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Abstract 

It is well known that agriculture greatly contributes to emission of 
greenhouse gases. In agriculture production, plant nurseries represent a particular 
kind of activity, often blamed to be highly demanding in terms of resources (i.e. 
water, fertilizers, pesticides, substrates, etc.), structures (i.e. greenhouses, plastic 
storage house and buildings, plastic ground cover, etc.), and technology (i.e tractors, 
trailers, root ball machines, self-propelled platforms, planting machines, etc.). These 
high demands can be considered as a negative factor for CO2 (and other greenhouse 
gas) emissions in the atmosphere. However, plant nurseries play an undoubtedly 
positive role in C fixation, due to the growth of woody plants produced, which 
sequester and store carbon in their tissues, acting as a sink for CO2, though such 
beneficial effects can be influenced by the type of production method.  Therefore a 
research program was started in order to determine the carbon balance in plant 
production, evaluating both the CO2 fixation potential of nursery growing woody 
plants and the CO2 emissions connected with the different practices of production 
process. The research started in 2009 and was carried out in Pistoia (Italy), one of 
the biggest nursery production areas of UE, specialized in outdoor ornamental 
woody plants; due to the complexity of the Pistoia plant production district, different 
scenarios were considered, taking into account container production as well as field-
grown production techniques. The first results indicate a great difference in CO2 
emissions between container and field grown production process, with the latter 
characterized by a less intensive cultivation and, consequently, reduced CO2 
emissions. Perspectives of different strategies to improve CO2 balance in plant 
nursery practices are assessed. 
 
INTRODUCTION 

The development of an improved understanding of terrestrial carbon dynamics is 
still taking on increased political and scientific importance both in agriculture and forest 
ecosystems (Mc Guire et al., 2001; Fei et al., 2012). As a matter of fact, agriculture is 
now expected to be competitive and, at the same time, comply the principles of 
sustainability (Brentrup et al., 2004). In this context, the plant nursery industry, generally 
characterized by an increased land, technology and resource use compared with 



traditional agriculture, should consider  the perspective to adopt appropriate indicators to 
monitor the environmental performances of plants production. The carbon balance 
between CO2 emission and sequestration of a production process, such as plant 
production, can be considered both as an interesting tool to measure the environmental 
status of plant nurseries and a first step towards more complex analyses like Life Cycle 
Assessment (LCA) studies (Brentrup et al., 2004). This perspective can be of great 
importance, considering that if it’s true that plants nurseries generally need high levels of 
inputs (raw materials, energy, structures) thus contributing to CO2 (and other greenhouse 
gas) emissions in the atmosphere (Russo et al., 2008) on the other hand ornamental 
outdoor nurseries can  play an undoubtedly positive role in C fixation, due to the growth 
of woody plants produced, which sequester and store carbon in their tissues, acting as a 
sink for CO2. 

The objective of this work was to give both a contribute to identify a list of all the 
factors involved in CO2 emission and a first estimate of CO2 balance in ornamental plant 
nurseries, taking into account different kind of plants management (plant size, potted 
plants vs. field-grown plants), characterized by a completely different use of resources as 
well as plants produced. 

 
MATERIALS AND METHODS 
Study site 
 The research was carried out in Pistoia (Central Italy; 43°54’N, 10°41’E, 30 m 
asl), one of the greatest nursery district for ornamental plants production in Europe (> 
5000 ha). Three nursery sites, characterized by totally different plant production scenarios 
were chosen:  
Site 1: small sized plants produced in container 
Site 2: medium sized plants produced in container 
Site 3: medium to large sized plants grown in field 
For each nursery site, the total area, the type, age and number of the plants grown on it, 
all the materials and resources used in each site are reported in Table 1. More in details, 
the total quantity of raw materials yearly used (plastic materials, peat, fertilizers, 
pesticides, diesel and electricity) were calculated for each of the three different sites.  
 
Emissions and Fixation inventory 

The system boundary was defined by the GHG emissions and sequestration 
associated with ornamental plants production from “cradle to farm-gate”. The system 
included emissions associated with: (1) production and transportation of plastic and peat 
yearly used; (2) production and application of fertilizers; (3) production of crop protection 
chemicals yearly used; (4) electricity and diesel yearly used for nursery operations (e.g 
fertilizer application, irrigation, plants transport within the nursery). We have not 
considered the emissions from nursery equipments (i.e tractors, trailers, root ball 
machines, self-propelled pruning platforms, planting machines, etc.) and structures (e.g. 
buildings, greenhouses, irrigation and fertigation systems) because in this first contribute 



it was decided to focus the attention to the emissions connected with the usage of raw 
materials. However, the weight of CO2 emissions from structures and equipments for 
outdoor ornamental plants production is considered less relevant than those produced by 
other plant nursery production, like the floricultural greenhouse production (Russo and 
Scarascia Mugnozza, 2005; Stanghellini and Van Os, 2004).  

