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a  b  s  t  r  a  c  t

Irrigation  induces  processes  that  may  either  decrease  or increase  greenhouse  gas  emissions  from  cropping
systems.  To  estimate  the net  effect  of  irrigation  on the  greenhouse  gas  emissions,  it  is necessary  to
consider  changes  in  the  crop  yields,  the  content  of soil  organic  carbon  and  nitrous  oxide  emissions,  as
well  as  in  emissions  from  the  use  and  production  of  machinery  and  auxiliary  materials.  In this  study  the
net  greenhouse  gas  emissions  of a cropping  system  on a sandy  soil  in  northeast  Germany  were  calculated
based  on  a long-term  field  experiment  coupled  with  two-year  N2O flux  measurements  on  selected  plots.
The cropping  system  comprised  a rotation  of potato,  winter  wheat,  winter  oil  seed  rape,  winter  rye
and  cocksfoot  each  under  three  nitrogen  (N)  fertilization  intensities  with  and  without  irrigation.  Total
greenhouse  gas  emissions  ranged from  452  to  3503  kg CO2-eq ha−1 and  0.09  to  1.81  kg CO2-eq kg−1 yield.
Application  of  an  adequate  amount  of N  fertilizer  led to  a decrease  in  greenhouse  gas  emissions  compared
to  zero  N fertilization  whereas  excessive  N fertilization  did  not  result  in  a  further  decrease.  Under  N
fertilization  there  were  no significant  differences  between  irrigation  and  non-irrigation.  Increases  in
greenhouse  gas  emissions  from  the  operation,  production  and  maintenance  of  irrigation  equipment  were
mainly  offset  by  increases  in crop  yield  and  soil organic  carbon  contents.  Thus,  on  a sandy  soil under
climatic  conditions  of north-east  Germany  it is possible  to  produce  higher  yields  under  irrigation  without
an  increase  in  the  yield-related  greenhouse  gas  emissions.

© 2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Climate change may  strongly affect global agricultural produc-
tion (Calzadilla et al., 2013). Changes in climate are also expected
in Europe which will influence crop production (Olesen and Bindi,
2002; Trnka et al., 2011). Especially changes in precipitation are
projected that may  seriously affect the productivity of crop produc-
tion. On the one hand, higher amounts of precipitation are possible
mainly in northern Europe. On the other hand, a decrease in precip-
itation endangers crop production in southern regions. However,
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even in regions with sufficient precipitation, weather extremes can
be expected that will raise the risk of yield losses caused by drought
periods (Trnka et al., 2011). Some regions exist in Germany where
drought periods are problematic for crop production (Schindler
et al., 2007). Especially in the federal state of Brandenburg in north-
east Germany, a region with increasing pre-summer-droughts in
combination with a low water holding capacity of the predom-
inant sandy soils, water scarcity may result in high yield losses
(Schindler et al., 2007; Drastig et al., 2011). Supplemental irrigation
is an option to stabilize and increase yields in this region (Trost et al.,
2014a). Thus an extended use of irrigation in this region is expected
in the future (Simon et al., 2009).

Irrigation induces processes that may  either increase or decrease
greenhouse gas emissions (Trost et al., 2013). To estimate the net
effect of irrigation on the greenhouse gas emissions of cropping
systems, it is necessary to consider changes in the yields and in
the content of soil organic carbon, in nitrous oxide emissions, as
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well as in emissions from the use and production of machinery
and auxiliary materials. Irrigation may  increase or decrease CO2
emissions by influencing the soil organic carbon contents, depend-
ing on climate and initial soil organic carbon contents (Trost et al.,
2013). In dry regions and on soils with low initial carbon contents,
irrigation can increase soil organic carbon contents (Entry et al.,
2004; Gillabel et al., 2007; Denef et al., 2008), whereas a decrease
is possible in regions with a humid climate and soils with high ini-
tial soil organic carbon contents (Dersch and Böhm, 2001; Getaneh
et al., 2007). Irrigation as well as nitrogen fertilization influences
N2O emissions. Some studies have shown that irrigation, espe-
cially at high availability of N, may  lead to increased N2O emissions
(Simojoki and Jaakkola, 2000; Livesley et al., 2010; Rochette et al.,
2010; Trost et al., 2014b). However, other results indicate only a
small influence of irrigation on the amount of N2O emissions (Trost
et al., 2014c). Additional greenhouse gas emissions associated with
irrigation originate from the use and production of the irrigation
machinery itself, particularly from the consumption of fossil fuels.
By increasing yields, irrigation affects greenhouse gas emissions
normalized for yield. Another relevant production factor, which
also affects the yield-related greenhouse gas emissions, is N fer-
tilization (Clayton et al., 1997; Hao et al., 2001; Liu and Greaver,
2009). It can potentially increase yield and soil-borne N2O emis-
sions as well as greenhouse gas emissions from the pre-chain, since
the production of mineral N fertilizer is an energy and greenhouse
gas intensive process (Lal, 2004).

Until now, there are many gaps in knowledge about the effects
of specific agronomic management options on the greenhouse gas
emissions (Sainju et al., 2014b). Especially the effect of irrigation
on the greenhouse gas emissions of cropping systems is not well
investigated (Mosier et al., 2006). No investigations are available on
the greenhouse gas emissions of irrigated cropping systems under
different N fertilizer intensities under the climatic conditions of
central Europe.

