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Abstract 

Background Continuous increasing carbon dioxide  (CO2) has aggravated global warming and promoted urban tree 
planting projects for many countries. So it’s imperative to select high carbon sequestering landscape tree species 
while considering their aesthetic values of urban green space.

Results 32 tree species were selected as test objects which were commonly used in landscaping in Zhengzhou, 
a typical northern city of China. To assess the comprehensive carbon sequestration potential of landscape tree species 
in different plant configuration types, we simultaneously considered their daily net carbon sequestration per unit leaf 
area (wCO2), daily net carbon sequestration per unit land area (WCO2) and daily net carbon sequestration of the whole 
plant (QCO2) through cluster analysis. Besides that, we found out the key factors affecting carbon sequestration 
potential of landscape tree species by redundancy analysis.

Conclusion Populus, P Stenoptera, P. acerifolia among large arbors (LA), V odoratissimum, P. Serratifolia, S. oblata 
among small arbors (SA), and B sinica var. Parvifolia, B. Megistophylla, L quihoui among shrubs (S) were recommended 
for local urban green space management. Photosynthetic rate (Pn), crown area (CA) and leaf area index (LAI) were 
the key factors which affected the comprehensive carbon sequestration potential both for LA, SA and S.

Keywords Landscape tree species, Carbon sequestration potential, Urban green space, Net photosynthetic rate

Background
A series of ecological problems mainly caused by  CO2 
and other greenhouse gases have attracted human’s much 
attentions, such as glacier melting, land desertification, 

climate anomaly and biodiversity change [1–4]. Coun-
tries around the world successively proposed relevant 
plant projects to mitigate  CO2, like Japan’s “Action Plan 
for Achieving A Low-carbon Society”, EU’s “Fits for 55” 
plan, or China’s “Carbon Peak, Carbon Neutralization” 
strategy [5–7]. Urban areas have become the foci of poli-
cies for mitigation actions because of the high  CO2 emis-
sions [8, 9], especially in China, which was facing rapid 
industrialization and urbanization trends as the biggest 
developing country in the world. Trees can reduce atmos-
pheric  CO2 mixing ratios by converting it into carbo-
hydrates through photosynthesis and assimilated it into 
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plant biomass [10–12]. For that, green space in urban 
and peri urban areas played a pivotal role in mitigating 
atmospheric  CO2 in these settings [13, 14]. However, 
these results above were many based on limited scientific 
evidence and lack of better knowledge about quantitative 
study on carbon sequestration potential of landscape tree 
species [15, 16].

Previous studies have shown that green space in and 
around urban settings can contribute to ecosystem ser-
vices and affect the sustainability of urban ecosystem as 
well as the livability of urban dwellers [17, 18], so city 
authorities usually tried to increase the green space areas 
in urban greening practice [19, 20]. However, higher car-
bon sequestration potential tree species may be required 
to achieve the carbon reduction goal when there was 
a limited urban space rather than increase wide-scale 
urban green areas. Although many researches have been 
carried out to discuss various plants carbon sequestra-
tion capacity, these were concentrated in the field of for-
est ecosystem, including of forest carbon sequestration’s 
evaluation, forest carbon storage’s quantifying methods, 
or their associated factors analysis [21–26], while rare 
researches involved garden plants. So it was necessary 
to assess the carbon sequestration potential of different 
landscape tree species in order to maximize their car-
bon reduction function [19, 27]. Besides that, most of 
the limited relevant studies were only on a simple assess-
ment among some plants [28–30], while a systematic 
quantitative comparison for multifarious commonly used 
landscape tree species were very few [31, 32]. Moreover, 
arbors, shrubs and grasses were generally jointly used 
to form a hierarchical landscape space in plant configu-
ration so as to form a balanced and sustainable pattern 
[33, 34]. Therefore, quantitative evaluation was needed 
to screen out tree species with high carbon sequestration 
potential, and thus providing a basis for the allocation of 
landscape plants.

Various methods have been used to quantify the 
amount of plants carbon sequestration capacity, such as 
biomass method, assimilation method, eddy covariance 
method, model simulation method and remote sens-
ing method, etc. [35–37]. The first two were usually well 
received for researchers because they only required sim-
ple field investigation and convenient calculation process. 
In fact, the essence of biomass method was to calculate 
plant’s carbon storage through trees allometric growth 
equation and the corresponding carbon content [38, 39], 
or obtained by biomass expansion factor and trees basic 
wood density based on plant growth indexes [40, 41]. 
However, this method may exit some practical limita-
tions for some countries, because the majority available 
tree allometry database and relevant tools like ‘i-tree’ 
were established in the US or the EU countries [42–44], 

and few developed in other countries, like China. Hence, 
we generally referred to relevant forest standard or used 
foreign trees allometric equation to assess the carbon 
sequestration potential of landscape tree species. Com-
pared with biomass method, assimilation method may 
get a more accurate results in theory [29, 45], since car-
bon sequestered was the difference between carbon ben-
efited by photosynthesis and carbon lost by respiration 
[46]. As evident, trees with higher carbon storage and 
sequestration rates also have higher net photosynthetic 
capacities [16]. In view of this, we used it to quantify the 
amount of plants carbon sequestration from different 
aspects.

Zhengzhou City is located in northern China with 
warm temperate continental monsoon climate, and the 
common landscape tree species here have the typical 
characteristics of landscape vegetation configuration in 
this climatic zone [47]. There are more than 200 species 
of landscape tree species in Zhengzhou now. However, 
few quantitative studies are devoted to analyzing the car-
bon sequestration potential of landscape tree species in 
this or similar areas nearby. Therefore, we investigated 
and assessed 32 commonly used landscape tree species 
with dominant quantity and planting area in urban green 
space based on local actual situation.

The main goals of this study are as follows: Firstly, eval-
uate the comprehensive carbon sequestration potential of 
32 common landscape tree species; Secondly, assess the 
carbon sequestration potential of different plant configu-
ration types; Thirdly, find out the key factors that affect 
carbon sequestration potential of landscape tree species. 
Our results are expected to provide a scientific basis for 
rational allocation of landscape tree species and quantita-
tive evaluation of environmental benefits.

Methods
Study area
Zhengzhou (112°42′-114°14′E, 34°16′-34°58′N) is 
located in the north–south transition zone of China, 
which has rich tree species [47]. It is also at the bound-
ary between the middle and lower reaches of the Yellow 
River. Total area is 7567  km2, of which the built-up area 
of central urban area is 744.15  km2, and the urbanization 
rate is as high as 79.1%. Terrain is generally high in the 
southwest and low in the northeast. Also, it is character-
ized by four distinct seasons with temperate continen-
tal monsoon climate. Average annual temperature here 
is 14.7°, with the lowest temperature in January and the 
highest temperature in July. Besides, average annual rain-
fall is 632.4 mm, mainly from June to August, and aver-
age annual frost free period is 212.6 days. Soil type in this 
area belongs to brown soil and cinnamon soil, zonal veg-
etation belongs to temperate deciduous evergreen mixed 
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broad-leaved forest belt, and flora belongs to north cen-
tral temperate distribution and east Asia distribution.

Selection of garden plants
32 common landscape tree species were selected in this 
test through a comprehensive survey in the urban area 
of Zhengzhou, including of 17 large arbors (9 deciduous 
large arbors, 8 evergreen large arbors), 8 small arbors (5 
deciduous small arbors, 3 evergreen small arbors) and 
7 shrubs (4 deciduous shrubs and 3 evergreen shrubs) 
(Table  1). Tested tree species were investigated in the 
Wenhua Road Campus of Henan Agricultural Univer-
sity in central Zhengzhou, which had a green area of 
6.67 ×  104  m2. All trees grew at a relatively consistent cli-
matic environment and management conditions. Also, 

the age of all trees was 10–15  years, and they were all 
healthy plants without obvious diseases and pests. Our 
study was carried out in the sunny weather which had 
sufficient natural light source without wind and rain 
from July to September in 2022 when plants grew vig-
orously. The average air temperature, relative humid-
ity, duration of sunlight, wind speed and total solar 
radiation was 27.0 ℃, 68.2%, 5.3  h  d−1, 9.5  km   h−1 and 
18185.7 kJ  m−2  d−1, respectively, and the total rainfall was 
224.2 mm during the investigation period.

