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c KWS  OSIVA s.r.o., Pod Hradbami 2004/5, Velké Meziříčí, 594 01, Czech Republic
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a  b  s  t  r  a  c  t

Agricultural  drought  causes  serious  yield  losses  for rainfed  crops  (including  C4 crops)  and  is a cause  of
higher  costs  incurred  by  irrigation  use.  Drought  episodes  have  been  more  frequent  in Central  Europe  in
recent years  and  have  caused  problems  in  terms of crop  and livestock  production  due  to a lack  of  available
feed.  The  main  aim  of this  study  is  to  examine  16  water  availability  indicators  (suitable  for  the  evaluation
of  agricultural  drought)  to  help  explain  maize  silage  yields.  A  parallel  aim  is  to  determine  the  period
during  which  current  maize  hybrids  for silage  are  the most  vulnerable  to  water  availability  shortages.
These  aims  reflect  a  current  need  for  accurate  drought  impact  assessment  methods  that  can  be applied  as
an early  warning  system  or as  part  of  a decision  making  protocol.  For  the  purposes  of this  study,  data  from
rainfed  silage  maize  field  experiments  conducted  between  2011  and  2015  in 4 locations  (throughout  the
Czech  Republic)  were  used.  Relatively  high  correlations  were  found  using  precipitation  totals  for  July
alone,  as  this  simple  indicator  explained  64%  of  the observed  variability  in the  average  silage  yields of
maize.  Overall,  the  highest  R2 (coefficient  of  determination)  of  0.77  was  obtained  when  the  sum  of  actual
evapotranspiration  (ETa)  for May  to  August  was  applied  as  an  independent  variable.  This  indicator  also
gave  the  most  consistent  response  for all of the individually  assessed  months.  The lowest  ETa  totals  from
May  to August  occurred  during  an  extremely  dry  year  (2015).  The  significance  of  this  drought  episode
was  exacerbated  by  its spatial  extent  and severe  impacts  on  regional  maize  silage  yields  throughout  the
entire  Czech  Republic.  The  selection  of hybrids  according  to FAO  numbers  has  not  been  proven  (based
on  included  data)  to serve  as an  adequate  adaptation  measure  for severe  episodes  of drought,  although
higher  FAO  values  should  provide  slightly  higher  yields  in  such  cases.  The  recommendation  for  farmers
is  not  to rely  on  one  hybrid  alone,  but  instead  use  hybrids  with  different  FAO  values  for  a given  year.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Water availability and drought episodes have become one of
the main factors affecting field crop yields and variability in the
Central European region, including in the Czech Republic (Hlavinka
et al., 2009; Kolář et al., 2014; Brázdil et al., 2015; Potopová et al.,
2015). This situation has been caused by climatic trends leading to
drier conditions (e.g., Brázdil et al., 2008; Trnka et al., 2014a, 2015a)
and is due to the changed relationship between drought occurrence
and its impacts on field crop yields (Trnka et al., 2012). Mentioned
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study on these trends reveals the potential impacts of ongoing cli-
mate change, and according to predictions for Central Europe, it will
change agricultural conditions (Zalud et al., 2009) and will spur
more frequent, severe, and likely prolonged episodes of drought
(Trnka et al., 2013, 2015b). This trend is problematic not only for
C3 plants but also for C4 plants as shown by, e.g., Hlavinka et al.
(2009) and Potopová et al. (2015). Drought conditions are expected
to worsen, and even according to optimistic climate change sce-
narios (Trnka et al., 2014b). Maize production is threatened by this
phenomenon, and this will come with serious repercussions for
Central Europe and globally, as maize is one of the most important
cereal crops grown worldwide. Maize is widely grown throughout
the world in tropical, subtropical, and temperate climatic zones,
is an important staple crop in many countries, and is used in ani-
mal  feed and for many industrial applications (as a raw material;
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as a source of starch; as a sweetener; in oil, drinks, glues, alcohol,
and fuel and as a source of biogas). Consequently, it is important to
determine constraints on maize production, including the sensitiv-
ity of current hybrids to water availability and drought occurrence.
This need is highlighted by the fact that almost all maize production
in the Czech Republic is rainfed (without irrigation). The impacts of
an extreme summer drought episode occurring in 2015 when maize
yields were significantly reduced throughout the Czech Republic
forced the government and EU to approve of compensation pay-
ments to afflicted farmers. Maize was cultivated on approximately
325 thousand hectares, of which 80 thousand hectares of maize
was grown for grain while the remainder was grown for silage and
green materials in the Czech Republic in 2015. The historical devel-
opment of total maize acreage correlates with the number of cattle,
which has declined significantly. Currently, due to new biogas sta-
tion operations, this situation has partly stabilized. Compared to
yields for 2014, maize grain yields were approximately 34% lower
in 2015 with an average yield of 5.54 t/ha (Czech Statistical Office).
Furthermore, the harvested maize silage yield was approximately
30.0% lower relative to the previous year, was  the lowest since
2003 and was related to lower levels of nutrient quality (based on
the total starch content). This drop in 2015 partly occurred due to
the occurrence of an extreme summer agricultural drought in the
Czech Republic when a severe dry episode occurred in the begin-
ning of July and ended throughout much of the area on August 18th,
2015 due to the emergence of a cold front. The drought episode
negatively affected biomass accumulation within the reproductive
phenological stages. This period is particularly sensitive to stress
due to the occurrence of intensive growth (e.g., Sirisampan and
Zoebisch, 2005; Tolk et al., 2016). A second important feature of this
episode involved a high number of very warm days. Additionally,

another important feature pertained to the episode’s spatial dimen-
sion, as the drought affected the entire Czech Republic territory
(with the exception of mountainous regions).

The link between drought and maize growth and development
can be investigated in terms of water use efficiency levels, e.g., by
using lysimeters (e.g., Tolk et al., 2016), in terms of transpiration
(Messina et al., 2015), or with a focus on radiation use effi-
ciency (Earl and Davis, 2003). The sensitivities of selected hybrids
have been investigated by, e.g., Kamara et al. (2003) and Spitko
et al. (2014), and agronomic measures have been investigated by
Sirisampan and Zoebisch (2005). Most results in this area have been
obtained through field observations (e.g., Lobell et al., 2014), but
crop growth models are often used as a research tool (e.g., Wu  et al.,
2015) and for extreme weather (heat waves and droughts) impact
assessments of recent and future climatic conditions (e.g., Chung
et al., 2014). This approach is limited in its high input data require-
ments for analyses, heavy requirements in terms of modeler skills
(growth models are sophisticated tools), remaining uncertainties
due to calibrations, and degrees of complexity or simplification in
selected algorithms. These factors are certainly limit spatially uni-
versal, non-problematic and efficient (e.g., for the purposes of early
warning systems) crop growth models for larger regions or states.
On the other hand, the availability of simple, robust, and descriptive
indicators for the evaluation of drought impacts is desirable.

The main aim of this study is to evaluate a set of various water
availability (drought) indicators and to determine which has the
strongest correlation with maize silage yields. A parallel aim is to
determine the period in which current maize hybrids for silage (and
under recent agroclimatic conditions) are most vulnerable to water
availability shortages. These aims reflect a current need for accurate
drought impact assessment methods (for the precise quantification

Fig 1. Locations of the stations considered throughout the Czech Republic.
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