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Correlations between leaf and fine root traits among and within species of typical temperate
grassland in Xilin River Basin, Inner Mongolia, China
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Abstract

Aims Studies on the relationship between leaf and fine root traits provide insights into interactions among plant
functional traits, plant strategy for resource acquisition and mass partitioning, and predictive models for fine root
traits. Our main objectives were to test if leaf and fine root traits vary in a coordinated pattern in typical temperate
grassland and to determine to what extent inter- and intra-specific leaf and fine root traits exhibit structural and
functional convergence.

Methods During July and August 2006, we measured nitrogen (N) and phosphorus (P) concentrations, N:P ra-
tios of leaves and fine roots (diameter < 2 mm), specific leaf area and specific root length of 65 grassland species
in Xilin River Basin, Inner Mongolia. We statistically analyzed correlations between leaf and fine root traits
among and within species.

Important findings At the inter-specific level, N concentrations, P concentrations and N:P ratios of leaves and
fine roots were significantly correlated, while specific leaf area and specific root length showed a weak relation-
ship. Species from different functional groups differ in the correlation pattern. In dicotyledons there was a strong
correlation between leaf and fine root N concentrations, but not in P concentrations. In contrast, monocotyledons
had a positive relationship between leaf and fine root P concentrations, but not N concentrations. Observed in-
ter-specific correlations between above and belowground traits weakened or disappeared when examined at the
intra-specific level. Thus, leaf and fine root traits were generally correlated among species, while correlations
were weak within species.
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Fig. 1 The theoretical correlations between leaf and fine root traits at different scales. A, Correlations among species (date point
represents mean value of each species). B, Positive correlation among species, but random within species. C, Positive correlation
among species and within species. D, Positive correlation among species, but negative correlation within species.
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Fig. 2 Correlations between leaf traits and fine root traits in N concentrations (A), P concentrations (B), N:P ratios (C) and
log-transformed specific leaf area and specific root length (D). Values are mean + SE.
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RIINE EAG BE M@ = 0.001); BFHHEY SR EZd FE(Hooper & Vitousek, 1998; Elser
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0.001, p=0.061) (KI3C). LLmHTHIA S LEARK FIAH S ] 5 1Y) e IR 4 AR R AR o A S AHARN

W = EERAEX T A 4 (p = 0.001) (3D). P ELMIAT DR IER W], MR A KA R R A
2.3 FAKEEM R SMRITEMEIRAI R R HARYE, EIRY R b R AR 4
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Table 1 Correlations between leaf and fine root traits among different functional groups

YT fE n Leaf N-Root N Leaf P-Root P Leaf N:P-Root N:P SLA-SRL
Functional group b R b R b R b R
K# Grass 13 0.083 0.138 1.052 0.590™ 0.177 0.146 0.970 0.346"
JJE Forb 36-45 0.376 0.208™ 0.293 0.023 0.621 0.427" 1.521 0.234"
RAANY Woody 5-6 0.767 0.701 1.524 0.599 0.886 0.732 -0.324 0.057
WA Dicotyledon 35-44 0.458 0.251" 0.273 0.017 0.673 0.379" 1.205 0.156
¥LFIH 5% Monocotyledon 19-20 0.079 0.035 0916 0.593" 0.196 0.192 0.582 0.047
SRMEY) Legume 5 0.252 0.021 1.011 0.539 -0.249 0.027 -0.376 0.026
{EERHEY Non-legume 49-59 0.265 0.129” 0.712 0.142" 0.290 0.186™ 0.744 0.088"

Leaf N, I 7% t(%); Root N, AR5 5(%); Leaf P, M/ 3% ft(%); Root P, I it(%); Leaf N:P, I J7 % LL; Root N:P, 414
BELl; SL4, LEnFiA(em™g™); SRL, WK (mg™); b, MIMMZARIA; R, g RELG *Hleesr i 3R B2 A F10.05H710.01KF; FurF AL
AR AR b B

