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Dry-land planting of roadsides under semi-arid growing conditions is 
costly. The greatest potential in savings may be realized by reducing 
the cost of planting stock and the amount of handwork through mechani
zation. Two possible approaches seem logical to successful dry-land 
planting of adaptable species-either put roots down below the dry upper 
soil layer where the soil moisture is or bring the soil moisture up to 
where the root system is. The Montana Agricultural Experiment station 
is investigating several systems, one of which is particularly well 
adapted to complete mechanization from nursery to roadside-the nur
turing of seedlings in narrow but extraordinarily long tubes used as pots. 
Rooting response is a function of species, potting-soil texture sequence, 
and composition of the confining tube. Placing undisturbed roots of 
actively growing "tubelings" down in deep soil moisture reduces trans
plant shock, growth stagnation, need for irrigation, and maintenance. 
Advantages of tubelings in nursery production include reduced space re
quirements, quantity of soil, and labor and ease of transportation. 
Another approach to dry-land planting is the use of plastic-lined plant
ing basins to reduce evaporation and to condense soil moisture. When 
the funnel-shaped liner is stretched and sealed over the basin and 
weighted near the exposed plant, condensate trickles downward toward 
the plant and irrigates it. The quantity of condensate is determined by 
soil moisture conditions, temperature differentials, liner color, soil 
texture and color, basin area, and leaks in the liner. Condensate col
lected beneath clear plastic liners exceeded that of black liners by three 
times. Only small quantities of water are necessary to maintain a small 
growing plant under evaporation-controlled conditions. 

•SHRUB PLANTING on roadsides in the semi-arid portions .of the western states is 
costly business , characterized generally by high mortallty and very slow growth and 
development of stock. The evaporatiQn potential commonly exceeds annual precipita
tion by several times in much of the area. Expensive irrigation systems have been in
stalled in many major interchanges and rest stop areas, but often the alkaline salts 
contained in the deep well water make it unfit for prolonged irrigation purposes. 

It is mandatory that more economical and effective systems be devised for providing 
permanent roadside vegetative cover. This may be accomplished in part by emphasiz
ing the importance of species adaptation to prevailing growing conditions and by devel
oping new dry-land seeding and planting methods. Research involving 2 new dry-land 
planting teclutiques will be included in this discussion; other promising possibilities 
are being investigated by the Montana Agricultural Experiment station in cooperation 
with the Montana state Highway Commission and the Federal Highway Administration. 
However, materials and ideas within this report are those of the author and do not 
necessarily reflect the opinion or approval of the Montana state Highway Commission 
or the Federal Highway Administration. 
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It is apparent that the greatest cost reduction in seedling tree and shrub planting 
could be achieved if one were to succeRRfully incrP.ase the rate of plant survival, lower 
the high cost of planting stock, and reduce the amount of handwork now required by the 
usual standard planting processes. The implications of a planting method conducive to 
complete mechanization are tremendous, and the potential savings make it universally 
appealing. 

Two possible approaches seem logical and essential to successful dry-land planting 
of adaptable species: either put the roots down below the dry upper soil layer so that 
soil moisture is directly available, or bring the soil moisture up to where the root sys
tem is. Both approaches and combinations of the two are currently being field tested. 
The systems described may appear radical, yet it is only the particular methods of 
utilizing and applying familiar principles that are new. One system is conducive to 
complete mechanization. Initial work has already eliminated some faults of the plant
ing processes. 

PLANTING SYSTEM 1 

Deep-Tube Potted Plants 

One departure from standard techniques, such as balled and burlapped or canned 
stock, utilizes a completely different concept of shrub materials production. It re
quires far less nursery space, soil, and labor, and facilitates banclling nnd transpor
tation of plant materials. This procedure involves the nurturing of seedling stock in 
small-diameter, long tubes used as pots in order to encourage development of narrow 
but extraordinarily deep root systems. Placing actively growing undisturbed roots 
within deep soil-moisture reserves eliminates the need for irrigation and extensive 
maintenance during the establishment period. It reduces transplant shock and growth 
stagnation. 

