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Abstract. Lakeside plants of plateau wetland show strong functional responses to climate warming, one of the main
phenomena of global change. Anatomical traits are closely related to the ecological function in plants. In order to explore
the influences of climate warming on stem anatomical structures of wetland plants, the effects of simulated temperature
increase on the stem anatomical structure of Zizania latifolia, an emergent plant in the lakeside zone of the Napahai
wetland in the northwest of Yunnan Province, were studied by using an open-top chamber. The results were as follows:
(1) In the temperature-increasing range of 4 °C , the aboveground stem of Z. latifolia responded to warming mainly by
increasing the thickness of the epidermal structure to increase the epidermal water loss. The response strategy of the
underground stem was the same as that of the aboveground stem when the temperature was increased by 2 °C, while the
response to the temperature increase was mainly through reducing the sizes of the vascular structure to reduce the risk of
cavitation when the temperature were increased by 4 °C. (2) Annual maximum temperature (MAX) and nighttime
accumulated temperature( NAT) were the key factors affecting the stem anatomical structure of Z. latifolia, but both of
which only have significant effects on the sieve tube size of the underground stem (R’ =0.838, P<0.01). (3) The
thickness of inner epidermal cells was the main traits of the aboveground stem in response to the warming, and was
significantly and positively correlated with temperature factors. The sizes of the vessel and sieve tube were the main traits
of the underground stem response to the warming, and they were negatively correlated with temperature factors. The
results indicate that there are differences in response strategies of the aboveground stem and underground stem of
Z. latifolia to the temperature increase, which provides a scientific basis for revealing the response laws of plateau
wetland plants to climate warming and ecological adaptation strategies. Based on the current climate warming context, we
need to further investigate and supplement the ecological response processes and laws of more plateau wetland plants with
more scientific experimental methods in the future.
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Fig. 1 Open-top chambers (OTCs) in Napahai wetland
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Table 1 ~ Values of temperature variables under different temperature conditions in 2015
5 A% 1 Temperature variable ( °C)
4k 3
Treatment A i B A 5 i BE AR B ZF- g H E] R 2 1) Bt
MAT (°C) MAX (°C) MIN (°C) SAT (C) DAT (°C) NAT (°C)
CK 8.83 37.69 -22.38 15.12 2572.79 281.66
ET-2 11.00 46.88 -19.13 17.76 3319.56 470.34
ET-4 12.59 47.50 -16.75 19.09 3877.70 562.04

. CK. MEEIR S (X B4 ) ; ET-2. (2.0£0.5) CIIRL; ET-4. (4.0£0.5) CHIJEL ., MAT. F YR, MAX. Efu iR,
MIN. 4ERARIRE ; SAT. PR ; DAT. HABUE; NAT. BB,

Note; CK. Ambient temperature (control) ; ET-2. (2.0+0.5) C increment; ET-4. (4.0+0.5) °C increment. MAT. Mean annual
temperature ; MAX. Maximum annual temperature; MIN. Minimum annual temperature; SAT. Seasonal average temperature; DAT.

Daytime accumulated temperature ; NAT. Nighttime accumulated temperature.
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Fig. 2 Daily mean temperature (A) and monthly mean temperature (B) air temperatures

in different conditions from January to December, 2015
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A. Cross-sectional anatomy of Z. latifolia; B. Epidermal structure; C. Mature vascular structure; D. Primary vascular structure. a. Cuticle;

b. Outer epidermal cells; c. Inner epidermal cell; d. Epidermal layer thickness; e. Conduit; f. Sieve tube.
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Fig. 3 Anatomical structures of Zizania latifolia in natural state
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Table 2 Stem anatomical structural traits of Zizania latifolia
ZEfi 45 M R SFH{E AR AL
Stem anatomical structure trait Mean ( Min.-Max.)
Mo B ZE A BUZEE CT,, (wm) 1.32 0.73~2.71
nﬁLz%i’%Ezémﬂ JE OET,, (pm) 4.71 2.44~6.68
Mo 2RISR AN TET,, (um) 19.11 14.52~25.86
Abov:fmzn% “tem Mo 1 2ERPRIRE ET,, (pm) 29.46 22.72~37.04
Ho b ZEMERE AR VA, (pm?) 37334.3 182 71.95~61 767.97
m%@%m CA,, (pm®) 2539.9 679.21~4 712.20
b b 2EOR AT AR SA,, (pm®) 2939.1 1425.21~5 029.51
R ZE A B2 R CT,,,,., (m) 1.38 0.74~1.90
MR 2RSSR B AR OET,,,,, (m) 5.17 2.46~8.68
M ZE N SR B AR TET,,,,,, (wm) 18.66 9.56~26.07
Undefgﬂri% wtom W ZEREZEE ET,,, (pm) 29.35 13.82~40.98
R AT R A VA, (pm®) 43 495.4 27 920.30~65 102.01
My F 25 AR CA,,, (pm®) 3758.3 2 186.84~5 648.03
R 256 B SA,,, (um®) 3214.3 1 675.20~4 442.22

