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Abstract: Plants use a variety of adaptive and functional strategies which help them adapt to changes in environmental
conditions. Ecological success under these varied conditions may require plants to share certain common traits which allow
the classification of methods plants use to adapt to stress. The study of a plant’s functional traits is currently becoming a
high priority area of research in the field of plant ecology because these traits are both easy to quantify and are closely
related to plant functioning. Consequently variation in the strength or weakness of these functional traits along
environmental gradients reflects variation in the relative importance of different plant adaptive mechanisms and each species”
interactions with climatic edaphic or topographic drivers. Little is known about whether or how this variation is reflected
between aboveground and belowground organs in various species of the hilly areas of the Loess Plateau of the Yanhe River
basin in Shaanxi Province in north central China. Our goal was to assess the relationships and co-variation of plant
functional traits along environmental gradients and to analyze the adaptive strategies plants use to respond to semi-arid and
arid environments. We measured three leaf traits ( specific leaf area leaf tissue density leaf nitrogen concentrations) and
three fine root traits ( root nitrogen concentrations specific root length and fine root density) of 149 species in the Yanhe
River watershed to study these traits and strategies. First we analyzed the patterns of correlations among six organ-evel

traits and how these traits give different species similar adaptive to dealing with environmental conditions. The results show
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the differences in the six plant functional traits of the 149 species were closely related. Leaf nitrogen concentrations were
positively correlated to specific leaf area and root nitrogen concentrations and a negatively correlated to leaf tissue density.
Specific root length was negatively related to fine root tissue density whereas no correlation existed between leaf and root
traits except for root nitrogen concentrations. Second a hierarchical clustering method was used with all species to find
dissimilarities in environmental adaptation. Based on the dissimilarity of the six traits these species were classified into
three main plant functional types ( PFTs) . The adaptive strategies and plant functional traits were both different among the
PFTs. The species of PFT1 had smaller dense leaves dense fine roots and low nitrogen concentrations. The PFT2 plants
had bigger leaves and a sparse number of leaves few long fine roots and that a specific root length which was positively
correlated with root nitrogen concentrations. The PFT3 group had higher leaf and fine root nitrogen concentrations and the
leaf tissue density was positively correlated to fine root tissue density. Because of these different plant traits the species of
PFT1 are best adapted to an arid environment with the greatest herbivore resistance and resistance to physical damage of
the three groups. The species of PFT3 may avoid nutrient stress by having the greatest nutrient conservation efficiency

which is believed to be important in minimizing nutrient losses in a nutrient-poor environment. The PFT2 group is somewhat
intermediate with a greater growth rate higher competitive ability and wider distribution in the study area. Based on CSR
Triangle theories of Grime et al. both PFT1 and PFT3 plants adopt a stress-tolerance strategy to the environment ( S
strategy) while PFT2 plants use a combination of competitiveness ( C) and ruderality ( R) strategies. By focusing on traits

our study uniquely demonstrates adaptive differentiation among species. These results will help guide the choice of species

to be used in restoration planning in the hilly areas in Loess Plateau.
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Fig.1 Distribution of field sites based on environmental gradient classifications
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Table 1 Classification of environmental gradients in accordance with combination of temperature and rainfall
MAT/C
MAP/mm
<8 8—9 9—10 =10
<450 1 2 — —
450—470 5 6 7 8
470—490 9 10 11 12
490—510 13 14 15 16
>=510 17 18 19 —
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( Abelia biflora) (1.39 mg/mm) ; 2.3% Han 554
(2.02%) ( Agrimonia pilosa) (0.218%) ( Artemisia indica)
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Table 2 The general pattern of plant functional traits in Yanhe River catchment
Plant functional traits Number of sample Range of parameters Arithmetic mean
SLA/( mmz/mg) 177 5.26—9240.53 170.1+53.2
LTD/( mg/mm?) 177 0.000789—1. 39 0.0989+0. 0105
LNC/% 177 0.218—8.39 2.3+0.0823
RNC/% 177 0.142—2.81 0.941+0. 0445
SRL/( m/g) 177 0.158—66.77 6.67+0.6571
RTD/( mg/mm’) 177 0.0256—134.3 26.82+1.5348
+ Data are mean+SE; SLA: specific leaf area; LTD: Leaf tissue density; LNC: Leaf

nitrogen concentration; RNC:

Root nitrogen concentration; SRL:

Specific root length; RTD:
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Table 3 Relationships among plant functional traits
SLA LTD LNC RNC SRL
LTD -0.89™*
LNC 0.29** -0.227**
RNC 0.16° -0.15" 0.61™*
SRL 0.07 -0.02 -0.04 0.01
RTD -0.13 0.12 -0.13 -0.06 —0.44**
* % P<0.01 * P<0.05;
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Table 4 Comparisons of plant functional traits among different functional types
N SLA LTD LNC RNC SRL RTD
/( mm? /mg) /( mg/mm?) 1% 1% /(m/g) /( mg/mm?)
PFT1 62 54.17+4.18C 0.13+0.02A 1.52+0.05C 0.51+0.04C 3.79+0.41B 36.58+3.30A
PFT2 45 158.98+11.69A 0.04+0.01C 2.11+0.09B 0.81+0.06B 15.09+1.90A 16.88+2.41B
PFT3 63 128.31+13.64B 0.07+0.01B 3.08+0.11A 1.42+0.07A 2.91+0.25B 27.13+1.61A
4 1 62.29 0.09 8.39 0.98 10.71 10.45
5 2 11.19+5.19 0.88+0.51 1.95+0.37 1.29+0. 66 26.38+1.61 4.16+0. 83
6 1 8.31 0.49 1.17 0.65 5.57 42.5
7 2 5683.16+3557.37 0.002+0. 0008 2.99+0.44 0.84+0.22 3.47+2.37 37.73+6. 16
8 1 130.04 0.05 5.02 1.66 4.60 0.03
; (P<0.01) i N ; *
3.1
0 149
16
18
19
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Table 5 Pearson correlation coefficients for plant functional traits among different PFTs