Leaf N, N concentrations of leaves (%); Root N, N concentrations of fine roots (%); Leaf P, P concentrations of leaves (%); Root P, P concentrations
of fine roots (%); Leaf N:P, N:P ratios of leaves; Root N:P, N:P ratios of fine roots; SLA, specific leaf area (cm*g"); SRL, specific root length (m-g™");
b, slope of the linear regression; R?, determination coefficient; * and ** indicate that the regression coefficients are significant at the 0.05 and 0.01
levels, respectively; SLA and SRL data were log-transformed.
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Fig. 3 Comparison of correlations between leaf and fine root traits among monocotyledons and dicotyledons. The significant correla-

tions between leaf and fine root traits are shown by type II regress1on lines. A, N concentration: y = 0.92x — 1.20 (R* =

0.251,p =

0.001) for dicotyledons. B, P concentration: y = 1.21x — 0.04 (R* = 0.593, p < 0.001) for monocotyledons. C, N:P ratio, y = 1.09x —
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024 FIPEH(R® = 0.158), HHAIREERT1 b =
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0.379, p < 0.001) for dicotyledons, and y = 0.45x — 1.31 (R* =
0.156, p =0.011) for dicotyledons.

0.192, p = 0.061) for monocotyledons. D, Log-transformed
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Table 2 Correlations between leaf and fine root traits within species

Wik Leaf N-Root N Leaf P-Root P SLA-SRL
Species n r P n r P n r P
WAL Clematis hexapetala 8 0.464 0.247 4 -0.767  0.233 10 0.140 0812
IS FHAA YL Thalictrum petaloideum 10 0.231 0.522 10 -0.250 0.636
ZZERESE Potentilla bifurca 8 0.226 0.591 7 0.132 0.778 10 0.645  0.113
BIHZEEE Potentilla tanacetifolia 8 0.376 0.358 7 -0.571 0.181 10 0374 0.467
Wy Sanguisorba officinalis 5 -0.138 0.825 5 0.909 0.042
Pkl -3 Thermopsis lanceolata 8 0.283 0.497 5 0.874  0.052 10 -0330  0.488
K Vicia unijuga 5 0.877 0.051 5 0.438 0.460 5 0.857 0.067
Bt S8 Bupleurum scorzonerifolium 5 0.150 0.809 4 0.409 0.591 7 0.412 0.365
B[ IR ZEHIUEERE Heteropappus altaicus 8 0.555 0.153 4 0.640 0.360 10 —0.036  0.786
YELE Ligularia mongolica 5 0.961 0.009 5 0.785 0.116 4 0.785 0.314
F W Achnatherum splendens 4 -0.604 0.396 5 0.138 0.825 5 0.938 0.115
PE7% Bromus japonicus 10 0.798 0.006 10 -0.452 0.147
¥ Koeleria cristata 9 —0.447 0.228 6 -0.341 0.509 10 0.087  0.883
WHELELT Carex korshinskii 10 0.750 0.012 6 0542 0.267 10 -0.773  0.005
HEH® Carex pediformis 4 —0.624 0.376 5 0.796  0.107 5 0.548  0.197
WA Allium ramosum 10 0.446 0.196 4 0357  0.643 10 0260  0.357
1h3E Allium senescens 10 0.487 0.154 4 0.595 0.405 9 0.054 0.697
SR} Anemarrhena asphodeloides 8 -0.049 0.908 8 0.322 0.612
/NTESE Hemerocallis minor 5 0.242 0.695 4 0.258 0.742 5 0428  0.548
PR Iris dichotoma 5 0.003 0.997 5 -0.318  0.602 4 0579 0373

Leaf N. Root N. Leaf P\ Root P\ SLA. SRLFIK1. r, HIXRE p, BEMKT. IHETFERRHLREEE @ <0.05). LT AR

AR B AL 2

Leaf N, Root N, Leaf P, Root P, SLA, SRL, see Table 1. 7, correlation coefficient; p, significance level. Figures in bold indicate that the
correlation coefficients are significant (p < 0.05). SLA and SRL data were log-transformed.
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FETTIERISE AR R, 35 IR GER AR 5T
3.2 FREMEMThEERFM B SRIEIR KRB =