Determination of influence indexes
Photosynthetic indexes, growth indexes, physiological 
indexes and Leaf area index (LAI) were selected in our 
studies for their potential relationship with trees carbon 

Table 1 Test Plant Materials

Number Tree species Plant configuration types Family

1 Acer buergerianum Deciduous large arbors (DLA) Aceraceae

2 Koelreuteria paniculata Sapindaceae

3 Ginkgo biloba L Ginkgoaceae

4 Platanus acerifolia (Aiton) Willdenow Campanulaceae

5 Salix babylonica L Salicaceae

6 Pterocarya stenoptera C. DC Juglandaceae

7 Styphnolobium japonicum (L.) Schott Leguminosae

8 Populus L Salicaceae

9 Yulania denudata (Desr.) D. L. Fu Magnoliaceae

10 Eriobotrya japonica (Thunb.) Lindl Evergreen large arbors (ELA) Rosaceae

11 Cinnamomum camphora (L.) presl Lauraceae

12 Ligustrum compactum (Wall. ex G. Don) Hook. f Oleaceae

13 Pinus bungeana Zucc Pinaceae

14 Platycladus orientalis (L.) Franco Cupressaceae

15 Sabina chinensis (L.) Ant. cv. Kaizuca Cupressaceae

16 Juniperus formosana Hayata Cupressaceae

17 Magnolia grandiflora L Magnoliaceae

18 Amygdalus persica ‘Duplex’ Deciduous small arbors (DSA) Rosaceae

19 Syringa oblata Lindl Oleaceae

20 Cercis chinensis Bunge Leguminosae

21 Prunus subg. Cerasys sp. Rosaceae

22 Prunus cerasifera ‘Atropurpurea’ Rosaceae

23 Viburnum odoratissimum Ker.-Gawl Evergreen small arbors (ESA) Caprifoliaceae

24 Osmanthus fragrans (Thunb.) Lour Oleaceae

25 Photinia serratifolia (Desfontaines) Kalkman Rosaceae

26 Punica granatum L Deciduous shrubs (DS) Pomegranaceae

27 Chimonanthus praecox (L.) Link Chimonaceae

28 Ligustrum quihoui Carr Oleaceae

29 Amygdalus triloba Rosaceae

30 Buxus megistophylla Levl Evergreen shrubs (ES) Buxaceae

31 Pittosporum glabratum Lindl Pittosporaceae

32 Buxus sinica var. parvifolia M. Cheng Buxaceae
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sequestration capacity according to previous studies [46, 
48–50].

Determination of photosynthetic indexes: The LCpro 
SD portable photosynthetic instrument (made by ADC 
BioScientific Ltd., in the UK) was used to measure the 
photosynthetic physiological and ecological indicators of 
the tested tree species. Three trees with similar growth 
vigor were selected for all tested tree species, and five 
undamaged, well grown and mature leaves were selected 
for each tree for determination. The sampling work 
started at 8:00 and ended at 18:00, and the measurement 
was conducted every 2  h. Measurement work started 
when the instrument system was stable. Six instantane-
ous photosynthetic rate (Pn) values were recorded for 
each leaf, and the average value was finally taken. Mean-
while, transpiration rate (Er), stomatal conductance (Ci), 
intercellular  CO2 concentration (Gs), etc., were recorded.

Determination of growth indexes: girth was used to 
measure the diameter at breast height (DBH) of all tested 
trees, and laser rangefinder was used to measure their 
height (H) and crown diameter (CD). Besides, crown area 
(CA) was calculated by estimation method, which was 
the result of product of the east–west and north–south 
crown diameter.

Determination of physiological indexes: Chlorophyll 
content (CHl): select 15 mature and fully developed 
leaves, wipe the surface of the leaves with a paper towel 
and waite for measurement. Used a portable chlorophyll 
meter (SPAD-502 PLUS) to measure the chlorophyll con-
tent of the leaves. Avoided the veins and petioles when 
measuring, and finally taken the average value.

Leaf area index (LAI): take canopy photos with a digital 
camera which connected to a fisheye lens at a height of 
1.65 m above the tested tree species, and use Gap Light 
Analyzer (GLA) Version 2.0 to identify and analyze the 
clear photos that were easy to distinguish the sky and the 
canopy, and then get the leaf area index after sorting.

Calculation of test indexes
Photosynthetic carbon sequestration index: based on 
Han Huanjin’s calculation principle of daily assimilation 
amount of photosynthesis, the net assimilation amount 
of plants on the day of measurement was used to esti-
mate the amount of carbon sequestration of plants [52].

where, p is the total daily net assimilation amount per 
unit leaf area of tree species(mmol  m−2  d−1), and pi is the 

(1)p =

∑n

(i=1)

(p(i+1) + pi)× (t(i+1) − ti)

2× 1000
× 3600

(2)q =

∑n
i=1

pi

n

instantaneous cooperative utilization rate at initial meas-
urement point of tree species (μmol  m−2  s−1), pi+1 is the 
instantaneous cooperative utilization rate of tree species 
at i + 1 measuring point(μmol  m−2  s−1), ti is the instanta-
neous time (h) of the initial measuring point of the tree 
species, ti+1 is the instantaneous time (h) of the tree spe-
cies at the measuring point i + 1, n is the number of tests, 
q is the daily average photosynthetic rate (μmol  m−2  s−1), 
3600 represents 3600  s per hour, and 1000 represents 
1000 μmol per 1 mmol.

The amount of plants carbon sequestration was cal-
culated according to the reaction equation of photosyn-
thesis:  CO2 +  4H2O →  CH2O +  3H2O +  O2. And daily net 
carbon sequestration amount was converted by daily net 
assimilation amount.

Daily net carbon sequestration per unit leaf area 
(wCO2):

Daily net carbon sequestration per unit land area 
(WCO2):

Daily net carbon sequestration of the whole plant 
(QCO2):

where, ωco2 is the daily net carbon sequestration per unit 
leaf area of tree species(gm−2  d−1). The night respiration 
consumption of the tested tree species was calculated as 
20% of the total net assimilation amount of the tree spe-
cies in the day [53]. 44 is the molar mass of  CO2. WCO2

 
is the daily net carbon sequestration per unit land area 
of tree species(gm−2   d−1), QCO2

 is the daily net carbon 
sequestration of the whole plant (g.d−1), LAI is the leaf 
area index, and CA is the crown area  (m2).

Coefficient of variation (CV)

where, CV is the coefficient of variation. According to 
Wilding’s classification of variation degree, it indicates 
weak variation when CV ≤ 15%, and indicates medium 
variation when 16 ≤ CV ≤ 35%, and indicates strong varia-
tion when CV ≥ 36% [55].

Statistics and analysis
In this study, R 4.1.3 (R Core Team, Vienna, Austria), 
Canoco 5 (Microcomputer Power, NY, USA) and Origin 
2021 (OriginLab, Northampton, MA, USA) were used 
for all statistical analyses. The comprehensive carbon 
sequestration potential was assessed with cluster analysis 

(3)ωco2 =
p× 44

1000
× (1− 20%)

(4)WCO2
= ωCO2

× LAI

(5)QCO2
= WCO2

× CA

(6)CV = s
/

x
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method by R packages “cluster” [56]. And the variance 
and cluster analysis was conducted by using the R pack-
ages “multcomp” [57]. Besides, the key factors which 
affected trees carbon sequestration potential were ana-
lyzed with redundancy analysis method by Canoco 5.

Results
Description of basic characteristics of landscape tree 
species
Average value of four morphological indicators of land-
scape tree species in six plant configuration types were 
displayed in Table 2. It can be seen that there were obvi-
ous differences in DBH, H and CA for all types, which 
were generally shown as LA (large arbors) > SA (small 
arbors) > S (shrubs). In addition, DBH, H and CA of each 
tree species in a same plant configuration types also dif-
fered considerably. Specifically, DBH (34.3% < CV < 60.2%) 
and H (25.5% < CV < 42.9%) both showed moderate or 
strong variability, but except for deciduous small arbors 
(DSA, CV = 8.1%) and evergreen small arbors (ESA, 
CV = 3.9%), respectively, and CA in all types showed 
strong variability (40.7% < CV < 92.3%). However, the 
value of LAI was close to 2.40 for all types, and had less 
variation than other morphological indicators, which 

showed weak or medium variation. Overall, it varied 
greatly for morphological characteristics among different 
types or different tree species in one plant configuration 
type by comprehensively considering DBH, H, CA and 
LAI.

Photosynthetic characteristics evaluated by CHI, Pn, 
Er, Ci and Gs showed different regularities among six 
plant configuration types or tree species for a same type 
(Table  3). The differences for CHI and Ci were small 
among all types, while were large for Pn, Er, Gs. Specifi-
cally, Pn and Gs were shown as DS > DSA > DLA > ES > ES
A > ELA, while Er was shown as DSA > DS > DLA > ESA > 
ES > ELA. It can also be seen that photosynthetic capac-
ity varied largely among tree species according to CV val-
ues of each indicator. Besides, photosynthetic capacity of 
deciduous trees presented higher than that of evergreen 
trees, and that of SA and S presented higher than that of 
LA.