x3 ETESORARBNEEEMR

FEMERERERFHEXME

Table 3 Correlations between stem anatomical structural traits of Zizania latifolia and

environmental factors based on stepwise regression models

B Il A B Il R A
i 2% Stepwise regression model Hb 25 Stepwise regression model
Aboveground Underground
stem Ao %’5& R P Stem s /%ﬁ( R’ p
Variable Coefficient Variable Coefficient
CT,, MAX 0.069 0.158 0.597 CT ynger MAX 0.019 0.119 0.690
NAT -0.002 NAT -0.001
Constant -0.730 Constant 1.073
OET,, MAX 0.160 0.323 0.310 OET ,ger MAX 0.613* 0.524 0.108
NAT -0.003 NAT -0.021
Constant -0.922 Constant -12.670
IET,, MAX -0.488 0.403 0.213 TET nger MAX 1.430 0.269 0.390
NAT 0.027 NAT -0.057
Constant 28.695 Constant -19.421
ET,, MAX -0.191 0.216 0.482 ET ger MAX 2.580 0.351 0.270
NAT 0.017 NAT -0.101
Constant 30.407 Constant -40.050
VA, MAX -6.305 0.026 0.923 VA jnder MAX 2 571.15 0.350 0.280
NAT 8.717 NAT -120.350
Constant 33 794 Constant -16 979
CA,, MAX 52.713 0.080 0.779 CA der MAX 231.80 0.492 0.130
NAT -3.224 NAT -11.750
Constant 1 631.500 Constant -1 301.200
SA,, MAX -112.900 0.259 0.407 SA ynder MAX 346.500%* 0.838 0.004
NAT 2.080 NAT —=16.700 %
Constant 6 996.500 Constant -4 737.900

1. Constant. #HH
Note; Constant. Intercept.
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Table 4  Correlations (r) of stem anatomical structural traits with the first two axes of principle component analysis( PCA)

SIS PR

Stem anatomical structures traits of Zizania latifolia

M F25

Aboveground stem

HF 2%

Underground stem

Hi— ki o Si— Tk o gk
PC1 PC2 PC1 PC2

FAJZ)ERE Cuticle thickness 0.31 0.13 -0.499 0.372
A AN Outer epidermal cell thickness 0.56 0.16 -0.168 0.931 %
N 2% 2 41 i L Tnner epidermal cell thickness 0.67 0.60 -0.482 0.820
F K2 )22 Epidermal layer thickness 0.61 0.75% -0.471 0.840*
A I Vascular bundle area 0.31 0.94 5 -0.715 0.552
FE TR Conduit area -0.30 0.45 -0.806* 0.381
45 TE AR Sieve tube area -0.36 0.84 % —0.871 % 0.289
AESFHIRBE Annual mean temperature 0.97 % -0.13 0.938 0.332
AR IR Annual maximum temperature 0.94 5+ -0.17 0.813* 0.534
AE AR Annual minimum temperature 0.97 -0.13 0.938 % 0.332
Z= IR Seasonal average temperature 0.98 -0.15 0.918 0.390
H [B] B Daytime accumulated temperature 0.975 -0.13 0.939 0.329
7% 18] B3 Nighttime accumulated temperature 0.98 5 -0.15 0.915 %+ 0.396

W EEDCHE I R FE R ; *. P<0.05, **. P<0.001.

Note; Significant correlations are indicated by bolded fonts; *. P<0.05, **. P<0.001.
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