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The aim of this research was to calculate and compare the C budget changes for maize (Zea mays L.) and rapeseed (Brassica napus
L.), identifying soil seasonal respiratory CO2 (Ra+h) and assimilated photosynthetic CO2 at plant different growth stages. The
research was carried out for maize (Zea mays L.) and rapeseed (Brassica napus L.), during the vegetation period (2014 June
— September) at the Pl ASU Training Farm, Kaunas district. The mean soil CO2 emissions were 1.971+0.12 umol ms* for maize, and
2.199+0.25 pmol m2s* for rapeseed. The highest measured soil CO2 emissions 2.432+0.23 pumol m%s™ for rapeseed in June, and 2.
963+0.28 umol ms™* for the maize in the second half of July. The mean C budget in maize agro-ecosystems was 15.54 t hal, while it
was 10.30 t ha'l in rapeseed.
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INTRODUCTION

At present, researchers and politicians identify the climate change as important threat and challenge for mankind (IPCC,
2007). Carbon dioxide (COy) is a long-living greenhouse gas that contributes to climate change. Therefore carbon capture and
sequestration has been identified as a way to mitigate CO, emissions to the atmosphere. Agricultural lands generate large CO,
fluxes both to and from the atmosphere (Schimel et al., 2002). Nonetheless, agroecosystems indicate the potential of
sequestering carbon as an option for climate change mitigation (Aertsens et al., 2013). CO, production depends strongly on
many environmental (temperature, moisture, organic content in soil) and biological issues (above ground canopy size, growth
activity, etc). Formation of carbon pool in soil depends on the inputs (with the plant residues and organic fertilizers) and taken
away (with taken yield, mineralization, etc.) of organic C amounts of agroecosystems (Robert, Saugier, 2003). Extensive
research in carbon budget is carried out in maize and soybeans agroecosystems (Hollinger et al., 2005; Pattee et al., 2002;
Suyker et al., 2005) as well as rice (Saito et al., 2006) and winter wheat (Anthoni et al ., 2004). However, all assessments are
inherent from soil as soil respiration. These emissions from the soil into the atmosphere create the major part (60-90 %) of the
global C-cycle (Liang, Fang, 2004). Nowadays 1215 %, or 5.1-6.1 Gt CO,.¢, M. of the global greenhouse gas emissions are
generated in agriculture (9% of the EU) (IPCC, 2007). 1.6 = 0.8 Pg C per year (Schimel et al., 2002) is emitted into the
atmosphere due to deforestation and land use change causing the transformation of the soil physical, agrochemical and
biological properties (Weisskopf et al., 2010). Weather conditions also have a significant impact on CO, emissions
(BaleZentiené , Kusta, 2012) and photosynthesis processes (Root et al., 2003). It was found that emitted CO, rate vary during
the vegetation season (June — September), and is strongly correlated with temperature and humidity (r = 0.7) in agro-ecosystems
(Balezentiené, Bleizgys, 2011). It is affirmed that different tillage, agricultural systems (intensive, organic, etc.) and autotroph
species altered metabolism and thus CO, emissions in the system soil —autotrophs —atmosphere (Smith, 2008).

Carbon budget in agroecosystems is characterized by a net primary production (NPP), which defines C rates
assimilated and accumulated in the autotroph biomass, or a net ecosystem exchange (NEE) (Anthony, Connolly, 2004).
It might be considered as C amount sequestered by ecosystem and has been identified as a way to mitigate CO;
emissions to the atmosphere. C budget can be calculated by measuring the autotrophic and heterotrophic respiration
flows in different agro-ecosystems (Baldocchi, 2003). In the Baltic countries, including Lithuania, there is no practically
applicable appropriate data on C budget in agroecosystems.

Recent investigation have analyzed the seasonal carbon budget (sequestration and CO, emissions) in crop
ecosystems. The emphasis is on seasonal changes and different agroecosystems. The main aim of the research was to
evaluate and compare the C budget in terms of CO, assimilation capacity due to photosynthesis and CO, emissions during
seasonal respiration at different crop growth stages for maize (Zea mays L.) and rapeseed (Brassica napus L.) ecosystems.
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MATERIALS AND METHODS

The research on C budget in maize (Zea mays L.) and rapeseed (Brassica napus L.) agroecosystems was
conducted in 2014 during the vegetation season (June — September) at Pl ASU training farm (local coordinates
54 ° 52'N, 23 © 49' E), Kaunas district. Cropland soil-common shallow luvisol (Hapli-Epihypogleyic Luvisol, LVG-PW-
ha, or moraine loamy podzolized shallow luvisol (Albi-Epihypogleyic Luvisol, LVG-pw-AB) (Lithuanian ..., 2001).