TER A EYIRER T, AR SRR R 455 A
[l ff) D) BE(Tilman er al., 1997; 17K 4%, 2001; Sun
et al., 2003; Bai et al., 2004; Hu et al., 2008), AN[F]1)
HE THE (10 AR W0 0 T 24 58 28 b A A7 45 AN [R) 1wy
(Luscher & Nosberger, 1997; Reich et al., 2001). H

FER, PR aAS [F] A g A A 2Rk s 25 5 )
v 5 AR IR 18] /) 9K 2R (Craine et al., 2002, 2005;
Craine & Lee, 2003). ASHFFT NI ANASIRI 1) A X1l 57
TV DIRERE, LLECANR Shae it 2 (it Fr 5 4 AR
PRIRIIRR (KD . HTARDREREAER D,
F 5 AR PR AR I 2B A OGP o X TN, P
TEIME, BAM&RRIFEEEFRITRAMN 5
HRZ 8] 73 e LA R AR B, 3 1 & S [ U it 2 1)
RERAR I 2 7, OIS [R] ) A0S R 7 =X
X8 7 J0 3 1 4 L A K 52 I (Novotny et al.,
2007).
ANFEFEPI R S AR EIROC R N 2E R, {E
B AE AR AR R IAT SR B S . AR
T, W SARANG EEEMKL, PHE
TGS ARG, A R A W NI S, iR
INE AR NG 2 AT AR A, 48R ()P
rERE T PE R TSGR . 3 OX 2 R
JEPRL, W] RE A RS R AR S AR AR AR IR A
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H A W K 2 5 (Cannon, 1949; Weaver, 1958;
Craine et al., 2003), F-F IR Z0R 2R AT HEXIN
B AR AN B, TP A7 B IR BT AR 1 PR
i, Sk P BB S . FEARTERX
B, RN A B AR R R R, R
I AR IR FO0 P 1R MU 5 0% DX P PR A (1
HEE A HIVI A (He et al., 2006b, 2008). 75 4h, Hi)
MR AL S AE R AR RO TRt 2 g R Ok
PR TR ] (Koide, 1991), SR BERERLY) It
gh & LR B R R 3R A R R AN )
(Vandenkoornhuyse et al., 2003), Xt ] fig & FHA
) Ty B AR A 5 40 AR T R OC B A AN [R] (1 )it
DRl o RIS, 3K — 4 A U B, 7R i i - PR ot 4
HRPER P FE T, 1% R AR i TR RN ol 1 1 Ak G
FOO I 5 AR PRIR O R (5 o

33 FRERE. REKTFE LM HF SRR

AW TR IRPIRE ik A R —WF 5T X, ]
CIIAA, A R ol A AR ) A 3 A A58 R 51
MR . 55 Craine5(2005) K R E BIAF T 45 B LU,
AWFFL G R B 5 AR MR I I A D R
A AE AT AN IRV IR S8 P (R R 2 1), ) — B 71X
BRI R R Z 0], R S AR I PR B A7 AR
FHOGE, b5 AR bR 1) SCIRAE AN [) 1) 2% ) JLE
RO W L CHR A EAH R IR BT 445 T,
AN R Tz TR ATY AR 2 T HE b 5 A R R 11 DG B,
W B X TR 4 D B MR AEAS [F) 2% 1 2 (R 1R AT 1,
AT BESK AR A0 R B (9038 B LS ) ol 174) 9 [) kA
(Reich et al., 2003; Kay et al., 2005; Kerkhoff et al.,
2006).

AW GO I AEFP P A BRI, (R
FEYFAE, R SRR SRR R I —
B TEARIR A, w55 iR o) B 1
AR R I W IR AH G, A 10 2 2 1) A
R, MAERZHYM T, =2 MEAT R E A
KR IX VL LERR KT b, A7AE A
R SRR, RSP AR W 1B, 1C,
IDAHZE & (a3