The Global warming potential (GWP) was used to determine the contribution of 
three gases (CO2, CH4 and N2O) to the greenhouse effect. The GWP index is defined as 
the cumulative radiative forcing effect between the present moment and a selected time in 
the future caused by a unit mass of gas emitted in the present. The emissions are 
measured in terms of a reference gas, CO2 (Intergovernmental Panel on Climate Change, 
1996). All the emission factors considered in this research were reported with their 
reference in Table 2. 

For what concerns CO2 sequestration, the biomass yearly stored in branches, trunk 
and roots was considered; the leaf biomass, on the contrary, was excluded because of its 
little effectiveness as stable carbon storage. The small, one year old Quercus plants (Site 
1), were sampled at the end of the growing season, the roots washed free, and oven-dried 
to determine the total dry matter. The medium sized two years old Nandina plants (Site 2) 
were treated in the same way but the plants were sampled both at the beginning and at the 
end of the growing season, so that the net year growth was calculated. For the field-grown 
plants (Site 3), the total dry mass was not measured with destructive samples; it was  
estimated through allometric equations based upon the measure of Diameter at Breast 
Height (DBH - 130 cm) (Jia and Akiyama, 2005) as follows:  

 
log10(y) = 2.32log10(x) – 0.95      

 (1) 
log10(y) = 2.35log10(x) – 1.84      

 (2) 
log10(y) = 1.98log10(x) – 1.10      

 (3) 
 
Where y is the dry mass (kg) of Trunk (1), Branches (2) and Roots (3) and x is the 

DBH (cm). For the reasons previously mentioned, the leaves dry matter is not considered 
in these calculations. These allometric equations, obtained in a deciduous forest 
ecosystem study, obviously cannot give an exact measure of nursery grown trees growth; 
nevertheless they can represent an easy, non-destructive tool for a first, fast estimate of 
total biomass present in a woody ornamentals nursery. 

We considered an average carbon content of 50% of the dry matter, a value widely 
used in literature (Gifford, 2000; Bert and Danjon, 2006; Thomas and Malczewski, 2007). 
As a consequence of this, the final calculation of the CO2 sequestered in the nursery sites 
considered was: 

 
CO2 (Kg/m2) = [(N x TDM) x 0,5] x 3.67     (4) 
 



Where N is the number of plants/m2 present in each nursery site, TDM is the Total 
Dry Mass (Kg) for each plant and 3.67 is the CO2/C ratio. 

For all the sequestration dataset, either determined or esteemed, the Standard 
Deviation was calculated. 
 
 
RESULTS AND DISCUSSION 
 The data concerning the CO2eq emissions showed, overall, some differences 
among the three nursery site tested. Generally speaking, field-grown plants were 
characterized by emissions (0.408 Kg m2 y -1) about 10 times lower than those from 
container grown plants (3.687– 4.529 Kg m2 y -1) (Table 3). This result is due to a 
complete different use of raw materials and resources between container and field-grown 
production, with the latter defined by a complete lack of plastics and peat (two materials 
highly demanding in terms of CO2eq emissions), and a lower use of all the other 
materials (i.e. fertilizers, chemical treatments) but the diesel. Another point is that though 
the two container plants sites (nursery site 1 and 2) show similar CO2eq emissions, these 
were due to a different “weight” of the emission factors analyzed: in nursery site 1 (small 
plants) the greatest values are represented by peat and electricity, whereas in nursery site 
2 the plastic pots are responsible of almost 50% of total emissions. Fertilizers and 
chemical treatments are differentiated too: plants in nursery site 2 (intensively grown) 
require a level of both these inputs much higher than those necessary for the small plants 
in nursery site 1.  

For what concerns CO2 sequestration/m2, all the nursery sites observed showed 
different results (Table 4). The container plants in nursery site 2 (Nandina domestica, 24 
cm Ø pot) showed the highest growth per square unit, and therefore the best CO2 fixation 
(4.335 Kg m2 y -1); the field grown plants gave a less relevant result (1.559 Kg m2 y -1) 
even because the total dry matter estimates obtained with the allometric equations were 
divided by the age of the plants (5 years). The lowest result of the nursery site 1 is strictly 
related with the kind of plants produced, small plants in propagation, whose growth is not 
considerable yet. 

A final consideration can be done about the balance between the CO2 emissions 
and sequestration in the 3 nursery sites (Fig. 1). The only positive balance turned out to be 
the one from field-grown plants (nursery site 3), essentially due to a reduced emission 
level of this kind of nursery. The high performance in terms of CO2 sequestration of 
nursery site 2 was barely enough to balance its emission values, while the worst result in 
terms of CO2 balance was obviously obtained with nursery site 1, characterized by a level 
of emissions comparable with the one detected in Site 2 (both Site 1 and 2 with 
containerized plants), and a very low sequestration efficiency, due to the limited growth 
of small plants.   

