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A B S T R A C T

Site-appropriate tree species can provide greater ecological benefit by improving soil physicochemical properties
and soil fertility and by increasing carbon sequestration. However, inter-species ranking derived from long-term,
reliable data is still scarce. In this study, 13 tree species from >30 yr of afforestation at long-term experimental
forest plots were selected, and 24 parameters comprised of soil physiochemical properties, fertility, and level of
carbon sequestration were determined to rank the tree species. The two ranking methods used (significance
summation method and PCA extraction method) showed similar inter-specific differences (linear relations,
r2 = 0.68–0.95, p< 0.05), with the exception of a weak match for C sequestration rankings (r2 = 0.49,
p < 0.05). Picea-J (Picea jezoensis), Juglans, and Fraxinus showed favorable effects on soil physicochemical
properties, while others, such as Quercus, Populus, and Pinus-T, had adverse effects. In terms of soil fertility, the
tree species with scores above the average were Ulmus, Picea-J, Fraxinus, Pinus-K (Pinus koraiensis), and Picea-K
(Picea koraiensis), while Larix, Populus, Quercus, and Pinus-T (Pinus tabuliformis) had scores much lower than the
average. The available N, total N, total P, total K, TG, available P, available K, and EEG for the above-average
group (Juglans, Phellodendron, Fraxinus, Pinus-K, Picea-K, Picea-J, Ulmus) were 36%, 55%, 22%, 4%, 22%, 19%,
22%, and 4% higher, respectively, than those for the below-average group (Larix, Populus, Quercus, Pinus-T). For
C sequestration by both ranking methods, Ulmus, Picea-J, and Larix scored significantly higher than Pinus-T,
Quercus, and Betula. Pooling all traits, Picea-J and Ulmus had peak scores while Pinus-T, Quercus and Populus
had the lowest. A further redundancy ordination map representing the associations between species and soil
properties as well as C sequestration also confirmed the above-mentioned findings. The entire survey showed
that 44.5% afforestation with Populus species could probably increase the risk of soil physical degradation, soil
fertility reduction, and lower carbon sequestration. In contrast, an increase in the percentage of the native
species such as Ulmus and Picea-J, would efficiently benefit these ecological services. Our findings provide the
basic data to support afforestation in China as well as for ecological functional evaluation based on species
differences.

1. Introduction

Large-scale tree planting projects are becoming increasingly
common in environmental conservation, in an effort to increase the
resilience toward natural disasters (Wu and Wang, 2016) and to im-
prove an urban environment (Oldfield et al., 2014). The soil is the vital
foundation of terrestrial ecosystems. People depend on the soil-derived
ecosystem, which regulates C storage and climate change mitigation.
The soil also physically supports plant growth, supplies nutrients for the
development of vegetation, conserves biodiversity, and benefits human
well-being (Ren et al., 2012; Edmondson et al., 2014a, 2014b; Lorenz

and Lal, 2015; Zhang et al., 2015; Lv et al., 2016; Xiao et al., 2016).
Planting trees that promote soil improvement and favor related ecolo-
gical services are important for sustainable afforestation (Edmondson
et al., 2014b; Mchugh et al., 2015). A reliable ranking of tree species
will facilitate the selection of trees for such afforestation practices.
Long-term field experimental forests or common garden experiments in
which several tree species are grown in the same soil site for a long
duration can provide a sound criterion for evaluation of the tree species
(Prescott and Grayston, 2013). In Northeastern China, urban experi-
mental forests are in the botanical gardens and in the University ex-
perimental forests, such as the Heilongjiang Botanical Garden (Ren,
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