TP 55 AR AR AR DGR AE RN A L ]
AR BRI ZE S, RTReR B D) D ReERAE A~ K
S EANF AR SR . AERR KR B, R RS
ARYEARZ W FIA SR E . RGN B R A n]
M (1 5% i A% S8 FE 45 K (Shipley & Almeida-Cortez,
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2003; Kerkhoff et al., 2005), TfiFf P KT EAR 3
TR AN AN BT A IO B8 1R I N, A S B AR DS,
BA 57 PE(MceCarthy & Enquist, 2007). Kk, 7E3R
BE A AFAR LR IRl — B S X3RN, AN K B 5
AR P SHE T e AN Sy o a2 . S ok, AHE
FALMEACE ERIREAR AR, 4510 ReAfiqr—
IBEALIE . ASFEZKE A A5 AR R B AR
RICFE FERIBLHIE A A TR — .

it ERAARHFIES (3087038]) Frdb WK F AR
AA AR EHREAL” KBRE ., SRE FIE
RYFATARERFREAELT. ARAELFf
WSS ) 5 60 X, AR TR,

S 30k

Aerts R, Chapin FS III (2000). The mineral nutrition of wild
plants revisited: a re-evaluation of processes and patterns.
Advances in Ecological Research, 30, 1-67.

Bai YF (17K ¥), Li LH (Z#%), Huang JH (348 #), Chen
Z7Z (M4 (2001). The influence of plant diversity and
functional composition on ecosystem stability of four Stipa
communities in the Inner Mongolia Plateau. Acta Botanica
Sinica (FEH)%-Rk), 43, 280-287. (in Chinese with English
abstract)

Bai YF, Han XG, Wu JG, Chen ZZ, Li LH (2004). Ecosystem
stability and compensatory effects in the Inner Mongolia
grassland. Nature, 431, 181-184.

Cannon WA (1949). A tentative classification of root systems.
Ecology, 30, 542-548.

Chapin FS III (1980). The mineral nutrition of wild plants. An-
nual Review of Ecology and Systematics, 11, 233-260.
Comas LH, Eissenstat DM (2004). Linking fine root traits to
maximum potential growth rate among 11 mature temper-

ate tree species. Functional Ecology, 18, 388-397.

Craine JM, Lee WG (2003). Covariation in leaf and root traits
for native and non-native grasses along an altitudinal gra-
dient in New Zealand. Oecologia, 134, 471-478.

Craine JM, Lee WG, Bond WJ, Williams RJ, Johnson LC
(2005). Environmental constraints on a global relationship
among leaf and root traits of grasses. Ecology, 86, 12—19.

Craine JM, Tilman D, Wedin D, Reich P, Tjoelker M, Knops J
(2002). Functional traits, productivity and effects on nitro-
gen cycling of 33 grassland species. Functional Ecology,
16, 563-574.

Craine JM, Wedin DA, Chapin FS III, Reich PB (2003). Rela-
tionship between the structure of root systems and resource
use for 11 North American grassland plants. Plant Ecol-
ogy, 165, 85-100.

Eissenstat DM, Wells CE, Yanai RD, Whitbeck JL (2000).

Building roots in a changing environment: implications for



TRUKSE: N S BT SR 5 SR ) ot Py 5 AR AR VAR AE R 18] Sk KPR RHE 37

root longevity. New Phytologist, 147, 33-42.

Elser JJ, Bracken MES, Cleland EE, Gruner DS, Harpole WS,
Hillebrand H, Ngai JT, Seabloom EW, Shurin JB, Smith
JE (2007). Global analysis of nitrogen and phosphorus
limitation of primary producers in freshwater, marine and
terrestrial ecosystems. Ecology Letters, 10, 1135-1142.

Eviner VT, Chapin FS III (2003). Functional matrix: a concep-
tual framework for predicting multiple plant effects on
ecosystem processes. Annual Review of Ecology, Evolution
and Systematics, 34, 455-485.

Feng QH (%HK4D), Shi ZM (1 4FE), Dong LL (H#j#1)
(2008). Response of plant functional traits to environment
and its application. Scientia Silvae Sinicae (MIVF}2%), 44,
125-131. (in Chinese with English abstract)

Guo DL, Li H, Mitchell RJ, Han WX, Hendricks JJ, Fahey TJ,
Hendrick RL (2008). Fine root heterogeneity by branch
order: exploring the discrepancy in root turnover estimates
between minirhizotron and carbon isotopic methods. New
Phytologist, 177, 443-456.

