5540 B 1) *E &~ 2 Eild Vol.40,No. 1
2020 4F 1 A ACTA ECOLOGICA SINICA Jan.,2020

DOI: 10.5846/stxb201811262562
BRI XU, AL, o T TR TR U IR I R B AR ) I ARER AR AR S A 253 R AR AR 41, 2020,40( 1) :295-309.

Zhao G S, Liu M, Shi P L, Zong N, Zhang X, Zhang X Z.Variation of leaf and root traits and ecological adaptive strategies along a precipitation gradient on
Changtang Plateau.Acta Ecologica Sinica,2020,40( 1) :295-309.

ZESEERAEEEYITHR BREERTRMETIE
IVEOE i

AR R R maEALDY R Tk & REND
1 E R B b BB} 22 5 TR URAT 5 0T AR A R G I 4 W S A 000, Jbat 100101

2 EZEMO AR FURZ 5 & ERFIT L, 63 100714

3 W ERA RS R IR S5 ER, dbaT 100190

HE R AR RS YRR 0 i B R T, R B PR SR B 18 (b R e T ARG A IR R B K 435 35 43 B IR U e
X R AR AT L A AE ST R . S DR A KB BE A T FE B TR I RAR R B IR 56 RIS AN 48 7 PR B 66 B o) Al
Yotk B0 YB VRt T O BB TE | RN AR R IR L I R A IO R s B LA . Uk, 3R 3 AL B AR R R A i A AR
FX MR . L AR (SLA) A EEAR S (SRL) 5 B 07 B it i & i (LN, ) FIEO TR EEAR L & i (RN, ) 5 A0 AR I 2 7 it
(LN, ) FIEALNLA EEAR A S A (RN ) ST RS P b b S O PR AE S R AE B S G D 7 9 06 3R BT A A Ptk
NoF Fol T A 25 R K 43 IR S B 4 R 2% 1033 7 SR s . IS 2R A, I s A A 1 S8 BRI S By - MR SR TR R MR AR
TS LA & i SRL, XCEA & 1 it 5 AR &R 9 37 40 & & (LN, , LN,.. F1 RN,...) o SLA-SRL.LN, . -RN,.. .LN,..-
RN, IR A AUH IR 7ET 5430 (AEBE R B MAP < 400 mm ) fY 5 F8 555 552 158 20 J5L R B 08 3 ( MAP > 600 mm ) 19 72 € i
X AP G 22 SO WA 1T P ]I (400 < MAP < 600 mm ) F4 i3 555 ) 37 70 ALK 70 BRAUAS R AR SR ZL, 7 AR R IR 3 £
MR FECR, MEY DRSBTS , B RAR BRI B FIAR Z o Mtk 2 () A SR ZU AT G R, T R omti iy
WAL SRL MM AR R F4 & T4 = /K A3 A5 0 W Ry , [ B3l A I v O 260 & i B = B B R ICRE T, BB T 4R
FARKMYTRIE, FEIUH T RIHL T RIS T R A Y R R 9 35 43 B R HAR RS 1 T (1 2 BB
RSE a0 ) T LSRG T ZE TR I AR A WSRO N SLA , e Redth BB A 2R A ARG

SRR SEHE R KRR B 5 I RAR R MR IR IR 5 AUAE 5 A 283 iy o 5

Variation of leaf and root traits and ecological adaptive strategies along a

precipitation gradient on Changtang Plateau
ZHAO Guangshuai'*, LIU Min®, SHI Peili"* ", ZONG Ning', ZHANG Xin®*, ZHANG Xianzhou'"

1 Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China
2 China National Forestry-Grassland Economics and Development Research Center, State Forestry-Grasssland Administration, Betjing 100714, China

