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Responses of stem and leaf traits of Rhododendron przewalskii to altitude in the
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Abstract: The current year twigs of Rhododendron przewalskii were collected across three forest-grassland ecotones in the
headwater region of Minjiang River in the southeastern Qinghai-Tibet Plateau. Along altitudinal gradients of their natural
spatial distribution, stem length, stem thickness, and stem biomass of the twigs, as well as their relationships were

measured and compared. Then, we compared total leaf mass and specific leaf area. Lastly, the relationships between stem

ESWE : HK AR EEATH (41661144045;31971436) 5t FEIRL 2= BE P66 Az A PR 15 B PSR 7T I oK o Pl 1] 5% e 50 52 26 3 DR ( SKILCS-
OP-2018-07)

175 B #5:2020-04-23; [ 4% tH ki A 88 :2021-01- 15

# JIAMEH Corresponding author. E-mail; wangjn@ cib.ac.cn

http ://www.ecologica.cn



2350 JAE = 41 4

and leaf traits and soil factors were evaluated by canonical correspondence analysis ( CCA). The results show that except for
Gonggangling, the soil factors of Doujitai and Kaka Mountains differed significantly between altitudes, and there were also
significant differences in soil factors between different mountains at similar altitudes. Except that the high altitude specific
leaf area of Kaka Mountain is significantly smaller than that of low altitude. Neither traits of stem ( stem length, stem
thickness, specific stem length and stem biomass) have no significant differences between altitudinal sites. Stem thickness,
stem biomass, and specific stem length from similar altitudes also show no significant differences across sampling sites ( P>
0.05). However, the stem length at Gonggangling (3963 m) is significantly greater than that at Kaka Mountain (3921 m)
(P<0.05). The relationships between stem length, stem thickness and stem biomass exhibit allometric growth, while stem
length has an invariant allometric scaling relationship with stem thickness ( SMA slope 2.8). The CCA results show that,
carbon content, carbon to nitrogen ratio (C/N) , soil organic carbon (SOC) , total phosphorus (TP) and soil bulk density
(SBD) were the main factors affecting stem and leaf traits. In general, small changes between different altitude gradients
have little effect on stem and leaf traits of twigs, and soil environmental factors can be important reasons triggering the

differences of the stem and leaf trait.

Key Words: Rhododendron przewalskii; current year twig; stem biomass; stem morphological traits; allometry; CCA
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(HR e FE bty Y R Ui S 45 A0 S R B8 XA ) A FH R AR 7 B ) T /N AS B i 2 B i BT LA/ IVR 2
AL LRGN m) A2 0] B BAT —E AR AR B N AT O/ MSCHBE IR I T 32 B4 e /N -1 DR/
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HIEE A7 A 103°39'—103°43'E,33°02'—33°28'N Z 1], WRYTIR X b B & 70, M 2R A 2 0E IR FEATE 3400
m DL A2 R 2 KR R T Il 2 XA, AR RE 5—10°C, iR -10—-20°C , & = <l 30°C
AERRIKARE N 700 mm 247, SAERRIANYY B2 M i b 4RI R 70% 2247, BRI Kk 4—6 A~ 7Y

WY DX Ay IS 1) St AP, AL 2 AR 2 | 2L A0 AR 2 AL T BRI 454 20 I Bl ) A S AR A U
TEPR X EEA R IR AN — | EE A AR 3600 m AL (4 T e e X3, 76 5 1L AR s s il R4
I IR SR T A 43 A (TR 3600 m LA ) o
1.2 it

FEMRYT IR XL BE XS 5 L 5 AT R AR 1 =88 LR S BRURE M, 76 B % FL S 19 B 98 20 A b IURE 7631 X8 &
3834 m Al 3779 m 5 FTI4 4040 m F1 3963 m K111 3921 m 13836 m AbHURE , HARFEHLAS BILF 1, fERA
TFR R B — 5 T0 8 J 30 m BY/KSEREAT B8 3 D 10 mx 10 m FIREDT , BEHLIEIORE 75 P K34 BLAF 19 3 A Ak B E
LN St DN ey T R R o VAN S Y s N & 2 A 1 R e e S E N TR Y2 VAN S L 5% 5 5 N
O SRR S AR L A AR ST AR A R EURE BV A BRI A R T (RS 100 em® ) Xif ML
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Table 1 Basic information of sampling location