Previous greenhouse work on the propagation of native shrub materials demonstrated 
root development of some species to be particularly well adapted to rapid longitudinal 
growth when planted in narrow but deep confining pots. Late spring planting of these 
native shrub seedlings after being removed from the impervious pots proved outstand
ing compared to standard stock. 

This improvement in technique over regular procedures prompted attempts to de
velop extraordinarily long root systems. Plants were tested in decomposable pots 2½ 
in. in diameter by 2 ft deep. Approximately 2,000 tubes were filled with potting soil 
and planted with a variety of nursery stock in preparation for dry roadside testing 
(Fig. 1). These were called "tubelings" to distinguish them from standard control 
stock. They were kept in the greenhouse for as many as several months until roots 
reached the bottom of the 2-ft tubes. 

A great deal was learned from the initial trials with tubelings. As the root develop
ment period progressed, it became more obvious that the composition of the potting 

tube was less than satisfactory, especially 
those tubes that were on the outside of 
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Figure 1. Tubeling with cover removed exposes ex
traordinarily deep root system developed within tube; 
species is common caragana (Caragana arborescens) . 

grouped tubes as arranged on the green
house benches. Tubes ·within a dense 
grouping were continually damp and thus 
became gradually weaker as the root de
velopment period progressed, whereas 
exposed tubes remained dry, crisp, and 
impenetrable. 

It became evident that the degree of 
success and speed of response in forcing 
deep root development were a compound 
function of species, potting-soil texture, 
and composition of the confining tube. 

The arrangement of soils in sequence 
from a coarse sand at the top of the tubes 
to a fine silt loam at the bottom was found 



essential in order to fulfill distinct re
quirements (Fig. 2). Percolation of water 
through the coarse top layer was rapid 
and expedited the watering process, yet 
an adequate reservoir was provided to 
catch sufficient moisture to dampen the 
tube to the bottom. A ½-in. lip above the 
soil surface provided a cup to catch water 
while sprinkling. Hoots easily penetrated 
the upper coarser soils and moved into 
the finer soils below. The finer fraction 
of soils at the bottom retained moisture 
after the coarse surface soils dried out; 
this stimulated root growth downward. 
The finer soils at the bottom formed a 
dense soil plug that was necessary to pre-
vent soil loss from the open bottom of the 
tube during transportation. 
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Figure 2. Sequence of soil textures ranged from a 
coarse sand at the top of the tube to a fine silt loam 
at the bottom to stimulate deep root development. 

The search for a satisfactory material for a potting tube continues. Generally, ma
terials found to be sufficiently strong to remain intact in a continuously damp condition 
through the several-month-long root development period are slow to disintegrate in the 
ground following planting. The need to remove resistant tubes, reusable tubes, and 
split metal or plastic tubes adds complications to the mechanized planting process. A 
tube of fine plastic mesh did not effectively contain the potting soil nor inhibit horizontal 
penetration of roots into adjoining tubes. These tubes proved to be unmanageable and 
very difficult and slow to fill. Recent investigations suggest that a rigid jute-composition 
tube reinforced on the outside with a high tensile ribbed plastic netting may be an ef
fective combination at reasonable cost. 

Several prunings of foliage during the root development period were necessary to 
keep top growth under control, to conserve growing space, and to reduce transpiration 
and foliage entanglement. Pruning of plant foliage, prior to loading for transport to the 
planting site, simplified the moving process. Likewise, it reduced foliage to an amount 
that a confined root system could reasonably support following planting under semi-arid 
conditions. 

A hardening period of several weeks in a lathhouse preceding planting was necessary 
to prevent sunburning and to acclimate tender greenhouse-nurtured plants to desiccat
ing winds, cold temperatures, and late spring frosts and snowstorms. 

Figure 3. Tubelings are placed in planting holes 
drilled with a gasoline-powered soil auger, and air 
from around tubes is squeezed out and essential 
soil contact made by a prying action on the handle 
of a tilling shovel inserted around the tube at 3 
positions several inches distant from each plant. 