The objective of this paper is to determine the net greenhouse
gas emissions of a cropping system on a sandy soil in northeast
Germany based on a long-term field experiment under three N
fertilization intensities with and without irrigation coupled with
two-year N2O flux measurements on selected plots.

2. Material und methods

2.1. Cropping system, data base and functional unit

The cropping system is based on a long-term field experiment
on a sandy soil in northeast Germany and consists of a five-year
rotation of potato (Solanum tuberosum L.), winter wheat (Triticum
aestivum L.), oil seed rape (Brassica napus L.), winter rye (Secale
cereale L.) and cocksfoot (Dactylis glomerata L.). All crops are grown
with and without irrigation and with three N fertilizer intensi-
ties (zero, normal, excessive). The amounts of fertilizer, seeds and
the mean annual amounts of irrigation water are given in Table 1.
The long-term field trial of the Field Study and Research Station of
the Humboldt-University of Berlin in Thyrow is located south of
Berlin in the federal state of Brandenburg. The site is characterised
by a low fertility level because of the low water holding capac-
ity and the limited cation exchange capacity. The primary kinds
of soil substrate in the topsoil are low to average silty sand. The
long term average annual precipitation is 495.3 mm and the mean
annual temperature is 8.9 ◦C (Ellmer and Baumecker, 2008). Addi-
tional information on the long-term field trial is given in Trost et al.
(2014a).

The greenhouse gas emissions of the cropping system were cal-
culated based on a life cycle assessment approach according to ISO
14040 (2006) and ISO 14044 (2006). The system includes the min-

ing and production of raw materials, the production of machines,
fertilizers, pesticides and seed (pre-chains), the emissions from
diesel consumption of agronomic activities for crop production and
the transport of the harvest product to the farmyard. Soil borne
N2O emissions and emissions from changes in soil organic carbon
contents were included as well (Fig. 1).

Data on yields and soil organic carbon contents were taken from
results of the long-term field trial. N2O-emission factors were esti-
mated from results of field measurements carried out on selected
plots of the field trial. Greenhouse gas emissions from the produc-
tion of machinery and auxiliaries were taken from the database
ecoinvent (2010) (V 2.2.) of the Swiss Centre for Life Cycle Inven-
tories. Performance data, diesel consumption and working hours
were taken from KTBL (2009) and KTBL database (2014). Green-
house gas emissions were related to the functional units hectare
(ha) for the land used and kilogram (kg) for the yield.

2.2. Calculation of greenhouse gas emissions

2.2.1. Greenhouse gas emissions from changes in soil organic
carbon content

Detailed information on the development of yields, C inputs and
SOC stocks is given in Trost et al. (2014a). The annual change in soil
organic carbon contents was  calculated with the values from the
period of 2000–2013. This period was  chosen to minimize the effect
of a change in fertilizer management in 1995. Before 1995 N was
applied in all three N fertilizer levels. In 1995 the N fertilization
in one level was abandoned (fertilizer level “zero”) and reduced
in the other two  levels (fertilizer levels “normal” and “excessive”).
This led to decreasing soil organic carbon amounts in the following
years until a new equilibrium was  reached in 2000 (Trost et al.,
2014a).

The annual changes in soil organic carbon amounts �SOC (t
C ha−1) in all fertilizer levels were calculated from the soil organic
carbon content in a soil depth of 0 to 20 cm in 2000 (SOC2000) and
in 2013 (SOC2013). This soil layer represents the AP horizon of this
field trial, which contains the main content of soil organic carbon
and roots.

�SOC = (SOC2013-SOC2000)
13years

(1)

The average soil organic carbon contents in the treatments in
2000 and 2013 are shown in Table 2.

2.2.2. Soil-borne N2O emissions
N2O emissions were calculated according to IPCC (2006) using

site-specific data from the long-term field trial. The calculated aver-
age N inputs by mineral fertilizer, crop residues and decomposition
of soil organic matter are shown in Table 3. Crop and straw yields
are shown in Table 4. For winter wheat and winter rye, the straw
yields were determined every year. For potato and oil seed rape,
the aboveground residues were calculated using the grain/straw
ratio of 1:0.2 and 1:1.7 respectively (DüV, 2012). For cocksfoot, no
data on the aboveground harvest residues was available due to the
complete removal of aboveground biomass. Belowground residues
were calculated by the ratio of aboveground biomass to below-
ground biomass according to IPCC (2006). The ratio was 1:0.23 for
winter wheat, 1:0.22 for winter rye and 1:0.20 for potato. For oil
seed rape and cocksfoot, a specific ratio was not available, thus
for oil seed rape the ratio of 1:0.22 for cereals and for cocksfoot
the ratio of 1:0.54 for non-legume hay was  used. To calculate the
N input from decomposition of soil organic matter, the values of
�SOC were multiplied by the factor of 0.1, representing the mean
ratio of carbon to N in soil organic matter (IPCC, 2006).

Direct N2O emissions from N inputs were calculated with a
site-specific N2O emission factor derived from the long-term field



Download English Version:

https://daneshyari.com/en/article/4508662

Download Persian Version:

https://daneshyari.com/article/4508662

Daneshyari.com

https://daneshyari.com/en/article/4508662
https://daneshyari.com/article/4508662
https://daneshyari.com