For the C metabolism studies, research bars were arranged in the agroecosystem fields in linear transects,
oriented in the north - south direction, 20-25 m from the edge of the field, in order to avoid the edge effect. The
research bars were randomly distributed on the transects every 50-100 m. Research sites were located on the transect
sites in 6 replications. Plastic rings (wall thickness — 3 mm, length — 5 cm, diameter — 11 cm) were installed at 2-5 cm
depth of soil arable layer.

For the evaluation of C budget, the gross primary production (GPP, pm? s%), respiration (R) and
agroecosystem net primary production (NPP) for each crop agroecosystem were estimated and described by equation
(Amthor, Baldocchi, 2001):

NPP = GPP- Raxh.

CO; emissions and assimilated photosynthetic CO; flux intensity of plants (autotrophs) were measured by a
static close-chamber method using the system LCpro (ADC Bioscientific LTD, UK). Autotroph’ respiratory CO;
emissions (Ra) were measured in the dark. Measurements of soil (autotrophs and heterotrophs) respiration (Ra+) and
photosynthesis CO- fluxes were carried out every 7-10 days in dependence on the meteorological conditions at different
plant growth stages in BBCH scale (Meier, 2001).

To evaluate photosynthetic assimilation area, the leaf surface area of 0.25 m? (0.5 m x 0.5 m) at 6 replications was
scanned using the device WinDias 3 (cm? m) for the calculation of the leaf surface index (LAI, m? m2). For the evaluation of
crop productivity the crude biomass (g m2) has been measured by weighing method at different growth stages.

Using cylindrical auger were taken soil samples for the joint agrochemical analysis (1ISO10381-2: 2002), which
was carried out in the Agrochemical Research Centre laboratory of Lithuanian Research Centre of Agriculture and
Forestry. The following soil agrochemical parameters were assessed: organic (Corg) and total carbon concentration
(Crota), total nitrogen concentration (Nwar), PH, P.Os and KO concentrations and electrical conductivity (EL) (tablel).

Table 1. Soil agrochemical parameters and electrical conductivity

Agroecosystem Corg,, Cotal, Niotal, pH P20s, K20, EL,
% % % mg kg mg kg mS m!

Maize Zea mays L. 1.46 1.68 0.148 7.5 268 147 9.78

Rapeseed Brassica napus L. 1.62 1.76 0.174 7.0 175 138 13.8

Meteorological conditions during vegetation period were characterized using hydrothermal coefficient (HTK)
(Lietuvos hidrometeorologijos ..., 1992). These were near optimal values for crop grows in June (HTK = 1.11),
however slight draught existed in July (HTK = 0.82), but excessive humidity was specified in August (HTK = 2.08) or
2 times higher than that in June.

June — August weather, compared with the multiannual means, was warm with a mean temperature 14.7 °C
20.6 °C and 17.8 °C higher in June, July and August respectively (Figurel.). The mean temperature was as compared to
by 57 %, 69 % and 65 % in June, July and August as compared to the multiannual means (Figure 2). The amount of
precipitation was the lowest (49.4 mm) in June than that in July (52.5 mm) and August (111.3 mm). Precipitation rate
was observed 77 %, 75 % and 45 % lower in June, July, and August, as compared to multiannual means.
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Figure 1. Meteorological conditions. DV — multiannual means

The deviation of respiration and photosynthesis assimilated CO,, leaf surface index (LAI), plant weight, net
primary production (NPP) values from the values of the general plurality were estimated by standard error (mean+SE).
For the quantitative evaluation of data, when compared two agroecosystems, the Student' t-test was used, applying
analysis of variance (p<0.05) using STATISTICA program package. Correlation coefficient r between CO, emissions
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and environmental conditions (temperature (T), the hydrothermal coefficient (HTK) and the organic carbon
concentration (Corg.); also between photosynthesis assimilated CO, rate and the LAI and crop biomass was evaluated.

RESULTS AND DISCUSSION

Regardless of agroecosystem type, the mean soil respiration CO, was 2.085 um s during the vegetation season
(Table 2). Though maize sowing was in the beginning of the 2" decade of April in 2014, or 8-12 days earlier than
usual, the mean soil CO, emission was 1.971 umol m?s, or 0.228 umol m2s™* (11%) lower than in rapeseed. The
highest soil CO, emission (2.963umol m?s? of maize, and 2.758umol m2s? of rapeseed) was recorded in the second
half of July, when the mean temperature was 20.6°C and HTC = 0.82 (Fig. 1). There was a strong correlation between
the mean soil CO, emissions and air temperature (rt=0.9) and HTC (rut«=0.6). Discovered dependency meets Zhang et
al. (2013) findings that 70-83 % of CO, emissions strongly depend on temperature and precipitation.

