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[ Abstract] Leaf structural traits are relative stable, it often reflect the strategies of plants adapting to the
environment. In this study, we analyzed the variation of leaf structure traits of Rhododendron pseudochry-
santhum Hayata along an altitudinal gradient on the East Xue Trail of Xue Mountain, and compared the
differences of the leaf characteristics between reproductive- and vegetative-branch, as well as the differenti-
ation of the leaf structure among different species-complex group. The results showed significant differenc-
es in leaf traits of R. pseudochrysanthum along the altitude gradient. Leaf area, dry weight and specific leaf
area significantly decreased with increasing altitude; whereas, the thickness of leaf, palisade tissue, sponge
tissue, epidermis, layers of palisade tissue and upper epidermal cell, palisade tissue cell length, and stomatal
density generally increased along the elevation of the altitude. These differences correlated with the eleva-
tion suggested that the leaf traits in R. pseudochrysanthum changed to adapt to the environment. Among
the changes of the leaf traits, decreased leaf area, increased leaf thickness, epidermis, palisade and spongy
tissue, and stomatal density benefit the adaptation to harsh environment such as strong radiation, drought
and low CO’ concentration in the higher elevation. Stomata length, thicknesses of palisade tissue and leaf
epidermis, thickness ratio between palisade tissue and leaf showed significant differences between repro-
ductive- and vegetative-branch, whereas the difference of leaf area and specific leaf area were not signifi-
cant. The leaf structural traits of R. pseudochrysanthum can be broadly divided into three groups, indicated
that leaf traits could change with the altitude and habitats (under forest and open place), reflecting the envi-
ronmental diversity of R. pseudochrysanthum and one of its species complexes- R. morii Hayata distributed
along the East Xue Trail. Further studies of leaf traits in R. nankotaisanense Hayata and R. hyperythrum
Hayata that form species complex with R. pseudochrysanthum are necessary.

[Key words] Rhododendron pseudochrysanthum; leaf structural traits; specific leaf area; stomatal density;
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Table 1. Comparison with leaf structural traits between breeding- and vegetative-branch of Rhododendron
pseudochrysanthum in Xue Mountain.

Leaf structural traits* vegetative-branch breeding-branch T P
LA (cm” 10.36 + 4.09 10.13 £ 5.00 0.395 0.693
LDW (g) 021 + 0.08 0.21 £ 0.01 -0.248 0.804
SLA (cm’/g) 50.43 + 11.54 48.04 £+ 10.05 1.752 0.081
SLW (g/m’) 208.59 + 47.88 217.45 + 46.18 -1.494 0.136
LT (um) 380.36 + 90.07 377.37 + 80.65 0.245 0.807
TPT (um) 152.00 + 39.73 139.66 + 35.69 2.284 0.023
LayPT 3.72 + 098 3.75 + 0.82 -0.203 0.839
LenPT (um) 38.30 + 8.11 37.28 + 7.99 1.100 0.272
TPT/LT 0.40 £+ 0.44 0.37 £+ 0.06 4.071 <0.001
TST (um) 111.19 + 29.42 105.39 + 26.29 1.799 0.073
TPT/TST 1.42 + 0.28 1.37 + 0.36 1.185 0.238
TUE (pum) 44.83 + 12.55 48.57 + 10.81 2212 0.028
LUE 2.93 + 0.63 2.92 + 0.62 0.146 0.884
TLE (um) 3441 + 15.97 36.64 + 13.74 -1.051 0.295
SD (n0./10,000 pm®) 577 £ 1.72 6.47 £ 1.16 -1.414 0.167
SL (um) 1597 + 2.11 1634 + 2.43 -2.187 0.029

"LDW: leaf dry weight; LA: leaf area; SLA: specific leaf area; SLW: specific leaf weight; LT: leaf thickness;
TPT: thickness of palisade tissue; TUE: thickness of upper epidermis; TLE: thickness of lower

epidermis; SL: stomatal length; SD: stomatal density; LenPT: length of palisade tissue cell; TST:

thickness of spongy tissue; LayPT: layers of palisade tissue; LUE: layers of upper epidermis; LT:

leaf thickness; TPT: thickness of palisade tissue.