Guo DL, Mitchell RJ, Hendricks JJ (2004). Fine root branch
orders respond differentially to carbon source-sink ma-
nipulations in a longleaf pine forest. Oecologia, 140,
450-457.

Hattenschwiler S, Aeschlimann B, Couteaux MM, Roy J, Bonal
D (2008). High variation in foliage and leaf litter chemistry
among 45 tree species of a neotropical rainforest commu-
nity. New Phytologist, 179, 165-175.

He JS, Fang JY, Wang ZH, Guo DL, Flynn DFB, Geng Z
(2006a). Stoichiometry and large-scale patterns of leaf
carbon and nitrogen in the grassland biomes of China.
Oecologia, 149, 115-122.

He JS, Wang L, Flynn DFB, Wang XP, Ma WH, Fang JY
(2008). Leaf nitrogen: phosphorus stoichiometry across
Chinese grassland biomes. Oecologia, 155, 301-310.

He JS, Wang ZH, Wang XP, Schmid B, Zuo WY, Zhou M,
Zheng CY, Wang MF, Fang JY (2006b). A test of the gen-
erality of leaf trait relationships on the Tibetan Plateau.
New Phytologist, 170, 835-848.

Hendricks JJ, Aber JD, Nadelhoffer KJ, Hallett RD (2000).
Nitrogen controls on fine root substrate quality in temper-
ate forest ecosystems. Ecosystems, 3, 57—69.

Hooper DU, Vitousek PM (1998). Effects of plant composition
and diversity on nutrient cycling. Ecological Monographs,
68, 121-149.

Hu N (i#1##), Fan YL (J&EJE), Ding SY (T 2%E), Liao BH
(BEFH) (2008). Progress in researches on plant func-
tional groups of terrestrial ecosystems. Acta Ecologica
Sinica (‘EZ5244]), 24, 3302-3311. (in Chinese with Eng-
lish abstract)

Jackson RB, Mooney HA, Schulze ED (1997). A global budget
for fine root biomass, surface area, and nutrient contents.
Proceedings of the National Academy of Sciences of the
United States of America, 94, 7362-7366.

Kay AD, Ashton IW, Gorokhova E, Kerkhoff AJ, Liess A,
Litchman E (2005). Toward a stoichiometric framework
for evolutionary biology. Oikos, 109, 6-17.

Kerkhoff AJ, Enquist BJ, Elser JJ, Fagan WF (2005). Plant
allometry, stoichiometry and the temperature-dependence
of primary productivity. Global Ecology and Biogeogra-
phy, 14, 585-598.

Kerkhoff AJ, Fagan WF, Elser JJ, Enquist BJ (2006). Phyloge-
netic and growth form variation in the scaling of nitrogen
and phosphorus in the seed plants. The American Natural-
ist, 168, E103-E122.

Koide RT (1991). Nutrient supply, nutrient demand and
plant-response to mycorrhizal infection. New Phytologist,
117, 365-386.

Kuo S (1996). Phosphorus. In: Bigham JM ed. Method of Soil
Analysis. Part 3. Chemical Method. Soil Science Society
of American/American Society of Agronomy, Madison,
WI, USA. 869-919.

Luscher A, Nosberger J (1997). Interspecific and intraspecific
variability in the response of grasses and legumes to free
air CO, enrichment. Acta Oecologica-International Jour-
nal of Ecology, 18, 269-275.

McCarthy MC, Enquist BJ (2007). Consistency between an
allometric approach and optimal partitioning theory in
global patterns of plant biomass allocation. Functional
Ecology, 21, 713-720.

Meng TT (dl545), Ni J (fiifid), Wang GH (L %) (2007).
Plant functional traits, enviroments and ecosystem func-
tioning. Journal of Plant Ecology (Chinese Version) (FH#)
M), 31, 150-160. (in Chinese with English ab-
stract)

Norby RJ, Jackson RB (2000). Root dynamics and global
change: seeking an ecosystem perspective. New Phytolo-
gist, 147, 3—12.

Novotny AM, Schade JD, Hobbie SE, Kay AD, Kyle M, Reich
PB, Elser JJ (2007). Stoichiometric response of nitrogen-
fixing and non-fixing dicots to manipulations of CO,, ni-
trogen, and diversity. Oecologia, 151, 687-696.

