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Impacts of long-term intensive organic inputs on carbon
index correlations in meadow ecosystems
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Carbon (C) accumulation and distribution in an organic fertilized meadow ecosystem are
presented, with the aim of assessing the impact of farm waste applications on spatial C dy-
namics and CO, emissions. C distribution in intensively manured soils (long-term slurry
application) from the Lake Lapoja basin and in vegetation were determined in-situ and by
laboratory analyses which revealed large variations of C in both soil organics (0.7-6.8%)
and vegetation (17-41%). CO, concentrations in soil surface (74%) with the vegetation
removed, in a mowed vegetation surface (62%) and above the vegetation canopy (43%)
have been determined relative to the soil arable layer. This is perceived to be a consequence
of natural variability and anthropogenic impact. Therefore, for land use simulation, ge-
ostatistical approaches were developed to assess the impacts on CO, concentrations in situ.
However, they have also revealed a variety of spatial C index patterns and as such were
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INTRODUCTION

Livestock production systems exert various effects on the
environment. Slurry management is the central topic in the
agronomic and environmental analysis of intensive livestock
production systems (Lopez-Ridaura et. al., 2009). Manure
management systems are conducive to nutrient and carbon
losses. Their influences greatly depend on the livestock pro-
duction system itself, the management and the environmen-
tal conditions (Oenema et. al., 2007).

Slurry, particularly from pig breeding farms, is an ac-
knowledged source of groundwater pollution. In the EU-27
housing systems, 20-30% of livestock excreta is collected in
the form of slurry and / or liquid (Menzi, 2002). Generally,
pig slurry from intensive livestock systems is inefficiently
recycled and can, potentially, lead to atmosphere pollution,
both during storage and after field spreading (Sherlock
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et al., 2002). At sites with high rates of slurry application,
soil biota is suppressed, and natural soil fertility, despite an
increase in nutrient contents, decreases. Considering differ-
ent forms of emissions throughout the livestock commodity
chains, greenhouse gas (GHG) estimates for the livestock
sector are substantial, with animal wastes contributing
mainly through ammonia and methane (Gerber, Steinfeld,
2008). Releases from manure have two sources: hydrolysis
of urea, leading to NH, and CO, and anaerobic degrada-
tion, and organic components (Pholippe et al., 2008). Car-
bon is released from manure in gaseous forms (mainly as
CO, and CH,), in dissolved forms as inorganic and organic
C (ZHCO,, DOC), and as particulate matter (via run-off)
(Oenema et al., 2007). However, the balance between CO,
and removals in agricultural land is uncertain (Smith et al.,
2007). Recent recommendations for a unified multidisci-
plinary approach to future research in the response of ter-
restrial ecosystems to global climate change and responses
of terrestrial ecosystems and their components to elevated
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atmospheric CO, include evaluation of potential thresholds
or ecosystem ‘tipping points’ (Rustad, 2008).

Land cover and management changes around water areas
have caused a serious environmental degradation. Nutrient
load and pollution studies are often geographically defined
basins. Therefore, the primary aim of this investigation was
to assess the utilization of farm waste C dynamics and CO,
emissions from the Lake Lapoja basin soils by determining
how slurry applications affect site (small basin) carbon and
gas exchange indexes.

MATERIALS AND METHODS

Field site. The study site is located in the Middle Lithuanian
lowland, the river Neris basin, around the small Lake Lapoja,
and is situated between the latitudes 54°49'07""and 54°49'31"N
and the longitudes 24°46'33" and 24°45'46" E. The climatic
conditions of the area are characterized by the +6.2 °C mean
annual air temperature and 661 mm mean annual atmospher-
ic precipitation. The Lake Lapoja basin collects water from a
slurry-irrigated natural meadow which was selected as the
experimental area. The average annual application of slurry is
~30 mm per m” Annually, slurry is sprayed on the land dur-
ing several short cycles from April to August (but with negli-
gible quantities in June). The prevailing soil types are Luvisols,
Podzols and Gleysols with small spots of Histosols.
Thirty-three unique sampling points were chosen based
on the summarized morphological site characteristics to
sample soils and plant cover. The location of each plot was

identical to the location of the plant cover and soil samples
(Fig. 1). The GPS unit Garmin Ique3600 was used to identify
the location of sampling points (WGS84). Soil (using auger
at a depth of 0-20 cm) and plant samples collected from an
area of 50-100 m* and at the same time CO, concentrations
were measured.