Carbon sequestration potential of different plant 
configuration types
Comparison results of wCO2, WCO2 and QCO2 by one-
way ANOVA among tree species in each vegetation type 
and among six plant configuration types were presented 

Table 2 Morphological characteristics of different plant configuration types

1 LA, 2SA and 3S represent ‘large arbors’, ‘small arbors’ and ‘shrubs’, respectively; 4 M, 5SD and 6CV represent ‘mean’, ‘standard deviation’ and ‘coefficient of variation’, 
respectively; 7DLA, 8ELA, 9DSA, 10ESA, 11DS, 12ES represent ‘deciduous large arbor’, ‘evergreen large arbor’, ‘deciduous small arbor’, ‘evergreen small arbor’, ‘deciduous 
shrub’, and ‘evergreen shrub’, respectively; DBH13, H14, CA15 and LAI16 represent ‘diameter at the breast height’, ‘height’, ‘crown area’ and ‘leaf area index’, respectively

Plant configuration 
types

13DBH(cm) 14H(m) 15CA(m2) 16LAI

M4 ± SD5 CV6 M ± SD CV M ± SD CV M ± SD CV

LA1 DLA7 32.75 ± 11.23 34.3% 11.33 ± 2.95 26.1% 52.9 ± 28.0 53.0% 2.34 ± 0.43 18.4%

ELA8 25.54 ± 9.50 37.2% 7.95 ± 2.36 29.7% 41.5 ± 28.2 68.0% 2.15 ± 0.23 10.8%

SA2 DSA9 11.15 ± 0.90 8.1% 4.61 ± 1.18 25.5% 14.4 ± 10.2 71.0% 2.43 ± 0.29 12.0%

ESA10 11.71 ± 4.78 40.8% 5.37 ± 0.21 3.9% 19.1 ± 9.2 48.3% 2.55 ± 0.29 11.5%

S3 DS11 9.72 ± 4.87 50.1% 3.95 ± 1.30 32.9% 15.9 ± 6.5 40.7% 2.51 ± 0.41 16.3%

ES12 10.05 ± 6.05 60.2% 2.50 ± 1.07 42.9% 17.4 ± 16.0 92.3% 2.42 ± 0.70 26.9%

Table 3 Photosynthetic characteristics of different plant configuration types

The representation of 1LA, 2SA, 3S, 4 M, 5SD, 6CV, 7DLA, 8ELA, 9DSA, 10ESA, 11DS and 12ES is the same as Table 2; 13CHI, 14Pn, 15Er, 16 Ci and 17Gs represent ‘Chlorophyll 
content’, ‘photosynthetic rate’, ‘transpiration rate’, ‘stomatal conductance’ and ‘intercellular  CO2 concentration’, respectively

Plant 
configuration 
types

CHI13 (SPAD) Pn14 (μmol  m−2  s−1) Er15 (μmol  m−2  s−1) Ci16 (μmol  mol−1) Gs17 (μmol  m−2  s−1)

M4 ± SD5 CV6 M ± SD CV M ± SD CV M ± SD CV M ± SD CV

LA1 DLA7 40.39 ± 3.60 8.9% 3.80 ± 0.70 18.5% 2.55 ± 0.73 28.6% 306.45 ± 32.84 10.7% 0.09 ± 0.03 34.4%

ELA8 38.01 ± 18.11 47.6% 2.99 ± 0.86 28.9% 1.31 ± 0.73 55.8% 270.49 ± 34.11 12.6% 0.03 ± 0.02 58.9%

SA2 DSA9 38.28 ± 4.25 11.1% 5.26 ± 1.66 31.6% 3.45 ± 0.90 26.0% 296.53 ± 9.40 3.2% 0.13 ± 0.02 17.6%

ESA10 58.79 ± 6.34 10.8% 3.17 ± 1.05 23.4% 1.95 ± 1.21 40.6% 323.38 ± 63.88 22.8% 0.05 ± 0.06 17.1%

S3 DS11 46.04 ± 3.94 8.6% 5.52 ± 3.21 58.1% 3.38 ± 1.49 44.2% 265.42 ± 13.19 5.0% 0.15 ± 0.05 31.5%

ES12 54.04 ± 11.30 20.9% 3.53 ± 0.95 26.9% 1.89 ± 0.48 25.1% 250.51 ± 5.11 2.0% 0.08 ± 0.03 45.1%
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in Fig. 1 and Fig. 2, respectively, which could concluded 
that variation laws of these three indexes appeared differ-
ent features due to trees discrepancies of morphological 
and photosynthetic characteristics (Table 2, 3).

The top three species of wCO2, WCO2 and QCO2 
were shown as G. biloba > Populus > S. japonicum, G. 
biloba > A. buergerianum > Populus, P. stenoptera > P. 
acerifolia > Populus, respectively among DLA, where 
wCO2 of G. biloba was significantly higher than that of 
S. Japonicum, and WCO2 of G. biloba was significantly 
greater than that of A. buergerianum and Populus, 
and  while for QCO2, there was no significant difference 
between the three species (P < 0.05). Besides, K. pan-
iculata had the lowest wCO2 and WCO2, which only 
accounted for 54.2% and 34.8% of G. biloba, respectively, 
and S. babylonica had the lowest QCO2, which accounted 
for 28.6% of P. stenoptera (Fig. 1A). Among ELA, the top 
three species of wCO2, WCO2 and QCO2 were shown 

as P. orientalis > S. chinensis > L. compactum, P. orienta-
lis > S. chinensis > L. compactum, and  C. camphora > S. 
chinensis > M. grandiflora, respectively, in which wCO2 of 
P. orientalis was significantly higher than that of L. com-
pactum. But for WCO2 and QCO2, it had no significant 
differences among the three species (P < 0.05). Also, the 
lowest wCO2, WCO2 and QCO2 were observed both in J. 
formosana (Fig. 1B).

Figure  1(C) indicated that among DSA, the top three 
species of wCO2 and WCO2 were both shown as A. per-
sica ‘Duplex’ > S.  oblata > P. cerasifera ‘Atropurpure’, 
and A. persica ’Duplex’ was significantly higher than 
other tree  species (P < 0.05). P. Cerasys had the lowest 
wCO2, while C. chinensis had the largest WCO2, which 
accounted for 42.4% and 38.5% of A. persista ’Duplex’, 
respectively. Different from wCO2 and WCO2, the top 
three tree species of QCO2 were shown as C chinen-
sis > P. Cerasys > P. cerasifera ’Atropurpure’, and the largest 

Fig. 1 wCO2, WCO2,  QCO2 of different tree species in different plant configuration types. A, B, C, D, E, F represent the amount of carbon 
sequestration (wCO2, WCO2, QCO2) among different tree species in DLA, ELA, DSA, ESA, DS and ES, respectively. The same letter in the figure indicates 
it has no significant difference between two tree species, or vice versa (P < 0.05). All numbers in the horizontal axis in Fig. 1 represent one tree specie, 
and the names of all tree species are marked above each figure
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QCO2 was observed in S. oblata, which only accounted 
for 28.4% of C. chinensis. From Fig.  1D, among ESA, 
wCO2, WCO2 and QCO2 of O. fragrans were significantly 
higher than those of P. serratifolia and V. odoratissimum, 
but there was no significant difference between this two 
species (P < 0.05).

Figure  1E indicated that among DS, both wCO2 and 
WCO2 were shown as A. triloba > P. granatum > C. prae-
cox > L. quihoui, and A. triloba was 1.9 ~ 3.5 times and 
2.2 ~ 5.2 times higher than other tree species, respec-
tively. But QCO2 was shown as C. praecox > A. triloba > P. 
granatum > L. quihoui, and there was no significant dif-
ference between the four species (P < 0.05). From Fig. 1F, 
among ES, it showed B. megistophylla had the largest 
wCO2, which was 1.0 times higher than P. glabratum 
and 1.7 times higher than B. sinica var. parvifolia. And 
P. glabratum had the largest WCO2 and QCO2, which 
was 1.8 times and 2.0 times higher than B. megistophylla, 
respectively, and 7.5 times and 8.7 times higher than B. 
sinica var. parvifolia, respectively.

As shown in Fig. 2A, B and C, wCO2, WCO2 and QCO2 
of DLA were significantly higher than those of ELA, and 
wCO2, WCO2 and QCO2 of DSA were also significantly 

higher than those of ESA, but it had no significant differ-
ence between DS and ES (P < 0.05). On the whole, wCO2 
and WCO2 were shown as SA > S > LA, while QCO2 was 
shown as LA > SA > S, and there was no obvious differ-
ence of wCO2, WCO2, QCO2 between SA and S (P < 0.05) 
(Fig. 2D).

Comprehensive carbon sequestration potential of different 
tree species
Cluster analysis was conducted based on wCO2, WCO2 
and QCO2 of 32 landscape tree species. Results were 
shown in Table  4. It can be seen that the comprehen-
sive carbon sequestration potential of all tree species 
was divided into five levels, and the top 10 tree species 
included of 5 LA (3 DLA, 2 ELA), 3 SA (1 DSA, 2 ESA) 
and 2 S (2 ES). Specifically, the descending order in terms 
of their comprehensive carbon sequestration potential 
was Populus, P. stenoptera, P. acerifolia, V. odoratissi-
mum, P. bungeana, P. granatum, S. oblata, J. formosana, 
B. sinica var. parvifolia, B. megistophylla. 

