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Variations of root traits in three Xizang grassland communities along a precipitation gradient
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Abstract

Aims Root functional traits and their variations mediate coexistence and adaptive strategy of plant species. Yet,
strong environmental constraints may induce convergence of root traits among different plant species. To study
the variations of root traits and clarify the diverse adaptive strategies across plant species, we sampled three alpine
grasslands along a precipitation gradient in the Xizang Plateau.

Methods In three grassland communities along a precipitation gradient: Nagqu, Baingoin and Nyima from east
to west of Xizang Plateau, we collected 22 coexisting plant species and measured three key root traits: 1st-order
root diameter, 1st-order lateral root length and root branch intensity.

Important findings The main results showed that: (1) the root of plants in the alpine grassland was generally
thin, and the interspecific variation was also small (22.76%); (2) the root diameter of 86% plant species was in the
range from 0.073 mm to 0.094 mm. Compared with the thick-root species, thin-root species had a higher root
branching intensity, but shorter lateral root length. In addition, at community-level, plants mainly increased root
diameter and lateral root length, but reduced root branching intensity to adapt to the decreasing precipitation;
while at species-level, the plant species exhibited diverse adaptive strategies along the precipitation gradient.

Key words trait variation; adaptive strategy; root branching; root diameter; root length; alpine grassland
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Table 1 Basic information of the sampling sites of root in Xizang alpine grassland communities

b 55 B PR HEREK R TEEGE IEmSE RIEmEL

Site Latitude and Mean annual Mean annual Elevation (m) Soil N (%) Soil C (%) Soil C:N
longitude temperature (‘C)  precipitation (mm)

i Nagqu 31.65°N, 92.02° E 22 445 4 600 0.193 1.965 22.97

HPEX, Baingoin 31.43°N, 90.03° E -1.2 329 4700 0.117 1.081 13.93

Jé¥ Nyima 32.08°N, 86.90° E -3.1 286 4780 0.115 2.062 18.24
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14% 52 12%; JE 353 B oA FIR VI Fh e 0555
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microphylla), 5% 77 /228%. 26%/224%.
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2014).
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[l YR8 IRB Gentiana cr
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Fig. 1 Variations of phylogeny and traits among the 22 plant species in the alpine grassland.
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Table 2 Summary of the three root traits for 22 species in Xizang alpine grassland

HRJEME Root trait f/MHE Min. X AKfE Max. TFHIME Mean A5 REL Coefficient of variation (%)
— 2RI E 4 1st-order root diameter (mm) 0.073 0.142 0.088 22.76
— AR E Ist-order root length (mm) 0.335 5.239 1.541 80.19
M R4y Root branching intensity (No.cm™) 1.119 12.041 4.439 61.05

3 VU R R R 22 B A R RS S (G B SR BB R AR T (T 3RS 1 (W) ) Pearson A 55 14

Table 3 Pearson correlations with (top right) and without (bottom left) phylogenetically independent contrasts for root traits across 22 species in Xizang alpine

grassland

@M Root trait

—{IRE 1st-order root diameter 4> X 3 Root branching intensity

—ZFARKSE 1st-order root length

— MR E L 1st-order root diameter
AR5 #E Root branching intensity —0.432°

—ARKE 1st-order root length 0.728™

-0.008"™ 0.672"
-0.139™

—0.573"

ns, AEFE; * p<0.05; **, p<0.001.
ns, not significant; *, p<0.05; **, p<0.001.
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Fig.2 Community-weighted root traits of the three grasslands along the precipitation gradient in Xizang alpine grassland.

