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Increase water
use efficiency with shading

Control greenhouse
radiation and
significantly reduce
water use with shading
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Selective shading reduced crop canopy transpiration

and water uptake, and increased water use efficiency,
about 50 and 60 percent for tomato and cucumber
greenhouse crops, respectively.
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Efficient, reflective shading can provide significant
water use reductions in addition to sensible cooling.

Water use should be evaluated on a plant unit basis

as is typical of tracking input costs and energy
consumption. Inefficiencies will then reveal themselves,
and best practices can be adopted.
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ENVIRONMENTAL CONTROL

horticuleure industry is faced with both v and quality ch when it comes to water.
The technologies are readily available to address warer qual:ry issues. The quality challenge is re-
duced to an economic evaluarion ro d ine the approg to satisfy gr ' crops.
The water quantity or availability challenge lies in the Fact that the fresh water available for human
consumption i finite and not cvenly distributed. Predicted climate changes are expected to exacerbate
water shortages in the world’s water scarce regions. Low warer availability and droughts will have severe
consequences on many sectors, particularly on irrigared agriculture and hydropower generation with its
demand for cooling water.
Where one lives or operates awhgnpcrauun can havea I:u-gc impact.on current and future costs
&m business. The use DFMM lmll:a _mﬁ_am |mp¢tou the quantity nfm needed o

produce ornamental plants and vegetables.

The water quantity challenge

There s plenty of water on Earth. The problem

is that most of it s cither too salty or it is frozen.
According to the “Encyclopedia of Climate and
Weather,” of all the Earth’s water, only 3 pereent is
fresh and 70 percent of that water is in icecaps and
ghaciers. .

- Water is distributed by weather, which is always
changing. Water is never cvenly distributed over
large regions. Growers do nor always live and
work in areas where water is regularly plentiful for
irrigation,

Looking ara m:dnlghlmwl map from the
U.S. Drought Monitar shows areas.of the country
experiencing various levels of drought. Pares of the
country, particularly those throughout much of the
southern regions are under exceprional droughe.
This protracted period of deficient precipitation

has resulted in extensive damage to crops and loss
in yields,

The solutions to water quantity challenges are
obviously to use water where it is available and o
use less. Growers can use less water by incorporat-
ing technology that informs them when and how
much water is necessary and by delivering the water
where it is needed with as littde waste as possible.
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Determining water needs
Research is being conducted 1o determine how
much water omamental plants rally need (See

'mmﬂ article on. h 56). Many ornamen-

tal plant growers tend to overwater their plants.
Future watering of ornamental plants will be
controlled by carcfully placed sensors thar monitor
substrate moi and humidity.
The sensors will wrigger lhc initiation and duration
of an irrigation event.

Evaporation and transpiration
Evaporation deseribes how free wf:m wa-

ter ¢ 10-the armasphere, Evap Is
largely dictated by net raduunn Transpiration
is essentially leaf surface evaporation, but more
specifically it is the part of the water cycle where

water is gained by the roots and warer vapor is

lost from stomatal openings in leaves, stems and
flowers. Transpiration cools the plants as well as
enables the Aow of mineral nutrients from the
roots to the shoots.

These terms together, called evapotranspi
explain where warter goes in the greenhouse and
nursery environments, Transpiration is mainly
affected by the radiation exchange berween the
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Water is not evenly distributed and many

plant canopy and the environment and air
vapor pressure deficit inside the greenhouse.
Vapor pressure deficit is the difference

i thw

States are reg ¥ In drocght i
tomatoes. The shading helped 1o reduce the
occurrence of blossom end rovdnd increased the

marketable yicld of cucumbers. The shade also

Kinnd

between the vapor pressure at ion and
the effective vapor pressure,

Water-use efficiency and shading
Almeria, Spain, is on the Meditcrrancan Sea
and is on the same latitude as Norfolk, Va.,
Tulsa, Okla., and Salinas, Calif. It is an area
of significant vegetable production under
plastic cover. Growers there are challenged
with a large evapotranspiration demand and
salt water intrusions chat increase the salin-
ity of fresh irrigation water. Efforts to find

solutions to the water quality and quantity
problems have included evaluating the use
of mobile shading on greenhouses and the
impact on tomato and cucumber yields.