HURE i HUREIFIK GLhRE ABE A e
Sampling plots Elevation/m Latitude and longitude Habitat type Notes
g & R 3834 33°02'13.75"N,103°43'28.53"F, TF I 5 ] 1L

I 3779 33°02'15.80"N,103°43'28.15"E MR A A L3 s A KUH
EYany R 4040 33°03'25.47"N,103°41'10.75"E T v 5 ] LT

{3 3963 33°03'16.33"N,103°41'12.68"E FF I i) L3 s A 5 KUH
KR ik 3921 32°59'03.28"N,103°40'12.04"E T o] 2 ) LLi 5

144 3836 32°59'11.83"N,103°40'26.46"E PR AT ey 13k

1.3 MEIE

RRE R (s AT BE S 0.01 m 35 RO 5 HRUREJE DA 1% 7 J32 DA KSRl i, 9 ot L[ 5 £ RS B2 4 0.01 mm Y74
R, D/ VS A 2R 2, (S Al 44X ( CanoScan5600F , Canon , Tokyo , Japan ) 3594 3 i - J5
Photoshop CC MR . BEJSTE 75°C Z5 48 T HET/ NV S it v 2= 4E i, RS 224 0.001 g (9 HL 5~ R P FR i
IR Y S R R, ARAS TR PR  ZEPEAR (25K (Stem length, SL) ; 25K (Stem diameter, SD) ; [t
25K (Specific stem length, SSL) ; Z24: ) 1 ( Stem Biomass, SB) ) (4R (BBt 5 ( Total leaf mass, TLM) ; Hi
TR ( Specific leaf area, SLA) ) FIFEM K /N (75 B ( Shrub height, SH) ; %L1 ( Shrub width, SW) ), HH 2K
(SSL)= 25K (SL) /2545t (SB) .

FIFEFEFRIN AE A R ME T PR 00 % £33 7% /K i (soil variable water content, VWC ) A& 43 %5 i ( Soil bulk
density ,SBD) , HIEA LK (Soil organic carbon,SOC ) & [N E K H B £ FR 8 /M #43%: , 425 ( Total carbon,
TC) #14= % ( Total nitrogen, TN) 7% 12K FH 7L /0 #71{Y (vario EL 111, Elementar, Langenselbold , Germany ) M % , 4>
% ( Total phosphorus, TP ) 7 & 5k 1] HNO;-H, O, {8 8 1 f#—%H B8 i bk € 1 0 2, 1- 3% pH #| ] METTLER
TOLEDO pH iHilll5E (/K 4k 2.5:1)

2 HiEESH

XU /SIS Levene's test KE30 77 22 551, W ANAT 45 TE 25 73415 BB 2547 00 B e 4 ol 136 2
TEZS M o DR 2K 05 22 0 B BUREIE A S i TB) /NS PR R 22 57t 35 07 22 AN5% , fETHE S UG IR 14T
B, MRAEASCAE KA =D "X =R AN R /M SL SD Al SB #EAT A G A= K04, 7 7 I ek
i log(y)=log(b) +a log(x) ,x Fl y FREFFAES L, (0 K/ SL.SD F1 SB, b NARUEAL KL, a o 5 A K95

http ; //www.ecologica.cn



2352 JAE = 41 4

Boa=1 WEHERKER a1 HRBERKCRD XA MBI R T, a FRREE log(b) F#EE,
TR AR A S 5, R AR HEAL 304 1T ( Standardized major axis estimation, SMA) , #] H R i & SMATR
@"i"ﬁi[“-%]

R T BV S B B AL Y /R R PRIR S R 2 T A DGO AR T 20 RHE Y IR S PR
Z B 5 2R, >R U@ X 13 43 BT ( Canonical correspondence analysis, CCA) FH R 7% (forward selectlon) ﬂ]
Monte Carlo % & 28 i Xof 25 H-PRARA 828 HMS AR T 388K A8 i 21 4 T4 65 T CCA T2l
HeRP 18], AR S T IERREE ) CCA HEF I, i %i‘%ﬁ%fﬁ.?, ﬁu%ﬁ_ﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁi\ﬁ’]%ﬂﬁ@ﬁ,
i Sk L S HET A B R S HEF AR SCVE RN o PR AR g ] A e A AR AR DG, e il N AR OC
B, Eﬁ?ﬁﬁ%@ﬂ%fﬁﬁ%%ﬁ%E’\JEE;‘E&H%ETﬁﬁBQ@jUJ\ P B AR, SCe M /N