Based on the above cluster analysis results, we rear-
ranged the order of all tree species in the light of LA, 
SA and S, respectively. It showed that the top three tree 

Fig. 2 wCO2, WCO2, QCO2 of different plant configuration types. A, B, C, D represent the amount of carbon sequestration (wCO2, WCO2, QCO2) 
between DLA and ELA, DSA and ESA, DS and ES, LA, SA and S, respectively. The same letter in the figure indicates it has no significant difference 
between two tree species, or vice versa (P < 0.05). The representation of DLA and ELA, DSA and ESA, DS and ES, LA, SA and S is the same as Table 2
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species among LA were Populus, P. stenoptera, P. aceri-
folia, respectively, and were P.serratifolia, O. fragrans, 
S. oblata among SA, and were B. sinica var. parvifolia, B. 
megistophylla, L. quihoui among S.

RDA analysis of carbon sequestration potential of different 
plant configuration types
Redundancy (RDA) analysis method was used to ana-
lyze the correlation between photosynthetic and 
morphological characteristics and carbon sequestra-
tion potential (wCO2, WCO2, QCO2) in LA, SA and S. 
Results displayed that for LA, SA and S, the charac-
teristic values of RDA on the first ordination axis were 

0.7734, 0.5648, 0.769, respectively, and were 0.1564, 
0.3854 and 0.1845 on the second ordination axis, 
respectively. Besides, the cumulative interpretation 
rates of the first and second axes were 92.98%, 95.02%, 
95.35% for LA, SA and S, respectively, and the over-
all interpretation rates were 98.78%, 98.75%, 98.92%, 
respectively (Table  5). Monte Carlo test indicated that 
the first ranking axis and all ranking axes of three 
plant configuration types reached a significant level 
(P < 0.05), which suggested a statistically significant 
result. Further analysis found that the first two ordina-
tion axes of RDA of three types can better reflect the 
correlation between various indicators of tree species 

Table 4 Cluster classification and ranking of carbon sequestration potential of different plant configuration types

The representation of 1DLA, 2ELA, 3DSA, 4ESA, 5DS and 6ES is the same as Table 2

Plant configuration types Tree species Cluster grading Total sort Sorting by plant 
configuration 
types

DLA1 Populus I 1 1

DLA P. stenoptera II 2 2

DLA P. acerifolia II 3 3

ELA2 P. bungeana III 5 4

ELA J. formosana III 8 5

ELA P. orientalis III 14 6

DLA S. babylonica IV 19 7

DLA G. biloba V 20 8

ELA L. compactum V 21 9

DLA E. japonica V 22 10

DLA S. japonicum V 24 11

ELA Y. denudata V 26 12

DLA K. paniculata V 27 13

ELA C. camphora V 28 14

ELA S. chinensis V 29 15

ELA M. grandiflora V 30 16

DLA A. buergerianum V 32 17

ESA3 P.serratifolia III 4 1

ESA O. fragrans III 6 2

DSA4 S. oblata III 7 3

DSA P. Cerasifera ’Atropurpurea’ III 11 4

DSA A. Persica ’Duplex’ III 12 5

DSA P. Cerasys IV 16 6

ESA V. odoratissimum V 23 7

DSA C. chinensis V 25 8

ES5 B. sinica var. parvifolia III 9 1

ES B. megistophylla III 10 2

ES L. quihoui III 13 3

DS6 P. granatum IV 15 4

DS A. triloba IV 17 5

DS C. praecox IV 18 6

ES P. glabratum V 31 7
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and carbon sequestration potential, and their correla-
tion was mainly determined by the first ordination axis.

For LA, CA(F = 42.4, P < 0.05), Pn (F = 76.2, P < 0.05), 
LAI (F = 25, P < 0.05), CHI(F = 22.4, P < 0.05) and DBH 
(F = 17.8, P < 0.05) had a significant impact on trees com-
prehensive carbon sequestration potential, and the cor-
relation was shown as CA > Pn > LAI > CHI > DBH, with 
corresponding explanatory amounts of 46.4%, 32.9%, 
7.2%, 4.4% and 2.6%, respectively (Table  6). Specifically, 
CA was negatively correlated with wCO2 and WCO2, and 
positively correlated with QCO2, while other indicators 
were positively correlated with wCO2, WCO2 and QCO2 
(Fig. 3A).

For SA, CA (F = 18.5, P < 0.05), Fn (F = 66.7, P < 0.05), 
LAI (F = 7.3, P < 0.05) had a significant impact on trees 
comprehensive carbon sequestration potential, and 
the correlation was shown as CA > Pn > LAI, with cor-
responding interpretation amounts of 45.6%, 41.4% and 
7.3%, respectively (Table  6). Specifically, CA was posi-
tively correlated with QCO2, negatively correlated with 
wCO2 and WCO2, and Pn was positively correlated with 
wCO2 and WCO2, negatively correlated with QCO2, and 

LAI was positively correlated with wCO2, WCO2 and 
QCO2 (Fig. 3B).

For S, LAI (F = 12.1, P < 0.05), Pn (F = 73.3, P < 0.05), 
CA (F = 12.7, P < 0.05) and Gs(F = 5.5, P < 0.05) had a sig-
nificant impact on trees comprehensive carbon seques-
tration potential, and the correlation was shown as 
LAI > Pn > CA > Gs, with corresponding interpretation 
amounts of 38.9%, 29.1%, 25.2% and 1.7%, respectively 
(Table 6). Specifically, CA was positively correlated with 
QCO2, negatively correlated with wCO2 and WCO2, and 
Pn, LAI and Gs were positively correlated with wCO2, 
WCO2 and QCO2 (Fig. 3C).

Summarily, CA, LAI, Pn were the main factors which 
both affected the comprehensive carbon sequestration 
potential of LA, SA and S, even though CA had a more 
interpretation amounts among the three indicators in LA 
and SA, and LAI had a more interpretation amounts in S.

Discussion
The 32 tree species we selected in this study all belonged 
to the keynote and backbone landscape tree spe-
cies in Zhengzhou, of which large arbors (LA), small 

Table 5 Redundancy analysis ordination results of photosynthetic and morphological indicators and carbon sequestration potential 
in LA, SA, and S

The representation of 1LA, 2SA, 3S is the same as Table 2

Item LA1 SA2 S3

Axis1 Axis2 Axis3 Axis4 Axis1 Axis2 Axis3 Axis4 Axis1 Axis2 Axis3 Axis 4

Eigenvalues 0.7734 0.1564 0.0114 0.0515 0.5648 0.3854 0.012 0.0332 0.769 0.1845 0.0105 0.033

Explained variation (cumulative) 77.34 92.98 94.12 99.27 56.48 95.02 96.22 99.55 76.9 95.35 96.4 99.7

Pseudo-canonical correlation 0.969 0.9753 0.9815 0 0.9742 0.9908 0.9911 0 0.9797 0.9922 0.9593 0

Explained fitted variation (cumulative) 82.17 98.78 100 58.7 98.75 100 79.78 98.92 100

Permutation test on first axes (F test) F = 140, P = 0.002 F = 19.2, P = 0.002 F = 36.6, P = 0.002

Permutation test on all axes (F test) F = 72.9, P = 0.002 F = 39.7, P = 0.002 F = 32.7, P = 0.002

Table 6 Contribution of photosynthetic and morphological indicators to carbon sequestration potential in LA, SA, and S

The representation of 1CA, 3LAI, 5DBH, 7H is the same as Table 2; The representation of 2Pn, 4CHI, 6 Ci, 8Er and 9Gs is the same as Table3; The representation of 10LA, 11SA, 
12S is the same as Table 2

LA10 SA11 S12

Indicator Explains (%) F P Indicator Explains (%) F P Indicator Explains (%) F P

CA1 46.4 42.4 0.002 CA 45.6 18.5 0.002 LAI 38.9 12.1 0.002

Pn2 32.9 76.2 0.002 Pn 41.4 66.7 0.002 Pn 29.1 73.3 0.002

LAI3 7.2 25 0.002 LAI 7.3 25.2 0.002 CA 25.2 12.7 0.002

CHL4 4.4 22.4 0.002 Er 0.8 3.1 0.086 Gs 1.7 5.5 0.038

DBH5 2.6 17.8 0.002 CHL 0.5 1.9 0.178 Ci 0.2 0.8 0.41

Ci6 0.3 2.1 0.132 H 0.4 1.6 0.178 H 0.4 1.3 0.306

H7 0.2 1.8 0.184 Ci 0.3 1.2 0.228 DBH 0.3 0.9 0.384

Er8  < 0.1 0.6 0.454 DBH  < 0.1  < 0.1 0.938 CHL 0.2 0.6 0.502

Gs9  < 0.1  < 0.1 0.934 Gs  < 0.1  < 0.1 0.952 Er 0.3 0.9 0.376
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arbors (SA), shrubs (S) accounted for 53%, 25%, 22% 
for,respectively, and deciduous trees (D), evergreen trees 
(E) accounted for 56%, 44%, respectively. It was basically 
consistent with the current vegetation type of local urban 
green space, and represented the requirements for plant 
selection in the area’s landscape construction.

