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The growth rate of atmospheric carbon dioxide (CO2) concentrations since industrialization 
in Anthropocene is characterized by large variability, mostly resulting from variability in 
CO2 uptake by terrestrial ecosystems including agroecosystems. Various crops emit different 
rates of CO2 into atmosphere. Investigations of seasonal carbon exchange in agroecosystems 
were carried out at the Training Farm of Agriculture Academy in 2014–2016. The aim was to 
investigate and compare carbon exchange rate of different crops of ecological farming. This 
study involved carbon exchange rate of agroecosystems including measurement of emitted 
and absorbed CO2 fluxes by applying closed chamber method. 

Plant (Ra) and soil respiration (Rs) varied between crops and during growth stages. However 
total respiration compose less than 30% of total carbon exchange in agroecosystems. Main 
drivers of mean plant and soil respiration were meteorological conditions, crop species, 
vegetation period and growth stage. Generally, respiration emissions were completely recovered 
by atmospheric carbon rates sequestered in crops gross primary production (GPP). Therefore 
the ecosystems biota was acting as atmospheric CO2 sink. Photosynthetically assimilated 
mean CO2 rates ranged between 10.148 µmol m-2 s-1 in vetch+oat mixture and 11.923 
µmol m-2 s-1 in ley and exceeded mean respirational emissions by 72 %. The differences in 
photosynthetically assimilated CO2 rates were significantly interacted and correlated with 
leaf area index (LAI) (r=0.4-0.8, p=0.01-0.04), specific leaf area (SLA) (r=0.3-0.8, p=0.01-
0.03) and dry biomass (r=0.4-0.6, p=0.03-0.05). Between ecological crops, the highest mean 
net ecosystems production (NEP) was sequestered  in biomass of ley and wheat and ranged 
between 9.931 and 9.199 µmol m-2 s-1, respectively. These crops might be considered the most 
environmental sustainable between crops.  
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INTRODUCTION 

Croplands represent near 12% of the Earth’s 
surface (Smith et al. 2007) and one third of the 
land surface in Europe (FAO 2003). Therefore 
agroecosystems plays a significant role in 
generation of anthropogenic emissions which 
accounts for 10–12% of total anthropogenic 
emissions of greenhouse gas (GHG) (Schlesinger 
& Bernhardt 2013). EU produces 9.78% of 
agricultural emissions, out of which 4.94% are 
emissions from the soil (EEA 2010). Agriculture 
produces near 21.4% of total emissions in 
Lithuania (LR 2012). 

Photosynthesis process assimilates atmospheric 
CO2 and creates a huge organic C pool in 
terrestrial vegetation, including crops biomass 
(Schlesinger &Bernhardt 2013), which is usually 
estimated by multiplying total plant biomass by a 
corresponding biomass C conversion factor, i.e., 
the C content (Thomas & Martin 2012, Zang et 
al. 2014). The most widely employed C content 
in plants is near 50% in the regional and global 
vegetation C stock estimations (Lambers et al. 
2008, Johnson et al. 2007). Farming system, 
growth period duration and water content are 
the main factors that determine photosynthesis 
process, C fluxes in  agroecosystems (Domingo 
et al. 2011), CO2 fluxes and exchange in the 
system atmosphere-plant-soil (Aertsens et al. 
2013). Strong correlation between CO2 emission 
temperature and precipitation (r=0.7) was 
found during the summer season in organic and 
conventional agroecosystems (Baležentienė & 
Kusta, 2012). The conventional farming is aimed 
toward productivity for greater profits rather than 
to maintenance of sustainable environment. Thus, 
conventional farming has a significant negative 
impact on the long-term soil productivity and 
sustainability entire agroecosystem. Numerous 
studies revealed that control of yield, environment 
and carbon sequestration becomes possible if 
appropriate farming system, growing technology 
and crops have chosen (Janssens et al. 2003, 
Wood et al. 2000). Ecological point needs to be 
sustainably managed to reduce environmental 
impacts of agrothechnologies, while production 
quality,  and profitability augmented (Huisingh 

et al. 2015). The relationship between the rates 
of carbon fluxes and bio-parameters of plants 
stands important for the evaluation of the 
possibility for the climate change mitigation 
and the development of sustainable agriculture. 
Evidence of the crop NEP would improve the 
understanding of the factors and mechanisms that 
influence carbon emissions and sequestration, and 
thus optimally regulate these processes reducing 
CO2 emissions and predicting their changes (EC 
2019). 

