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a  b  s  t  r  a  c  t

Container  Crop  Resource  Optimization  Program  (CCROP)  is  an  integrative  model  which  simulates  the
growth  and water  and  nutrient  requirements  of  a woody  ornamental  shrub  grown  in  small  (2.8–11.4  L)
containers  in  a field  environment  with  overhead  sprinkler  irrigation.  The  model  was  developed  for  pro-
ducers, producer  advisers  and researchers  to  support  best  management  practice  decision-making  in
eywords:
ecision-support tool

rrigation
itrogen
rnamental

container  nursery  production.  We  describe  the  primary  processes  simulated  by CCROP  particularly  how
they differ  from  traditional  crops  grown  in-ground  and  assess  the  ability  of  CCROP  to simulate  measured
values  for  a  range  of irrigation  and  fertilizer  trials  and  transplanting  dates.  Results  of  model  testing  with
11 trials  indicate  that  CCROP  provided  reasonable  outcomes  for biomass  and leaf  area  growth  as  well as
evapotranspiration,  runoff  (container  drainage  plus  un-intercepted  irrigation  and  rainfall)  and  nitrogen
unoff loss.

. Introduction

In 2009, the nursery industry in the U.S. was estimated to have
ales of $3.85 billion with 66% of production in containers (National
gricultural Statistics Service; www.nass.usda.gov). Best manage-
ent practices (BMPs) are needed in production of container grown

ursery crops due to high plant densities, inherently inefficient
verhead irrigation systems (Beeson and Knox, 1991), and high
pplication rates of controlled-release fertilizer (Evans et al., 2007).
nder these conditions, cumulative leaching losses of applied N
nd P were found to exceed 250 and 33 kg ha−1 yr−1, respec-
ively, from the moderate fertilizer application rates of 1100 and
50 kg ha−1 yr−1 of N and P, respectively (Million et al., 2007b).  BMP
uides such as Best Management Practices: Guide for Producing
ursery Crops (Yeager et al., 2007) recommend irrigation and nutri-
nt strategies based on a limited amount of research (Heckman
t al., 2003). Economic and environmental issues can change rapidly
equiring critical information from research be rapidly available.
owever, it is quite difficult to evaluate BMPs under all conditions
ith trial-and-error research specific to weather, transplanting

ates, site and irrigation and nutrient application strategies.

Agronomic crop production simulation models have gained
ide acceptance as important tools in research, education, and
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management (Jones et al., 2003; Keating et al., 2003; Marcelis et al.,
1998). In container production, efforts have been made to model
individual processes such as evapotranspiration (Beeson, 2010;
Pardossi et al., 2008), container temperature (Martin and Ingram,
1992), and fertilizer release (Birrenkott et al., 2005), but few simula-
tion models integrate a wide range of factors affecting production
of container-grown nursery crops (Smajstrla and Zazueta, 1987).
The primary difference between traditional soil-based agricultural
production and production in containers is the finite substrate
volume imposed by containers. This finite volume has implica-
tions for relating canopy ET with water uptake. Temperatures in
container substrates have the potential to exceed traditional soil
temperatures due to adsorption of radiation by container walls and
the surrounding environment (Martin and Ingram, 1993). Another
major difference is the common use of controlled-release fertilizers
(CRF) in container production. Numerical models used to estimate
nutrient release from polymer-coated CRF are complex (Shaviv
et al., 2003) and simplified release algorithms are needed. Another
deviation from traditional crop models is the loss of overhead irri-
gation water and rain that falls between spaced containers. In this
regard, the leaf canopy can affect the amount of overhead irrigation
and rain captured by the container substrate (Beeson and Yeager,
2003).

Our objective was  to develop an integrative simulation model
for container-grown plants by adapting established principles from

agronomic crop simulation models. Viburnum odoratissimum (L.)
Ker-Gawl., common name sweet viburnum, grown in 2.8 L (trade
#1) and 11.4 L (trade #3) containers was  used as a test crop for
developing and testing model functions. V. odoratissimum is a
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