The function of urban green space in mitigating CO2 
has been gradually emphasized in recent years, and many 
relevant researches have been carried out [14, 16, 54]. 
In our study, we found the mean value of Pn for D was 
higher than that of E, which was consistent with the con-
clusion of Guo Hui’s assessment on carbon fixation and 
oxygen release of 15 native common landscape tree spe-
cies in Zhengzhou [58], but we got a very lower values. 
This may attribute to the different seasons in the trial 
investigation, because photosynthetic characteristics of 
plants exhibited different features influenced by different 
seasonal environments [59–61]. However, some studies 
observed a completely contrary results [62, 63], since E 
may grow better in subtropical monsoon climate regions 
(like Wuhan, Hangzhou) compared with warm temperate 
continental monsoon climate regions (like Zhengzhou). 
Also, we found wCO2 of S was larger in contrast with 
LA and it exhibited a similar characteristics of plants in 
some southern inland cities of China [62, 64], while con-
trary to eastern coastal cities of China [63]. Complex 
reasons may cause this consequences, such as specific 
selected tree species, different regional environments as 
well as distinct study periods [30, 50]. Besides, the little 
variance LAI of different types in our study made a com-
paratively similar regularity between wCO2 and WCO2, 
while the large disparity of crown width made them an 
obvious discrepancy with QCO2, and caused QCO2 of LA 
and SA exceeded that of S. Therefore, arbor trees played 

an important ecological role in landscaping construction 
system. Shrubs had a strong carbon sequestration poten-
tial, but their small morphological characteristics lead to 
less total carbon sequestration. Therefore, LAI and crown 
width can be increased through dense planting meth-
ods such as group planting and cluster planting, so as to 
increase their total carbon fixation [58].

Carbon sequestration potential also varied greatly 
among tree species in a same plant configuration 
type. For examples, our results showed that A. tri-
loba(9.8   gm−2   d−1), A. persica ‘Duplex’(8.7   gm−2   d−1) 
and P. cerasifera ’Atropurpurea’(5.6   gm−2   d−1) had a 
higher wCO2, and P. stenoptera(4.0   gm−2   d−1), S. baby-
lonica(3.8  gm−2  d−1), P. acerifolia(3.5  gm−2  d−1), C. cam-
phora(2.2  gm−2  d−1) had a lower wCO2. However,,wCO2 
of C. camphora in northern Zhejiang Province was large 
(11.374   gm−2   d−1) while P. cerasifera ‘Atropurpurea’ was 
small (2.178  gm−2  d−1) [53]. Except that,, wCO2 of A. tri-
loba (6.79  gm−2  d−1) in Shenyang was smaller compared 
with other six common garden plants, such as Q. mongol-
ica and P. alba × P.beriliensis [65]. And wCO2 of C. cam-
phora (6-10  gm−2  d−1) in Shanghai was lower than that of 
S. babylonica (> 12  gm−2  d−1) [66]. We also observed that 
WCO2 of M. grandiflora was 6.1 g.m−2.d−1 in Zhengzhou, 
but it was 46.49  g.m−2.d−1 in Shanghai’s garden plants 
community [32] and 174.03  gm−2  d−1 in Kunming’s road 
greening trees [29]. This suggested that WCO2 seemed 
to present an increasing trend from north to south in 
China. In addition, several arbor trees, such as P. stenop-
tera, P. acerifolia and C. camphora, showed high in QCO2 
(exceeding 400 g  d−1) in our study, which was similar to 
the conclusions of Guo Hui and Zhao Yanling [32, 58].

wCO2 reflected the strength of plants carbon seques-
tration potential through their leaf photosynthesis, and 

Fig. 3 Redundancy analysis of correlation between photosynthetic and morphological indicators and trees carbon sequestration potential. A, B, C 
represent the redundancy analysis of correlation between photosynthetic and morphological indicators and trees carbon sequestration potential 
in LA (large arbors), SA (small arbors) and S (shrubs), respectively. The representation of CA, LAI, DBH, H is the same as Table 2, and Pn, CHI, Ci, Er, Gs 
was the same as Table3
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for that, it was directly applied for evaluating the carbon 
sequestration potential of different tree species [53, 66]. 
However, it seemed that QCO2 could better represent the 
comprehensive level of carbon sequestration of individ-
ual plants and ecological function of urban green space, 
which also was considered a better scientific evaluation 
standard [32, 58, 62, 65]. However, Zhang Na advised 
taking the ornamental value of trees and its QCO2 into 
account at the same time [67]. Besides that, some schol-
ars adopted other statistical analysis methods to make an 
overall evaluation from plant photosynthetic, physiologi-
cal, or transpiration characteristics [53, 68]. Nevertheless, 
we believed that wCO2, WCO2 and QCO2 respectively 
represented three different perspectives of plants car-
bon sequestration potential, and appropriate indicators 
should be selected under various conditions for analysis. 
Specifically, tree species with high wCO2 can be given pri-
ority on the condition of thinking about plants photosyn-
thetic carbon fixation capacity, and tree species with high 
WCO2 could be considered in the case of limited urban 
green space, and tree species with high QCO2 should be 
suggested when the number of seedlings was determined. 
However, we preferred that tree species with both higher 
wCO2, WCO2 and QCO2 were recommended, such as 
Populus, P. stenoptera, P. acifolia in LA, P. serratifolia, O. 
fragrans, S. oblata in SA, and B. sinica var. parvifolia, B. 
megistophylla, L. quihoui in S.

Previous studied showed that Pn and Er were extremely 
significant correlated with wCO2 [68, 69], and LAI and 
DBH were extremely significant correlated with WCO2, 
while CD, DBH, H and LAI were extremely significant 
correlated with QCO2, respectively [32]. This was very 
different from the conclusion of our study, because we 
paid more attention to the factors that jointly affected 
wCO2, WCO2 and QCO2, and found that CA, LAI and Pn 
could significantly affect the comprehensive carbon fixa-
tion potential of landscape tree species both in LA, SA 
and S.

Briefly, arbor trees should be chosen as the main green-
ing plants, while shrubs and herbs as the auxiliary plants 
in terms of the allocation mode of urban greening vegeta-
tion, and higher carbon sequestration potential tree spe-
cies in different plant configuration types should also be 
selected. Meanwhile, we’d better consider an appropriate 
proportion of deciduous and evergreen tree species to 
build a multi-layer community structure with high biodi-
versity, so that it can reasonably use water, light, tempera-
ture, space and other resources, to improve the ecological 
and economic comprehensive benefits of the entire urban 
green space. In this study, we didn’t access the carbon 
sequestration potential of herbs, so it will be consid-
ered in the future research. Moreover, the work we did 
lean towards a fundamental research, and our analysis 

about the assessment of carbon sequestration potential 
of trees was mainly based on trees photosynthetic capac-
ity. However, trees carbon sequestration potential were 
also related to their biomass, age, growth environment 
conditions, management level and so on, so we will con-
sider these factors comprehensively by combing practi-
cal applications and try to provide a more appropriate 
method for city policymakers. Besides that, we provided 
a ranking list of 32 common landscape trees based on the 
condition of our study areas, which may give a basis for 
the selection of landscape tree species in Zhengzhou or 
similar areas.

Conclusion
It had a different carbon sequestration potential among 
the selected 32 common landscape tree species by com-
paring their wCO2, WCO2 and QCO2. Comprehensive 
evaluation results of wCO2, WCO2 and QCO2 by clus-
ter analysis showed that the top 10 tree species of high 
carbon sequestration potential include 3 DLA (Decidu-
ous large arbor), 2 ELA (Evergreen large arbor), 1 DSA 
(Evergreen small arbor), 2 ESA (Evergreen small arbor) 
and 2 ES (Evergreen shrubs). Considering that hierarchi-
cal landscape spaces are generally formed in urban land-
scaping, we recommend using Populus, P. stenoptera, P. 
acerifolia among LA (Large arbors), and P.serratifolia, 
O. fragrans, S.  oblata among SA (Small arbor), and B. 
sinica var. parvifolia, B. megistophylla, L. quihoui among 
S (Shrub). Pn, CA and LAI were the main factors which 
affected the comprehensive carbon sequestration poten-
tial of different plant configuration types.

Acknowledgements
We thank Mr. Zhen Liu and his team from the College of Forestry, Henan 
Agricultural University for their technical support.

Author contributions
SSJ: conceptualization, Validation, Formal analysis, Resources, Data curation, 
Writing—original draft preparation, Project administration. DFY: conceptu-
alization, Validation, Writing—review and editing, Funding acquisition. ESZ: 
methodology, Software, Formal analysis, Investigation, Data curation, Visualiza-
tion. HTG: validation. CWH: investigation, Supervision. YRZ: methodology, 
Investigation.