Table 2. Respiration COzrate (Ra+, pmol m? s 1) in the different agroecosystems (p<0.05; mean=SE)

0602 | 0614 | 0627 | o703 | o711 | o719 | o724 | o730 | 0808 | 0820 | 0820 | Mem

Maize Zea mays L.

1.405 1.848 1.405 2.307 2.157 2457 2.140 2.963 1427 1.847 1.723 1971
+0.15 024 +0.25 +0.65 048 +0.71 +0.39 +0.28 +0.51 +0.62 043 +0.12

Rapeseed Brassica napus L.

2.193 2457 2.261 2.395 2135 2.323 2135 2.758 2.088 1.825 1.623 2199
+0.46 +0.09 +0.39 +0.89 +0.67 +0.59 +0.27 +0.22 +0.35 +0.32 +0.57 +0.25

The increasing trend of soil CO, emissions was determined from July to August (r = 0.8), and might be
explained by the optimal conditions of the period for the formation of the soil microbial activity and extensive plant root
growth (Reicoscky, Lindstrom, 1993). However, the mean soil CO. emissions depended not only on different
agroecosystem autotrophs or meteorological conditions, but also Cqorg concentrations in soil (r = 0.9). Corg cOncentrations
in the soil were 1.46% and 1.62% for maize and rapeseed (Table 1).

Even so, the photosynthesis is related to plant growth stages (Suyker et al., 2003). The assimilated CO; rate of
maize was the highest in the beginning of July (17.74 pmol m2s?) at flowering stage (BBCH 40-69), and rapeseed in
June (14.44 umol m2s?) at stem growth (BBCH 30-50), when crop synthesis of organic materials and LAl grow
occurred intensively (r_ai= 0.9) (Table 3).

Table 3. Assimilated CO2 (GPP), leaf surface index (LAI) raw biomass (M) at different growth stages of different agro-ecosystems
(p<0.05; mean+SE)

/PaDr:t':eter 06.02 | 06.14 | 06.27 | 07.03 | 07.11 | 07.19 | 07.24 07.30 08.08 0820 | 0829 | Mean
Maize Zea mays L.

GPP
| 643 | 1043 | 1235 | 1477 | 1855 | 1632 | 17.54 1761 | 1069 | 1471
5‘;_{101 M 068 | +087 | £1.05 | 039 | <148 | 4237 | +1ea | 21E2A40 | ISTIEL26 ol Lo | w127
LAl mZ | 0127 | 0412 | 1049 | 1989 | 2876 | 3341 | 4121 5891 | 6384 | 3338
m? 1041 | +0.67 | 041 | 018 | 2046 | 042 | 057 | 49872031 54120271 [her | (053 | +0.46
M, gmZ | 1120 | 3125 | 498.68 | 62087 | 77463 | 86124 | 98743 1580.8 | 1604.9 | 93L01
1058 | +031 | 049 | +0.84 | 058 | +033 | +0.19 | 134601057} 1523212064 " o' | 1o54 | 40,55

Rapeseed Brassica napus L.

GPP
| 1366 | 1401 | 1566 | 1679 | 1020 | 1234 | 11.96 8.87 11.12
5‘5{’1101 ™| 1079 | £047 | £1.09 | 1057 | 1264 | 253 | +118 | O87F223 | 8B4 501 0] )
LAL m? | 0187 | 0347 | 0762 | 1157 | 1.876 | 2.697 | 2.957 3378 1.098
m? £025 | 4019 | 057 | 048 | 058 | +034 | +032 | 3271#032 1 334620211 5 | 0| 55y
M, gm? | 1314 | 2413 | 3129 | 4372 | 519.2 | 589.23 | 6418 7214 498.41
1034 | 05 | 061 | 054 | 015 | 068 | +0.91 | 6799054 | 7098047 )\ 01 549

