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Abstract. The growth status, chlorophyll content, soluble sugar and free proline content, and
superoxide dismutase ( POD ) activities in four species of common perennial wetland plants
transplanted to different altitude levels on the Napahai plateau wetland, and the physiological
characteristics of the plants during growth were studied. The results showed that the growth
status of Scirpus validus, Heleocharis dulcis, Sparganium stoloniferum and Zizania latifolia
were improved as altitude decreased. Plant heights of the four wetland plant species tended to
increase as altitude decreased. Both S. validus and H. dulcis exhibited widening stem length as
altitude decreased. The leaf widths of S. stoloniferum and Z latifolia tended to increase as
altitude decreased. The chlorophyll(a + b) contents of these wetland plants tended to decline
as altitude decreased, as did soluble sugar and free proline content. POD activity in H dulcis,
S. stoloniferum and Z latifolia decreased with decreasing altitude but showed no significant
change in S. validus; POD activity in S. stoloniferum and Z latifolia were much higher than the
other two species. Therefore, the adaptive morphological and physiological characteristics of
the four species to habitats at different altitudes had many approaches, such as variations in
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morphology, photosynthesis, metabolisms of cold-resisting substances and systems of anti-
oxidative enzymes at different altitudes. The different adaptive approaches between the plants
not only exhibited common rules, but also possessed their own characteristics.
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Table 1 Nature surveys in the experimental regions

SR, IR

9 H5HR

AEHRER R 9 Ak

y=n
Experimental Aﬁﬁ'&% ) Annual mean Mean temperature Annual mean Mean rainfall Cliﬁﬁﬁﬂes
regions temperature ( °C) in Sep. (C) rainfall(mm}) in Sep. (mm) yP
#iE%E Napahai 3260 5.4 619.9 746.6 cmc
Hini¥E Lashihai 2437 12.5 14.7 1000 1142.8 emc
B Kunming 1891 15 20.3 584 599.3 smc

H:: ome - FIRWERNAME; eme — R ZEREEE; sme — WRIFRRE B,

Notes: cmc, Cold-temperate monsoon climate; emc, Extratropical monsoon climate; smc, Subtropical monsoon climate.
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Table 2 Species used in the experiment
YFh 5 HENE S P
Species Habitat Life form
YWELR} Cyperaceae
#EE 8 Scirpus
7k & Scirpus validus Vahl if, p, wl ph, ep
Z:3% 8 Heleocharis
EEFE Heleocharis dulcis if, p, wl ph, ep
(Burm. F. )Trin. ex Henschel
M — 4Bl Sparganiaceae
=¥ Sparganium
& =4 Sparganium stoloniferum wi ph, ep
(Graebn. )YBuch. -Ham. ex Juz.
KAHR} Gramineae
B Zizania
& Zizania latifolia( Griseb. ) Stapf Im ph, ep

HE: f-33; p-Y0dE; wi -8, Im -#%; ph-244
RA; ep —HEKHY,

Notes; If, Lakefront; p, Pond; wl, Wetland; Im, Lacus-
trine marsh; ph, Perennial herb; ep, Emerged plant.

2.2 Wizt

T 2011 4E3 [, ZRSAe Al BN T 4
N T MR A R A TR N R i Ny N 2 5
bl gt e AH ] e (4 x 3 AN) TR AL, /Nl
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B 4 Fi LA Yy A G R i E R 2 A
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WAL, FEFREY RN T 4D AR T R
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Ab B ZET H A0 IIR, 2R 5 e BCE s A B
FEA T4y R A B & ,

i, RAEKEBLAFRK B RIZER 2L T A R
71BN b 2 e AR Y TR
AHYR 100 00~12 1 00, FI¥R/KYEHe, FHIBLRR
TR, 2 ABRICIT I OREEAS Tt AR £
SRR R, ] R SE R A — T0°CIR IR vk A
B, DA BT & 0l B AR I . BT
S L BEPIRAE 4 BB RS, T4 iR Y B
(A B B RSP BB A R A ) I — R AR A
41, B3 ANEALLLIN T EHEAE R R YL B AR 1Y
Wi,

2.3 WMEH*E

BEDLIE BUAS T AL /N AL A ORI B4, K #—
. BOEHAMNRET, MR R KA, 5%
25T, B RANE TR AMET 23 R I i g
M —RRAE YRR . 2R OKAL 258 Rink 5
(T, M=H),

B MR A I AE KR T 2 d J5 PRI
FRAE bR, ERAET RN ES K Amon
Mkt , WisE 663 nm. 645 nm IEOGAE; W
VPR SRR T RO e kU0 W s W B IR
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FrECR B KRR IR, B =W ek e 5
o4 AL Y ( superoxide dismutase, POD) 3543k
FARAIARBE 2 Wik, &4 470 nm 4ot
BEARE 0. 1 — AN J1 BpL(U) 6
2.4 HiEgE

Byt LEas ] Spss17. O A TN R
Ji 20387 (two-way ANOVA) , 255 W 5 VR B
K% z:8% (Duncan’ s) HEATRYR o

