
Exponential Fertilization and
Nutrient Loading of Forest
Planting Stock

Vic Timmer
Faculty of Forestry, University of Toronto, Canada

This workshop presentation will introduce a new concept of steady-state
nutrient preconditioning for forest planting stock that results in enhanced
growth and nutrition of seedlings after field planting. The conditoning process
involves two fertilization techniques which are novel to nursery culture:
exponential fertilization and nutrient loading. When transplanted from a high
fertility environment of the nursery to a low fertility condition of the field,
seedlings often experience nutritional stress because of limited nutrient supply
and slow regeneration of the root system that restrict exploitation and
absorbtion of soil nutrients. This stress may contribute to early growth check
and plantation failure. Special cultural regimes that precondition seedlings for
outplanting can reduce the severity of planting check.

Traditional fertilization regimes that prepare seedlings for the
outplanting environment commonly consist of intensive supplementing of plant
nutrient requirements during the active growing season in the nursery, which
is followed by reduced fertilization after bud set to expose the trees to
nutrient stress during dormancy. The period of reduced fertilization is sup-
posed to ensure sufficient hardening of the seedling before planting. Typically,
these regimes follow "constant feed" fertilization schedules that are character-
ized by declining tissue nutrient concentrations in the plants as the growing
season progresses, because tree nutrient reserves are diluted by increasing
growth with time. These regimes reflect non steady-state nutrient conditions
since decreasing tissue nutrient concentrations indicate that nutrient supply
or plant uptake of nutrients was unable to keep up with dry matter production
causing nutrient dilution. Studies have shown that severe nutrient dilution in
planting stock may negatively influence early outplanting performance.

The goal of steady-state nutrient preconditioning is to rear seedlings at
stable or constant nutrient concentrations that reflect matching growth and
nutrient uptake of seedlings during nursery culture, thus countering internal
nutrient dilution. This goal can be achieved by employing fertilization sched-
ules that deliver nutrients at exponentially increasing rates that are synchro-
nized with the exponential growth and nutrient demand of young seedlings,
thus inducing steady-state nutrient conditions. Another goal of steady-state
nutrient preconditoning is to ensure that seedlings accumulate ample nutrient
reserves during nursery production that serve as a readily available source of
nutrients for growth after field planting. This is achieved by high-dose expo-
nential fertilization (or exponential nutrient loading) which induces a progres-
sive build up of nutrients in the crop as steady-state luxury consumption.
Consequently loaded seedlings are of similar size as conventionally fertilized
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seedlings, but contain much higher nutrient reserves. These reserves can be
remobilized under nutrient stress for retranslocation to current growth.

Steady-state nutrient culture of seedlings also corresponds better with
the outplanting environment, since stable internal nutrient accumulation in the
greenhouse phase conforms with steady-state nutrient uptake of natural
exponentially growing vegetation in the field. Exponential nutrient delivery to
container-restricted root systems also better simulates nutrient flux reached
by expanding roots in a field soil with constant nutrient availability. Combined
with nutrient loading, the higher nutrient reserves and improved nutrient
balance in seedlings contribute to enhanced stress resistance and increased
growth performance. Our studies have demonstrated that exponentially loaded
seedlings grow faster and take up more nutrients in the field, and suppress
weeds more effectively than conventionally fertilized seedlings. The implemen-
tation of exponential fertilization and nutrient loading practices in relation to
the production of containerized tree seedling stock will be dicussed. More
information on our findings is available in the references listed below.
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