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SUMMARY. As limitations on water 
used by container nurseries become 
commonplace, nurseries will have 
to improve irrigation management. 
Several ways to conserve water and 
improve on the management of ir-
rigation water applied to container 
plants are discussed in this review. 
They include 1) uniform application, 
2) proper scheduling of irrigation 
water, 3) substrate amendments that 
retain water, 4) reducing heat load or 
evaporative loss from containers, and 
5) recycling runoff water. 

Overhead sprinkler irrigation

Overhead irrigation is the most 
commonly used irrigation 
system for container produc-

tion of woody ornamentals (Beeson 
and Knox, 1991). Overhead irrigation 
system infrastructure allows for a lot of 
fl exibility with regard to the number 
of container plants and size of plants 
that can be irrigated within an area. 
However, the limited root zone of 
container plants requires frequent re-
plenishment of water, and this impacts 
the irrigation application effi ciency of 
overhead sprinkler irrigation systems. 
Irrigation application effi ciency is de-
fi ned as the amount of water applied 
that is in the root zone and available 
for plant use. Irrigation system infra-

structure, container plant spacing, and 
container substrate physical charac-
teristics, as well as the uniformity of 
irrigation water application, impact the 
application effi ciency. For example, the 
surface area of #1 containers [American 
National Standards Institute (ANSI), 
1996] without plants placed adjacent 
to each other in a square pattern cov-
ers about 79% of the land surface area 
(Furuta, 1974). These same containers 
with a distance between them of 15.2 
cm (6 inches) cover about 20% of the 
land surface area. Thus, 80% of the 
overhead sprinkler irrigation water is 
potentially lost between the contain-
ers unless recycled. Beeson and Knox 
(1991) found that only 57% to 70% of 
overhead irrigation with #1 containers, 
depending on crop, plant spacing, and 
sprinkler type, reached the substrate 
surface. Weatherspoon and Harrell 
(1980) found that during the produc-
tion period only 13% to 26% of the 
irrigation water applied was retained 
and did not run off. Whenever possible, 
containers should be placed beside each 
other because more water will reach the 
container surface vs. falling between 
the containers. This will dramatically 
increase water application effi ciency 
compared to wider spacing.

UNIFORM OVERHEAD IRRIGATION 
APPLICATION. The uniformity of water 
delivery is an important component 
of efficient irrigation application. 
Distribution pattern or distribution 
uniformity (DU) is a measure of how 
uniformly water is applied to an area ir-
rigated with overhead sprinklers. If the 
sprinkler system does not apply water 
uniformly, often the irrigation duration 
is increased, sometimes excessively (B. 
Lane, personal communication), to 
compensate for drier areas. But this 
results in excess water applied in part of 
the irrigated area and leaches nutrients 
from containers. By conducting water 
distribution tests under the normal 
operating and environmental condi-
tions of the irrigation system, nursery 
managers can obtain the data required 
to determine the water distribution and 
the water application rate. A DU ≤80% 
indicates that adjustments are needed 
in the delivery system infrastructure 
(Haman et al., 2003), such as replacing 
worn nozzles or replacing nozzles with 
ones appropriate for the irrigation de-
sign, and removing debris from nozzles 
and fi lters to achieve proper sprinkler 
rotation and operating pressure. 

A minimum of 16 cups placed in 
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a grid pattern between sprinklers can 
be used to determine DU (Haman 
and Yeager, 2003a). Cups are placed 
uniformly throughout irrigated sprin-
kler overlap in a grid pattern with a 
minimum of 16 cups randomly located 
between sprinkler risers. The more cups 
used to form a square grid, the bet-
ter. The number of cups should be in 
multiples of four (i.e., 16, 24, 32, 64, 
etc.) and each cup should not exceed 
about 1.2 m (4 ft) apart in the grid. 
The sprinkler system is operated for a 
set period of time; the water volumes 
in the cups are collected and measured. 
During the uniformity test, record 
wind speed and direction, nozzle and 
pump pressure; note location and type 
of nozzles, and irrigation duration. 
The DU test should be conducted in 
several areas close to the pump and at 
the farthest distance from the pump. 