Yield reductions due to decreased photo-
synthesis associared with fixed shading were
known from carlier studies. It was suspected
that reductions in the greenhouse tempera-
ture and evaporative demand during periods
of high radiation through the use of mobile
shading could produce quality and water effi-
ciency benefits that would offset any decrease
in photosynthetic potential.

Using OLS50 Abri, an exterior, reflective
shade with 50 percent light tr: i

F and warer uptake.

The incident radiation integral under the
shade was reduced by 36.5 and 22,4 percent
in the tomato and cucumber crops, respec-
tively. The shading decreased the maximum
temperatures by about 6°F and 5°F in the
romato |||'|l| <.‘|.IC|.II!I|'3(.'I‘ cmﬁ‘ mli\"'l!'y
The water use efficiency was increased by
47 percent and 62 percent for the tomato
and cuenmber crops, respectively. Water use
efficiency (gram of produce per liter of water
used) was derived as a rartio of the yield (kilo-
Fll"lﬁ (!r!‘ruit over thc gm‘ﬂl]h(iu\c lll.';.: :l“(i
water uptake (liters of water irrigated over
the greenhouse area). The same or better crop
results with half or less water input is compel-
ling and should translare to ornamental crop
production as well,

Selective shading is a valuable cooling
method in climares with hi;

cvaporative
demand, and particularly in those arcas where

water is a scarce resource, To evaluate this

phenomenon within your own operation,
compare this on a plant unir basis to arcas
where you may not be using sclective shad-
ing. The first step to applying less water is to

as mobile shading, improved the quality of
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where it is being used and 1o go for
the easy reductions.
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Reflective materials
North Carolina Stare University agricultural
engineer Dan Willits began working with
shade fabrics in the South in the late 1980s.
His rescarch addressed complaines by growers
of the inability to properly cool greenhouses
to produce aceeptable levels of marketable
crops during the summer. Initally he found
that black cloths were ineffective ar lower
shade levels and only about 50 percent of-
fective ar reducing greenhouse temperatures
with corresponding shade levels ar higher
shading levels. Early tests with white shade
cloth showed efficiency improvements. Fu-
ther research represented attempts 1o improve
shade doth efficiency by reducing shade eloth
temperature,

Willits de: i dramatic imp
ments in shading efficiency. This was related to
cooling the greenhouses while reducing useful
light by lowering shade cloth temperatune by
sprinkling with water or by other means, More
recently, he continued the rescarch with reflec-
tive, white and aluminum exterior shade cloths
that had a lower effective temperagure, which
was driving absorbed heat into the greenhouse.

Willits found that by replacing a 60
percent black knitted shade with'a reflective
shade cloth reduced the mean air temperature
by 24 percent and the enchalpy or encrgy
gain by 35 percent. For a situation with no
plants, air temperature risc is directly relared

to the energy gain. With plants, toml energy

gain must take into account the latent energy

of plant transpiration. The consequence of
reducing energy gain more than temperature
rise is lower leaf temperatures, This also means
thar less warer is being consumed via evapora-
tion and transpiration in the greenhouse.

Temperature is an indicator of the climare
quality for crop and worker comfore. How-
ever, it is commonly estimated thar half of
the heat entering the greenhouse is raising the
temperature (an indicator of sensible hear),
and the other half is artributed 1o evaporating
water (latent heat), from free water surfaces
and leaves. Irrigation events, especially if per-
formed by hand, are reduced when shading is
deployed. Provided thar the daily light integral
is satisfactory to produce a quality crop, shad-
ing during hours of high radiation offers both
cooling and warer savings. 6M

Hurt Parbst Is president, Ludvig Svensson Inc., (T04)

357-0460; www.ludvigsvensson.com.
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