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Abstract: Roots are critical to seedling performance after outplanting. Although root quality is not as quick
and simple to measure as shoot quality, target root characteristics should be included in any seedling quality
assessment program. This paper provides a brief review of root characteristics most commonly targeted for
operational seedling production. These are: root mass (with special attention to shoot:root), root fibrosity,
root length, root form, and root growth potential.
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A functional nursery root system, that can supply adequate water and produce new roots after outplanting, is critical for
successful seedling establishment, growth, and survival. Roots are the primary mechanism for water and nutrient uptake
and provide structural support for the plant. However, plant specifications at the nursery are most often based on height
and stem diameter of the seedling shoot. Although stem diameter is an indicator of root system size, root characteristics are
rarely assessed beyond a cursory inspection at the time of packing. Obviously, root quality cannot be assessed as quickly
and easily as shoot quality; but it should be considered an important factor in determining overall seedling quality and field
growth potential.

Following is a brief overview of root characteristics most commonly measured for operational evaluation of seedling qual-
ity. For each of these, specific targets should be developed based on stocktype, species growth habit, seed source, and the
expected environment at the designated outplanting site.

Root Mass

Studies show that seedlings with larger root mass at the time of outplanting have greater growth and survival compared
to those with smaller root mass, even if they have smaller stem diameters (Omi and others 1986; Blake and others 1989;
Rose and others 1997; Jacobs and others 2005). Douglas-fir (Pseudotsuga menziesii) seedlings with large initial root volumes
had greater terminal growth, stem diameter growth, and needle length across a range of soil water contents compared to
seedlings with smaller initial root volumes (Haase and Rose 1993). Those with larger root volumes also had higher nutrient
concentrations, suggesting that increased root biomass per unit of soil area may result in greater nutrient use, supply, up-
take, and storage (Haase and Rose 1994). The effects of initial root system size can have lasting effects on seedling growth.
Sundstrém and Keane (1999) found initial root system size to be correlated with diameter at breast height (DBH) and shoot
fresh weight on excavated 10-year-old Douglas-fir trees.

Root mass is usually measured by weight or by volume. Root weight can be assessed on fresh or dry plant tissue. However,
because water content in plant tissues varies considerably, dry weight is a more consistent measure of plant mass than fresh
weight. Dry weight is measured on plant parts following oven drying for a minimum of 48 hours at 68 °C (154 °F). Root vol-
ume is easily measured via water displacement (Harrington and others 1994) and, unlike dry weight, it is a non-destructive
measurement requiring very little time. Not surprisingly, root volume and root dry weight tend to correlate well with one
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another. It is important to note that root mass is not neces-
sarily areflection of root fibrosity (see section below); a highly
fibrous seedling with many fine roots may have a root mass
similar to a seedling with a large tap root and low fibrosity.

Setting targets for root mass is dependent on the stock-
type, seed source, and species. For instance, a quality 1+0
bareroot, loblolly pine (Pinus taeda) seedling may have an
average root volume of 3 to 5 cm® (0.18 to 0.24 in?), whereas
a quality plug+1 bareroot, coastal Douglas-fir seedling may
average 25 to 35 cm? (1.5 to 2.1 in?).

Shoot:Root

When setting targets for root mass of a specific seedling
crop, it is imperative that those targets be set relative to the
shoot mass. A quality seedling must have an appropriate
balance between its capacity to absorb water (roots) and its
transpirational area (shoot). The ratio between the shoot to
root (shoot:root) is calculated from shoot and root volumes
or dry weights. A typical shoot:root target is 3:1 or less for
bareroot seedlings and 2:1 or less for container seedlings.
These targets are particularly important for seedlings desig-
nated for outplanting sites where waterislimiting; seedlings
that are “top heavy” may perform poorly on dry sites if the
root system is inadequate to supply the water needs of the
shoot.