Funding
This study was supported by Science and Technology Projects Research 
in Henan Province (Key Carbon Sink Management Technologies for the 
Young and Middleaged Oak Forests Based on Close to Nature Manage-
ment)(222102110418), and Major Science and Technology Special Projects 
Research in Henan Province (Sub-project of Key Technologies for Cultivating 
High-efficiency and Stable Plantation in the Yellow River Basin Construction 
Technology of Stable Plant Community in Funiu Mountain Ecological Barrier 
Zone) (201300111400-2).

Availability of data and materials
The dataset supporting the conclusions of this article is included within the 
article.



Page 12 of 13Jin et al. Carbon Balance and Management           (2023) 18:17 

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 February 2023   Accepted: 26 August 2023

References
 1. Braithwaite RJ. Greenland glaciers and the “greenhouse effect.” Rapp 

Grønl Geol Unders. 1990;148:51–3. https:// doi. org/ 10. 34194/ rapggu. v148. 
8120.

 2. Filho AR, Freitas P, Claessen MEC, Cano AF, Mermut AR, Arocena JM, Silla 
RO. Land degradation and the zero-tillage system in Brazil. In: Cano 
F, editor. A(ed) Land Degradation and Rehabilitation. Catena Verlag: 
Reiskirchen; 2004. p. 311–24.

 3. Kiran GS, Kinnary S. Carbon sequestration by urban trees on roadsides of 
Vadodara city. IJEST. 2011;3(4):3066–70.

 4. Chanu TN, Nag SK, Koushlesh SK, Devi MS, Das BK. Greenhouse gas emis-
sion from inland open water bodies and their estimation process—an 
emerging issue in the era of climate change. J Agric Sci. 2022;13(2):290–
306. https:// doi. org/ 10. 4236/ as. 2022. 132020.

 5. Fukuda HE. In pursuit of ‘Japan as a Low-carbon Society’. Prime Minister’s 
Office of Japan. 2008. https:// japan. kantei. go. jp/ hukud aspee ch/ 2008/ 06/ 
09spe ech_e. html.

 6. Du XW, Feng LF. Carbon peaking and carbon neutralization lead the 
energy revolution. China Sci Daily. 2020;12(22):001. https:// doi. org/ 10. 
28514/n. cnki. nkxsb. 2020. 003948.

 7. King S. EU’s ‘fit for 55’ shows need for greener data centre construction. 
Electr Eng. 2021;22:7.

 8. Peng J, Sha C, Lv HL, Liu YX, Wu JS. Spatiotemporal patterns of remotely 
sensed PM2.5 concentration in China from 1999 to 2011. Remote Sens 
Environ. 2016;174:109–21. https:// doi. org/ 10. 1016/j. rse. 2015. 12. 008.

 9. Mitchell LE, Lin JC, Bowling DR, Patala DE, Strong C, Schauer AJ, Bares 
R, Bush SE, Stephens BB, Mendoza D. Long-term urban carbon dioxide 
observations reveal spatial and temporal dynamics related to urban char-
acteristics and growth. Proc Natl Acad Sci. 2018;115(12):2912–7. https:// 
doi. org/ 10. 1073/ pnas. 17023 93115.

 10. Jo HK, McPherson GE. Carbon storage and flux in urban residential 
greenspace. J Environ Manage. 1995;45:109–33. https:// doi. org/ 10. 1006/ 
jema. 1995. 0062.

 11. Sugawara H, Shimizu S, Takahashi H, Hagiwara S, Narita K, Mikami T, 
Hirano T. Thermal influence of a large green space on a hot urban 
environment. J Environ Qual. 2016;45(1):125–33. https:// doi. org/ 10. 2134/ 
jeq20 15. 01. 0049.

 12. Zhang Y, Meng WQ, YunHF XuWB, Hu BB, He MX, Mo XQ, Zhang L. Is 
urban green space a carbon sink or source?-A case study of China based 
on LCA method. Environ Impact Assess Rev. 2022;94:106766. https:// doi. 
org/ 10. 1016/j. eiar. 2022. 106766.

 13. Liu CF, Li XM. Carbon storage and sequestration by urban forests in Shen-
yang. China Urban For Urban Gree. 2012;11(2):121–8. https:// doi. org/ 10. 
1016/j. ufug. 2011. 03. 002.

 14. Anjali K, Kant N, Sokhi J. Urban forests and carbon sequestration. Inter-
discip Environ Rev. 2021;21(1):42–65. https:// doi. org/ 10. 1504/ IER. 2021. 
115286.

 15. Peters EB, McFadden JP. Continuous measurements of net  CO2 exchange 
by vegetation and soils in a suburban landscape. J Geophys Res Biogeo-
sci. 2012. https:// doi. org/ 10. 1029/ 2011J G0019 33.

 16. Weissert LF, Salmond JA, Schwendenmann L. Photosynthetic  CO2 uptake 
and carbon sequestration potential of deciduous and evergreen tree 

species in an urban environment. Urban Ecosyst. 2017;20:663–74. https:// 
doi. org/ 10. 1007/ s11252- 016- 0627-0.

 17. Panagopoulos T, Duque JAG, Dan MB. Urban planning with respect 
to environmental quality and human well-being. Environ Pollut. 
2016;208:137–44. https:// doi. org/ 10. 1016/j. envpol. 2015. 07. 038.

 18. Turner-Skoff JB, Cavender N. The benefits of trees for livable and sustain-
able communities. Plants People Planet. 2019;1(4):323–35. https:// doi. 
org/ 10. 1002/ ppp3. 39.

 19. Shao YQ, Zhuang JY, Wang BC, Zhang JC, Li JJ, Li EH. Photosynthetic char-
acteristics and carbon sequestration and oxygen release capacity of the 
main urban landscape trees during summer in Shanghai. J Anhui Agric 
Univ. 2016;43(1):94–101. https:// doi. org/ 10. 13610/j. cnki. 1672- 352x. 20151 
224. 012.

 20. Fu DF, Wu JG, Singh RP. Investigation on the carbon sequestration capac-
ity of vegetation along a heavy traffic load expressway. J Environ Manage. 
2019;241:549–57. https:// doi. org/ 10. 1016/j. jenvm an. 2018. 09. 098.

 21. Silver WL, Ostertag R, Lugo AE. The potential for carbon sequestration 
through reforestation of abandoned tropical agricultural and pasture 
lands. Restor Ecol. 2000;8(4):394–407. https:// doi. org/ 10. 1046/j. 1526- 100x. 
2000. 80054.x.

 22. Hu J, Moore DJP, Burns SP, Monson RK. Longer growing seasons lead 
to less carbon sequestration by a subalpine forest. Glob Change Biol. 
2010;16(2):771–83. https:// doi. org/ 10. 1111/j. 1365- 2486. 2009. 01967.x.

 23. Kigomo MK, Mburu DM, Kinyanjui JM, Thuo ADM, Mundia CN. Carbon 
sequestration by the above ground biomass pool in the south west mau 
forest of Kenya, 1985–2015. Environ Earth Sci. 2020;10(8):51–8. https:// doi. 
org/ 10. 7176/ JEES/ 10-8- 05.

 24. Yoshimoto A, Marušák R. Evaluation of carbon sequestration and 
thinning regimes within the optimization framework for forest stand 
management. Eur J For Res. 2007;126(2):315–29. https:// doi. org/ 10. 1007/ 
s10342- 006- 0150-6.

 25. Kauppi P, Rautiainen A, Lehtonen A, Saikku L. Carbon sequestration in 
forest trees of the EU as affected by long-term changes of land use. CAB 
Reviews. 2009;4(41):1–14. https:// doi. org/ 10. 1079/ PAVSN NR200 94041.

 26. Maier CA, Johnsen KH. Quantifying carbon sequestration in forest planta-
tions by modeling the dynamics of above and below ground carbon 
pools. Proceedings of the 14th biennial southern silvicultural research 
conference Asheville NC US. 2010:7, 1.

 27. Lin M, Guo TJ, Dai XZ. Ecological function evaluation on nine kinds of 
landscape trees on carbon sequestration and oxygen release. J Northeast 
For Univ. 2013;41(6):29–32. https:// doi. org/ 10. 13759/j. cnki. dlxb. 2013. 06. 
040.

 28. Liu Z, Chen W, He X, Yu S. Photosynthetic characteristics, carbon fixation 
and oxygen release functions of three landscape trees. Bangl J Bot. 
2016;45(4):791–6.

 29. Li WT, Yang YN, Cheng XM, Huang XX. Carbon fixation and oxygen release 
ability of 16 kinds of road greening tree species in Kunming in autumn. J 
Southwest For Univ. 2018;38(4):76–82.

 30. Wang F, Li HY, Li X, et al. Analysis of carbon sequestration and oxygen 
release capabilities of 25 afforestation plants in Tianjin. Trans Tech Publica-
tions. 2014. https:// doi. org/ 10. 4028/ www. scien tific. net/ AMM. 641- 642. 
1087.

