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A low-cost, fired-plrce, subcanopy r8.h sbelter WM constructed 
to f8dlit8tc etudylng wrter rckionr of honey mesquite (Pros& 
gkhu&losa) growing ln north Texas nngebnd. Thh shelter, com- 
bined with 8 supplement81 irri@on system 8nd 8 b8rrier to con- 
t8ln I8ter8l roots, permitted the study of moisture intluences on 
tr8nspir8tion, xylem pressure potenthl, 8nd kaf temper8ture on 
lute wtiy phnts in the field. 
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Information regarding water use by woody range plants is 
needed to aid in selection of water-efftcient varieties for certain 
reclamation and improvement programs and to quantify relative 
water use of noxious shrubs. Water use studies with shrubs have 
been complicated by size and longevity of woody plants and the 
difficulty in transplanting adequate numbers of large plants to 
areas of controlled environment. Water relations studies con- 
ducted in greenhouse environments may not relate accurately to 
natural conditions where leaves develop thicker cuticles and are 
exposed to the abiotic environment. Moreover, seasonal variation 
in climatic conditions has demanded long-term field studies to 
encompass the range of moisture conditions encountered in natu- 
ral environments. 

Use of rain shelters has facilitated studies to evaluate drought 
resistance of crop species (Arkin et al. 1976, Clawson et al. 1986). 
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Such shelters must be functional only during periods of precipita- 
tion and require complicated mechanisms to move the shelter into 
place in order to shield the crop from the rain (Upchurch et al. 
1983). With large woody plants, the design of the structure can be 
modified to shield the availability of moisture without covering the 
canopy of the plant. 

A fixed-place shelter installed subcanopy was the proposed 
design to meet requirements of a study to place designated degrees 
of moisture stress on the woody shrub, honey mesquite (Prosopis 
glandulosa). The study was facilitated by lack of subsurface water 
on the study site which placed plant dependence on moisture in the 
upper soil profile. The shelter described in this paper, whenused in 
conjunction with root containment techniques and irrigation, 
incorporated aspects of controlled and natural environments for 
studying shrub physiology. 

M&Gri8h and Methods 

Following installation of a vertical metal barrier to a depth of 
250 cm, which effectively containerized a multistemmed honey 
mesquite tree (3.5 m tall) within a 106-rnJ soil column (Ansley et al. 
1988, a subcanopy rain shelter comprised of a wood frame and 
plastic covering was constructed. Six lcm diameter posts were 
used to support the hexagonal-shaped frame which was con- 
structed from 5 by lO-cm framing lumber as shown in Figure 1. 

Wooden footings were placed at critical points near midpoints of 
the parallel boards to provide additional strength. Braces of 2.5 by 
IO-cm boards were nailed across the bottoms of the 5 X 10’s and 
fastened parallel to the midrib to prevent the parallel boards from 
warping. 

After framing was completed, a trickle irrigation system made of 
1.25-cm black plastic pipe was suspended along the bottom side 
(Fig. 2). The irrigation system may be optional, depending on 
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Fig. J. Flow diagram illusrraring how subcampy rain shelter and trickle 
irrigmion were usedto impose3 levelsof stress h honey meqtdrepriorto 
weamen, of ali trees wirh a shrilarpulse of moisrure. 

objectives of the study. Our design provided for periodic irtiga- 
tions to trigger specific physiological events (Fig. 3). Water was 
stored in a 20,OCGliter tank trailer and was delivered through an 
underground PVC line (2.5-cm diam.) via an electric pump and 
pressure tank. Powerwasprovided bya4.Skwportablegenerator. 
A control valve and water meter were installed at each tree to 
regulate and measure the amount of water delivered. 

A layer of 2.5-cm mesh poultry netting was stretched across the 
top of the frame and secured with a pneumatic staple gun. The 
portion around the stems was cut and rewired tu provide support 
around the central portion of the tree. 

A layer of 6-mil thick clear plastic was placed over the poultry 
netting and frame to provide the protective cover for the shelter 
(Fig. 4). The plastic was cut and resealed with mending tape around 

Fig. 4. A completed sheller inploce beneath the canopy of a honey mes 
quite wee on the W. T. Waggoner Bme near F’emon, Texar 

the tree stems to provide a water-tight fit. A layer of S-cm mesh 
poultry netting was placed over the lower two-thirds of the shelter 
and stapled tu the frame. Slats of wooden lath were stapled to the 
frame tu secure the plastic and provide additional protection 
against wind damage. 

To allow access tu the tree canopy for physiological measure- 
ments, wooden walkways were incorporated into the shelter design 
by nailing 1.8-cm (.75 inch) thick plyboard to the frame. These 
walkways, located on each side of the tree, also provided access to 
S-cm aluminum access tubes which extended through the surface 
of the shelter for measurement of soil moisture using the neutron 
attenuation method. Molded plastic collars were fitted around the 
access tubes to prevent moistureflowdown theoutsideofthe tube. 

JOURNAL OF RANGE MANAGEMENT 4,(,). January ,988 



The tubes were sealed with neoprene stoppers on top and perman- 
ently on the bottom. A hygrothermograph was placed beneath one 
shelter and records were compared with those taken from a nearby 
nonsheltered tree. 