PFTI
SLA LTD LNC RNC SRL
LTD -0.77**
LNC 0.08 0.03
RNC -0.38** 0.29" 0.39%*
SRL -0.23 0.28" -0.18 -0.06
RTD 0.17 -0.04 0.13 0.18 -0.46™**
PFT2
SLA LTD LNC RNC SRL
LTD -0.66**
LNC -0.09 0.18
RNC -0.19 0.19 0.24
SRL -0.08 0.21 0.23 0.35"
RTD 0.09 -0.14 0.21 0.19 -0.13
PFT3
SLA LTD LNC RNC SRL
LTD -0.89**
LNC 0.12 -0.12
RNC 0.14 -0.19 0.28"
SRL 0.01 0.02 0.25 0.25
RTD -0.36** 0.42%* -0.15 0.03 -0.17
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Appendix Eight PFTs based on clustering analysis in Yanhe River catchment
149 149 species included
102 102 Grasses included 47 47 Woody included
Cleistogenes caespitosa Siphonostegia Wikstroemia chamaedaphne Syringa pekinensts
chinensts Allium tenuissimum Arundinella  Vitex negundo Rhamnus erythroxylon
PFTI hirta Daucus carota Potentilla chinensis Lespedeza juncea Rosa  xanthina Rubus
50 Achnatherum splendens Echinops latifolius piluliferus Ostryopsis davidiana Cotoneaster
4 '2 6 Geranium eristemon Melica scabrosa acutifolius Viburnum schensianum Elaeagnus
' Cirsium japonicum Stipa  grandis umbellata Cotoneaster multiflorus Syringa
L . Leontopodium leontopodioides Agrimonia pilosa pekinensts Zizyphus jujuba Hippophae rhamnoides
50 species including . . . . . .
. Malva sinensis Serratula centauroides Pyrus betulaefolia Ulmus proinque Platycladus
24 kinds of grassesand . .. . . . . .
. . Equisetum ramosissimum Hemistepta lyrata orientalis Quercus liaotungensis Lespedeza
26 kinds of woody .. - . . . L
Artemisia gmelinit Bothriochloa ischaemum Sfloribunda Populus davidiana Acer palmatum

PET2

41 :

34 7

41 species including
34 kinds of grasses

and 7 kinds of woody

Polygonum hybropiper Pennisetum flaccidum Iris

lactea Calamagrostis epigejos sepium

Artemisia giraldii Plantago asiatica

Artemisia tangutica Sonchus arvensis

Pennisetum alopecuroide Pulsatilla chinensis

Viola verecunda Adenophora elata Dendranthema
indicum Fragaria vesca Dioscorea
nipponica Smilacina japonica Polypodium
pseudoamoenum Corispermum puberullum

Circium segetum Viola phillippica

Gypsophila licentiana Artemisia mongolica

Swertia bimaculata Melica scabrosa Chloris Vitex negundo
virgata Swartz Portulaca oleracea Helianthus
tuberosus Echinochloa  crusgalli Beckmannia
syzigachne Arctium lappa Allium macrostemon

Cleistogenes chinensis
Heteropappus altaicus Xanthium  sibiricum

Artemisia desertorum Setaria viridis

Phragmites communi

Pinus tabulaeformis

Sophora davidii

Cynanchum auriculatum

Armeniaca vulgaris

Clematis glauca

Spiraea pubescens
Berberis circumserrata

Ulmus pumila Vitis amurensis
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149 149 species included
102 102 Grasses included 47 47 Woody included
Astragalus melilotoides
Thermopsis lanceolata Cynanchum thesioides
Oxytropis bicolor Medicago sativa
Astragalus adsurgens Gypsophila licentiana
Glycyrrhiza uralensis Potentilla bifurca
Medicago falcata Scorzenera austriaca
Thalictrum tenue Stellaria
PFT3 vestita Scorzonera divaricata Androsace
58 umbellata Astragalus discolo Oxytropis Clematis fruticosa Buddleya alternifolia
44 14 gracillima Medicago polymorpha Caragana microphylla
Taraxacum mongolicum Bupleurum  scorzonerifolium Caragana purdomii Caragana korshinskii
58 species including Calystegia hederacea Datura stramonium Thymus mongolicus Rhus
44 kinds of grasses Ixeris chinensis Artemisia verlotorum typhina Pyrus xerophila Amygdalus davidian
and 14 kinds of Thlaspi arvense Astragalus scaberrimus Xanthoceras sorbifolia Pueraria lobata
woody Potentilla bifurca Youngia japonica
Cannabis  sativa Kochia  scoparia
Rehmannia glutinosoa Consolida ajacis
Chenopodium alba Tribulus terrestris Amaranthus
tricolor Erigeron acer Gueldenstedtia
multiflora Polygala sibirica
Dumasia villosa Gentiana scabra Rumex
acetosa
4 Artemisia indica
5 Vicia sepium Abelia biflora
6
7 Humulus scandens Ailanthus altissima
8 Lycium chinensis
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