Analyses of the soil and plant cover samples were per-
formed by the following methods: for total N - Kjeldahl's and
for organic C - dry combustion. For in-situ measurements,
the ADC BioScientific Limited LCi Leaf Chamber / Soil Res-
piration analysis system (SRS2000) was used to measure CO,
flow. A highly accurate miniaturised CO, infrared gas analys-
er, designed for a wide variety of environmental research ap-
plications, was housed directly adjacent to the soil chamber
to ensure the fastest possible response to gas exchanges in the
soil and Knoepp and Vose (2002) suggest that data collected
using the other soil CO, flux measurement methods could be
standardized to OC flux rates.

In order to estimate the contribution of aboveground litter
to total soil respiration, several kinds of measurements were
taken at each sampling point. Gas exchange measurements
were performed after cutting plant vegetation (at a height of
3-5 cm) (RV-1), then directly on the underlying mineral ho-
rizons on scraped soil (SS-2), and the third measurement was
done after digging to imitate ploughing (PI-3) and turning over
a 0.2 m topsoil layer from an area of 0.09 m* (0.3 x 0.3 m).

Data analysis. The experimental results were subjected
to statistical analysis (descriptive statistics, correlation and
regression analysis, geostatistical interpolation — Kriging’s

Fig. 1. Experimental site and sampling points
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method with a linear variogram) to show the variation in C
dynamics and to relate them to the biotic and abiotic factors
as well as to produce contour maps for soil CO,, soil and bio-
mass C. For geostatistical calculations and modelling of the
data, ‘Surfer 8 software was used.

RESULTS

The mean value of soil organic carbon (SOC) was 2.2%, with
more than three times higher values in humus-rich soil spots
(Gleysols and Histosols) (Table 1). The mean value of total soil
nitrogen (TSN) was 0.2%, with a variation similar to that of
SOC at 3x higher peak values. The mean integrated minerali-
zation parameter — C/N ratio — was 9.1, 1. e. close but some-
what lower than could be assumed from the minimal and
peak values of SOC and TSN (~11). This indicates a slightly
different accumulation of SOC and TSN, and even a very
strong correlation was found (r = 0.97) (Table 2). Soil cover in
the sites highly heterogeneous in terms of OM decomposition
conditions, the lowest ratio (4.5) indicating zones where the
decomposition is accelerated and even the peak values (12.4)
representing arable lands rather than meadow systems.

C accumulation in plants (C% BDM) showed a relatively
large variability ranging between 17.3 and 40.8%. N rang-
ing demonstrated a similar level of variation (~2.4x), but
these two parameters, surprisingly, showed no correlation
(r=0.06,p > 0.05). Prediction of carbon C and N minerali-
sation patterns of plant residues is extensively documented
in the literature as directly related to the C: N ratio in plants
(C/N BDM) and especially to the lignin content particu-
larly difficult to biodegrade. Biomass is often recognized
as easily decomposed, depending on C/N BDM where the

lowest values mean the fastest decomposition. The mean
C/N BDM was 13.9 and the peak values were even close to
20, i. e. below the most rapidly biodegradable organic mat-
ter rate (25-30).

