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Abstract; Variations in precipitation had a significant impact on the alpine meadow ecosystem. Among plant leaf traits, leaf
vein properties are very sensitive to the changed precipitation. However, how the leaf traits of alpine plants respond to
precipitation variations was still little known. The precipitation in the study area was artificially regulated increase and
decrease of rain using rainwater shed, and the responses of leaf properties from 8 main plants in the alpine meadow were
systematically analyzed under 50%, 100% , and 150% rainfall treatments. This study investigated the effects of altered
precipitation on the vein mass per leaf mass (VMM ), vein length per area ( VLA), leaf size (LS), leaf mass per area
(LMA) , total organic carbon concentration (TOC) , total nitrogen concentration (TN) , carbon isotope discrimination (8"
C) and the ratio of carbon to nitrogen (C/N). The results indicated that water increasing significantly enhanced LS, §"C,
TOC, and TN, but significantly reduced for VLA. While water decreasing significantly reduced the LS and 8" C. There were
synergistic changes and mutual constraints in the response of plant leaf traits to precipitation alteration. Plants belonging to
different water ecological groups had different responses to precipitation alteration. Mesophytes actively responded to the
increase in precipitation by increasing LS and reducing VLA. The LS of Kobresia humilis was increased by 200.3% , and the
VLA was reduced by 17.5%. While dry mesophytes responded to the decrease in precipitation by reducing LS and increasing
VLA. The LS of Elymus nutans and Stipa purpure decreased by 54.9% and 30.7% , and their VLA increased by 25% and
22.4% , respectively. Pinnate vein plants could enhance VLA and 8" C in order to adapt to water increasing condition. The
VLA of Medicago ruthenica and Gueldenstaedtia diversifolia increased by 7.8% and 4.0% , and the 8" C increased by 2.5%
and 3.3%. While for parallel vein plants, they remained unchang or decrease. Water reducing enhanced VLA of parallel
veins plant and reduced 8" C, while had no impact on pinnate vein plants. The VLA of S. purpure increased by 22.4% and
the 8" C decreased by 2.9%. The plant leaf traits were much more significantly sensible to water increasing than water
reducing, and the effect of water increasing was about 2 times than that of water reduction. LS was the most significantly
sensitive among all leaf traits, about 10 times that of other leaf traits. Therefore, plant morphology plasticity played a
prominent role when responding to short—term precipitation variation. Enlarging or reducing leaf size was the most effective
way to respond to precipitation alteration. However, plant plasticity was significantly different among the water ecological

types and leaf vein types.
Key Words: climate change, alpine meadow, simulated precipitation, plant leaf traits, vein traits, synergistic response
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8 FHEY) , TEAMEY VLI 3—5 Bk, RAR FRLY Tl 55 — R 050 = it e, 23 [ 6 i iy i R ik
JE MR RN LM B R SR LR AR T R R R ) 5L R AR IR A L AR AR

k% ( Vein mass per leaf mass, VMM ) I &6 5 [ T2 — o = R S W s B 5 R, 539078 60°C
HEF R E, HETRESTE 5% M S B AL W P 2 1—3 min, BRIRR 248 (R AR RERGL , SR 5 1R UK 85
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Table 1 Two-way ANOVA of leaf traits under adding and reducing water between different species

RS AR Hfy i »

Error source Leaf traits Unit

[k RN (LS) mm? 2 <0.001

Precipitation ke B (VLA) mm/mm?> 2 0.01
Ik (VMM) % 2 0.89
et B a (LMA) g/m? 2 0.27
FRERR IR 2 T-4ME (31 C) %o 2 <0.001
A MU S (TOC) % 2 <0.001
ARG E(TN) % 2 <0.001
BRALL(C/N) 2 0.10

Yy F A K/AN(LS) mm? 7 <0.001

Species Hfﬂzk&f}%(VLA) mm/mm? 7 <0.001
kR (VMM) % 7 <0.001
oI i (LMA) ¢/m> 7 <0.001
R MR TAME (3 C) %o 7 <0.001
BAELER S & (TOC) % 7 <0.001
AR E(TN) % 7 <0.001
A (C/N) 7 <0.001

[k x A i R/N(LS) mm? 14 <0.001

Precipitation XSpecies ik (VLA) mm/mm> 14 <0.001
ke (VMM) % 14 <0.001
Lo it i 4 (LMA) g/m? 14 0.02
FoE MmN E T ME (81 C) %o 14 <0.001
SSA LR (TOC) % 14 0.049
2REEGE(TN) % 14 0.60
AL (C/N) 14 0.05

LS: MK/ Leaf size; VLA Ik )% Vein length per area; VMM : M-ik*® Vein mass per leaf mass; LMA ; LI i 5t Leaf mass per area;d'3C . &