(=) BERSREVEIRVE R R RS S8 L
AR EE B B AR U S (L2 SRR R
B S R 72 5 (p<0.001; 2 ~ [B1~3)
A A RERE YR IR > 2400~2600 mft)3E
FHRK > 3700~3886 mAy B i/ 5 BERZ
LI3500~3700 m#e/)N » (KK %3300~3500 m
3700~3886 m ~ 3000~3100 m ~ 3100~3300 m
LA F2400~2600 m o SLAKE UL FHii g
I BRI B4 1£3300~3500 m 22400~2600
m > 52/ ME53700~3886 m : HEF IR ERE
AR AR ~ MR A AR AR R P ~ AR RE A

[~ AR ~ EREEE > LIk b
RS B o RIS R & 2R A
3700~3886 mEi3500~3700 mfz/E » 2400~2600
m x5 IR RH AR B EE R R b AR o A R
3000~3100 mJE » HEAIT7E3300~3500 m s fiffik
A AR B R AE A L A S 7 7E3000~3100 m > £
R HI# 4 1E3700~3886 m : | 7B /8
{i7f23500~3700 m23300~3500 m » i HIfT
f22400~2600 m : 5EFLEE AT 4) £53700~3886
mf3500~3700 m > LK% 3300~3500 m -
3100~3300 m ~ 3000~3100 m ~ 2400~2600 m%
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Table 2. Comparision with leaf structural traits of Rhododendron pseudochrysanthum along altitude of the East Xue Trai.

Location - 10 3886 m  35003700m  3300-3500m  31003300m  3000-3100m  2400-2600 m
Leaf structural traits*
LA (cm?) 7.12+0.82a+  7.64+2.89a  10.59+4.13b  11.91+447b  12.15:497b  17.10+2.82¢
LDW (g) 021+0.03ab  0.18+0.08a  0.18+0.07a  025+0.11bc  0.22+0.10ab  0.30=0.06¢
SLA (cm®/g) 3385+2.64a  45.00=10.12b  60.12+1235d 4930=5.84bc  55.05+3.47cd  57.97+4.33d
SLW (g/m?) 297.14+23.55d 232.42+47.19c 172.42+3130a 205.63+24.196 182.31+10.94ab 173.41 +12.72a
LT (um) 484.84+15.18d 483.11+2831d 341.84+4121b 328.40+27.17b 366.15+26.84c 274.25+13.72a
TPT (um) 173.16£19.17cd 188.00=26.31d 122.05+25.43b 131.75+1323b  16820=15.86c 101.27+9.29a
LenPT (um) 49.51+485d  45.13+5.07c  30.19+320a  33.73£3.57b  3483+3.55b  33.36+3.35b
LayPT 515+049d  420+04lc  3.55+051b  320+04lab  340+£0.60b  2.90+0.55a
TST (um) 14839+1623d 134.92+14.83c 96.00+12.53b 96.83=12.11b 91.32+1592b 81.70+9.57a
TUE (um) 5756+584c  56.59+585c  45.12+7.88b  37.60+79la  52.71+10.89%c  32.65+4.45a
LUE 3.554051c  3.40+£050c  2.80+2.80b  2.80=041b  2.80+041b  2.20+04la
TLE (um) 25784470 49.19£9.90d  49.43+8.54d  29.69+9.50bc  32.88+4.75c  16.77+2.97a
TPT/LT 036+0.04ab  0.39:0.04bc  036+0.05a  040+£0.03c  046+0.05d  0.37+0.04abc
TPT/TST 120£0.16a  142£020c  129+032ab  141+022c  1.94£029d  1.25+0.17ab
SD (n0./10000 pm?) 763+£0.785  798+086b  543+156a  5.68+057a  574+057a  4.50+0.76a
SL (um) 15.64+1.65ab  15.1842.20a  16.63+194cd 1633 +1.63bcd 17.04+332d  16.07+2.0dbc