Reich PB, Walters MB, Ellsworth DS (1997). From tropics to
tundra: global convergence in plant functioning. Proceed-
ings of the National Academy of Sciences of the United
States of America, 94, 13730-13734.

Reich PB, Tilman D, Craine J, Ellsworth D, Tjoelker MG,
Knops J, Wedin D, Naeem S, Bahauddin D, Goth J,
Bengtson W, Lee TD (2001). Do species and functional
groups differ in acquisition and use of C, N and water un-
der varying atmospheric CO, and N availability regimes?
A field test with 16 grassland species. New Phytologist,
150, 435-448.

Reich PB, Wright 1J, Cavender-Bares J, Craine JM, Oleksyn J,
Westoby M, Walters MB (2003). The evolution of plant
functional variation: traits, spectra, and strategies. Interna-
tional Journal of Plant Sciences, 164, S143—-S164.

doi;.10.3773/j.issn.1005-264x.20110.01,006



38 MM 2EIR Chinese Journal of Plant Ecology 2010, 34 (1): 29-38

Reich PB, Oleksyn J (2004). Global patterns of plant leaf N and
P in relation to temperature and latitude. Proceedings of
the National Academy of Sciences of the United States of
America, 101, 11001-11006.

Ryser P, Lambers H (1995). Root and leaf attributes accounting
for the performance of fast-growing and slow-growing
grasses at different nutrient supply. Plant and Soil, 170,
251-265.

Shipley B, Almeida-Cortez J (2003). Interspecific consistency
and intraspecific variability of specific leaf area with re-
spect to irradiance and nutrient availability. EcoScience,
10, 74-79.

Sun GJ (FME%)), Zhang R (3K5€), Zhou L (JH3L) (2003).
Trends and advances in researches on plant functional di-
versity and functional groups. Acta Ecologica Sinica (‘E7&
2F4), 23, 1430-1435. (in Chinese with English abstract)

Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E
(1997). The influence of functional diversity and composi-
tion on ecosystem processes. Science, 277, 1300-1302.

Tjoelker MG, Craine JM, Wedin D, Reich PB, Tilman D
(2005). Linking leaf and root trait syndromes among 39
grassland and savannah species. New Phytologist, 167,
493-508.

Vandenkoornhuyse P, Ridgway KP, Watson 1J, Fitter AH,
Young JPW (2003). Co-existing grass species have

www.plantsecology.com
lantsecology.com

distinctive arbuscular mycorrhizal communities. Molecular
Ecology, 12, 3085-3095.

Weaver JE (1958). Classification of root systems of forbs of
grassland and a consideration of their significance. Ecol-
ogy, 39, 393-401.

Withington JM, Reich PB, Oleksyn J, Eissenstat DM (2006).
Comparison of structure and life span in roots and leaves
among temperate trees. Ecological Monographs, 76,
381-397.

Wright 1J, Reich PB, Westoby M, Ackerly DD, Baruch Z,
Bongers F, Cavender-Bares J, Chapin T, Cornelissen JHC,
Diemer M, Flexas J, Garnier E, Groom PK, Gulias J, Hi-
kosaka K, Lamont BB, Lee T, Lee W, Lusk C, Midgley JJ,
Navas ML, Niinemets U, Oleksyn J, Osada N, Poorter H,
Poot P, Prior L, Pyankov VI, Roumet C, Thomas SC,
Tjoelker MG, Veneklaas EJ, Villar R (2004). The world-
wide leaf economics spectrum. Nature, 428, 821-827.

Zeng DH (%4 #8%K), Chen GS (% 42) (2005). Ecological
stoichiometry: a science to explore the complexity of liv-
ing systems. Acta Phytoecologica Sinica (Fi¥)HEZZHR),
29, 1007-1019. (in Chinese with English abstract)

Zhang L (5K#K), Luo TX (¥ KX#£) (2004). Advances in eco-
logical studies on leaf lifespan and associated leaf traits.
Acta Phytoecologica Sinica (FiY)4E75244R), 28, 844-852.
(in Chinese with English abstract)

SUEMZE: PR DTSN T &