3 HREHM

3.1 BREES 4 MR MY & KR KR

AT 45 (A ) SR S N FEAR R SR R T AR B A
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3.1.1 BREES 4 FigEY R KR

7 B WL T T K 280 PRI 056 0 e M
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0. 0071) ; 755 W AL TIT 000 i 208 54 1Y Bk it 20 2
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0.013) ; 7F B WAL s 00 68 = (¥ ok oo 2391
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(p=0.000); 75 E:WIZ2 5L KRR i 53 ) e 49 1 6 T
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Table 3 Height comparisons between the four wetland plant species growing at different altitudes

#E  Plant height (cm)

AItitu%ci}?( m) K& 2H3F Mg -3
Scirpus validus Heleocharis dulcis Sparganium stoloniferum Zizania latifolia
3260 180.25 £ 2.94c¢ 72.12 £ 0.93c 74.00 = 3.02b 166.675 + 1.66b
2437 194 + 2. 25b 77.37 £1.16b 90.375 +2.212a 170.625 + 2.75b
1891 214.125 + 1.55a 81.37 £ 1.82a 94.87 +1.05a 195.625 + 3.89a

1 WFA AR NG P38 225778 0. 05 K V- B (n =8) , F .

Note . Different letters within the same column indicate significant differences at the 0. 05 level. The same below.

R4 FRBREES FiDEWEHE(HE) LR

Table 4 Stem length (leaf width) comparisons between the four wetland plant species growing at different altitudes

ZEH/5%  Stem length/Leaf width  (mm)

AItitu%ci}?( m) K& 2H3F Mg -3
Scirpus validus Heleocharis dulcis Sparganium stoloniferum Zizania latifolia
3260 9.6 +0.22¢c 1.77 £ 0.26¢c 5.455 +0.21¢c 13.256 + 0.88b
2437 11.767 £0.41b 2.612+0.11b 9.017 £ 0.2% 15.305 £+ 0.39ab
1891 13.827 £ 0.35a 3.281 +0.12a 11.021 £ 0.51a 16.2 £ 0.99a




374 R ]

I

x5 TRABKEE4IMEREYHER(a+D) FEHNEHR

Table 5 Variations in chlorophyll (a+b) content of the four wetland plant species growing at different altitudes

M-4i#E(a+b) Chl(a+b)(mg/g)

R — —
Altitudes (m) KE oy R
Scirpus validus Heleocharis dulcis Sparganium stoloniferum Zizania caduciflora
3260 1.920 £ 0.107a 1.377 £0.045a 1.579 £0.139a 1.460 £ 0.119a
2437 1.704 £ 0.128b 1.163 £ 0.106b 1.122 £ 0.142b 1.290 + 0.102ab
1891 1.316 + 0.056¢ 1.057 + 0.066b 0.708 £ 0.105¢c 1.145 £ 0.077b

TR AR AP R MY 2.23 f5(p =
0.000) Ai1. 4 £5(p=0.005) ; 7E&4rIMsN 38 &
R4k (a + b) % 843 2 B W AL e 2 1
1. 25 f#(p=0. 009) F1 1. 13 f%(p>0. 05) ,
3.3 EHBEEXT 4 MiRtE M AR RS BRI RN
TR SRR RN EER Y
JRU, H B PR AT SR W b e T i
$io HE 2 MEH, BEEBRMEEL, 4 R
YT PR S R W R (p <0.05) , Hirfr,
TEGRIMEIE KA, B, SRR T bk
Wigr R WM 8.79 f£(p=0.001), 5.62
f%#(p=0.001) . 4. 02 f#(p=0.000) i 14. 13 {%
(p=0.000), FEGNINMgETei, 4 RiRE Y] 5 Hhbh
TR BESTIHER; BRKASN, He 3 fimi
YT B P R AR DL Y T e A R W B AL 3425 52 i
F(p<0.05), FERl—W4R T A 6 4l F] s
Wi Bl — e S, RGN 4
RIS MI T PR & RN 25 BN B35 (p <0. 05),

5181 m3ze0m aA
~ D16 02437m aB T
§g1.4- m1891m [ aC
] § 1.2+
g g 1.0F bA bA
"6 0.8 r
% Zoel 2 bB
= 8oaf | [PC cA
c
8 0.2f bB cB
0 1 1 — 1
KH R e
Scirpus  Heleocharis Sparganium  Zizania
validus dulcis stoloniferum  latifolia

ER YA W R WA F NS P8R8 225772 0. 05 KB
(n=4), HFBRA R YR RE T L7277 0. 05 K
FRE(N=4), FH,

Different small letters within the same plant at different altitudes
indicate significant differences at the 0. 05 level; Different capi-
tal letters within different plants at the same altitude indicate
significant differences at the 0. 05 level. The same below.

2 FEBREE4 HEREDTIEESENTUL
Fig. 2 Variations in soluble sugar content of the four
wetland plant species growing at different altitudes
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Fig. 3 Variations in free proline content of the four
wetland plant species growing at different altitudes
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Fig. 4 Variations in POD activity of the four wetland
plant species growing at different altitudes
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