The main objectives of this study were to assess 
the potential of atmospheric carbon assimilation 
and accumulation in biomass during growth 
period in organic farming agroecosystems of 
ley, winter wheat, vetch + oat mixture and 
barley + ley undercrop; to determine seasonal 
respiration fluxes and the rates of assimilated 
carbon. In order to explain carbon exchange, the 
photosynthesis parameters (crop density, leaf area 
index, productivity) were investigated at different 
plant’ growth stages.

MATERIAL AND METHODS

Measurement object and location

Investigations of seasonal C exchange of organic 
farming ley (L), wheat (W), vetch + oat mixture 
and barley + ley undercrop (B) were carried 
out during growth period in 2014–2016 at the 
Training farm of Vytautas Magnus University 
(former Aleksandras Stulginskis University, 
54°52’ N, 23°49’ E), Kaunas district (Table 1). 
The cropland soil types were Hapli-Epihypogleyic 
Luvisol, LVg-p-w-ha, or Albi-Epihypogleyic 
Luvisol, LVg-p-w-ab) (FAO 2015). 

For evaluation of crop photosynthetic surface, 
the crop density (plant m-2) and leaf surface area 
(LAI, m2 m-2 was determined for the plots of 0.25 
m-2 (0.5 m x 0.5 m) in six replications (Breda 
2003). Fresh plant biomass (FM, g m-2) and dry 
matter content (DM, g m-2) were determined 
by the weighting method. Dry matter content 
was determined by drying plant samples (80oC 
thermostat (Tritec HANNOVER, Germany). 
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Carbon footprint investigation

Agroecosystems’ seasonal C exchange was 
investigated applying static chamber method 
(Smith et al. 2013) using LCpro system (ADC 
Bioscientific LTD, UK). The rate of gross primary 
production (GPP, µmol m-2 s-1) and respiration 
emissions of soil and autotrophs (Rs+a, µmol m-2 
s-1) were measured every 7–10 days with regard to 
environmental conditions and plant growth stages 
(BBCH-scale; Meier 2001). Carbon exchange 
of each agroecosystem was evaluated by net 
ecosystem production (NEP, µmol m-2 s-1) which 
was calculated by the formula: NEP=GPP- Ra+s 
(Amthor 1989, Chapin  et al. 2012). 

Meteorological conditions. The vegetation period 
suitability for plant growth is expressed as a ratio 
of humidity and temperature, or hydrothermal 
coefficient (HTK). 

2014 March HTK = 1.83 shows the extent 
moisture, and in April HTK = 0.78 - too dry 
conditions for plant growth, or 2 times drier than 
in March. May HTK = 2.03 June HTK = 1.13, 
July HTK = 0.82, August HTK = 2.02, September 
HTK = 1.98 (Fig. 1). October HTK = 1.61, or 
nearly optimal humidity, while November HTK 
= 4.15 indicates 3 times more moisture than in 
October. 

2015 spring was excessively wet for plant growth, 
since March HTK = 3.2, April HTK = 2.2, May 
HTK = 1.22, but June was too dry with HTK = 
0.41, July HTK = 1.34, and in August, there was 
no rain all with HTK = 0.11, September HTK = 
1.32, October HTK = 1.96.

Summarizing, 2015 growing season was warmer 
but drier in comparison with 2014 and multi-
annual averages. This is confirmed by the average 

hydrothermal coefficient (HTK), which was 
1.81 in 2014 and 1.47 in 2015. Fluctuations and 
differences in weather conditions could affect not 
only autotrophs biometric parameters, but also 
photosynthesis and respiration processes.

RESULTS AND DISCUSSION

C exchange and plant growth are closely 
related with meteorological conditions during 
growth period and soil chemical properties. 
Average air temperatures seasonally ranged 
depending on the season and month. It was found 
strong positive correlation (ra=0.6 and rs=0.8; 
p=0.02, respectively) between plant and soil 
respiration (Ra and Rs) and air temperature in 
OF agroecosystems (Fig. 1,2). During vegetation 
period mean soil respiration varied between 
0.236 and 2.065 µmol m-2 s-1 since the smallest 
values obtained in early spring and late autumn 
when soil moisture surplus in (and in spring) 
determined unfavourable anaerobic conditions 
for soil biota, and thus decreased soil respiration 
Rs in our temperate climate. However, summer 
precipitation deficiency also reduced soil 
respiration Rs rates even though air temperature 
increased. Mean plant respiration (Ra) varied 
from 0.354 in March to 1.704 µmol m-2 s-1 in 
June (Fig. 2). Plants respiration increased in 
conjunction with their growth intensity up to 
flowering stage and decreased at plant maturity 
stage. Plant respiration subject to LAI values 
(Fig. 3).