ERRE A FE T4ME Carbon isotope discrimination; TOC ; 45 HLAK & H Total organic carbon concentration; TN ; 4> %% % Total nitrogen concentration ;

C/N:BE L Carbon to nitrogen ratio

F2 MR BE K IR L B I L 2= =

Table 2 Differences of leaf traits in response to precipitation changes

RN nfk s s & L nt 5T

LS/mm? VLA/(mm/ mm?) VMM/ % LMA/(g/m?)
%if B8 Control 516.16+567.68b 6.03+0.75a 26.06+17.82a 98.91+39.17a
7k Adding water 645.81+551.03a 5.83+0.95b 25.50+19.7a 99.02+38.78a
7K Reducing water 430.06+568.65¢ 6.11£0.87a 25.50+19.33a 96.85+40.06a

FRE B IRI0E 2 T4 E ST BB 5 EREE AL

33 C/ %o TOC/ % TN/ % C/N
%if B8 Control -28.40+1.33b 43.96+3.67b 2.40£0.25b 18.46+2.16ab
47K Adding water -28.15+1.07a 45.95+3.38a 2.57+0.29a 18.03£2.15b
7K Reducing water -28.83+1.09¢ 41.10x4b 2.36+0.27b 18.84+2.44a

AR R B 35 22 57 (P<0.05)

BK S EE R INAE EAE SR AR I iR B L K% B A BN T 7.8% (4.0% 5 384 /K (i 4505 A 7
PRI i B S 2N T 17.5% (81 2) o SRR 2B SR RS2 B TP B JRR AL TT RN S O A ik
FETC W AR . WK B RN T T AR A AN S S A ko L IOk B 43 IR N 25% A1 22.4% ;3K
AL E e oK 4% RRAETURN TS (22 B S i i K B2 0 50 S 2 020 5.5% 2. 7% \4.6% 1 19.7% (K1 2)
VBR8£I W 2 T ) I JDK 8 88 DI I 2B P T o R/ P 398 0 A2 A, AN [) 40 A o ok 265 2 4 4 AP A 22
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Fig.1 The response of different plant’s LS to adding and reducing water, the different words means significant difference
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Fig.2 The response of different plant’s VLA to adding and reducing water, the different words means significant difference between

contral and warming

AR FEACERA B 25 (P<0.05)
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Fig.3 The response of different plant’s VMM to adding and reducing water, the different words means significant difference between

contral and warming
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Fig.4 The response of different plant’s 3'* C to adding and reducing water, the different words means significant difference between

contral and warming
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KK AR AL Wyt R AR S A RS8O0 35 B e g R 7 ) U (36 3) o AR R PERORT R K
AR 225 R TR, 240 9K A 2 A%, BERHAS IS It K% B0 b s~ ek K ) K8 T 157 5 SR RV, [ g % 2
K8 A — 2 HE B (P 5) 5 i A R/ NI B 35 R T e PRIk, 20 JL e i Ik 10 47, i)
I J7 R/ N AE AT ARG A48 7 A K AR AR B R 57 (1] 5) 5 BRAE @R AR (S ok AR A = R i)
PR, RS W 22 5 TEREDIRAT SR RRAETUM S A Ze b SEUSHERLAR (181 5) , UL [RI P Rt 1
RIS AR AL BRI O A7 A E R R 22 5

F3 BAERTMYMNERE=ZERFTESTER
Table 3 Three-way ANOVA of sensitivity among different precipitation, species and leaf traits

1RZEVR Source df P
[#7K Precipitation 1 <0.001
ecies <0.
PIFh Speci 7 0.001
PR Traits 7 <0.001
PFhix 7K SpeciesXPrecipitation 7 <0.001
P p
PFf PR SpeciesxTraits 49 <0.001
PR X FEEIK TraitsxPrecipitation 7 <0.001
p
Py Ffx K xR SpeciesxPrecipitationX Traits 49 <0.001
L6 -2 -
ENGEZS B R Wyl
14| A -
S 12t
s
3 10t
=
Z 08t !
2 b
w2
= 0.6 a 3 b b
® T
4t A 1
g 0 Il b . c . ) c
02 |—x—| r |-x-| ed ed cd  odf ’_I_‘ ’_}‘ d ’-I_‘
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0 L L L |+| P e Y I'"I L |—=—| L L L L I_l—l L L L |_x—| L s
%8 %8 49 5 2 < P 8 £ z EB2EPEsindES KIKY HKS
EZ ' E 5 2 3 % £ T O miw:Eizdoiosii B
o on HE &S IS ¥ XL &S Wy
=) a N I 2 1% S L9 = QU
= 5 By 85 8w S E: 3
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