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greater inside the FGFC than outside.

Abstract

Growth and chemical composition of popular (Populus deltoides x nigra, DN 69) grown in field-grow fabric containers
(FGFC) was evaluated. Unrooted hardwood cuttings were grown in 0.6, 2.4, 6.0, and 14.0 L (0.2, 0.6, 1.6, and 3.7 actual gal)
custom-made FGFC inserted in 3, 6, 12 and 24 L (#1, 2, 3 and 6 trade size) plastic nursery containers, resp. A 3.5 cm (1.4 in)
layer of the same medium was placed under the between the FGFC and the walls of the nursery container. Each bag was filled
with a medium of pine bark; spruce bark (3:1 by vol.). Control plants were grown in containers of all sizes without FGFC in
the same medium. Plant growth increased with increasing container size. Root dry weight of plants grown in FGFC were 21 %
less than plants without FGFC. However, there was no difference in top growth between FGFC and control plants. Soluble
sugars concentration was 7% higher in leaves of FGFC grown plants, but leaf N, P, and K concentrations were similar. Roots
outside the FGFC contained more N, P, and K than roots inside the FGFC. Soluble sugars and starch concentrations were
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Introduction

One of the newest techniques to be introduced to the
nursery industry has been the production of trees and
large shrubs in field-grow fabric containers (FGFC) or
‘‘root control bags’’ (3, 4, 5). These fabric containers
have the same basic shape as commonly used nursery
containers. Walls are constructed of a strong, black
non-woven polypropylene geotextile fabric that allows
water and nutrients to flow through freely. The bottom
is a clear, low-density polyethylene which prevents root
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growth beneath the container. Plant roots penetrating
the non-woven fabric are restricted, thus resulting in a
more compact, fibrous root system (3).

This study investigated the relationship of top and
root growth of poplar plants grown with and without
FGFC nursery containers.

Materials and Methods

In early May, 1985, 23 ¢cm (9 in) long, unrooted hard-
wood cuttings of hybrid poplar (Populus deltoides x
nigra, DN 69) were planted in 0.6, 2.4, 6.0, and 14.0 L
(0.2, 0.6, 1.6, and 3.7 actual gal) FGFC inserted inside
3, 6, 12 and 24 L (#1, 2, 3, and 6 trade size) plastic nur-
sery containers under lath. The FGFC were custom-
made (Fig. 1), so that a 3.5 m (1.4 in) of potting medium
could be placed around the outside and under each bag.
The potting medium used was 3 parts pine bark and 1
part spruce bark (by vol) screened througha 5 cm (2 in)
mesh screen. Control plants grown in containers with-
out FGFC were also included.

In late May, plants were moved to full sun and spaced
60 x 60 cm (24 x 24 in) to minimize inter-plant effects.
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August, dried 72 hrs at 70°C (158°F) and ground
through a 40-mesh screen.

In mid-September, plant height, stem caliper mea-
sured 5 cm (2 in) above pot rim, and number of side
shoots were recorded from 3 plants within each experi-
mental treatment unit. Plant tops were pruned at pot
level and leaves and stems were separated, dried and
weighed. Roots inside and outside the FGFC, or whole
root system in control containers, were dried and
weighed after repeated washing and(or) removal of the
fabric material. Portions of dried roots which had
developed just inside (1.5-2.5 cm or 0.6-1.0 in long) or
just outside (2.0-3.0 cm or 0.8-1.2 in long) the FGFC
were selected. Roots collected from the same area from
plants of each experimental unit were combined. These
roots were easily recognized by the swelling at the junc-
tion inside or outside (Fig. 2) the FGFC. Root samples
from approximately the same location were taken from
control plants.

All leaf and root samples were analyzed for N, P, and
K. Soluble sugars were determined by the method of
Dubois et al. (2), and starch by the method of Carter
and Neubert (1).

Results and Discussion

Plant Growth. Plant height and dry weight of tops
and roots increased with increasing container size (Table
1). There was no significant difference in plant height or

Fig. 1. A custom-made FGFC before insertion (lower) and after in-
sertion in the nursery container (upper).

The plants were arranged in a factorial completely ran-
domized, block with and without FGFC; 4 container
sizes; replicated 4 times. There were 5 plants per treat-
ment per replicate. Plants were fertilized with 200, 87,
and 166 mg/L of N, P, and K as needed.

In early June, plants were pruned to 2 shoots each,
and in July the shoots were staked and containers an- :
chored to the ground. Leaf samples were taken in mid Fig. 2. Roots just outside the fabric container.

Table 1. Effect of FGFC and container size on top and root growth of year old poplar plants.

Container size Plant ht (cm) Top dry wt (g) Root Dry wt (g)
(L) (gal) FGFC Control FGFC Control FGFC Control

3 1 123 128 98 115 24 32

6 2 152 152 171 154 40 48

12 3 168 165 244 276 69 100

24 6 183 185 388 360 104 119

Mean 156 158 225 226 59 75
LSD 5% Container type NS§? NS 7
Container size 72 26 10
Interaction NS NS NS

*Not significantly (NS) different at the 5% level.
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Fig. 3. Washed root system of a control plant (upper) and of a
FGFC plant (lower).

top dry-weight (Table 1) and in related growth param-
eters (data not shown) with or without FGFC; however,
root dry weight of FGFC plants was 21% less. Large
roots with larger diameters and more roots circling in
the side walls, were more evident in the 12 and 24 L con-
tainers (Fig. 3).