Distribution uniformity is de-
fi ned as: 
DU = Avg of lowest volume quartile

 Avg volume

The lowest volume quartile is defi ned as 
one-fourth of the cups that contained 
the lowest catch volumes. In Figure 1, 
this would be volumes of 35 + 37 + 
37 + 39 = 148/4 = 37. The average 
of the lowest volume quartile, 37, is 
divided by the average volume, 43, to 
yield a DU of 86. Cups with straight 
sides or tapered sides can be used as 
long as all cups are exactly the same. 
For cups with straight sides, depth of 
water can be measured in the cups and 
reported in inches (Haman and Yea-
ger, 2003a). When cups have straight 
up and down sides (top with same 
diameter as bottom) you can measure 
depth of water directly in the cup. If 
the cup does not have straight sides, 
measure volume and convert to depth 
based on top diameter.

Application rate can be calculated 
directly from the average depth of 
water in each cup (Haman and Yeager, 
2003b). However, when cups with 
tapered sides are used, the depth of 
water in each cup must be calculated 
based on the top area of the cup and 
the volume of water in each cup.

Microirrigation
Many nurseries use microirriga-

tion for plants grown in containers >20 
L (5.3 gal) volume (Beeson and Knox, 
1991). Garber et al. (2002) found in a 
2001 survey of 102 container nurser-
ies in Georgia that smaller containers 

× 100
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(#1, #3 and #5) (ANSI, 1996) are 
irrigated by overhead methods and 
#7 (49%), #15 (85%), and #25 (75%) 
(ANSI, 1996) were irrigated by 
directed application methods (drip/
spray). The use of directed methods 
with larger containers is a desirable 
practice because the larger containers 
intercept the lowest percentages of 
applied overhead irrigation (Garber 
et al., 2002). However, #1, #3, and 
#5 containers, irrigated by overhead, 
represent the largest segment of the 
industry’s production area (Garber et 
al., 2002). Use of directed irrigation 
methods in large containers, outside 
the southern states, is thought to be 
much less than those percentages found 
in the Georgia survey. 

Use of microirrigation signifi -
cantly increases application effi ciency 
compared with overhead irrigation. 
Microirrigation generally consists of 
frequent applications of water at very 
low rates to specifi c areas of substrate 
(Mathers, 2003). Emitters, rather than 
nozzles, are used in microirrigation 
systems. These emitters may be point 
source, line source (tapes, soaker hose, 
etc.), or microsprinkler types (Regan, 
1997). Microirrigation can signifi -
cantly reduce irrigation runoff (Green 
and Rost, 1985), but the system must 
be properly maintained. Sand or other 
fi ltration systems are used to clean water 
and minimize emitter clogging. Filters 
must be cleaned, emitters checked for 

debris, and emitter fl ow measured to 
ensure correct volume of water is ap-
plied, and water pressures monitored 
(Regan, 1997) to ensure pressure 
regulators are functioning properly. 
When compared to overhead sprinkler 
irrigation, microirrigation can reduce 
operating costs, reduce the potential 
for foliage disease and residues due to 
alkaline water, and improve fertilizer 
application effi ciency (Green and Rost, 
1985). A combination of microirriga-
tion and overhead sprinkler irrigation 
allows for maximum flexibility of 
production space.

UNIFORM MICROIRRIGATION AP-
PLICATION. Microirrigation uniformity 
can be determined by recording the 
time to fi ll a minimum of 18 bottles 
with emitters selected randomly 
throughout the irrigated area. The sum 
of lowest and highest one-sixth times 
to fi ll the same size bottle are fi tted 
to a nomograph. Thus, the number 
of bottles fi lled must be a multiple of 
six. Details are given by Haman and 
Yeager (2003c). 

Schedule irrigation
Although increasing water ap-

plication uniformity is an obvious way 
to save water, irrigation scheduling 
may not be so obvious. Both can help 
to conserve water and reduce runoff. 
Scheduling irrigation means applying 
only the amount of water that is needed, 
when it is needed. For container pro-

duction systems, the decision to apply 
water is usually done manually because 
of the lack of reliable automation. Re-
gan (1999) found that proper irrigation 
scheduling would save approximately 
25% of water use. 