The transportation of tubed planting 
stock has been relatively free of problems. 
In a properly designed cradle, tubed plants 
may be placed horizontally and stacked as 
many as 15 plants high without any appar
ent damage. Approximately 300 plants of 
2-year-old stock or equivalent stacked on 
the bed of a pickup truck have been hauled 
250 miles to a planting site without dam
age or difficulty, but protection from wind 
is essential. 

Initial planting of tubed stock was done 
with a hog-nosed tilling shovel; later a one
man gasoline-powered soil auger with a 
2½-in. diameter bit was used. Drilled 
planting holes then received the 2-ft deep 
tubelings (Fig. 3). Air from around the 
tubes was removed, and essential soil 
contact was made with a prying action on 
the handle of a hog-nosed tiling shovel in
serted around the tube at 3 positions sev
eral inches distant from each plant. 
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All of the steps in the planting process were done in much the same way as a plant
ing machine might do them. Th~ planting machine, as proposed and envisioned, will 
be fed by a small trailer with containerized cartridges of tubelings in a prearranged 
sequence depending on terrain and landscape design requirements. The operator will 
drill the planting hole with a side-mounted auger and then actuate the planting-basin 
scalper arm. The scalper will form a competition-free planting basin several feet in 
diameter. After the auger bit is removed from the planting hole, the tubeling will be 
dropped in and securely set in place by the squeezing action of a 3-bladed circularly 
arranged device inserted around the tubeling. It has been estimated that such a machine 
using this tubeling system might plant from one to several shrubs per minute under 
good planting conditions. 

PLANTING SYSTEM 2 

Plastic-Lined Condensation Traps 

Another innovation to dry-land planting is the use of plastic-lined planting basins. 
The intent of these basins is not to catch precipitation but to condense subsoil moisture. 
This system has been found effective with standard plantings as well aa with tubelings. 
Plastic aprons of various shapes and colors have long been used in landscape planting 
to eliminate weed competition to facilitate close cultivating and mowing, to impr ove 
appearance, and even to repel insects(!). However , these uses have not primarily 
been intended to condense water vapor for plant use. 

The princi})le used to pull up deep soil moisture is an old one-the "big fiat rock" 
effect, the same phenomenon used in desert survival to obtain emergency drinking water. 
A vigor ous shrub i s planted in a specially designed basin, appr oximately 15 sq .ft in 
area. Severe pruning is required. The basin i s then lined with plastic and sealed by 
heeling-in around the edge . Plant foli age i s br ought up through a hole in the plastic 
(Fig. 4). The plastic liner thus r educes soil moisture evaporation in the vicinity of the 
planting @. It collects s atu1·ated s oil vapor carried above tJ1e sur.l;ace whe1·e it con
denses on the underside of the plastic line1· . The condens at e t rickles down the taut 
plastic toward the plant and irrigates it (Fig. 5) . 

Initial field tests in late spring of 1968 were made on the side of an Interstate ramp 
at Huntley, Montana, a dry windy area, receiving 11 ½ in. of annual precipitation. Black 
and transparent plastic liners were compared. Several important findings regarding 
basin design were learned from this crude beginning. Planting basins placed on a slope 
will fill with sediment from thunderstorms, necessitating cleaning if provision is not 
made to automatically flush the sediment from the basin. This can be accomplished by 
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Figure 4. Clear plastic-lined basin is placed around a 
planting mound above the sediment accumulation 
zone on the basin floor; trough water through the 
lower edge of the basin rim allows precipitation to 

flush out accumulated sediment. 

Figure 5. Accumulating condensate on under side of 
plastic liner trickles down toward the plant in basin 

floor, thus irrigating it. 
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providing a low outlet on the downhill rim (Fig. 4). In this way, if precipitation is 
heavy enough to wash sediment into the basin, it will be sufficient to move much of it 
out. Sediment accumulation may kill many species of plants. Planting on a raised 
mound above the floor of the basin reduced this problem. 

