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Abstract: [ Objective] This study aims to explore the environmental adaptation strategies of the dominant shrub
Rhododendron aganniphum var. schizopeplum along altitudinal gradients in Sygera Mountain, southeastern

Xizang, thereby providing theoretical support for ecological conservation and restoration in ecologically fragile
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alpine mountain regions. [ Methods] Taking R. aganniphum var. schizopeplum as the research object, the
variation patterns and variability characteristics of leafl physical traits, leal nutrients, root nutrients, and soil
nutrient mass fractions along altitudinal gradients were investigated. [ Results] Soil organic carbon (102.34 —
251.68 g/kg) , total nitrogen (2.24 — 5.92 g/kg) ,

(12.41—18.12 g/kg) mass fractions were higher than the national average, while available nutrient mass fractions

total phosphorus (0.60 — 1.10 g/kg) , and total potassium

were relatively low. The low-temperature environment caused by extremely high altitudes inhibited the release of
soil available nutrients. With increasing altitude, the leaf area, leaf length, leaf width, and specific leaf area of 1-3-
year-old leaves showed decreasing trends, while leaf thickness showed an increasing trend, indicating that
R. aganniphum var. schizopeplum at high altitudes adopted a more conservative survival strategy. The total carbon
(TC, 489.65—496.20 g/kg) , total nitrogen (TN, 9.18 —10.00 g/kg) , and total phosphorus ( TP, 0.69—1.02 g/kg)
in 1-year-old leaves exhibited decreasing trends with increasing altitude. In contrast, the TC in 2- and 3-year-old
leaves showed increasing trends (486.44 —494.76 and 485.82—498.73 g/kg) with increasing altitude, while their
TN (7.36 —8.42 and 5.15—6.62 g/kg) and TP (0.52—0.90 and 0.48 —0.76 g/kg) showed the opposite trend.
The 2-year-old and 3-year-old leaves enhanced stress resistance by increasing carbon-based structural substances.
Analysis of leaf trait networks and partial least squares path models (PLS-PM) indicated that significant
intraspecific variations were observed in the leaf functional traits of R. aganniphum var. schizopeplum. With
increasing altitude, leaf morphology tended to become smaller and thicker, N, P, and K mass fractions decreased
with increasing leaf age, while C mass fraction increased with increasing leaf age. This differential allocation of
nutrients was the intrinsic driving factor of variations in leaf physical traits. [ Conclusion ] Variations in leaf traits,
coordinated nutrient allocation among leaves of different ages, and shifts in the focus of leaf resource investment
constitute the environmental adaptation strategies of R. aganniphum var. schizopeplum along altitudinal gradients.
The findings provide new theoretical and data support for a deeper understanding of the environmental adaptation
strategies of Rhododendron species and the rational development and utilization of their plant resources.

Keywords: environmental adaptation mechanisms; leaf functional traits; altitudinal gradient; trade-off and synergy

relationships; Sygera Mountain
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Table 1 Basic characteristics of the study plots

BEA 4R /m S RE/ % W fom RS /m Wtf'“ﬁ/ PR/

m
S1I 4350 90 7.25 3.87 4.24 412
S2 4450 90 7.15 2.89 2.72 2.58
S3 4550 85 7.03 2.78 3.32 2.23
S4 - 4650 60 4.68 1.33 2.66 1.80
S5 4700 50 3.96 0.95 2.48 1.61
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Table 2 Physical traits of leaves from same-age plants at different altitudes

iz B OFEBVen? IR mn? WK /m  0FK/mm o S /mm o W9/mm o 09 /mm R /mm iiﬁﬁ;
S1  29.9343.48a 103.93+64.54a 2.52+0.21ab 102.40+£7.24a 14.69£2.35a 39.13+t2.11a 4.8240.95a 049+0.0lc 2.21%0.11a
S2 27.27+1.70a 4151+4.0la 2.6240.09b 103.89+2.56a 12.0840.98ab 35.83+1.46ab 4.16+0.11a 0.61+£0.01b  2.0040.04ab
la: S3  26.5944.63ab 32.07+t3.87a 2.33+£0.27ab 94.78+£10.45a 9.30£0.92b 39.55+4.40a 3.93+0.15a 0.62+£0.02b  1.94+0.21ab
S4  18.4140.64bc  25.33+3.29a 2.12+0.09ab 88.27+3.33a  8.72+£0.82b 29.82+0.67ab 3.64+0.18a 0.62+£0.02b  1.73+0.08b
S5 17.604+0.85c  31.34+1.9la 2.01+£0.03b 85.70+1.97a 9.48+0.51b 28.54+1.81b 3.83+0.10a 0.67+0.0la  1.854+0.03ab
S1 28.84+43.29a 46.40+3.09a 248+0.20a 99.40+5.72a 13.14+0.63a 38.92+2.75a 4.33+0.23a 0.50+0.0lc 2.0940.13a
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Fig. 2 Specific leaf area of leaves of different ages at the same altitude
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Table 3 Nutrient characteristics of leaves of different ages along an altitudinal gradient
W RS : : IR i/ (grkg D
rc TN TP TK Ca Mg
S1 496.12+4.23a 10.00+0.27a 1.0240.04a 4.56+0.28a 5.364-0.08bc 1.324+0.04a
S2 496.20+2.76a 9.88+0.19a 0.89+0.02b 3.82+0.20ab 6.65+0.79a 1.2340.07ab
TatEmtfr S3 495.20+1.48a 9.53+£0.32b 0.85+0.06b 3.45+0.38b 4.4240.15¢ 1.0740.04c
S4 491.554+3.96b 9.45+0.30b 0.74+0.07¢ 3.96£0.15ab 5.45+0.19bc 1.274+0.01a
So 489.65+3.25b 9.180.11c 0.69=+0.04d 3.94-£0.06ab 5.64-0.05ab 1.1140.04bc
S1 486.4441.68b 8.424+0.19a 0.90+0.07b 3.774+0.19a 7.144+0.21a 1.3740.09a
S2 494.764+1.06a 8.1340.36b 0.6940.03c 2.8440.12b 8.3940.55a 1.1940.14a
2aEmt S3 491.0842.16ab 8.0740.10b 0.59+0.01c 2.35+0.18¢ 7.6640.94a 1.28+0.11a
S4 492.43+1.73ab 7.59+0.10c 0.52+0.06¢ 3.13+£0.08b 7.5740.23a 1.2440.06a
S5 491.364+2.19ab 7.360.19¢ 0.52+0.01c 3.22+0.10b 7.99+0.48a 1.16+0.03a
Sl 485.82+1.69b 6.62+0.31a 0.76+0.08a 3.41+0.20a 7.45+0.29a 1.2740.07a
S2 496.07+2.61a 6.54+0.38a 0.54=+0.04b 2.37+0.12¢c 8.93+0.37a 1.104+0.14a
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Fig.3 Stoichiometric ratios of leaves of different ages and roots along an altitude gradient