The ideal way to schedule irriga-
tions is by determining how much 
water the plants are using and then 
replenish that amount (Regan, 1999). 
Scheduling is easier if plants with simi-
lar water demands or water needs are 
grouped under the same irrigation zone 
(Regan, 1997). Burger et al. (1987) 
reported that nursery managers can 
determine crop evapotranspiration 
(ETcrop) by watering the container with 
the crop of interest, wait 1 h and then 
weigh, wait for 24 h and then reweigh. 
This determines the amount of water 
lost by evaporation and transpiration 
or the amount of irrigation water 
that must be put in the container to 
replenish plant demand. A crop coef-
fi cient (K) is used to relate the ETcrop 
and ETo, potential evapotranspiration 
(ETcrop = ETo × K). ETo values can be 
obtained from weather station data. 
Crop coeffi cients for most container 
plants have not been determined. 
Crop coeffi cients are used to adjust 
irrigation volume to specifi c produc-
tion practices and crop characteristics. 
Crop coeffi cients are different for each 
growth and development stage of a 
crop and, generally, larger plants use 
more water. Fast-growing plants may 
also use more water. Plants may use less 
water during the crop establishment 
phase, if the plant has “fi xed-growth” 
or one fl ush per season, and when the 
plant is entering dormancy (Regan, 
1997). Variations in water use also 
occur within and between major plant 
groups (conifers, deciduous, broadleaf 
evergreens), whether plants are newly 
planted or established, and depend-
ing on canopy characteristics (Beeson 
and Yeager, 2003). The production 
practice of spacing plants infl uences 
container water requirements and 
crop coeffi cients (Burger et al., 1987) 
and, generally, plants use more water 
when the spacing is increased between 
containers. Crop coeffi cients are very 
specifi c to size of plant and species, 
spacing, and production surface. Based 
on the species, container-grown crops 
can be categorized as heavy, moderate, 
or light water users (Burger et al., 1987) 
and grouped into irrigation zones by 
water requirement.

GROUPING PLANTS. Grouping 
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Fig. 1. Examples of volumes collected per cup from a 16-cup test for irrigation 
distribution uniformity. Cups were laid out in the grid pattern as indicated be-
tween four overhead sprinklers.
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plants according to their water use 
and scheduling irrigation can conserve 
water. A crop’s water requirement is 
the amount of water needed to replace 
the water lost from evapotranspira-
tion. Water use is strongly infl uenced 
by climate, production practices, and 
crop characteristics (Regan, 1999). 
Generally, most nursery crops use more 
water on clear, dry, and windy days than 
on days that are humid, overcast, and 
calm. Regan (1999) and Henley et al. 
(2003) have developed a list of plants 
grouped by water requirement.

LEACHING FRACTION. Another 
way to improve application effi ciency 
by scheduling is to control the volume 
of water leached. The leaching frac-
tion [(LF) = volume leached/volume 
applied] found to maximize growth 
of ‘Skogholm’ bearberry cotoneaster 
(Cotoneaster dammeri) ranged from 
0.12 to 0.25 (Warren and Bilderback, 
2002). Conventional container culture 
dictates that some leaching is likely 
required to prevent salt buildups. One 
way to make signifi cant gains in water 
conservation is to approach zero leach-
ing fractions, and researchers are now 
exploring this possibility (Warren and 
Bilderback, 2005). 

Cyclic irrigation can reduce water 
use by approximately 25% (Sneed, 
1996). Various researchers work-
ing with different types of irrigation 
systems and container substrates 
have found a range of water savings. 
Using an overhead system with a 3 
pine bark : 1 peat substrate, Fare et al. 
(1994) found 34% water savings with 
cyclic irrigation. Karam and Niemiera 
(1994) determined that water ap-
plication effi ciency was 4% higher for 
cyclic overhead irrigation than for one 
continuous application, while Lamack 
and Niemiera (1993) found that cyclic 
irrigation delivered with spray stakes 
was 11% to 17% more effi cient than 
one continuous application to a pine 
bark substrate.