In July, the maize also reached the flowering (BBCH 50-79) and cob growth (BBCH 60-89) stages, when rapidly
increased the plant biomass. Therefore, its assimilated (sequestered) CO- increased by 63 % in July as compared in June.
While in mid-June maize formed only 5-8 leaves (BBCH 15-29). CO, sequestration was higher by 45 % and 17 % in
July respectively compared with June and August. Maize increased in biomass, due to suitable weather conditions,
specifically temperature (r= 0.8) and HTK (r = 0.7) in July. This corresponds to Baldocch (2003) conclusion that maize is
a warm climate Cs-type species, for which the favorable conditions are relatively warm humid summer temperatures of
18-24 °C. Moreover, the mean maize assimilated CO, was 24 % higher than that of the rapeseed. This difference
followed plant different biological peculiarities. Maize is C4 (Berry, Bjorkman, 1980), and rapeseed — C3 photosynthetic
type plants, consistently different in leaf anatomical structure and chloroplast size (Edwards, Huber, 1979).
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For the calculation C budget in agroecosystems, net primary production of the maize and rapeseed were
estimated (Table 4) and was subjected on the CO, assimilation rate and leaf area index. As exhibited previously, these
crop indicators correlated with environmental conditions.

Table 4. Crop net primary production (NPP, umol m s %) in the different agroecosystems (p<0.05; mean+SE)

06.02‘ 06.14 ‘ 06.27 ‘ 07.03 ‘ 07.11 ‘ 07.19 | 07.24 | 07.30 ‘ 08.08 ‘ 08.20 ‘ 08.29 ‘ Mean

Zea mays L.

4,78 8.31 10.67 12.18 16.15 13.58 15.12 12.44 17.06 19.39 15.37 13.16
+0.55 +0.93 +1.25 +1.27 +1.87 +2.87 +1.74 +1.56 +2.12 +0.87 +1.25 +1.48

Brassica napus L.

11.17 11.20 13.07 14.01 7.71 9.69 9.48 6.79 6.47 6.412 8.72
+0.94 +0.87 +1.47 +1.74 +1.58 +2.43 +1.58 +1.52 +1.57 +1.12 +1.35

NPP express the sequestered carbon rate in biomass during vegetation period. NPP of maize was estimated by
31 % and 91 igher than that of rapeseed in July and August, respectively. The mean C budget (mean NPP) was 15.54 t
ha in maize and 10.30 t ha in rapeseed agroecosystem. The maize mean NPP was assessed by 66 % higher than that
of rapeseed during vegetation period. That indicated that maize take more CO; from the atmosphere, assimilated and
accumulated in biomass than that in rapeseed. Subsequently, the maize C sequestration potential is higher than that of
rapeseed. Therefore, targeting to increase C sequestration and reduce CO, emissions in the agrarian sector, and thus to
mitigate its contribution to climate change, as well as steering to keep the environmental sustainability, the maize areas
should be increased. However, the farm economic direction and special needs must be taken into account.
Agroecosystems were characterized by seasonal C flux changes during the autotroph vegetation season (Figure 2).
Sequestered C rate in biomass depended on the crop species and environmental conditions. A large proportion of
assimilated C of 70-80 % was sequestered in the yield biomass, and plant residues, and thus mitigated C pool in
atmosphere. Moreover, following to Hollinger et al. (2005), this C ratio sequestered in plant residues (roots etc.)
remained deposited in the soil increasing its fertility.
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Figure 2. Photosynthetic and respirational CO: flux intensity in maize (a) and rapeseed (b) agroecosystems

Though different C content (NPP) was captured from atmosphere and accumulated in biomass of the studied
agroecosystems, however following to Smith et al. (2008), soil C pool there can increase up to 89% or might became
stabilized by the means of changing crop rotation system. As Ogle et al. (2005) documented, if the annual crop rotation
species are changed, so there is no long-term accumulation of above ground biomass due to harvested and removed
production. Therefore the carbon sequestration in biomass and in the soil has important potential to capture CO, from
the atmosphere and store them for longer periods by altering the current flux rates through improved crop rotation
management.

CONCLUSION

The field study of C budget of both maize and rapeseed found that soil respiration CO, emission of maize was
11 % lower than that of rapeseed. The maximum measured soil CO, emission was in July at maize flowering and cob
growth (BBCH 50-79) and rapeseed stem elongation — flowering (BBCH 40-69) stages.

A strong correlation between the mean CO, emission and soil temperature and HTC was revealed. Consequently,
NPP and GPP vary depending on season conditions (precipitation and temperature) of assessed crops. Photosynthetically
assimilated CO, correlated with crop growth stages, leaf surface index (r = 0.9) and biomass rate
(r = 0.8). In addition, the soil CO; flux from agroecosystems can contribute significantly to the increase in the NPP. Maize
and spring rape sequestered more CO; from the environment than emitted. Nonetheless, due to different biological
peculiarities, the mean C budget and thus C sequestration potential of maize was 34 % higher than that of rapeseed.
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