3 College of Resources and Environment, University of Chinese Academy of Sciences, Betjing 100190, China

Abstract: Leaves and roots are the most important organs for plants to acquire resources. Trait variations across
environmental gradients reflect photosynthetic carbon acquisition, the water and nutrient absorption capacity of plants, and
their ecological strategies for adapting to environmental changes. Studying leaf and root pairwise traits of alpine grassland

communities along a precipitation gradient on Changtang Plateau can not only reveal the shaping effect of environmental
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gradients on plant traits but also provide a basis for understanding the adaptation strategies of plants in extreme environments
such as cold, drought, and barren land. Therefore, we selected three representative pairwise leaf and root traits: specific

leaf area (SLA) and specific root length ( SRL), unit mass leaf nitrogen content (LN__ ) and unit mass root nitrogen

mass

content (RN__ ), leaf nitrogen content per unit leaf area (LN__) and root nitrogen content per unit root length ( RN,

mass area leng(h) ’
to analyse the variation in characteristics of above-ground and below-ground pairwise traits of different dominant plants and
their relationship with environmental factors. We also explored the adaptation strategies of plant traits to water and nutrient
limitations in alpine ecosystems. The results showed that variations in leaf traits caused by regional climate and soil

environments were greater than those in root traits. The plants at the dry end had both high SRL and high nutrient contents

IN,.., and RN ). The SLA-SRL, LN, -RN and LN, -RN, . all showed a trade-off

area mass mass mass area

in the leaves and roots (LN, ..,
relationship, especially in the alpine steppe and desert steppe at the dry end (annual rainfall MAP < 400 mm) , and alpine
meadow under extremely humid conditions (MAP > 600 mm). However, in the middle region (400 < MAP < 600 mm) ,
nutrient and water limitations in the alpine meadow were not very strong, and the leaf and root traits showed a more
coordinated relationship. From the perspective of plant functional groups, there was a stronger trade-off between the pairwise
traits of the leaves and roots of sedges and grasses. The drought-end plants increase the absorption capacity of water and
nutrients by increasing the SRL and leaf and root nutrient contents, meanwhile increasing the photosynthetic carbon
acquisition capacity through the high nitrogen content of the leaves. This ensures the source of root growth, showing
strategies for simultaneous investment in both above-ground and below-ground. It is an important strategy for drought-end
plants to maintain high nutrient content to resist and adapt to severe cold, drought, and barren environmental stress, while
for plants at the humid end, the ecological strategy is to increase SLA and maintain above-ground photosynthetic

productivity.

Key Words: Changtang Plateau; precipitation gradient; leaf and root traits; coordination; trade-off; ecological

adaptive strategy
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Table 1 The location and environmental characteristics of sampling sites

iR 202 S K AR R B AEIR Pl
Site Latitude/(°)  Longitude/(°)  Elevation/m MAP/mm MAT/C Dominant species
1 31.2720 92.1495 4464 632.9 0.9 E VIAIEANTE A S el
2 31.5882 91.6590 4635 525.8 -0.4 SALH S PHE R B B
3 31.3971 90.8138 4619 466.1 0.1 KALE
4 31.3942 90.3135 4632 432.6 0.2 A S TP
5 31.6226 89.4819 4660 395.0 -0.7 AL TR
6 31.7149 88.5858 4558 366.7 -1 SALE S KB
7 31.8696 87.8611 4570 344.1 -1.4 AT R
8 31.7940 87.3316 4557 327.6 -0.9 SEACE P T
9 32.0846 86.9078 4615 310.8 -1.5 AT TSR
10 31.9039 86.3425 4756 291.7 -0.8 SACE S TR
11 31.9944 85.5666 4928 261.1 -0.6 SALH T A AL
12 31.9949 84.8298 4591 230.2 0.6 LA E TR
13 32.2682 84.3156 4498 204.3 0.7 EVIXIED

MAP; mean annual precipitation; MAT: mean annual temperature
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T, FIH cropwat 8.0 #A4I18.3K45 (hitp : //www. fao.org/nr/ water/ infores _databases_cropwat. html) , 18 [ A
PHAR ST A (Ra, kWh m™ d7') 22k B NASA $aHE A 1l 1 <4 A1 K FH BEZU 4 4 (hitps ://eosweb. larc. nasa.
gov/cgi—bin/sse/grid.cgl) .
1.3 Basb B
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Fig.2 The relationships between leaf/root traits and climatic factors
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Fig.3 The relationships between leaf/root traits and soil nutrient and elevation
I E LR MEAR S S K, TR A DG BB 2R Il 7 s TN ; 338 S0 soil total nitrogen content ; C :N ; - 3ERK & LL soil carbon and nitrogen ratio; IN;
FHETEHLA inorganic nitrogen; E: MEHK elevation; SLA ; HLI TR specific leaf area; LN, : B0 5T & M % & & unit mass leaf nitrogen content;
LN o - AL TR 205 1 leaf nitrogen content per unit leaf area; SRL: AR 1 specific root length; RN, B0/ i 5t AR Z( % & unit mass root