Cyclic irrigation can vary from 
two to 12 cycles/d, but about three 
cycles/d are adequate (Sneed, 1996). 
The key to increasing water applica-
tion effi ciency using cyclic irrigation is 
time-averaged application rate (TAAR) 
(Warren and Bilderback, 2005). The 
number of cycles used is of less im-
portance. TAAR includes the rate of 
application, duration of application, 
and the interval between applications 
(Warren and Bilderback, 2005). If a 
grower is currently applying 12.7 mm 

(0.5 inch) of water by irrigating for 60 
min, with cyclic irrigation this could 
be reduced by 25%, with three cycles 
of 15 min each or fi ve cycles of 9 min 
each. Water would be saved with the 
reduced application time because not 
as much water would leave the con-
tainer as runoff compared to 60 min 
of container irrigation. Hence, more 
water stays in the container and there 
is a more uniform water distribution 
in the container. 

TIME OF IRRIGATION. The South-
ern Nursery Association best manage-
ment practices (BMPs) recommend 
to irrigate predawn (PD) whenever 
possible (Yeager et al., 1997). Early 
morning irrigation reduces evaporative 
water losses that can occur as the day 
progresses. With early morning irriga-
tion, leaves have time to dry during 
the day and the risk of foliar disease 
should be reduced. Also, winds are 
generally lower during the morning 
and increase as the day progresses. 
Overhead irrigation water is delivered 
in a more uniform pattern during pe-
riods of low winds.

Warren and Bilderback (2002) 
dispute the PD irrigation timing. 
They were working with ‘Skogholm’ 
bearberry cotoneaster in an 8 pine 
bark : 1 sand substrate and irrigated 
with four different cyclic timings: 
0200, 0400, 0600 HR (PD); 0600, 
0900, 1200 (AM); 1200, 1500, 1800 
(PM); or 0600, 1200, 1800 (AD). 
They found that the PM irrigation 
resulted in increased growth compared 
to all other timings. The PM timing 
resulted in a 69% growth increase over 
the PD irrigation. Another interesting 
fi nding was that although water use of 
the plant was best with PM watering, 
the best time to irrigate to save water 
was still PD (Warren and Bilderback, 
2002). Although the plants utilized 
water best with the PM watering, this 
was not enough to compensate for the 
water lost to evaporation compared to 
the PD watering. Therefore, if water 
conservation is the prime objective, 
PD watering is still the recommended 
time.

Beeson (1992) showed that 
growth reduction resulted from PD 
overhead watering compared to irriga-
tion applied throughout the day. Bee-
son (1992) found that when japanese 
privet (Ligustrum japonicum), thorny 
elaeagnus (Elaeagnus pungens), ‘Fash-
ion’ azalea (Rhododendron sp.), and 
fraser photinia (Photinia ×fraseri) in 

10.4-L (2.75 gal) containers were irri-
gated PD via overhead irrigation vs. cy-
clic irrigation three or four times a day, 
shoot height was signifi cantly reduced 
for all four species. The azalea exhibited 
a 39% decrease in growth index when 
irrigated PD via overhead watering vs. 
cyclic irrigation, and thorny elaeagnus 
exhibited a 23% reduction in growth 
indexes (Beeson, 1992). 

Substrate amendments
Substrate amendments such as 

peat may be used to increase the water 
holding capacity of substrates, thus 
decreasing leaching. Bilderback et al. 
(1982) found that amending a peanut 
hull substrate with Canadian peat (1:1 
by volume) instead of pine bark resulted 
in a signifi cant increase in available wa-
ter in the substrate. Owens et al. (2003) 
found they could reduce water use by 
using calcined clay in place of sand 
in a pine bark : sand substrate. Over a 
120-d production time, they saved 23 
L (6.1 gal) per container or 950,000 
L·ha–1 (101,565 gal/acre). They were 
using a 2:1 structure, calcined clay 
with 24–48-mesh particle size at 8% 
by volume in the pine bark. Because 
pine bark substrates are relatively 
poor at holding water, further work 
into substrate amendments would be 
justifi ed to potentially increase water 
savings. 