 31. Chen SP, Zhuang QQ, Guo TJ, Dai XZ, Wang Y. Study on carbon fixation, 
oxygen release, humidity increase and temperature reduction of land-
scape trees in Changchun city. Hubei Agric Sci. 2012;51(4):750–6. https:// 
doi. org/ 10. 14088/j. cnki. issn0 439- 8114. 2012. 04. 054.

 32. Zhao YL, Kan LY, Che SQ. A preliminary study about common garden 
plants’ effect of carbon fixation and oxygen release in Shanghai’s com-
munity and optimal arrangement. J Shanghai Jiaotong Univ-Agric Sci. 
2014;32(4):45–53. https:// doi. org/ 10. 3969/J. ISSN. 1671- 9964. 2014. 04. 009.

 33. Zheng YJ, Zhuo MN, Li DQ, Li SB, Zheng XX. Application of mixture-
planting of shrub and grass to side-slope greening and protection. J Ecol 
Environ Sci. 2007;16(1):149–51. https:// doi. org/ 10. 16258/j. cnki. 1674- 5906. 
2007. 01. 027.

 34. Ma XY. Study on the plant furnishings in urban wetland park—a case 
study of Yuehai National Wetland Park in Yinchuan City of China. J Land-
scape Res. 2012;4(5):72–4. https:// doi. org/ 10. 16785/j. issn1 943- 989x. 2012. 
05. 021.

 35. Myeong S, Nowak DJ, Duggin MJ. A temporal analysis of urban for-
est carbon storage using remote sensing. Remote Sens Environ. 
2006;101(2):277–82. https:// doi. org/ 10. 1016/j. rse. 2005. 12. 001.

https://doi.org/10.34194/rapggu.v148.8120
https://doi.org/10.34194/rapggu.v148.8120
https://doi.org/10.4236/as.2022.132020
https://japan.kantei.go.jp/hukudaspeech/2008/06/09speech_e.html
https://japan.kantei.go.jp/hukudaspeech/2008/06/09speech_e.html
https://doi.org/10.28514/n.cnki.nkxsb.2020.003948
https://doi.org/10.28514/n.cnki.nkxsb.2020.003948
https://doi.org/10.1016/j.rse.2015.12.008
https://doi.org/10.1073/pnas.1702393115
https://doi.org/10.1073/pnas.1702393115
https://doi.org/10.1006/jema.1995.0062
https://doi.org/10.1006/jema.1995.0062
https://doi.org/10.2134/jeq2015.01.0049
https://doi.org/10.2134/jeq2015.01.0049
https://doi.org/10.1016/j.eiar.2022.106766
https://doi.org/10.1016/j.eiar.2022.106766
https://doi.org/10.1016/j.ufug.2011.03.002
https://doi.org/10.1016/j.ufug.2011.03.002
https://doi.org/10.1504/IER.2021.115286
https://doi.org/10.1504/IER.2021.115286
https://doi.org/10.1029/2011JG001933
https://doi.org/10.1007/s11252-016-0627-0
https://doi.org/10.1007/s11252-016-0627-0
https://doi.org/10.1016/j.envpol.2015.07.038
https://doi.org/10.1002/ppp3.39
https://doi.org/10.1002/ppp3.39
https://doi.org/10.13610/j.cnki.1672-352x.20151224.012
https://doi.org/10.13610/j.cnki.1672-352x.20151224.012
https://doi.org/10.1016/j.jenvman.2018.09.098
https://doi.org/10.1046/j.1526-100x.2000.80054.x
https://doi.org/10.1046/j.1526-100x.2000.80054.x
https://doi.org/10.1111/j.1365-2486.2009.01967.x
https://doi.org/10.7176/JEES/10-8-05
https://doi.org/10.7176/JEES/10-8-05
https://doi.org/10.1007/s10342-006-0150-6
https://doi.org/10.1007/s10342-006-0150-6
https://doi.org/10.1079/PAVSNNR20094041
https://doi.org/10.13759/j.cnki.dlxb.2013.06.040
https://doi.org/10.13759/j.cnki.dlxb.2013.06.040
https://doi.org/10.4028/www.scientific.net/AMM.641-642.1087
https://doi.org/10.4028/www.scientific.net/AMM.641-642.1087
https://doi.org/10.14088/j.cnki.issn0439-8114.2012.04.054
https://doi.org/10.14088/j.cnki.issn0439-8114.2012.04.054
https://doi.org/10.3969/J.ISSN.1671-9964.2014.04.009
https://doi.org/10.16258/j.cnki.1674-5906.2007.01.027
https://doi.org/10.16258/j.cnki.1674-5906.2007.01.027
https://doi.org/10.16785/j.issn1943-989x.2012.05.021
https://doi.org/10.16785/j.issn1943-989x.2012.05.021
https://doi.org/10.1016/j.rse.2005.12.001


Page 13 of 13Jin et al. Carbon Balance and Management           (2023) 18:17  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 36. Yu CQ, Qi HY, Zhang GJ, Meng L. Research on landscape plants design 
based on low carbon concept——a case study of typical green belts in 
Jinan city. J Shandong For Sci Technol. 2016;46(5):10–5. https:// doi. org/ 
10. 3969/j. issn. 1002- 2724. 2016. 05. 002.

 37. Wei T, Song SQ. Urban greening tree species in Nanning based on carbon 
sink. For Inv Plan. 2017;42(1):139–42. https:// doi. org/ 10. 3969/j. issn. 1671- 
3168. 2017. 01. 031.

 38. Senpaseuth P, Navanugraha C, Pattanakiat S. The estimation of carbon 
storage in dry evergreen and dry dipterocarp forests in Sang Khom 
District, Nong Khai Province. Thailand Environ Na Resour J. 2009;7:1–11.

 39. Kil SH, Kim JH, Newman G, Ohga S. Estimation and change in carbon 
stock of Robinia pseudoacacia in Seoul. Korea J Fac Agr Kyushu U. 
2016;61(1):17–21. https:// doi. org/ 10. 5109/ 15640 74.

 40. Xu SS, Yao SB. Analysis on regional differences of forest carbon stor-
age in China based on biomass expansion factor. J Beijing For Univ. 
2009;8(3):109–14. https:// doi. org/ 10. 3969/j. issn. 1671- 6116. 2009. 03. 022.

 41. Zhang QG, Ye H, Ding Y, Cao Q, Zhang YJ, Huang K. Carbon storage 
dynamics of subtropical forests estimated with multi-period forest 
inventories at a regional scale:the case of Jiangxi forests. J For Res. 
2020;31(4):1247–54. https:// doi. org/ 10. 1007/ s11676- 019- 00891-3.

 42. Nocetti M, Bertini G, Fabbio G, et al. Equations for the prediction of 
tree phytomass in Quercus cerris stands in Tuscany Italy. Forest@. 
2007;4(2):204–12. https:// doi. org/ 10. 3832/ EFOR0 449- 00402 04.

 43. Semenzato P, Cattaneo D, Dainese M. Growth prediction for five tree spe-
cies in an Italian urban forest. Urban For Urban Gree. 2011;10(3):169–76. 
https:// doi. org/ 10. 1016/j. ufug. 2011. 05. 001.

 44. Ross S, Jean-Philippe S, Clatterbuck W, et al. i-Tree eco analysis of land-
scape vegetation on remediated areas of oak ridge national laboratory[J]. 
Open J Forestry. 2020;10(4):412–27. https:// doi. org/ 10. 4236/ ojf. 2020. 
104026.

 45. Zhang J, Li HM, Shi YJ, Li M, Zhang YH, Wang ZQ. Photosynthesis and car-
bon sequestration characteristics of thirty afforestation arbor species in 
plain area. Southwest For Univ. 2012;32(6):6–14. https:// doi. org/ 10. 3969/j. 
issn. 2095- 1914. 2012. 06. 002.

 46. Yordanov I, Tsonev T, Goltsev V, Nikolova MM, Georgieva L. Gas exchange 
and chlorophyll fluorescence during water and high temperature stresses 
and recovery. Probable protective effect of carbamide cytokinin 4-PU30. 
Photosynthetica. 1997;33(3):423–31.

 47. Zhang SG, Jin FW, Zhang WQ. The current situation analysis of land-
scape planting in Zhengzhou city. Chinese Horti Culture Abstracts. 
2012;28(02):90–2.

 48. Bonan G. Importance of leaf area index and forest type when estimating 
photosynthesis in boreal forests. Remote Sens Environ. 1993. https:// doi. 
org/ 10. 1016/ 0034- 4257(93) 90072-6.

 49. Croft H, Chen JM, Froelich NJ, et al. Seasonal controls of canopy chloro-
phyll content on forest carbon uptake: implications for GPP modeling. J 
Geophys Res-Biogeo. 2015;120(8):1576–86. https:// doi. org/ 10. 1002/ 2015J 
G0029 80.

