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Variation in leaf and fine root traits with altitude in Abies georgei var. smithii in

Mt. Shergyla
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Abstract; The relationship between plant and environment is one of key issues in the field of ecology. Plant functional traits
and the responses of some traits to environment have been of interest to scholars since the 19th century. Studies on the
changes in plant leaf and fine root traits and their correlation with elevation gradient explain how plants respond and adapt to
a changing environment. Leaf length, width, thickness, area, specific leaf weight, chlorophyll content, root activity, fine

roots (at a soil depth of 0—60 cm) characteristics, and other parameters of Abies georgei var. smithii at seven sites located
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at different elevations (3800, 3900, 4000, 4100, 4200, 4300, 4400 m) on Mt. Shergyla were measured and analyzed to
understand the variation in leaf and root morphology along the elevation gradient and elucidate the response mechanism in
plants growing at timberline in Southeastern Tibet. The results showed that: (1) Leaf thickness increased and leaf area,
chlorophyll content, and root activity decreased with the increase in elevation. The optimal growth of A. georgei var. smithii
was observed at the elevation of 3900 m. The leaf length, leaf width, and leaf area were significantly better than the other
elevations. The greatest blade thickness was observed at 4200 m elevation. Leaf area and chlorophyll content decreased with
elevation, but appear at the second peak at 4200 m.(2) Fine root biomass and fine root volume were the greatest for
individuals growing at 3900 m and 4200 m, respectively. However, the two parameters were significantly lower in trees
growing at 4400 m compared to the trees growing at other elevations. The fine root length density was relatively high at
3900, 4200, and 4300 m elevation; there was no significant difference in this parameter between trees growing at these
three elevations, but the measured values were significantly higher compared to those calculated for trees at other elevations.
The fine root length density was minimal for trees growing at 4400 m. The fine root surface area was significantly higher for
trees growing at 3900 m compared to other elevations, followed by that observed in trees at 4200 m and 4300 m elevation.
The fine root surface area was relatively small for trees growing at 3800, 4000, and 4400 m elevation. Specific root length
reached the maximum at 4400 m. Root biomass and volume of A. georgei var. smithii measured at a soil depth of 0—60 cm
and fine roots biomass and volume at a soil depth of 0—20 cm gradually decreased with the increase in soil thickness at
each altitude. The fine root biomass and root volume were the highest for trees growing at 3900 m and 4200 m elevation. The
root length density and root surface area had a significant increase at soil depths of 20—40 cm and 40—60 cm. As the soil
depth increased, fine specific root length also increased, reaching the maximum at a soil depth of 40—60 cm. (3)
Considering the characteristics of leaves and fine roots, the altitude of 3900 m is the optimal elevation for growth of A.
georgei var. smithii. Timberline is located at 4200 m elevation, which indicates the zone of harsh environmental conditions

and where Abies georgei var. smithii reaches its upper limit of distribution at the elevation of 4400 m in this region.
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Table 1 Basic characteristics of the timberline communities and climate of different attitudes on Mt. SeJiLa
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Altitude . . Aspect Slope . . temperature  temperature mean Annual
types species Location species density .
of January of July temperature precipitation
MEBLE
BABIM 3800—4000 sk 600300 ] 21—27 75 05—07 -1.8 111 3.6 1100
e
. HoERRK \
AERCIE 4000—4300 00T 300 B 18—22 20 0506 -3l 8.4 0.54 1378.5
e
R
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R
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Table 2 Basic characteristics of Abies georgei var.smithii on different altitude on Mt. Sejila

SFYIMAE/ em

H4/m P /m Average breasi- AMEEY (n/100m?) e (AP L)
Altitude Average height height diameter Number of individuals Crown width( EWXNS)

4400 9.5 329 1 3.1x3.5

4300 7.4 22.5 3 2.5%3.2

4200 11.4 24.9 5 2.4%x2.8

4100 14.8 27.5 4 3.1x3.5

4000 17.2 31.4 4 3.2x3.5

3900 19.4 323 4 3.5%x4.2

3800 17.6 28.9 4 3.5%3.8

http ; //www.ecologica.cn



4 A E = 37 &

MR IORE FERERR e SE BOFR AR S AR AR P4 R LA T ) AT IBORE 4507 1) i) SO A AR
B R 80 Fr, BEHRILER 320 Ko KR T e A B EHASSE | HCE T kA r 8 R AR N, i ] SE 5
W E SR

RARBAE SR LR, 15548 10em, 5 10em,, FERFBRAREAR 56310 4 5 AR T HFREL 1) 12
Ab AR V6 B b 4 AT AT R 4 H R 0—20em ,20—40cm ,40—60cm 34T 43 HURE | AN HRBH BE 45+
JE53 MU 12 4>, 3 36 M RESD B 4 A5 [ R R R A — 1 R TR A SR, RARMMRI 1 K5, H
L2y 0.8mm A 52 52 Ve PR AR 3 15 4 R 40 1 38 AT LB IR LA K 2R B o0 1 . RV I AR AR A,
FRILA, FHEE IO A 1% AR R (IRIEAR R P SME SRR SFRAEIX 7)) o FFARTS R TG AR R A B4 K
UHRIC I A VKA N PR AF B ZEAR ZR I U
1.3 USRI E
1.3.1 7 EEACRRAE S SR R i