BRI AE SPSS 19.0 R EAT , Hfk 5 805 Fd H Origin 9.0 224, CCA 20 K H 3448 B Canoco for
Windows 5.0 #4581,

3 HBREHS

3.1 AN A SR AR R A 0 AR Ak

W2 BB RS ARSI, KR IR iR LN T2 R B (£ 2) . BHEREIHA R RIS
AR C/N(10.28+0.21) 35 /N TR (12.86+0.13) ( P<0.05) , - HEAY TP (1.36+0.18) g/kg LKL TP
(0.88+0.02) g/kg £ 0.48 ¢/kg, 2557 1.3 ( P<0.05) , AR IR /-8 hn W TG B E 22 55 (P>0.05) . S} XS 57 4
N% TN(g/kg) VWC%TEHFK ) JC . % 22 5+ (P>0.05) |, i= i3k 310 € (7.08+0.60) % .SOC (3.87+0.36) % .
TC(70.78+6.05) g/kg . TOC (38.76£3.64) g/kg . C/N (10.58+0.87) . pH {H (5.01£0.09) ¥ 5 2 /N F Kk
(16.96+1.59;8.73+0.37;169.57+15.97;87.31+3.70;16.93+0.77;6.41+0.29) ( P<0.05) ,SBD (1.00+0.06 ) g/cm’
K TP(1.01£0.01) g/kg I i 25 K TR (0.54+0.07;0.59+0.05) ( P<0.05) o ABALIEE 3K A [F) 157 5 He 5 45 S0 )
W, S 5 SR 40 TP (1.01£0.01) g/kg B3 KT R R 1IIMKIHETL (0.88+0.02) (P<0.05) , H: 43 pH {H
(5.0120.09) t i # K TR R 117 4 (4.43£0.04) (P<0.05) , K 1L IR + 5 pH {8 (4.37+0.06) 5 C/N
(10.2820.21) M) @ Z/NT S AT IR (5.41£0.13;11.36+0.19) (P<0.05) ,SBD(0.99+0.02) i # K T 5 kL4
37 55,19 SBD(0.87+0.03) g/em’( P<0.05) ,

®2 ARLETENMEEFESKENENL

Table 2 Variation of soil environmental factors between altitudes of different mountains

FEhT R EYaN s RS

Soil factors 15273 {827 =527 iRz R iR
N/% 0.65+0.09Aa 0.77+0.08Aa 0.56+0.03a 0.59+0.06Aa 0.68+0.11Aa 1.00£0.07a
C/% 6.72+1.03Aa 9.90+1.04Aa 6.18+0.29a 6.70+0.68Aa 7.08+0.60Ab 16.96+1.59a
S0C/% 4.39+0.19Aa 5.83+1.82Aa 4.20+0.85a 4.45+0.53Aa 3.87+0.36Ab 8.73+0.37a
TN/ (g/kg) 6.52+0.92Aa 7.71+0.86Aa 5.66+0.35a 5.90+0.60Aa 6.86+1.14Aa 10.0120.73a
TC/(g/kg) 67.27+10.34Aa  99.00£10.43Aa  61.78+2.98a 67.07+6.78Aa  70.78+6.05Ab 169.57+15.97a
TOC/ (g/kg) 43.89£1.90Aa  58.44x10.56Aa  42.06%8.51a 44.52+5.32Aa  38.76x3.64Ab 87.31+3.70a
C/N 10.28+0.21Bb  12.86+0.13Aa 10.95+0.50a 11.36+0.19Aa  10.58+0.87Ab 16.93+0.77a
TP(g/kg) 1.36+0.18Aa 0.88+0.02Bb 0.98+0.16a 1.05£0.07Aa 1.01+0.01Aa 0.59£0.05b
pH 4.37+0.06Ba 4.43+0.04Ba 5.79+0.51a 5.41£0.13Aa 5.01+£0.09Ab 6.41+£0.29a
VWC/% 42.973.77Aa  47.072.24Aa 35.82+3.91a 40.65£1.29Aa  41.82%0.63Aa 48.27+8.38a
SBD/ (g/cm®) 0.99+0.02Aa 0.88+0.04Aa 0.77+0.01a 0.870.03Ba 1.00£0.06Aa 0.54+0.07b