Variability in soil and plant cover creates a unique and
highly unpredictable site-specific system for CO, emissions.
It was clearly demonstrated by in-situ measurements of di-
rect CO, concentrations above the canopy: this parameter
had no correlation with C and N concentrations in soil or
plant biomass (r =-0.14 t0 0.19, p > 0.05). The high values of
CO, concentrations were connected to lower altitudes where
the sedimentation of organic waste was most intensive and
the soil background was rich in organic matter. These find-
ings are in agreement with those from lysimeter experiments
in Sweden where CO, emissions from plots with a higher
static water table (0.4 m) were greater than with a lower
one (0.8 m) (Berglung et al., 2008). The mean value and the
standard error for CO, concentrations were increasing with
increasing soil depth (528 + 19, 637 + 34.5 and 857 + 76
vpm, respectively, for RV-1, SS-2 and PI-3 measurements).
These values are much higher than CO, concentrations
above canopy (368 + 1.6). However, a direct use of these
mean values can lead to controversial conclusions because
of a high probability (p > 0.95) of non-normal distribution.
The maximum measured values >2000 are of special rele-
vance from the sustainable land and environment manage-
ment point of view. A close correlation was found between
CO, concentrations SS-2 and PI-3 measurements (r = 0.81,
p < 0.01), but with 1.3 times higher PI-3 mean values (ex-
tremes 2.5 times higher). A significant correlation (r = 0.54,
p < 0.01) between CO, concentrations in RV-1 and SS-2
was less strong than between SS-2 and P-3, although with a

Table 1. Ecosystem C-related properties and their variation in site (0-20 cm depth), Zelvé, 2008

Soil Vegetation cover DM (0, concentrations, vpm
0% | TSN% | /N @ | Ne [ oN AC RV-1 55-2 PI-3
X 2.2 0.2 9.1 334 2.5 13.9 368.7 527.7 637.9 857.5
Sz 0.22 0.02 0.33 0.93 0.10 0.64 1.62 18.57 34.50 75.80
Median 1.9 0.2 9.4 34.1 2.4 13.7 368.0 499.0 562.0 708.0
Min 0.7 0.1 45 17.3 1.7 7.3 351.3 402.0 449.0 458.0
Max 6.8 0.6 124 40.8 4.0 21.9 396.3 894.0 1309.0 2000.0
Table 2. Correlation matrix of measured soil and biomass parameters, Zelve, 2008
(0, concentrations, vpm In soil In biomass
c‘;‘;‘;‘;‘; RV-1 §5-2 PI-3 $0C% TSN% | C/Nsoil | C%DM | N%DM
CO,RV-1 -0.03
CO,SS-2 0.02 0.54
CO,PI-3 0.01 0.38 0.81
SOC% -0.06 0.22 0.46 0.63
TSN% -0.06 0.15 0.45 0.62 0.97
C/N soil -0.05 0.31 0.37 0.54 0.74 0.57
C% BDM -0.06 -0.38 0.05 0.18 0.04 0.07 -0.03
N% BDM 0.19 0.09 0.24 0.33 0.29 0.27 0.35 0.06
C/N BDM -0.14 -0.32 -0.18 -0.20 -0.26 -0.22 -0.40 0.59 -0.74




96 Saulius Marcinkonis, Sigitas Lazauskas, Virmantas Povilaitis, Colin A. Booth

very good regression slope b = 1.004. How-
ever, the correlation between measurements
in RV-1 and PI-3 was weaker (r = 0.384,
p < 0.05) and with a rather low regression
slope b = 0.09. These results suggest that soil
respiration was largely responsible for the
elevated CO, concentrations in PI-3, but at
soil surface this value was reduced by 75%.
However, there was no consistent correlation
of CO, concentrations in the arable soil layer
and above canopy. The regression matrix of
the measured properties suggests that CO,
concentrations respond mainly to soil C%,
but the strength of the relation gradually de-
creases with decreasing the depth of meas-
uring - 0.63 (PI-3), 0.46 (SS-2),0.22 (RV-1)
and -0.06 (above canopy), respectively.

