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Alpine Meadows on North Tibet Plateau
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Abstract: Low-temperature stress is a critical factor regulating plant growth in alpine meadows on the Tibetan
Plateau. This study selected common forage species from four functional groups in alpine meadows in North
Tibet, measured their cold-tolerance-related physiological indicators, and explored the impact pathways of live-
stock grazing exclusion, climatic conditions, soil nutrients, and plant community structural regimes. The
results showed that (1) cold tolerance-related physiological indicators were significantly different among species
and plant functional groups (P<C0.05) without significant differences between inside and outside of the fences
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for grazing exclusion; (2) at the community level, malondialdehyde (MDA, peroxidase (POD), and catalase
(CAT) activities were positively correlated with growing season precipitation (GSP) ; superoxide dismutase
(SOD) activity was positively correlated with growing season temperature (GST) ; soluble sugar (SS) and
SOD were negatively correlated with soil total nitrogen (STN) ; SS and soluble protein (SP) were negatively
correlated with soil total phosphorus (STP); proline (Pro), SS, and CAT were negatively correlated with spe-
cies richness and the Shannon-Wiener index; Pro was negatively correlated with the Simpson's diversity index;
and aboveground biomass (AGB) was negatively correlated with MDA and CAT (P<Z0.05); (3) the struc-
tural equation modeling (SEM) revealed that AGB was directly affected by temperature and antioxidant enzyme
activity, with path coefficients of 0. 39 and —0. 41, respectively. Soil nutrients and community structure indi-
rectly affected antioxidant enzyme activity through osmoregulatory substances, with effect sizes of —0. 13 and
—0. 18, respectively. Precipitation affected AGB indirectly through antioxidant enzyme activity, with an effect
size of —0. 30. It is recommended to elucidate the mechanisms underlying interactions between cold tolerance-
related physiological indices and environmental variables on plant survival in alpine meadows in further studies.

Key words: Alpine meadow; Community-weighted mean; Livestock grazing management; Plant functional

groups; Soil nutrients
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Table 1 Site information on geographic locations and climatic conditions
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site-1 R Sog WAL Yagla 93.88 31.93 4036 341.70 4.73
site-2 [ 7 Zagén ¥ 41 £ Marru 93.65 32.24 4333 317.75 3.72
site-3 H A Biru B i -F Xagquka 92.83 31.79 4258 350.55 5.28
site-4 %% Amdo LM Za ring 91.73 32.13 4777 316.10 4.10
site-5 &% %€ Nyainrong K % Serqen 92.32 32.10 4647 367.25 3.15
site-6 4 J¢ Seni % 14 Lho’ ma 92.16 31.26 4464 330.25 5.82

WK EREIK (GSP); A K ZFESRIR(GST). T

Note: GSP, sum precipitation during the plant growing season; GST ,mean temperature during the plant growing season. The same as below
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Fig.1 Comparison of soil nutrients, biodiversity indices and aboveground biomass of different functional groups between inside
and outside of the fences
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Note: Different capitalized letters indicate significant differences among different functional groups (P<C0.05) ; Different lowercased letters indi-

cate significant differences between the inside and outside of the fences (P<Z0.05). The same as below
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Table 2 Comparison of dominances and cold tolerance-related physiological indicators among different plant species

PR Sedges AAR Gramineae G# Legumes Jek L Forbs
ib/pira mIEE  FRAEE o MY ZHEEK  BRERE  HHZERE KA E CAZRR EHGHE
PFGs Kobresia Carex sz'p;z surpurea Ouxytropis — Astragalus — Argentina Potentilla ~ Leontopodium  Potentilla Lagotis
pygmaea  moocroftii biflora strictus anserina saundersiana  leontopodioides  bifurca  brachystachya
s 38.98" 459" 1.67" 8.23™ 0.54% 3.18° 13.24% 3.56™ 4.44% 0.73"
Species dominance/ %
[ 28.92" 23,94 17 46 19.18" 30.85" 27.75™ 23.10" 17.03° 39.67 2009
Malondialdehyde/ (nmol+g ")
[HE=Y 122,38 108.96™ 158.71" 88.27™ 2768 35,46 25.65% 6.62° 61.69° 4.83he
Proline/(pg-g ™"
RN 19.97% 15.46™ 8,30 5.10% 1.85 32.59" 11.16" 578" 41.97 40,34
Soluble protein/(mg+g ")
T 8.39" 6.46" 3,78 2.06" 0.84¢ 10.03® 4.95" 267" 20.56° 15,82
Soluble sugars/(mg+g ")
A AL T 536.76"  825.67 541.23" 623.91% 561.87" 839.57° 578.08" 619.97" 525.02" 601.48"
Superoxide dismutase/(U+g ")
AR 4.21° 453" 3.96" 4.09° 4.89° 4,64 435 4.32° 453 4.32°
Peroxidase/(mU-g )
AR 69.94" 46.50° 63.57" 57.57% 66.19" 46.32" 66.78" 62.07" 76.43° 49.32%
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Fig.2 Comparisons of membrane system damage indicators
of alpine meadow plants between inside and outside of the

fences and among different functional groups

GE A5 4R bR T U B i IR 20 RN 4 I 6] 8 0 ) o
i (& 3)TE A 7] 2 e #F =2 8] £7 78 22 5 (P<<0.05) .
BRI F A [5) 2 g 7 4 ) B 2R 40 8 495 46 A% MDA
25 W3 VR RRL MDA & &t W35 & T H A D) BERE .
RAFBLFNE] Pro & & 22 5 K, IR BB R AR B
Profm B & m T2 E . SPCA 3b) A1 SSCIE 3¢)
ERWER SRR ESRAR TR A
FEAE S

2.4 BEAIFMEAEERERMSEET. L
EESRBEERIENXER

BEVE KT b S B 5 B &R Ge i 4 Fl i Ak
it 0 P 2 B R ARG, R HESR A E R B A R
Y Jou, Wb 2 RE AR bR 5 0 D W T K b R AL
T PE R E U OE (B 5, P<<0.05), HH, MDA,
POD,CAT 5 GSPIE# & ,SOD 5 GST 1E# ¢,
SS.SOD 5 STN i # 3¢, SS.SP 5 STP i # ¢ ,
Pro.SS.CAT 5 Richness } Shannon & %% fit #H 3¢ ,
Pro 5 Simpson #& 8 1 405G, #h E A= ¥ & 5 MDA il
CAT k.

GSP Al fi B MDA & 4 14. 15% #9728 5 (& 6a,
P<C0.05) . Shannon %5 %% #1 Richness 43 %] i B T



922 ¥ o ¥ % 34 %
a b C
30 10.0
—_ Aa
- I —~ Aa
300 | [ k4 Grazed o0 <

& B 254 Fenced %‘3 $
s 3 Aap, g 751 BaBa
= Aa 2 20f g
g A = &0
£ 200 a a paBa | 2
o — (]
& < = 5.0F
i% AaAa & 10 3
=100 Aapg ﬁ[ ﬁ

i s 25k Ca CaCa

= Cacyg CaCa « Ca

5 =

BaBa | &
WERL RARL  ER ek WERL ORAR TR R WERL RAR TR JediE

Sedges Gramineae Legumes Forbs
B3 SEEAEMESERTYREBRENMARINERZ GHILER

Fig.3 Comparison of osmotic adjustment substances of alpine meadow plants between inside and outside of the fences and
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Fig.4 Comparison of antioxidant enzymes of alpine meadow plants between inside and outside of the fences and among different

functional groups
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