 50. Wang X, Guo Z, Guo X, et al. The relative importance of succession, stand 
age and stand factors on carbon allocation of Korean pine forests in the 
northern Mt. Xiaoxing’anling, China. Forests. 2020;11(5):512. https:// doi. 
org/ 10. 3390/ f1105 0512.

 51. Needham J, Arellano G, Davies S, et al. Tree crown damage and its 
effects on forest carbon cycling in a tropical forest. Glob Change Biol. 
2022;28:5560–74. https:// doi. org/ 10. 1111/ gcb. 16318.

 52. Han HJ. Effect of carbon fixation and oxygen release about urban green-
ing plants. J Northeast For Univ. 2005;33(5):68–70. https:// doi. org/ 10. 
3969/j. issn. 1000- 5382. 2005. 05. 025.

 53. Zhang J, Shi YJ, Zhu YQ, Liu EB, Li M, Zhou JP, Li JG. The photosynthetic 
carbon fixation characteristics of common tree species in northern Zhe-
jiang. Acta Ecol Sin. 2013;33(6):1740–50. https:// doi. org/ 10. 5846/ stxb2 
01207 130989.

 54. Doick KJ, Peace A, Hutchings TR. The role of one large greenspace in 
mitigating London’s nocturnal urban heat island. Sci Total Environ. 
2014;493C:662–71. https:// doi. org/ 10. 1016/j. scito tenv. 2014. 06. 048.

 55. Wilding LP. Spatial variability: its documentation, accomodation 
and implication to soil surveys. Soil spatial variability Las Vegas NV. 
1984:11–30.

 56. Maechler M, Rousseeuw P, Struyf A, Hubert M, Hornik K. Cluster: Cluster 
analysis basics and extensions. 2021:R package version 2.1.2.

 57. Hothorn T, Bretz F, Westfall P. Simultaneous inference in general paramet-
ric models. Biom J. 2008;50(3):346–63. https:// doi. org/ 10. 1002/ bimj. 20081 
0425.

 58. Guo H, Zhou H, Zhang JY. Carbon fixation and oxygen release of 15 com-
mon landscape trees in Zhengzhou. J Northwest For Univ. 2017;32(4):52–
6. https:// doi. org/ 10. 3969/j. issn. 1001- 7461. 2017. 04. 09.

 59. VanderHeyden F, Lewis OAM. Seasonal variation in photosynthetic capac-
ity with respect to plant water status of five species of the mediterranean 
climate region of South Africa. S Afr J Bot. 1989;55(5):509–15. https:// doi. 
org/ 10. 1016/ S0254- 6299(16) 31148-6.

 60. Zeng XP, Zhao P, Peng SL, Yu ZY. The photosynthetic characteristics of five 
woody legume plants. Chinese J Plant Ecol. 1997;21(6):539–44.

 61. Yang XJ, Wu JY, Teng WJ, Yuan XH. Daily and seasonal variation of 
photosynthetic characteristics of Carex leucochlora. Acta Pratacul Sin. 
2014;31(1):102–7. https:// doi. org/ 10. 11829/j. issn. 1001- 0629. 2013- 0098.

 62. Shi HW, Qin Q, Liao JX, Chen GQ, Ding SQ. Study on carbon fixation and 
oxygen release capabilities of 10 dominant garden plants in Wuhan city. 
J Central South Univ For Technol. 2011;31(9):87–90. https:// doi. org/ 10. 
3969/j. issn. 1673- 923X. 2011. 09. 018.

 63. Dong YM, Zhang YK, Guo C, Zhou LL. Carbon fixation and oxygen release 
capabilities of 10 garden plants in the west lake scenic area in Hangzhou. 
J Northwest For Univ. 2013;28(4):209–12. https:// doi. org/ 10. 3969/j. issn. 
1001- 7461. 2013. 04. 43.

 64. Chen YH, Liao JH, Qin SN. Studies on photosynthetic characteristics and 
carbon fixation and oxygen release capabilities of 19 garden plants in 
Changsha area. J Central South Univ For Technol. 2012;32(10):116–20. 
https:// doi. org/ 10. 14067/j. cnki. 1673- 923x. 2012. 10. 020.

 65. Yu J, Chen HW, Y HW. Study on carbon sink functions of garden plants in 
urban areas of Shenyang, Liaoning. J Central South Univ For & Technol. 
2015;35(8):94–7. https:// doi. org/ 10. 14067/j. cnki. 1673- 923x. 2015. 08. 019.

 66. Wang LM, Hu YH, Qin J, Gao K, Huang J. Carbon fixation and oxygen pro-
duction of 151 plants in Shanghai. J Huazhong Agri Univ. 2007;26(3):399–
401. https:// doi. org/ 10. 3321/j. issn: 1000- 2421. 2007. 03. 029.

 67. Zhang N, Zhang W, Chen W, He XY, Wang XY. Carbon sequestration and 
oxygen release capabilities of six garden tree species in Dalian. Chinese J 
Ecol. 2015;34(4):2742–8. https:// doi. org/ 10. 13292/j. 1000- 4890. 2015. 0254.

 68. Yao XM, Ou C, Xia L, Yao XJ, Chen YY, Wang NQ. Benefit evaluation of car-
bon sequestration, oxygen release, cooling and humidifying of the main 
landscape trees in small towns along Huaihe River in Anhui Province. 
Chinese J Ecol. 2021;40(5):1293–304. https:// doi. org/ 10. 13292/j. 1000- 
4890. 202105. 014.

 69. Hao XJ, Li YS, Wang JW, Chen Y, Chang Y, Wu JJ, Sun GQ. 13 species of 
urban greening plants in Hohhot based on the efficiency of carbon 
fixation. Acta Botan Boreali-Occiden Sin. 2017;37(6):1196–204. https:// doi. 
org/ 10. 7606/j. issn. 1000- 4025. 2017. 06. 1196.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3969/j.issn.1002-2724.2016.05.002
https://doi.org/10.3969/j.issn.1002-2724.2016.05.002
https://doi.org/10.3969/j.issn.1671-3168.2017.01.031
https://doi.org/10.3969/j.issn.1671-3168.2017.01.031
https://doi.org/10.5109/1564074
https://doi.org/10.3969/j.issn.1671-6116.2009.03.022
https://doi.org/10.1007/s11676-019-00891-3
https://doi.org/10.3832/EFOR0449-0040204
https://doi.org/10.1016/j.ufug.2011.05.001
https://doi.org/10.4236/ojf.2020.104026
https://doi.org/10.4236/ojf.2020.104026
https://doi.org/10.3969/j.issn.2095-1914.2012.06.002
https://doi.org/10.3969/j.issn.2095-1914.2012.06.002
https://doi.org/10.1016/0034-4257(93)90072-6
https://doi.org/10.1016/0034-4257(93)90072-6
https://doi.org/10.1002/2015JG002980
https://doi.org/10.1002/2015JG002980
https://doi.org/10.3390/f11050512
https://doi.org/10.3390/f11050512
https://doi.org/10.1111/gcb.16318
https://doi.org/10.3969/j.issn.1000-5382.2005.05.025
https://doi.org/10.3969/j.issn.1000-5382.2005.05.025
https://doi.org/10.5846/stxb201207130989
https://doi.org/10.5846/stxb201207130989
https://doi.org/10.1016/j.scitotenv.2014.06.048
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.3969/j.issn.1001-7461.2017.04.09
https://doi.org/10.1016/S0254-6299(16)31148-6
https://doi.org/10.1016/S0254-6299(16)31148-6
https://doi.org/10.11829/j.issn.1001-0629.2013-0098
https://doi.org/10.3969/j.issn.1673-923X.2011.09.018
https://doi.org/10.3969/j.issn.1673-923X.2011.09.018
https://doi.org/10.3969/j.issn.1001-7461.2013.04.43
https://doi.org/10.3969/j.issn.1001-7461.2013.04.43
https://doi.org/10.14067/j.cnki.1673-923x.2012.10.020
https://doi.org/10.14067/j.cnki.1673-923x.2015.08.019
https://doi.org/10.3321/j.issn:1000-2421.2007.03.029
https://doi.org/10.13292/j.1000-4890.2015.0254
https://doi.org/10.13292/j.1000-4890.202105.014
https://doi.org/10.13292/j.1000-4890.202105.014
https://doi.org/10.7606/j.issn.1000-4025.2017.06.1196
https://doi.org/10.7606/j.issn.1000-4025.2017.06.1196

	Comprehensive evaluation of carbon sequestration potential of landscape tree species and its influencing factors analysis: implications for urban green space management
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Study area
	Selection of garden plants
	Determination of influence indexes
	Calculation of test indexes
	Statistics and analysis

	Results
	Description of basic characteristics of landscape tree species
	Carbon sequestration potential of different plant configuration types
	Comprehensive carbon sequestration potential of different tree species
	RDA analysis of carbon sequestration potential of different plant configuration types

	Discussion
	Conclusion
	Acknowledgements
	References


