 0.901 *
N/P -0.206 0.219 -0.377" 0.808 -0.503 -0.974*"

3.1.2 YRR MR S A A R G R 2 (] K R AL

A 75 R GURR I ) BBUPE Tk [ 2 VRS TR %) - , AR 0 6 B R i E A BRI 1 5 e oA o 2 A1)
— IR SRL W T AL S FEYIRRE ST C N P SRR R AR Sl 1 3743 BRI X A A FH
FrE ) C/N R N/P N ZRAERIH T 3745 AR FHRLCR , o0 S 4 o R PRI Al aod 114501 A1 T B9 K /N i
5 veD BEME,

- HEH R A RIS FR AR R IR | oA i R 22 BIR O A R R Rl oA S A
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