2.3 TEBASEMM NG EREXE

RS B SR IR d SRR S = TR N 5 T
- A W R T M REAR , TR AE 4K 4 700 m
=N g ) S Y S N AN oL Y N
MRk B BTG, & R B I R ST R
ALK 4 700 m f5 sy, HALET S L 4 ) A
R . WF 5T IX 4 4 5 55 R Pk L BE R T S R TR
Wk 55 (PR 4 o

Tadmt B shGEM 4 LP LT LA ,SOC i &
R, R S AR i B R B R A YRk
M. LPSLARBEEMC LTSLARR
FHME,SOC 5 LCa 't W #F IEM S (E 5a), 2azk
MR g M 4 b LP LT SLA . SOC 97 s 8 Kk,
FUA DU 5 AR B R B % R R D RE 4%
M. LPSSLARRBEFEME, LTS LAZRE
AAME, LN TNERZERHE, LT 5 LK 2 B ER
FECEISb) o 3aEmt it I g M4 LP LT,
SLA LA TN U8R, & W H 5 HAb R A BE &R
EE LR IR MK AL LPS LT 2 8 E R

M, LT 5 LA 2B ZFAHHE, TN 5 SOC £ &3 1E
A, LCHLTREBFEEMIE(ESD., HHLPE
LTH XM KR/N 3 ak™> 2 atk>1 a4k, [N 3 a4
I R Ty DR R - S A R Y B AR T I
24 HEFLMEBIAEIERN KRR

PLS-PM BEBUAE SR 1 atE Ml (2 a2k
M A3 a kA I B GoF {H 43 il o 0.569,0.573
0.620, B {H 14 >0.5 H.<C0.7, 3 B R EL 4% U BE /7 .
I fie /N T vk AR L (PLS-PMD 20 1 (&1 6) 3 B, 16
W 1~3 asb 5 Py B R 35 S A e 35 A oG, S5 AR
RES BN EAMEE, BIRE 1~3 aEM F 345
PR GAME, 1 aknt By ok 5 0k i 95 4 2 A
K,2ak 3akm FYEERES R ES R B EIE
MK, 1I~3adk it R 0 5R AR BN EIEM
X, HEBE R N 2atk >3 ak>1atk . k@ T
T AE R 1 atk (3 a4 BEAMOIR 18] 422 02 E AR 2R 9%
A3, PR I 1 VR 2 a tE I R g B IR 18] 25 10 )
RIS

http. // stbexb.alljournal.com.cn



%1 A< A R 25 < AR T €, 2 o 11 20 5 1 ek P AR A SR X ¥ 44 ) ) 105

270 (a) (b) (©) (d)

240 j T & 1 L2r 18
= — ¢ —_ —_ a
2210 i s ! i : P F .

& o o0 1.0 ¢ b 2 216
Z150 o BH: = : g "
O > = 0.8 i b
3 150 é Z3 é (= i é 2l =
120 5 0.6
90 1 1 1 1 1 1 1 1 1 1 12 1 1 1 1 1
b?;’ w‘> m‘f’Q bb"Q bf\QQ MOVICNOFO o 0 N o o o 1D o
IR /m I H/m W /m 4 /m
© 12r® a 55 (h)

0.7 b 10 a 200 7 a a
=06 - N o a 5.0 b 6
W g & w8 = 160 N b
205 d P g & z 45 =
Z 04 S S c 4.0
“ 03 Q <, B . < % = B

: a8 3.5
072 1 1 1 1 1 0 1 1 1 1 1 40 1 1 1 1 1 1 1 1 1 1
o 2 0 o SISV SOV O SINCORCOI
K /m #Hk/m R /m 5k/m

B4 TEEKTEENEE

Fig.4 Soil physicochemical characteristics at different altitudes
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