Heat load
Generally, cultural practices that 

reduce root injury and heat load on 
the container will reduce water use. 
Cultural practices that include using 
shading, border rows of substrate-
fi lled containers, larger plants to shield 
inside rows from wind and tempera-
tures, companion plantings of larger 
plants to produce an overstory that 
will shade smaller-sized plants, and 
mulches (Davies, 1988) may reduce 
container heat loads. Heat stress in 
black plastic containers occurs because 
of the large infl ux of energy from the 
sun combined with insuffi cient loss of 
the incoming heat (Ruter, 1999). In 
current nursery culture, shadecloth 
is used to reduce light transmission 
and reduce heat stress to container-
ized plants. However, retractable roof 
production can be used to reduce heat 
stress without reducing light transmis-
sion (Svenson, 2000). The retractable 
fi lms allow more light diffusion than 
conventional polyethylene fi lms and 
more light transmission than black 
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shadecloths without the heat buildup 
(Svenson, 2000). Cooler substrate 
temperatures experienced in retract-
able roof houses protect plant roots 
from damage, leading to improved 
shoot growth and reduced substrate 
evaporation so substrate moisture is 
available to support transpiration and 
further growth improvements (Sven-
son, 2000). Canopy leaves also are 
cooler under polyethylene fi lms with 
diffuse light, which can increase pho-
tosynthetic rates on hot days (Svenson, 
2000). Also, diffuse light is intercepted 
more effi ciently than direct light, 
leading to increased photosynthetic 
rates. Due to the protection provided 
to the root systems and improved 
photosynthetic capacity of the plants, 
growers are reporting cutting their 
production times of certain crops in 
half. An Oregon nursery reported using 
half the irrigation water that was used 
in conventional container production 
on outside gravel beds (Woodburn 
Nursery and Azaleas, personal com-
munication). This is probably due 
in part to reduction of root-zone 
temperature. 

Recycle runoff
Microirrigation and scheduling 

irrigation, including cyclic irrigation, 
have been mentioned above as ways to 
reduce runoff. Although increasing wa-
ter application uniformity is an obvious 
way to save water, irrigation scheduling 
may not be so obvious. Both can help 
to conserve water and reduce runoff. 
These methods can be important where 
land area is limited and water storage 
structures are not possible. Because a 
signifi cant reduction in runoff is not 
always possible with scheduling, col-
lection structures are used to capture 
runoff water. The collection structure 
may serve as a reservoir of irrigation 
water for times when supply is limited, 
or the primary purpose of the collection 
structure may be to prevent nutrient 
discharge from the property or at least 
mitigate the collected water before 
discharge. The size of the collection 
structure will vary depending upon the 
primary purpose of the structure. For 
example, if runoff water mitigation is 
the primary purpose, then several small 
collection structures would be better 
than one large structure, whereas one 
very deep structure would be best for 
water storage.

Collection structure capacity 
should accommodate about 90% of the 

irrigation water applied (Yeager et al., 
1997). However, the production area 
surface material, underlay, and slope 
infl uence the amount of runoff in ad-
dition to irrigation application rate, size 
and number of plants per area, plant 
irrigation capture, substrate physical 
properties, and ambient conditions. 
The U.S. Department of Agriculture, 
Natural Resources Conservation Ser-
vice (USDA/NRCS) can assist with 
specifi cations for grading and con-
structing collection structures.

Conclusions
There are many choices that can be 

made today in nursery irrigation system 
components, designs, and operation. 
The plant’s specifi c needs are often 
overlooked when nursery irrigation 
systems are designed, but as water cost 
and water restrictions increase, these 
will become critical. Proper design of 
overhead and microirrigation systems 
will ensure uniform delivery needed 
to achieve maximum application ef-
fi ciency when the appropriate amount 
of irrigation water is scheduled, based 
on plant demand. Additionally, using 
substrate amendments that retain water 
by reducing the substrate temperature, 
and recycling runoff, can conserve 
water. 
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