Root Fibrosity

Seedlings with a proliferation of lateral roots (fibrosity)
generally perform better than those with few lateral roots
(Wilson and others 2007). A fibrous root system has a rela-
tively high surface area with many root apices. Determination
of fibrosity is often by visual inspection of the “moppiness”
of the roots or by counting the number of lateral roots origi-
nating from the tap root, (referred to as first-order lateral
roots [FOLR]). For seedlings that are strongly tap rooted
(such as many pines and hardwoods), the number of FOLR
>1 mm (0.04 in) diameter can be a useful target character-
istic for quantifying fibrosity and predicting growth (Davis
and Jacobs 2005; Gould and Harrington 2009). Schultz and
Thompson (1996) found greater survival and growth for red
oak (Quercus rubra) seedlings with at least five FOLR and
black walnut (Juglans nigra) seedlings with at least seven
FOLR.

Root Length

Root length is often determined by culturing and pruning
methods in bareroot seedlings or by the container depth and
dimensions for container seedlings. For bareroot seedlings,
target specifications for final root length are met through
culturing in the nursery beds (undercutting and wrenching)
and by root pruning at the time of packing (based on target
specifications agreed upon by the grower and the customer).
Rootlength targets are dictated by the desired balance of the
plant (that is, shoot:root), conditions of the outplanting site
(soil texture, depth, and moisture), and planting method.
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Root Form

The criteria for root form quality are based on ease of han-
dling and influence on future growth. Container seedlings
rarely have issues with root form because the root systems
develop in a defined space and shape. The main concern with
container seedling roots is that they fill the container and
create a firm, but not root bound, plug. Conversely, bareroot
seedlings may have stiff lateral roots or other deformities
that make them difficult to pack in storage containers or
carryinaplantingbag—these seedlings are generally culled.
Additionally, deformities such as root sweep (often caused
during transplanting) are culled because they may result
in poor structural support after outplanting.

Root Growth Potential

Root growth potential or capacity (RGP or RGC) of a
seedling is its ability to initiate and elongate new roots
when placed into an optimal environment. RGP is usually
measured in late winter or early spring by either potting
a sample of seedlings or placing them into a hydroponic
tank. Subsequent root growth is quantified following a
specified duration in an environment favorable for root
growth (typically 2 to 4 weeks in a greenhouse environ-
ment where plants are kept moist and temperatures are
65 to 75°F [18 to 24°C]). New roots (distinguishable by
their white tips) are then counted and measured. Quan-
tification can either include all new roots or only those
that are greater than 1 cm (0.4 in) long. Burdett (1979)
developed an index of six RGP classes as follows:

Class

Description

no new root growth

some new roots but none over 1 cm long
1 to 3 new roots over 1 cm long

4 to 10 new roots over 1 cm long

11 to 30 new roots over 1 cm long

more than 30 new roots over 1 cm long

QUi WO N HO

Because RGP is assessed in a favorable environment for
new root growth, the same growth may not be realized when
the seedling is outplanted to field conditions with cool soil
temperatures. RGP tests are also a reflection of physiology
at a single point in time; a seedling’s physiological quality is
subject to change from harvesting right up until outplanting.
As such, RGP isnot necessarily a good predictor of early field
performance (Simpson and Ritchie 1997). In a study com-
paring 1+1 bareroot and 1+0 container seedlings, container
seedlings had higher RGP than bareroot seedlings prior to
outplanting as well as more root and shoot growth during
the spring after outplanting;in the fall following outplanting,
however, bareroot seedling survival and root growth were
similar to container seedlings and subsequent long-term
performance was expected to be comparable between the
two stocktypes (Rose and Haase 2005).

Despite not being able to predict field performance through
arange of conditions, RGP may be useful for identifying seed-
ling viability. Using Douglas-fir, van den Driessche (1987,
1991) demonstrated that new root growth is dependent on
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current photosynthesis. The connection between new root
growth and photosynthesisis dependent on many physiologi-
cal functions including stomatal regulation, plant moisture
status, photosynthate translocation, and so on; a high RGP
result, therefore, will indicate a seedling is alive and well
at the time of testing. Conversely, if a seedling tested very
low, it is likely an indication that one of these systems is
compromised.

Summary

When developing target characteristics for seedling qual-
ity, root morphological parameters such as mass, fibrosity,
length, and form are important to include. Targets for root
size should always be made relative to the shoot size to
ensure a proper balance between the plant’s water supply
(roots) and demand (shoots). Root growth potential is another
characteristic that may be considered, although its link to
field performance can be uncertain. As with any quality
characteristics, determining specific root target ranges is
based on stocktype, growth habit of the plant species, and
environmental conditions of the outplanting site.
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