BRI ZR V8 B ALy B RN A gt e 20 5, RS BE SR 0.02mm (93 B < R & i 74
B TR R SROFEME, T AR A B A4 93 J7 R Epson perfection V700 photo A F )5 , i
it Leaf Auto Compute AR BCE A, Z 54t Rt T FRICT B et a8, IS 68 3 3 /0 2 i 45
TR 93 07 [ By B 2 B R A 4 5 N R B2 U SR I e BT AN E |
132 AIHUE SR ARINE

S E MR R ARAE ' FEAT ST ol BAR <2mm MRR RIS AR . I B 45 AR A i AR
<2 mm 5 EHA>2mm AT HAC PR TS N H Epson perfection V700 photo R R 14 R 45 Fll WinRhizo 1R F
BATHT RGN B AR <2mm R R PEATAIARACEE R ARARTRA I 2 00, e AR R e 2 5 # 5iR
FEE THEAE DL 80°C MY BE ML T A H 0 A ARAE R ZE W it (mg/em’ ) o K A ARRE B AR K B | 3 T AR R A
R DASSURE B (A (A R R RT 530 By - A P A AR AR AR 2 B (em/em® ) (R TR (em?/em® ) AHAFR (mm®/
em® ) 5 KA AR Y A AR A B2 B DA A gy B ] 8 A AR Y LU AR K (em/g)

1.4 Aot

1 Excel2003 B AF58 OB A it RAMEI R H . R SPSS10.0 GEit AR Xt 4 T f AR itk AT B N &R 7

227 H71 (One-way ANOVA) ,

2 ERES

2.1 AREER M R A AR

TE 3800—4400m 7 MiEH BB B2 v, it 7 K BE Y A8 S 0 0 2 7R 3900—4400m ¥ 4K 0 [l Y it K R R
4200m AbWEA ETF, SRS R A, 3900 m &b K R oK (25,1 £0.3mm) |, H R /IME (K
4400m) = it 40.6% . MR BEEEAE 3900m ALk B KAA 2.72mm , HRKCh 4200m W3R , A 3500 B2 (0] - 7 58
JEM 2SR M JEEETE 3800—4200m V14K Tt e S 45 W ik A 3 3 B 5 4200m DA L Bl T 4R s
HIBEZSARE, A M 3900—4400m i F A BR 4200m A0 B A7 38 i &b Bl 1 38 3G 0 52 980/ i 34, 76
3900m Hf A e K1H 69.27 £2.3mm* ,4400m B i Fr AR/ AL 2028 3900m Y—24 Ll E bl e 4 = A2 AR
E R FE 3800—4400m MK, Hu i EE AR ILIE N 347.96—563.62¢/m? ,4400m 4k i EE f K
2.2 A[FEREIRM SRR S R AR L

FEIFHR 3800—4400m 35 [N, 2R KA I AEAN RIS BE 040 2 P40 2 a 22 90 FEAR— 20
AL S B AR R BN RS AR 3 R AR R4 3900m FT 4200m B i B0 T P IR UG E , 4200m Ak i
SR BEAMEEE o FRIIAPRAME, MR b T E1ERIK 3800—4300m 25 A i 3, 4400m B H4E % b
i B FRT Hb 4k AN 3800m ALFY 1/5, 1E 4200—4400m (MR B E N, AR K BB E a 5 i
MM b SRR T ZEREAL, H7E 4400m 4k B f/ME, M4 E a/b 1Y HOAEAE T E (1 35 3 90 1Rl

http ; //www.ecologica.cn



8 1 VAR A ORI B RATAZ T R S AR R B P 1A 1) A2 S R 5

28r 13
{24
g 21f £
E z
5 E
s 118 2
= £
2 R d z
= =)t G 112
T o7 £
106
0 1 1 1 1 1 1 O
3800 3900 4000 4100 4200 4300 4400
A [l # Different Altitude/m
0.04 490 600 a
£ 175 &
g =
= 003} | 2 450 |
3 g =
o 160 < i
s o )
5 0.02F 145 8 2 300 +
£ = 2
2 kR e g
i —e— il R 130 _‘:LE ©n
=
2 001} @ 150 |
= kY
F 115
1 1 1 1 1 1 0 0 1 1 1 1 1 1 1
3800 3900 4000 4100 4200 4300 4400 3800 3900 4000 4100 4200 4300 4400
A [F#Ek Different Altitude/m A [F##¥ Different Altitude/m

E1 AEBHRARKELCEHFERFIENETK
Fig.1 Basic characteristics of the leaf of Abies georgei var. smithii at different altitudes
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Fig.3 Fine root biomass of Abies georgei var. smithii at different
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Fig.4 Fine root length density of Abies georgei var. smithii at
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Fig.5 Fine root surface area of Abies georgei var. smithii at

different altitudes
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Fig.6 The influence of altitudinal gradient on fine root volume of

Abies georgei var. smithii
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