Discussion 

Total cost of materials used in the construction of a single rain 
shelter was about $625, which included that portion or the itiga- 
tion system situated at the tree. Labor to construct each shelter was 
estimated at 100 man-hours. Labor per shelter decreased during 
construction of several shelten owing to the experience factor. 
Costs of materials are shown in Table 1 and are based on actual 
prices FOB Vernon, Texas, in 1986. Comparable costs for moto- 
rized, metal shelters used in crop studies are considerably more 
expensive than the model used in our study, costing more than 
$20,000 for a single rain shelter (Upchurch et al. 1983). 

Table 1. Co&r of item8 required to conetrwt 8 rub-canopy rain sbclter in 
1986. Meuurements are expmaed ia Englieb ia accordance with com- 
mon usage by tbe conrtruetlon Induetry. 

Description of Items 
Item No. Group 
cost No. cost 

Board, 2”X4”Xll8’ (SXlOcm) 5.05 4 20.20 
Board, 2”X4”Xl6’(~XlOcm)~ 4.06 28 113.68 
Board. 27(4X14 (SXlOcm1 
Board; l”X4”XlO’~2.5XlOck) 

3.82 5 19.10 
1.15 6 6.90 

Lath, 3/8”Xl 1/5”X4’(lX3Xl20cm) 20 80 16.00 
Post, 4x8’ (lOX24Ocm) 5.25 3 15.75 
Plyboard sheet, 3/4lxsx8’ 

(1.8Xl2OX24Ocm) 11.49 4 45.96 
Can, water seal, 1 gal. (3.8 1) 10.75 1 10.75 
Daily rental, air gun w/nails, staples 17.50 52 50 
Lag screws, washers .29 1: 4’64 
Wire net, 1” mesh, 6X100 roll (2.5 cm mesh) 53.30 1 53:30 
Wire net, 2” mesh, 6X100 roll (5.Ocm mesh) 27.24 27.24 
Wire net, 1” mesh, 4X100 roll (2.5cm mesh) 41.25 2,: 27.48 
Plastic, greenhouse type, 6 mil, 40X50 roll 124.83 1 124.83 
Poly patch, 8”X50’ roll 7.87 1 7.87 
D&kc, plastic tubing, per foot 
Emitters, 1 gal per hr. 
Tcomxctor for dripline 
Clamp for dripline end 
Hose connector 
Pressure regulator 
Meter, standard water 
Metering fittings, lot 

TOTAL 

.05 170 

.ll 50 
:: 6 5 

.68 1 

9.18 
5.50 
4.00 
1.20 
.68 

5.00 
46.00 

6.56 

S625.12 

The original plastic covering photodegraded and became tom 
during the first 6 weeks of use. Replacement with a greenhouse- 
quality plastic solved this problem, but increased initial cost of the 
shelter. Use of poultry netting to suspend and secure the plastic 
lining worked well, and along with wood lath, prevented wind 
damage during several summer storms. The plastic was removed 
following summer use, and shelters were nonfunctional during 
winter. Removal of the plastic enabled the soil within the root 
container and below the rain shelter to recharge during winter 
dormancy. 

Previous work has indicated shelters reduce wind movement and 
solar radiation, depending on the design (Dugas and Upchurch 
1984). However, air movement beneath our shelter was sufficient 
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Fig. 5. Daily relative humidities andair temperature under ambient condi- 
tions and beneath rhe rain shelter on typical-her aridand hot-humiddays 
during mid summer 1986. Values indicate maximum dif-ference (shelter- 
narural) occurring on each aizy. 

to reduce rkte dtiferences in atr temperatures between the subshelter 
and nonsheltered stations to a minimum. On a typical hot, arid day 
in midsummer relative humidities averaged 2 to 3% lower, and air 
temperatures 1.5 to 2.Y C lower beneath the shelter than ambient 
conditions (Fig. 5). On hot, humid days humidities averaged 8 to 
9% lower and temperatures 1 to 2” C higher beneath the shelters 
than under ambient conditions. 

Slightly raised earth berms around the root container prevented 
overland flow of water from reaching the interior portion of the 
tree under the rain shelter during high intensity storms. A slight 
amount of winddriven moisture reached a small portion of the 
area beneath the shelter, but was unsticient to alter any measured 
effects on the trees. 

The grass community beneath the shelter survived, albeit in a 
somewhat dormant state. Two periods of irrigation via the trickle 
system appeared to rejuvenate the grass community enough to 
maintain life. 

Overall, the shelter performed to our expectations and accomp- 
lished our goals at a fraction of the cost of more complicated 
shelters currently in use. The primary disadvantage of the shelter 
was the relatively poor access to the subshelter area after the wire 
mesh was installed and the slight changes which occurred in 
temperature and RH. Variations of our design could provide 
access ports in the frame to allow subshelter access by removal of 
panels or flaps in the plastic cover and increase ventilation. How- 
ever, any openings in the plastic cover offer an opportunity for 
improper seal during rain events, which could alter or interrupt a 
study. Moreover, integrity of the plastic sheets was better main- 
tained during high winds when uncut. 
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