HRFEGRIAMNZR L s+ MRS R R BEREE 72 5 (p<0.05)
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Table 3. Comparison with leaf structural traits between breeding- and vegetative-branch of Rhododendron pseudochrysanthum along altitude of the East

191-210, 2018

FREERFFEZ T 40(3)

Xue Trail.
Location
. 3700-3886 m 3500-3700 m 3300-3500 m 3100-3300 m 3000-3100 m 2400-2600 m
Leaf structural traits*
LA breeding  6.96+0.70a+ 8.15+3.13abc 10.96+3.43abcd 11.92+4.43bcd 12.09+2.76¢d 15.57+1.54de
(cm?) vegetative 7.28+0.94ab 71322572 1023£4.80abc - 11.89+456bed | 1220£670cd - 18.64+304c
LDW breeding 0.22+0.03a 0.18+0.08a 0.19+0.07a 0.25+0.10ab 0.22+0.05ab 0.27+0.04ab
(g) vegetative  0.21+0.03a B 018008 0.17+0.06a " 025£012ab | 023£0.13ab 03240066
SLA breeding 32.39+2.27a 48.07+11.38bc 60.51+14.53¢ 49.94+6.26bcd 54.25+2.02cde 58.28+5.24cde
(cm?’/g)  vegetative 3532+2.20a ™ 41.93+7.64ab " 5973210154 48.67£54lbc - 55.85+448cde  57.65+34%cde
SLW breeding 310.14+22.08b  218.87+47.82b _ 172.60+33.18a 203.32+25.33b 184.56+6.69ab 172.78+15.16a
(g/m®)  vegetative284.13+17.61d 245.97+42.93c¢ 17224430262 207.93£23.11b - 180.06+14.08a 174.05+10.64a
LT breeding 486.45+15.12d 497.84+38.95d 368.43+32.05c  31553+1543b _ 382.46+6.5lc 4 270.13£13.612
(um) vegetative482.83 +15.68d ™ 473.90+13.05d 324.11+37.24b 367.00+ 14.29¢ 360.72+28.93c¢ 278.36+12.89a
TPT breeding 180.71+17.68d __207.02+30.96e __ 140.45£20.96c __ 129.34+13.72bc . 179.19+1b5.61d  107.36+7.91ab
(um) vegetative 163.71+17.19d 176.11+13.29d 109.79+20.42ab 139.00+9.04c 164.54+ 14¢.55d 95.18+6.05a
LenPT breeding 48.65+4.95¢ 48.27+3.51e 31.32+2.28ab 33.41+4.11bc 33.74+3.89bc 34.41+2.47bc
(um) vegetative 50.37+4.68e " 419814424 2905:36la - 34.05£3.00bc  35.91+2.86¢ 33123810
breeding  5.30+0.48f 4.30+0.48de 3.60+0.52bcd 3.20+0.42ab 3.10£0.32ab 2.80+0.63a
LayPT . ns ns ns ns ns ns
vegetative  5.00+0.47ef 4.10£0.32cd 3.50+0.53abc 3.20+0.42ab 3.70+0.67 3.00=+0.47ab