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



JEIERSE: VU R AR R R A BRI N AR )R 1099

~ 0.18 36%

mm
>

E 016} 32%
0.14}

0.12+ -[

0.10} ns. 13%—14% §

0.08 | E“

t-order root diameter

S
(=3
(=2
(=

(=R
[=J =
N B

—FWER 1

(=]

W (< NS |
—

~

13%-97% s

w
T

N

ns ns

i

—ZARKPE 1st-order root length (mm)
2

(=] —
—H
waval]

—
(=]
J

54%—69%

I

oo
T

=)}
T

123%

ns

N

ns
45%—47%

1ITh

RRIF R
Root branching intensity (No. cm™)
[\

(=]

Ad Ts Lp Sp Pb Om  Hs
YFP Species

. Hf? 0.078 0.081 0.082 0.087 0.087 0.125 0.139
Diameter (mm)

I I HH Nagqu == $£¥. Baingoin == [£ 3 Nyima

B3 PO e 3 A R SR h 7 A SR W i (1R I S BLAE 7
AN AN DO FIIR RE HECF B R %) . Ad, 275
Ts, TUs =B, Lp, 359/ K, S, HALE S5 Pb, — %
BZ3¢; Om, /NHBRE; Hs, EMIIEEAE

Fig. 3 Root trait mean values of seven regionally common
species (appearing in two or three sites at the same time) at
three grassland sites (mean + SE) in Xizang alpine grassland.
Ad, Artemisia demissa; Ts, Trisetum spicatum; Lp, Leonto-
podium pusillum; S, Sipa purpurea; Pb, Potentilla bifurca;
Om, Oxytropis microphylla; Hs, Heteropappus semiprostratus.

), AT AEAS A7 A0 mT DA 78 70 1 o 4 398 2 1)
LA A PR e 02 . [FIRE, 7RIS AR LT 4
AR PRI T ARA AR F SRR P e [ AR 2R
3 S S AR BE AL AT, RIS 45 5 AR IR 4,
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Fig. 4 The average percentage of root traits of seven region-
ally common species (appearing in two or three sites at the
same time) to water stress at three grassland sites in Xizang
alpine grassland. Ad, Artemisia demissa; Ts, Trisetum spicatum;
Lp, Leontopodium pusillum; Sp, Sipa purpurea; Pb, Potentilla
bifurca; Om, Oxytropis microphylla; Hs, Heteropappus semi-
prostratus.

etal., 2015; Liu et al., 2015). X L0 78 5 AT 45 R
VLB, MREAR AR A BE B AR 5840 S0 B [a] (1 AH 5%
KR AT WAL T = R il B R A iR Aty A
P FRMRA A, BATRIN, TEEBRTIERES
SO 2 J5 AR 2R ELAS AN AR A B A AH SRR SR SR
(£3), FUHEMRRZIERE T L RBD.
XA SEMAS KB RIEME X, IR RERS
FNRR 73 A= 20 23 1) Lo AZI FE AN 5] Dy REAE PRI A A7) < TR) 22
F1R/N(Bystrova et al., 2018).
HARIAEE I /N o] BERE T FEAAR R 1 Fh
() AZ 5 Li%F(2017)7E A 52 i iy B R (R AT 56 3,
ZX AR REAT SR K HEARRH
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CAEE I Fh Th 66 & P AR, FERZum P Fh 1) B
PRI B A (Albert et al., 2011; Laughlin et al.,
2012). BPFEGRE/E FHEGRZIAEL T, EAHR R
J& T (TR AR A AR 2 A e YE FEL Y,
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At A2 5 2 I PR B 0 O 15 45 A M 1A 1Y )R 1 i (R
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HEAEH, R E IR 5T 5 A& B {H (Muscarella &
Uriarte, 2016). 1A [F V& TR], % &M R840
BR TR % (Ackerly & Cornwell, 2007; Corn-
well & Ackerly, 2009; Pérez-Ramos €t al., 2012). &
TVRIRAEREE REE b, — QR AR — AR K
B 5 1 b 7K 23 B/ T3 K, R R 20 S FE U B 7K
G IR/ T FEAR(EL2), B IAE XIRURE b, — R
BOM, MAREHKE, 20 SOREBARIEY M B IE S 4
TETEIK BB . S 4h, ASCEE R IR, IR
8 R 3 S5 FEE A AN [R5 T (10 28 S i 8 s T AR
REAARZA, U MAR FER 4 SO BE 2 TR 5
& NI AR 2B M