These plant and soil respiration emissions (Ra+ 
Rs) ranged between 2.519 and 3.517 µmol 
m-2s-1 however composed insignificant part in 
total carbon exchange. Moreover, respirational 
emissions were completely compensated by the 

Table 1.  Agroecosystem parameters 
Farming type Agroecosystem Area, ha Crop fertilising

Ecological

Ley 8.75 -
Wheat  8.75 Manure, 36 t ha-1

Vetch + oat mixture 12.48 -
Barley + ley undercrop 12.48 -
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plant photosynthesis when atmosphere CO2 has 
been absorbed  and assimilated. Short-living 
vetch+oat mixture and barley+ley undercrop 
exhibited the maximal Ra+ Rs of 3.037 µmol 
m-2s-1 and 3.517 µmol m-2s-1 respectively if 
compared  to minimal respiration in ley and 
wheat agroecosystems. These results correspond 

to previous findings that more intensive 
agrotechnologies applied in rotational systems 
with short-living crops  increased negative impact 
on environment (Goglio et al. 2018).

Fig. 2. Plant respiration (Ra) in organic agroecosystems, 2014-2016 (mean±SE).

Fig. 3. LAI and SLA in crops agroecosystems (mean±SE).

Fig. 1. Soil respiration (Rs) in organic crops, 2014-2016 (mean±SE).

Baležentienė L., Mikša O.
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Leaf area formation (LAI) and growth occurred 
during plant intensive growth stages until 
flowering stage. The plant growth and their 
bio-parameters also varied seasonally in 
dependence on meteorological and agrotechnical 
conditions. LAI is the main structure involved in 
photosynthesis process when  plants assimilated 
and sequestered CO2  in GPP (Fig. 4). The 
maximal mean LAI of 0.625 m2 m-2  and 0.661 m2 
m-2  was recorded for ley and wheat, respectively. 
nonetheless, the minimal LAI of 0.348 m2 m-2 

and 0.466 m2 m-2  was documented for vetch+oat 
mixture and barley+ley undercrop due to their 
small habitat and short vegetation period. 
Specific leaf area (SLA) is another important trait 
regulating and controlling plant functions such as 
carbon assimilation and carbon allocation (Smith 
et al. 2007). SLA increased together with plant 

maturity from 0.005 to 0.016 m2 kg-1 since LAI 
decreased due to withering of bottom leaf.

LAI and SLA determined the photosynthetic 
surface and volume of assimilated CO2 (GPP and 
NEP) in agroecosystems. 

Significantly strong correlation between 
temperature and GPP (r=0.7, p=0.001) 
confirmed that seasonal temperature fluctuations 
resulted the average seasonal GPP alteration in 
agroecosystems. Seasonal changes in the rates 
of assimilated CO2 (GPP) can be attributed to 
seasonal variation of LAI and biomass at different 
growth stages. This was confirmed by strong 
correlation between GPP and LAI (r = 0.8) in 
assessed agroecosystems. Maximal mean GPP 
rate of 11.9 µmol m-2s-1 was recorded in ley and 

Fig. 4. Atmospheric CO2 sequestration in crops GPP (mean±SE).

Fig. 5. Net ecosystem production (NEP) in organic agroecosystems (mean±SE).

Seasonal carbon emissions and sequestration in agroecosystems of organic crops in central Lithuania
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agroecosystems sequestered greater rates 
of atmospheric CO2  than they emitted 
during respiration. Crop’s LAI, determined 
photosynthetic surface and rates of assimilated 
CO2 (GPP and NEP) in assessed agroecosystems. 
Among the agroecosystems analysed,  ley and 
wheat exhibited the highest CO2 assimilation 
capacity. Therefore, they may significantly 
contribute to increase in sustainability of 
agriculture due to decrease in CO2 concentration 
in the atmosphere and consequent climate change 
mitigation. The results also revealed, that optimal 
choice of plant species alongside with correction 
of their area in rotation systems may reduce CO2 
emissions and their impact on the environment 
and climate change. 
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