SOC% : H Lk 7% £ Soil organic carbon content; TN : 2% Total nitrogen; TC ; £2ff Total carbon; TOC ; &7 MLk Total organic carbon ; TP ; 4 Total
phosphorus ; VWC . . 1388 K & Soil variable water content; SBD ; +-38%5 # Soil bulk density; R[R—AT9 , ANF/NG F R R FER IR A 22 57 8 3 (P<
0.05) , AN R 7 REFRARIE SRR [RIREHLIR] (R IR RS VS A & S8 R R ISk VS S ATIG R ) 255+ B3 (P<0.05)
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3.2 A LRFE YT BE/ M R AR 4K B AR 1L

GG SATIA AR L =AM FE AN SL(mm) SD(mm) SB(g) #l SSL(mm/g) .TLM ( g) {E A
MR IR TC RFEZE S (P>0.05, P>0.05, P>0.05) (1#11) o BRI £ K SLA (em®/g) 35 KT
PN G S AL SLA TR R TC 8.3 22 5 (P>0.05) . S ATIE (3963 m) FI-R-R111(3921 m) ¥R 1
REE R (1) AT S AR A HE N/ SL 8 235 K TR R IRk (P<0.05) , HiAs Pk (SD . SB,
SSL.SLA 1 TLM) #JJC i 3 22 5 (P>0.05) . KR IR (3836 m) FI=LXG & @4k (3834 m) B3R A B AH
MEAEBE AU, R IR A ARG EE T, 3138 & SO TR ), DA R N 25 25 0 MT
I PR AT R A A THE DAV SL SD (SB SSL SLA I TLM 5 & %5 ) i)/ VR HER O TE B8 25 5+ (P>0.05)
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A4 Samlping plots

B 1 Fe&EttEs s F A/ Tha IR = A B ik B A LB
Fig.1 Comparison of the functional traits of the twigs of R. przewalskii in different elevations in three plots
ANFNE FREFIRAE ] — B AN R (] 26 573 1.3 (P<0.05) 5V, W 435l 3 /s AN [RIREHL Y AR RLE 4K, AN 7] R 5 S B s ZE AR BT SRS )
il 22 5 2. 3% (P<0.05)
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3.3 BB kRS DIBE/INVECAS AR 2 18] A AH O 6 5

IINECPER (B AR DG A 45 SRR BT (3R 3) , S AT /KL SL . SD i1 SB PRI 2 [8] ¥ 54 35 Y TEAHOC G &
(fliE3% SB-SL R*=0.384, P<0.01; SB-SD R*=0.281, P<0.01; SL-SD R*=0.172, P<0.05; =i##k SB-SL R* =
0.425, P<0.01; SB-SD R*=0.514, P<0.01; SL-SD R*=0.329, P<0.01),3}- X & #E S H VK SB F1 SL A 3
MIEAE R (R =0.512, P<0.05; R*=0.580, P<0.01), RFIL{K#E SB 5 SD AR EIFMELR (R =
0.381, P<0.01) , #F—X) HAG B E AR T S iU AE K AT A B (% 3) , SR XS 5/ SL 5 SB 76 IR
MR R SR K OC R, HSL iR 18 F SB BRI R, H SMA #5518 1.577(Cl=1.060, 2.346) Fil
1.847(CI=1.074, 3.178) , SATIA SR/ SL 5 SB AR A K X &, H SL 8 /N T SB R A,
L SMA #4354 1.322(C1=1.010, 1.732) AR NG AFH A K E R (P>0.05, 3£ 3) ;SD Al SB 765 fRIEAYY
K SR FR L SMA BERM A 4.145( C1=3.270, 5.252) F13.928(CI=2.768, 5.574) ,SB ¥4l L KT
SD ¥4 2 ; SL 5 SD £ MR Sl A K O R, H SL 38 2R Ie KT SD 1Y insk 22, SL 3 i i) 2k %2
24 SD UM FE M 2.8 fi5, RRILKIEIL SB 5 SD R Fsl A K FR  H SMA A% K 5.404(C1=3.736,7.816) ,
KW SB BBHR L SD iy e

®3 MEHEBIIRMABENERZ BHREEKSHT

Table 3 Allometric growth between different plant traits of functional twigs of R. przewalskii