Though the results of this paper should be considered as preliminary, it’s quite 
clear that the CO2 emission/sequestration balance in plant nurseries can greatly vary with 
both the kind of production process and the type of plants produced. Container plants 



production shows a massive usage of the most impacting factors (peat and plastics) in 
terms of emissions, and this would be probably taken into account when trying to figure 
out better scenarios for this type of nursery (i.e. adopting compost based substrates and 
100% recycled plastic pots). The results concerning the perspective of considering 
nursery plants as carbon sinks are only at the beginning, but the efficiency of 
sequestration potential appears to be  interesting when referred to medium or large plants, 
whose CO2 fixation become able to balance the CO2 emitted to produce them. 
 In conclusion, the definition and the measure of all the CO2 sources and sinks in 
plant nurseries defines a new approach for a comprehensive analysis of the environmental 
impacts related to plant nursery management. Further research and an increased dataset of 
measures will be necessary to accomplish this goal, in order to give clear, exhaustive 
answers for this specific production process. 
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Tables 
 
Table 1. Main characteristics and resources yearly used (kg y-1) for each nursery site 

   studied 
 Site 1 Site 2 Site 3 
Area (m2) 50 526 996 
Species Quercus 

fellos 
Nandina 

domestica 
P. Cerasifera 

Pissardii 
N° plants/m2 40.3 5.13 0.472 
Container (l) 0.7 10 Field-grown 
Plants age (years) 1 2 5 
Plastic pots (*)(LDPE) 17.74 405 -- 
Plastic pots (*)(LDPE recycled) 17.74 405  
Plastic boxes (PP) 9.24   
Peat  272 2090 -- 
Nitric Acid  3.43 -- -- 
N 0.67 79.38 11.98 
P 0.15 32.5 2.96 
K 0.46 16.4 2.22 
Fungicides 0.065 2.42 0.240 
Herbicides 0.024 3.28 0.744 
Diesel 4.82 27.54 75.80 
Electricity (KWh y-1) 73.3 69 79.68 
(*): Pots made with 50% of recycled plastic, whose emission factor is lower than virgin plastic  

 
 

Table 2. Emission factors used to calculate GHG emissions 

Emission Factors CO2eq (Kg Kg -1) Reference 

Light Density Polyethylene (LDPE) 3.00 Harding, 2007 
Polypropylene (PP) 3.40 Harding, 2007 
Recycled Plastic (RP) 1.22 Franklin Associates, 2010 
Peat production 0.15 Blonk et al., 2010 
Nitric Acid production 1.98 Wood and Cowie, 2004 
Fertilizer N application  (*) 3.88 IPCC, 1997 
Fertilizer N production 2.86 Küstermann et al., 2007 
Fertilizer P production 2.86 Küstermann et al., 2007 
Fertilizer K production 0.73 Küstermann et al., 2007 
Fungicides production  29.19 Audsley, 2009 
Herbicide production 26.63 Audsley, 2009 
Diesel used 3.17 IPCC, 1996 
Electricity 0.6 Blonk et al., 2010 



 (*): Converted from N2O emitted from soil/substrate 
 

 
 

Table 3. Emission of  CO2eq yearly calculated (Kg m2 y -1) for each nursery site 
 Site 1 Site 2 Site 3 
Plastic pots (LDPE) 0.568 1.232 -- 
Plastic pots (LDPE recycled) 0.433 0.939  
Plastic boxes (PP)(*) 0.393 -- -- 
Peat 0.816 0.596 -- 
N applied  0.052 0.586 0.047 
Nitric Acid  0.136 -- -- 
N  0.038 0.432 0.034 
P  0.009 0.177 0.008 
K 0.007 0.023 0.002 
Fungicides 0.038 0.134 0.007 
Herbicides  0.013 0.166 0.020 
Diesel 0.306 0.166 0.241 
Electricity 0.880 0.079 0.048 

Total emissions (CO2eq) 3.687 4.529 0.408 
(*): emissions calculated on a 4 year operating lifetime 
 
 
Table 4. Sequestration of CO2 yearly calculated (Kg m2 y -1) for each nursery site 
 Site 1 Site 2 Site 3(*) 

Total sequestration (CO2)  1.187  4.335 1.559 
SD 0.249 1.056 0.232 

Samples (n) 5 5 30 
    

(*): sequestration calculated on 5 years old plants 
 

Figures 
 



Site 1 Site 2 Site 3

-4

-2

0

2

4

6 Emissions
Sequestration
CO2 Balance

sd

K
g 

m
2
y

-1
C

O
2

 
Fig. 1. Emission, sequestration and balance of CO2 (Kg m2 y -1) in the three nursery sites  