Roots penetrating the fabric were swollen just inside
and outside the FGFC (Fig. 2), as described by Reiger
and Whitcomb (3); outside roots were considerably
smaller than those inside. The amount of roots retained
within the FGFC increased linearly with increasing con-
tainer size from 33.6% in the 3 L container to 66.4% in

Table 2. Relative proportions of roots in year old poplar plants in
terms of dry weight inside and outside the FGFC.

Container size Percent (%)
(L) (gal) Inside Outside
1 33.6 66.4
2 48.3 51.7
12 3 54.8 45.2
24 6 66.4 33.6

the 24 L size (Table 2). Root development outside the
FGFC was the opposite.

Chemical Composition. Leaf N and K concentrations
increased with increasing container size, and were not
influenced by the FGFC (Table 3). Leaf P was not af-
fected by any treatment. Soluble sugars concentration in
leaves decreased with increasing container size and was
higher in FGFC plants (Table 3). Starch concentration
in leaves decreased with increasing container size but
was not influenced by FGFC.

When data were averaged for inside and outside roots
(Table 4), concentrations of root N and K only in-
creased with increasing container size. N, P, and K con-
centrations in roots of FGFC plants were higher than
those of control plants but the concentration of starch
was lower. Roots growing outside the FGFC contained
more N, P, and K than inside roots, while roots within
the FGFC contained higher concentrations of soluble
sugars and starch (Table 5).

These results support observations by Reiger and
Whitcomb (3) that FGFC plants produce a more com-
pact root system. The fabric through which the roots
grew caused them to swell inside as well as outside the
bag and, similar to a girdling effect, restricts the flow of
carbohydrate to the roots outside the FGFC. There was
no difference in the concentration of soluble sugars in
root samples from the same location in control plants
(Table 4). Starch concentrations were lower in roots
(Table 4), both inside and outside the FGFC (Table 5).
Since nutrients flow from the roots to the leaves, a simi-
lar mechanism would account for the accumulation of
nutrients in roots outside the FGFC (Table 5).

There was no visible difference between relative
amounts of fibrous roots inside the FGFC and those
grown without FGFC, as reported by Reiger and Whit-
comb (3). This difference in response could be due to
the age and type of planting material used, or fibrous
roots may have been destroyed during extraction and
washing. There was also no apparent difference in root
branching within the FGFC and control containers. The
fact that the more restrictive root systems of FGFC

Table 3. Effects of FGFC and container size on N, P, K, soluble sugars and starch in leaf tissue of year old poplar plants.

% dry wt mg/g dry wt
Container size N P K Soluble sugars Starch
L) (gal) FGFC Control FGFC Control FGFC Control FGFC Control FGFC Control
3 1 3.54 3.63 0.53 0.56 2.19 2.25 79 75 5.04 4.04
6 2 3.77 3.74 0.56 0.57 2.41 2.30 72 71 3.84 4.20
12 3 3.74 3.86 0.58 0.56 2.47 2.36 73 66 3.80 3.64
24 6 4.39 4.27 0.57 0.58 2.50 2.53 66 58 3.36 3.32
Mean 3.86 3.88 0.56 0.57 2.39 2.36 73 68 4.00 3.76
LSD 5% Container
type NS* NS NS 4 NS
Container
size 0.24 NS 0.09 6 0.68
Interaction NS NS NS NS NS

ZNot significantly different at 5% level.
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Table 4. Effects of FGFC and container size on N, P, K, soluble sugars and starch in root tissue of year old poplar plants.

% dry wt mg/g dry wt
Container size N P K Soluble sugars Starch
(L) (gal) FGFC Control FGFC Control FGFC Control FGFC Control FGFC Control
1 1.422 1.29 0.48 0.40 1.08 0.97 52 49 186 201
2 1.46 1.27 0.45 0.40 1.09 0.98 51 53 187 221
12 3 1.24 1.35 0.46 0.40 1.21 1.05 54 53 204 229
24 6 1.51 1.48 0.50 0.43 1.36 1.11 50 52 162 206
Mean 1.42 1.29 0.48 0.41 1.19 1.03 52 52 185 214
LSD 5% Container
type 0.11 0.03 0.06 NSY 20
Container
size 0.15 NS 0.08 NS NS
Interaction NS NS NS NS NS

“Mean concentration in inside and outside roots.

YNot significantly different at 5% level.

plants supported tops of similar size to the control sug-
gests that the FGFC plant is more efficient.

Significance to the Nursery Industry

The use of FGFC provides a technique for growing
relatively large plants with a restricted root size. The
technique may also serve as a basis for future work
aimed at further reduction in rootball size. In spite of

Table 5. Increase (+) or decrease (-) in nutrients and carbohydrates
in roots inside and outside roots of FGFC plants expressed
as percent relative to concentration in roots of control
plants.

Soluble

Roots N P K sugars  Starch

Inside 0 +7 +10 +6 -12

Outside +18 +22 +20 -8 -16
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extensive girdling of the root system and although
chemical changes due to the presence of the bag were
evident after one growing season, there was no visual
evidence of top decline. However, more information is
needed on the long-term effect of the root system in
FGFC and such studies are underway.
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