B TR Rl AR A, AN R B R
fe At A 22 S5 T RE AR 2 R MR A VS CWIMHE (Violle et al.,
2012; Kichenin & Freschet, 2013). FAI 145 1 TR,
BEK 7 & 2B, AR B T H AR S MR 3L
B AR, ARONAR A FE R 43 S0 FE 35 T 14 o,
A SR E(EI4) . 7k, AT R, AFEL
A PPAR F 8 P e 827K 3 AR A R AR A — BU(E13)
AN TRI PRl P g A ol PR 738 S o B B A (1 i 7 LA %6
K5 FPE(Albert et al., 2010; Kichenin & Freschet,
2013). AEXIEH WHITAP0F R, RN R K
I3 R e I8 5 R T B AA RORE A e . — 5 3
MR RJEVESA P, 559/ KRR EE L G m
MR B B o A1 A o FEE P A Mk 3 S 34 855 7K 73
A4k, AN . TS RACE T LA
e ) = e R — A PR ) T ke i B 7K 43 A%
o T PR = B H3AR R 8 MR A BT K 7 1 AR AL
YVIREREZN. UL U BHER R E ML 26
I K o AT AR AL ), BB R i ok
A B — JE VB2 A JE MR ) 7 ORI B BRI AR Ak
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(Nosil et al., 2009), T4 a3 Fh i Pr A A 7] &
P % Je8 PR 4 A 1 R 7% 5 7 T B R 8 R 3 I 7K 43 ik 2D
(177 3, ARIIL T AN [F P b i B IR 58 e 77 S SRS 1 22
FE: (Laughlin & Messier, 2015).
33 BiR

KREFFRR, 5HAESRGAMLL, Wk
IR EL R 245 (Liu et al., 2015; Li et al., 2017), R
P R e R B S A VR R A 2 R R AR R AR
HAR. DR aR R EEERRN, HERRE
PEIRI I AH S AR SRR, WA FMIEIR RERS
Iy SCURPE R AR R, SRR 2 FEAHK G
Fo XM R B AL T AN [F) 4Pk (1 B2 R EX
FEME B AL 2 57 — SR ¥ ) b BE A0 st T
R 5 P2 PR MG ISR E G YR, 0 — AR O B 40k )
AT REA K B AR K FE SR I BT s . X Ui B, S
(AR 2R J M R 4% 78 20 1 vk e HE A 1 0 0 SR B SR
X PRI AES R B Sk X AERER
OB R GO R ol () A 2546 2 ) $ 43 1 B iR 3
fitte (H2, fEAMENREME T, BT JRATIEREMZA
JEPESR, B HABREAE (LW B R . AR A
W 225 MRBR ). e IR —E 1)
Diees 3 FEMRRFHET I, BMERMKE. &
WE RAEAF L Z M40, R SORESE ]
DAFR AL R BT IR SRR (15 S, X Lt R A 53R
TV — BT T 1]

AP SN ] >R e SCRE ) ) 1k 23 TR TR R R
e (DWHZ /D8RR, R AT805  FATIRE 783 B 1
N B SRS AL I JUAS A BR A FE bRk aT DL BIR
GF IR, (HIX A fr 5 2 I 0 7 3 E . (2)
A PR H T SR RS $8 bR DA R 09t b 5 R fiE AR
(Kunstler et al., 2011; Diaz et al., 2016){R A 7 A & X
— AN, FEAX N PIFRAE AN [F) PR 55  1 J PEAE
SRR . X TR A BRAS A T A AE T R 4y
A Ak DA R HH i AR 7S R G RE R AR L T R
B o QA T AR TR A o] o S 3
WEAM A —E M E, U, )
Tl AW (A0 AT BR LG — AL AN B MR AR AR AL,
T A PR Fh AR Ak 77 20 R G 8 I B 2 1 Sk R it

23

Jlo
4 g

FE VUG R FE R, AN [ B JEURE A TR LA 5%
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Ik, MR A AR AR 5 2 8, R AR S5
JE 2 A, TEA RUE B, A FYIR A 2 i
i BSCAR — B 2 A R A A 7 ORE RIS IR AR,
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