To prevent premature dropping of condensate at other than the desired location and 
to keep the plastic liner stretched taut above the sides and floor of the basin, rock 
weights are placed on the plastic liner above the low points in the basin floor close to 
the plants (Fig. 6). Small slits are located beneath the rocks to drain entrapped pre
cipitation. Weights are· necessary also to help prevent flapping of the liner by the wind. 
The flapping action loosens the airtight seal around the basin rim and may cause the 
liner to tear. 

The clear liner demonstrates well how rapidly condensate appears; often droplets 
form on the plastic before the basin construction job is completed. Clear plastic ma
terial lasts only one season before disintegrating, whereas the black shows no sign of 
weathering and is expected to last several seasons (.;!). 

Recorded daytime temperatures measured in late July reached 118 F under clear 
liners but only 102 Funder black (Table 1). Comparable nighttime temperatures were 
47 and 46 F respectively. Direct comparisons of condensate collected from clear and 
black liners of adjacent similar-sized basins were variable but demonstrated the clear 
liner to be more effective than the black. This was not a measure of total condensa
tion within the basin area (!) but merely that condensate collected from the underside 
of the plastic liner. 

The quantity of condensate produced in a stated period of time is variable and 
depends on proximity and amount of soil moisture reserves, soil texture and color, 
size of the basin, color of plastic, temperature differentials, leaks in the plastic seal, 
and distance to bedrock (fil. An average of 343 milliliters of condensate per day 
were collected from a clear liner during a 6-day interval in late summer. This 
accumulation of more than ½ gal seems more than ample to keep soil damp when soil 
moisture evaporation is controlled. 

Responses caused by plastic color proved contrary to some expectations but sub
stantiated previous work (1., _§), all of which added to the excitement of the study. 

Planting on mound pr•'f'•nll 
inundalion by water or sediment. 

Rock weighh keep plo1tic lo1,1t 
10 conden1ale will flow toward rooU. 

DRY 

PLANT 

Plo,tic liner i, 
heeled in around edges 

Figure 6. Cross-sectional view shows how plastic-lined planting basin conserves moisture. 
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TABLE 1 

TEMPERATURE ANn MOlRTITRE DATA FHOM CONDENSATION TRAPS 
AT LOGAN, MONTANA 

Outside Basin lnside Basin Time Condensate 
Temperature (F) Date of Temperature (F)a Periodb Plastic Collected 

Reading (hr) Color (ml) 
Min Max Min Max 

57 88 7-25-69 21 '/, Clear 73 
7-25-69 21 '/, Black 20 

51 85 7-26-69 50 108 24 Clear 63 
7-26-69 52 103 24 Black 16 

45 92 7-27-69 
62 90 7-28-69 
56 95 7-29-69 48 120 72 Clear 403 

7-29-69 50 110 72 Black 144 
55 89 7-30-69 47 118 24 Clear 88 

7-30-69 46 102 24 Black 16 
56 89 8-1-69 49 119 44 Clear 181 

8-1-69 51 113 44 Black 84 
42 JOO 8-15-69 44 134 7 Clear 1,109 

8-15-69 41 122 7 Black 319 
44 96 8-22-69 34 131 7 Clear 2,011 

8-22-69 38 114 7 Black 1,016 
37 101 8-30-69 42 128 8 Clear 2,142 

8-30-69 32 126 8 Black 1,568 
31 92 9-5-69 24 122 6 Clear 2,062 

9-5-69 22 110 6 Black 1,242 

Note: Mean annual lempera ture, 46 .. 5 F; mean annual precipitation, 10.3 in; elevation, 4,035 h . 
3Temperatures rccoufod on basin bottom in shade. 
bFrom July 25 lhrooah August 1, amounts are in hours; from August 15 through September 5, amo unts are in days . 

Admittedly, a tremendous amount of effort lies ahead before new approaches to 
roadside dry-land planting can become operational. Surely there are great potential 
savings to be had if a system can be found to mechanize the total planting process from 
nursery to roadside and to increase the survival rate of dry-land planting by perfecting 
these suggested techniques. 
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