HRFRERIIANIER T s +H RSSO R P AR 72 5 (p<0.05)
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Table 3. (Continued)
Location
. 3700-3886 m 3500-3700 m 3300-3500 m 3100-3300 m 3000-3100 m 2400-2600 m
Leaf structural traits
TST g.mo&bm 152.54+20.55¢ . 141.58+13.13¢ . 98.57+10.77¢ 94.89+10.01 be 95.53+15.92bc 84.04+10.03ab
. ns ns ns ns
AID\C vegetative 144.25+8.93¢ 128.26+13.57d 94.63+14.02bc 98.76+13.83 ¢ 87.10+15.07abc 79.36+8.65a
TUE Gwmo&bm 58.80+6.00e 53.86+5.07cde . 45.77+9.28bc 34.08+5.43a o 58.41+5091e . 30.94+3.23a
. ns ns ns
ACBV vegetative 56.01+5.49de 58.30+5.74¢e 44.69+6.96b 48.15+3.04bcd 50.81+11.61bcde 34.37+4.92a
_uwoo&bm 3.60+0.52¢ 3.40+0.52bc 2.80+0.42ab 2.80+0.42ab 2.80+0.42ab 2.20+0.42a
LUE . ns ns ns ns ns ns
vegetative 3.50+0.53c 3.40+0.52bc 2.80+0.42ab 2.80+£0.42ab 2.80+0.42ab 2.20+042a
TLE me@&bm 26.95+5.01bc 52.72 £8.99f 52.80+9.07f 25.99+5.16bc o 31.27+4.29bc 16.45+3.18a
. ns ns ns ns ns
ACBV vegetative 24.32+3.34ab 46.99+9.98ef 47.19+7.52¢f 40.80+11.29de 33.42+4.88¢cd 17.08+2.81a
_uwoo&bm 0.37+0.03ab 0.41+0.05bc 0.38+0.05ab 0.41+0.03bc 0.47+0.04d 0.40+0.03b
TPT/LT . ns ns ns ns ns ns
vegetative 0.34+0.04a 0.37+0.03ab 0.34+0.05a 0.38+0.03ab 0.46+0.05¢cd 0.34+0.03a
_uwooamsm 1.24+0.19abc 1.51+0.26¢ 1.43+0.22abc 1.40+£0.24abc 2.02+0.25d 1.32+0.17abc
TPT/TST . ns ns ns ns ns ns
vegetative 1.14+0.11a 1.37+0.13abc 1.20+0.35ab 1.44+0.17bc 1.91+0.31d 1.18+0.14ab
SD breeding  6.97+0.40cdef 8.56+0.17f 4.3441.30ab 5.53+0.72abe 5.52+0.22abe 3.94+0.49
(no./10000 . ns ns ns ns ns ns
BNV vegetative  8.28+0.31fef 7.13+0.64def 6.53+0.88cde 5.8340.47abcd 6.22+0.21bcd 5.05+0.55abc
u
SL _uwmm&bm 15.73+1.44abc 14.58+2.08a 15.98+1.97cd 16.32+1.86bcd 16.60+2.48bcd 15.58+1.87ab
. ns ns ns ns ns ns
AEBV vegetative 15.54+1.84ab 15.78+2.16abc 16.29+1.86bcd 16.34+1.37bcd 17.49+3.96d 16.57+2.10bcd
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Figure 1. Comparison with leaf anatomy traits between breeding- and vegetative-branch of Rhododendron
pseudochrysanthum along altitude of the East Xue Trail. A & B: 3700~3886 m; C & D:
3500~3700 m; E & F: 3300~3500 m. A, C & E: leaf traits of vegetative-branch ; B, D & F: leaf
traits of breeding-branch. Scale bars: 300 1 m.
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Figure 1. (Continued) A & B: 3100~3300 m ; C & D: 3000~3100 m ; E & F: 2400~2600 m. A, C & E: leaf
traits of vegetative-branch; B, D & F: leaf traits of breeding-branch. Scale bars: 300 1 m.
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Figure 2. Comparison with stomata traits on leaf lower epidermis of vegetative-branch of Rhododendron
pseudochrysanthum along altitude of the East Xue Trail. A: 3700~3886 m ; B: 3500~3700 m ; C:
3300~3500 m ; D: 3100~3300 m 5 E: 3000~3100 m ; F: 2400~2600 m ° Scale bars: 200 1 m.
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Figure 3. Comparison with leaf structural traits of Rhododendron pseudochrysanthum along altitude of the
East Xue Trail. LDW: leaf dry weight; LA: leaf area; SLA: specific leaf area; SLW: specific leaf
weight; LT: leaf thickness; TPT: thickness of palisade tissue; TUE: thickness of upper epidermis;
TLE: thickness of lower epidermis. Different letters indicate significant differences among
altitudes.
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Figure 3. (Continued). SL: stomatal length; SD: stomatal density; LenPT: length of palisade tissue cell; TST:
thickness of spongy tissue; LayPT: layer of palisade tissue; LUE: layers of upper epidermis; LT:
leaf thickness; TPT: thickness of palisade tissue. Different letters indicate significant differences

among altitudes.
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