nitrogen content; RN,,, : PA( A BE MR 2075 B root nitrogen content per unit root length
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Fig.4 The variation of leaf/root traits in different taxa along with precipitation gradient
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purpurea;S. j: XT3 Saussurea japonica; SLA ; LI TR specific leaf area; LN, : A BT & M0 7% & unit mass leaf nitrogen content; LN, : Hf3
TR 207 & leaf nitrogen content per unit leaf area; SRL: AR specific root length; RN, : H07 BT AR % & & unit mass root nitrogen content;

RNI‘,,‘g[h BN KR A S root nitrogen content per unit root length
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Table 2 Standardized major axis regression analyses for leaf and root pairwise traits on the Changtang Plateau

HEGERE 1 f2ER

JLRUEERIN 2 P CES U The difference from the assumed slope of 1
Pairwise traits Slope Intercept
F P
SLA-SRL 0.26 <0.001 -0.21 2.68 502.95 <0.001
LN 0o RN e 0.15 0.001 0.65 0.83 17.43 <0.001
LN s -RN g 0.14 0.001 -0.2 -1.1 453.34 <0.001

SLA ; tbi i specific leaf area; SRL: lLARIK specific root length s LN, : A BT M2 % unit mass leaf nitrogen content; RN, : PR BT AR
Y =N

Z % HE unit mass root nitrogen content; LN, : JL7 [ B A % 7 &L leaf nitrogen content per unit leaf area; RN, gy B FE AR AU S & root nitrogen

content per unit root length

R 3 FEIMEFXEFEY RS H_EF T B AR H AR A 50 BV 5 47

Table 3 Standardized major axis regression analyses for leaf and root pairwise traits in terms of precipitation ranges and taxa

R 5
AR il Y T e
Pair-wise trait Range/mm Slope Intercept homogeneity (P) homogeneity
(P)
SLA-SRL AF R <300 21 0.76 <0.001 -0.16 2.54
300—400 2 0.38 0.002 -0.16 2.51
400—300 8 0.12 0.4 0.35 0.69 0.13 0.001
500—600 12 0.08 0.39 0.18 1.49
>600 9 0.35 0.09 -0.32 3.09
Py FRRE(ZIER) 17 0.04 0.45 0.25 1.37
B (HHER) 11 0.56 0.008 -0.44 3.53 0.24 <0.001
RE(EALHT) 38 0.26 0.001 0.46 03
HRHNEH) 6 0.004 0.9 0.52 0.5
LN s RN oo SRR HE <300 23 0.001 0.87 -1.04 2.43
300—400 23 0.03 0.43 0.9 0.58
400—500 8 0.09 0.46 0.78 0.72 0.04
500—600 12 0.05 0.51 0.62 0.83
>600 9 0.02 0.74 -0.24 1.6
Pyl T (BB 19 0.06 0.32 1.32 0.18
B (A 13 0.07 0.37 0.59 0.95 0.008
REL(EAEHT) 37 0.38 <0.001 0.65 0.82
HRHOES) 6 0.78 0.02 1.43 -0.04
LN e RN g, AR RE <300 21 0.16 0.07 -0.21 -1.07
300—400 21 0.47 0.001 -0.18 -1.06
400—500 8 0.43 0.08 0.37 0.38 0.41 0.003
500—600 12 0.45 0.02 0.18 -0.26
>600 9 0.56 0.02 -0.17 -1.06
Py ’“3@( ) 17 0.12 0.17 -0.66 -1.92
E(HMER) 11 0.24 0.13 -0.4 -1.67 0.62 <0.001
ﬂkﬂ( RAH ) 37 0.07 0.11 0.55 0.91
HEHES) 6 0.57 0.08 0.48 0.28

VP WF9T3R W FR 35 IR - RE A A R S AL A I RE MR Fry 78 5314500 S il v D /A o 5 AR T 3l )
b MR IIREMRR 0 2 25 e S A M b bR RO R [ K g3 K H R B R S SR AL R
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