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Abstract Aims The issue of rationally classifying plant species into plant functional types at different scales
has been a major challenge in ecosystem sciences especially ecosystem simulation. A typical steppe in Inner
Mongolia of China was chosen for study. We asked 1 Can plant species be classified into several plant func-
tional groups according to their ecophysiological characteristics of stomatal conductance and net photosynthesis
2 Are there common ecophysiological traits of each plant functional group 3 What are the advantages and
disadvantages of this classification method in ecological modeling

Methods  Diurnal stomatal conductance and net photosynthetic rate of nine plant species were measured in the
field during May July and late August 2005. Ecophysiological characteristics of these species were quantified
by applying models of stomatal conductance and net photosynthesis to the field data. The models were fitted to
the data to obtain model parameters for each species. The analysis showed that the model explained up to
55.87% and 78.19% of the variation in the stomatal conductance and net photosynthetic rate respectively.
Cluster analysis was then applied to identify plant functional types on the basis of the model parameters which
are regarded as ecophysiological traits of plant species.

Important findings Nine plant species were classified into three plant functional groups 1 highly drought-
resistant plants with moderate photosynthetic efficiencies including Stipa krylovii  Heteropappus altaicus
Artemisia frigida  Conwolvulus ammannii and Caragana microphylla 2 medium drought-resistant plants with
high photosynthetic efficiencies including Leymus chinensis ~Achnatherum splendens and Iris lacteal 3 low
drought-resistant plants with low photosynthetic efficiencies including Phlomis mongolica . This study suggests

that plant species in natural ecosystems can be classified into several plant functional groups using our meth-
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ods. Therefore the complexity of ecological models and calculation times can be reduced by substituting plant

functional groups for individual species. Our approach can be an effective way to quantitatively distinguish

plant traits thus contributing to scaling up of ecosystem simulation.
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Table 1  Non-linear regression of stomatal conductance parameters of nine plant species in the Inner Mongolia typical steppe
Species &om ky kep kg Ty a B &: R %
Caragana microphylla 6 391.6520 1.5200 234.1425 737.0835 -4205.0677 154.0423 0.6579 0.0021 68.76
Stipa krylovii 418.008 5 0.4027  65.5832 21.3252 -1037.9416 162.8472 2.4831 0.0189 52.88
Leymus chinenss 1244.6466 1.6701 563.7853 175.8187  -745.2528 337.5758 0.5988 0.0095 79.14
Achnatherum splendens 8804.4846 1.3031 2710.8419 1911.9861 -6756.3285 2080.2284 0.7674 0.0007 43.55
Heteropappus altaicus 1 888.1209 3.0406  245.310 5 112.4942  -620.9742  80.6789  0.3289 0.0270 40.02
Artemisia frigida 332.4869 0.3506  22.48138 6.219 3 -948.4214  64.1295 2.8525 0.0564 62.53
Phlomis mongolica 2550.800 0 17.1240 6481.2000 1025.6000 -148.9605 378.4863 0.0584 0.0167 85.53
Iris lactea 2006.3000 2.7095 1402.0000 259.0700 -740.4687 517.4386 0.3691 0.0105 54.41
Conwolvulus ammannii 372.0819 0.4738  34.8123 0.425 4 -785.3663  73.4795 2.1107 1.1137 73.22
Gom The maximum possible stomatal conductance at dark with zero soil water vapor potential
saturated soil water content pmot m™3 s™! &y, Elastic compliance of guard cell structure pmol m~=* s~* kPa™!
kag Stomatal sensitivity to incident light dimensionless kg,
Stomatal sensitivity to vapor pressure deficit dimensionless Osmotic potential at dark kPa  «
Constant coefficient describing the sensitivity of osmotic potential to photosynthetically active radiation kPa~* ol
m=3 7! ! B Elastic modulus of guard cell structure kPa™' pmot m=% s=! =1 g Conductance

coefficient termed soil-to-leaf conductance hereafter pmol m=* s~ kPa~!

2 9
Table 2 Non-linear regression of photosynthesis parameters of nine plant species in the Inner Mongolia typical steppe
Species ag £:0 80 Ry ag g0 80/ 80 R %
Caragana microphylla 0.098 936 3.470 717 0.002 134 0.002 746 0.343 378 1626.734 95.34
Stipa krylovit 0.094 221 0.797 234 0.000 488 0.000 819 0.075 116 1632.72 40.79
Leymus chinensts 0.370 876 7.796 803 0.007 891 0.001 268 2.891 644 988.076 6 72.54
Achnatherum splendens 0.275 366 2.714 535 0.002 331 0.005 93 0.747 49 1 164.505 83.47
Heteropappus altaicus 0.093 729 4.7317 0.003 463 0.005 385 0.443 496 1 366.514 47.46
Artemisia frigida 0.079 658 6.578 966 0.006 029 0.000 952 0.524 066 1 091. 189 77.15
Phlomis mongolica 0.061 603 3.113 858 0.002 024 0.000 876 0.191 823 1 538.135 94.30
Iris lactea 0.0353 508 6.044 045 0.004 673 0.001 697 0.323 407 1293.323 94.47
Convolvulus ammannii 0.130 856 1.825 062 0.001 003 0.002 176 0.238 82 1 819.592 67.60
ag Photon efficiency coefficient pmot pmol ™! g4 Carboxylation coefficient pmol m™* s™* kPa™' g,
Photorespiration coefficient pmot m~2 s~* kPa~™! Ry Dark respiration coefficient pmol m~% s~!
Kg

1 9
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14
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