Statistical analysis can only explain the
sample difference in volume and homo-
geneity, but not in the spatial C index vari-
ability (Fig.2). Heterogeneous conditions are
illustrated by shapes and sectors detected
for the estimated parameters. The slightly
higher canopy CO, concentration zones
(X200-300 Y500-700; X800-900 Y500-600)
can be ascribed to landscape contours, while
C% in vegetation is further associated with
soil properties (especially SOC%) and hy-
drothermal regime, plus their interactions.
It has been estimated that abiotic factors
(landscape contours, variously textured
soils — sands, sandy loams and organic soils,
soil hydrothermal regime) cause a huge spa-
tial variability of site C dynamics. The effect
of agricultural activities on agricultural top-
soil in space and time is evident, although
the consequences are determined by natural
background effects.

DISCUSSION

Nutrient accumulation or depletion in soil
depends on soil texture and soil organic mat-
ter. Soil CO, emissions define the intensity of
C, the basic components of SOM and eco-
system cycling. Beside other CO, emission
controlling factors, soil management and or-
ganic amendments (such as animal manure
and compost) can affect soil organic C pools,
soil nutrients and microbial environments
and activities (Ginting et al., 2003).

Soil respiration varies with vegetation
and also amongst the major plant biomes
(Raich, Tufekciogul, 2000). In our study, soil
variability was poorly reflected in vegetation
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cover (Fig. 2, B and C), contour maps of geo-statistically
modelled data indicating different spatial variability. Impor-
tance of vegetation structures for biogeochemical behaviour
has been reported; however, similar vegetation structures
in different locations can show very different biogeochemi-
cal behaviour (Johnston et. al., 2008). In the present study,
vegetation cover varied substantially in different parts of the
study site. Grasses, mostly couch-grass (Agropyron repens L.)
were developed in places used occasionally for hay produc-
tion, nettle (Utrica dioica L.) was prevailing in a few locations
where sedimentation of organic waste was most concentrat-
ed relating to landscape contours. Similar regularities were
found in fields used for wastewater treatment since the 19th
century in Gdansk (Kowalik, Suligovski, 2008). Processes
of turning extensively used cultural meadows into natural
meadows have been reported to last 30 years (Sendzikaité,
Pakalnis, 2005).

Traditional agronomic practice induces application of
organic fertilizers as a long-lasting means to improve soil
quality and fertility. Long-term fertilization with different
rates of cattle slurry significantly improves the microbial,
biochemical and chemical properties of the soil as com-
pared with the NPK-treated soil (Martyniuk et al., 2002).
In contrast, it is well known that an excessive organic and
mineral fertilization causes pollution of the environment
with heavy metals, nitrates, phosphates and other chemical
substances. Some authors employing STELLA simulation
have proven that livestock waste does have a potential of
long-term soil carbon gain (Fellman et al., 2008). However,
the soil C saturation concept postulates that there is an up-
per limit to the equilibrium soil C level of mineral soils,
even when soil C input is increased (Chung et al., 2008). On
the other hand, soil carbon turnover and storage to a great
extent are controlled by climate (Jenny, 1980). Our studies
indicate that a huge heterogeneity of soil C properties, even
at a relatively small scale, is a result of the interaction of
soil cover, soil hydrology and intensive organic fertiliza-
tion. They determine an intra-site SOC variation within
0.7-6.8%. It can be estimated to a range of 21-204 Mg ha™!
of topsoil organic carbon stocks (assuming 3000 t ha™ of
20 cm arable layer).

In our observations, we have found that vegetation cover
shows a more gradual C distribution than soil in which C
concentration varies within 17.3-40.8%. There was no corre-
lation between SOC and C accumulation in vegetation cover
(r = 0.04). Nevertheless, the correlation of C% in biomass
tended to be opposite but stronger (r = -0.38) when the CO,
flux was measured after removing the vegetation cover.