B itk AR SR . FR(95%EIFXH) St KR
Sampling plots  Elevations/m yx R r Slope (95% Test of isometry P
confidence interval )
g H ik YRR 0.512 0.019 1.847(1.074,3.178) 0.029
EaR7/) e i 0.225 0.165 — —
ESISEY 0.392 0.052 — —
Rk ER7) eSS 0.580 0.001 1.577(1.060,2.346) 0.026
-2 0.291 0.137 — —
E NIVl 0.001 0.881 — —
AT Rk ZEEYE-ZEK 0.384 0.001 1.259(0.888,1.785) 0.188
AR/ 0.281 0.005 3.928(2.768,5.574) <0.001
ZEK-ZEM 0.172 0.043 2.838 (1.917,4.200) <0.001
=321 E YR/} eSS 0.425 <0.001 1.322(1.010,1.732) 0.042
EaR7/) i 0.514 <0.001 4.145(3.270,5.252) <0.001
ZERK-ZEH 0.329 <0.001 2.789(2.095,3.713) <0.001
R Rk RV eE SIS 0.009 0.686 — —
Va7 il 0.381 0.002 5.404(3.736,7.816) 0.054
E Sl 0.078 0.207 — —
=20 YRR 0.022 0.443 — —
ENAR7/)iee i 0.040 0.238 — —
ZR-ZEH 0.002 0.792 — —

" RITCAR SN, A FEHEAT S A AR T

3.4 AFE LR YRS AL T CCA HEF

F 3 4 ATA RRNLAR CCA HEF AT mifh i) BT B G 8 53435 51 98% LA I, B CCA RMRhC gt
AU b S A IR S R R 22 B A R

& 2 AT RVE S0 A m R AR 2 C% M C/N S2IE, C% X% SB 5k, Hik iy SD 5 SL, C%
5 C/N X SLA BIERR/NERIA K, Bbah, SH 52 5] C/N B, IR PR % €% . S0C% fil TP §%
Wi, Horp SH 5 C9% MR R, & SOC%, SW .SBSL.SD H1 SLA W3z TP 520, TP X} SL SD 52 fe K,
X} SB SW Fl SLA S204 /)N
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x4 EYEKEFERETF CCAHF

Table 4 CCA ordinations of plant traits and environmental factors

- - R High elevation RV Low elevation
Plots Axis i 1 i 2 3 i 4 1 2 3 1 4
Axis 1 Axis 2 Axis 3 Axis 4 Axis 1 Axis 2 Axis 3 Axis 4
G RHEE 0.0352 0.0158 0.268 0.0341 0.0705 0.0089 0.001 0.1241
i RS S 9.66 13.98 87.42 96.77 32.85 36.97 37.45 95.23
WAL 0.3536 0.5084 0 0 0.6174 0.8738 0.2561 0
RRIELST  69.07 100 87.7 98.71 100
ST REEE 0.0152 0.0026 0.0001 0.158 0.0013 0.0004 0.0863 0.0414
il AL S 5.15 6.04 6.07 59.53 0.85 1.11 58.33 85.8
WAMEAESE 0.3039 0.1763 0.0513 0 0.1707 0.1276 0 0
R AAE R 84.94 99.55 100 76.4 100
KR R 0.0056 0.0037 0.0001 0.0652 0.0018 0.0002 0.0774 0.0343
fife RS S 5.12 8.44 8.56 67.88 1.47 1.63 63.58 91.05
JWAMLEAESE 0.3123 0.3464 0.206 0 0.1858 0.0612 0 0
fRRLAAE R 59.78 98.58 100 89.67 100

5 AT R R AR 32 SOC% .C/N F1 SBD 5405, SBD X} SL (K82 Ffe K, Hok b SLA, SH |32 5]
SOC%F1 C/N 520, C/N XF SH RSN K, Hok ly SW, % SB S0 AE H fe/hh . ARIEIRAE Y PEIR N 2 C% 5
SOC% ML, SLA 5% C% 1 SOC% 5N Kk, SB Al SH I T332 SOC% 50, SL 552 Co%sEm(E 2)

RR LGB YIRS C% SBD Fl SOC%52M . Hr SLA £ 52 SBD M, SOC%H K, Co% Xt PR
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Fig.2 CCA ordination diagram of plant traits and significant environmental factors at three sites
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