Abiotic and biotic processes affect soil in specific zones,
and the effectiveness of management activities is strongly
influenced by pedogenic processes. For instance, studies
on Lithuanian arenosols have showed that afforested sites
are more effective in C and N conservation compared with
fallow systems in areas formerly intensively fertilised with
mineral and organic fertilisers (Armolaitis et al., 2005,

2007). Apparent C saturation of some of the fractions in-
dicates that SOC pools have a limited capacity to stabilize
added C and that such a limit to C stabilization will con-
strain the ecosystem services provided by these SOC pools
(Chung et al., 2008).

The land use and / or tillage technology primarily affects
the humus status of superficial soil layers. The current exten-
sive agricultural site management practice and plant cover
structure are able to mitigate an increased load of organics
and prevent intensive C emission from a site by acting as a
strong sink for GHGs. However, in C accumulation zones, the
risk remains high, especially in the case of land use change
and intensification. With soil and long-term disturbance of
native vegetation, the loss of SOC can be rapid and extensive
(Franzluebbers, 2005). Because of the greater below-ground
allocation in native perennial systems and the removal of a
substantial portion of the net primary productivity in ag-
ricultural systems, it is unlikely that even the use of no-till
practices alone can help to achieve the soil C levels of native
ecosystems (Management controls..., 1997).

CONCLUSIONS

1. Great variations of SOC (0.7-6.8%) and C accumulation
in vegetation (17-41%) were observed as a consequence of
natural variability and anthropogenic impact. Long-term
application of pig slurry on a restricted area dominated by
Luvisols, Podzols and Gleysols with small patches of Histosols
caused a heterogeneous background of CO, emissions.

2. CO, concentrations from the soil surface (74%) with
the vegetation removed, from the mowed vegetation surface
(62%) and from above the vegetation canopy (43%) have been
determined relative to the soil arable layer. This is perceived
to be a consequence of natural variability and anthropogenic
impact.

3. Variability in soil and plant cover illustrates a unique
and highly complicated system that requires alternative tools
to predict CO, emissions. Therefore, geostatistical approaches
to land use simulation were developed to assess the impacts
on CO, concentrations. However, these also reveal a variety of
spatial C index patterns and therefore are deemed unsuitable
for CO, emission modelling.
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INTENSYVAUS ILGALAIKIO TRESIMO [TAKA
ANGLIES RODIKLIAMS

Santrauka
Pateikti anglies sankaupy ir jy pasiskirstymo tyrimy, atlikty inten-
syviai treSiamoje pievy ekosistemoje, rezultatai. Tyrimy tikslas buvo
nustatyti organiniy gyvulininkystés komplekso atlieky utilizavimo
poveikj C rodikliams ir sumodeliuoti potencialig CO, emisijg. Atli-
kus i$samius lauko matavimus ir laboratorines analizes jvertintas
anglies koncentracijy pasiskirstymas intensyviai ir ilgg laika sruto-
mis treSiamame Lapojos eZero baseine. Nustatyta, kad gyvulinin-
kystés komplekso tar$os teritorija dél abiotiniy ir biotiniy veiksniy
saveikos pasizymi didele dirvozemio organinés C koncentracijy
(0,7-6,8 % C) ir C sankaupy augaluose (17-41 % C) jvairove, tatiau
CO, koncentracijos vir$ augalijos nepriklausé nuo iy rodikliy vari-
acijos. Dirvozemio pavir$iuje CO, koncentracijos sudaré vidutinis-
kai 74 %, zolés $ienaujamajame aukstyje (4-5 cm) — apie 62 %, 0 vir§
augaly vegetacinio pavirsiaus - tik apie 43 % dirvoZemio armenyje
nustatyty koncentracijy. Todél pagal CO, koncentracijg vir$ auga-
ly vegetacinio pavir$iaus sunku vertinti emisijas dirvozemyje, vir§
dirvozemio pavirsiaus ar net ir Zolés Sienaujamajame aukstyje. Sis
rodiklis visi$kai nesusijes nei su dirvozemio, nei su augalijos C ir N
koncentracijomis.

Raktazodziai: pievy ekosistemos, anglies sekvestracija, geosta-
tistinis modeliavimas, kontiriniai Zemeélapiai
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