








Protecting Groundwater Quality 
( continued) 
transported to the Gulf of Mexico. 
Efforts to control this source will 
require modifications in drainage system 
design (Burchell et al., 2005) and 
management of drainage systems 
(Bjorneberg et al., 1996; Greenan et al. 
2009; Luo et al., 2010; Lalonde et al., 
1996). It will also require changes in 
fertilizer management. 
Groundwater in the San Joaquin Valley 
is affected by nitrate pollution from 
agricultural sources including perennial 
crop (Nightingale, 1972; Pratt et al., 
1972; Dasberg et al., 1984), animal 
manure from dairy operations, and food 
processing wastes. Deep percolation 
losses from irrigation are the transport 
mechanism that moves the nitrate to the 
groundwater. 
Furrow irrigation is the predominate 
method of irrigation throughout the 
world and in the San Joaquin Valley. 
Furrow irrigation is an inefficient 
method if not properly designed and 
operated. Proper design and operation 
would include having the correct furrow 
length, a uniform slope across the field, 
and adequate flow for the field size. It 
would include proper timing and 
duration of the irrigation. However, 
these conditions are not routinely met; 
and, as a result, there is poor 
distribution uniformity and excess 
application of water. Often, the 
irrigation duration is set by water 
availability (rotation within district) 
rather than actual need. The end result is 
that deep percolation losses are 
common. 
Irrigation with water from lagoons 
containing animal and food processing 
waste high in nitrate is another problem, 
because the supply may exceed the 
demand for water and nitrogen. This 
may result in excess water being applied 
just for disposal resulting in deep 
percolation and nitrogen movement to 
the groundwater. 
In the San Joaquin Valley, as result of 
extended periods of drought and 
limitations on the available water 
supply, there has been a gradual shift in 
irrigation from gravity driven methods 
(surface irrigation) to pressurized 
systems, sprinkler and microirrigation 

(drip and microsprinklers). Pressurized 
systems have the advantage of better 
control on the depth of applied water 
and better control on the uniformity of 
applied water. The initial shift was to 
high value crops that supported the 
additional cost of the systems. As the 
technology has improved, drip irrigation 
has been implemented on high value 
vegetable crops (lettuce, peppers, 
processing tomato) as well as perennial 
crops, trees and vines. 
Drip irrigation has proved to be a very 
efficient irrigation method that allows 
good control on the depth and timing of 
irrigation as well as controlling fertilizer 
applications. It also allows for high 
frequency irrigation from daily to 
several times a day (Phene et al., 1989). 
This compares to weekly irrigation or 
longer intervals using surface irrigation. 
The increased frequency of irrigation 
allows smaller depths of applied water 
reducing the potential for deep 
percolation losses. Frequent irrigation 
also allows for the application of small 
amounts of fertilizer during irrigation 
which reduces the potential for nutrient 
loss. 
Research has demonstrated enhanced 
plant growth, improved yields and crop 
quality using drip irrigation (Bryla et 
al., 2003; Ayars, 2007; Ayars et al., 
1999; Hanson et al., 2006; McNiesh et 
al., 1985). Other advantages of drip 
irrigation include improved pest 
management, better weed control, 
automation (Ayars and Phene, 2007, 
Phene et al., 1989), and improved farm 
operations. Disadvantages include 
higher cost, filtration requirements, a 
fixed row spacing that may limit crops 
that may be grown, and installation and 
removal for annual crops. 
Drip irrigation has been further 
categorized as either surface or 
subsurface drip. As the names imply, 
surface drip is laid on the ground 
surface in a variety of configurations 
depending on the crop. It may be 
positioned half way between two rows 
so water is supplied to two plant rows 
with one line or simply adjacent to each 
row. Surface drip systems require 
annual installation and removal which 
adds an additional cost to the system. It 
does allow for variable row spacing and 
field length. 
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Subsurface drip irrigation (SDI) is the 
installation of drip tubing at depths 
below the soil surface ranging from 2 to 
15 inches depending on the crop (Phene 
et al., 1987). The shallow depths are 
used for vegetable crops grown on beds 
(Zotarelli et al., 2008; Zotarelli et al. 
2009; Stork et al. 2003), so that the 
tubing can be removed easily after 
harvest. Deeper installations are used 
for perennial crops and field crops 
(Hutmacher et al., 1996; Lamm et al. 
1995; Hanson et al., 2006) and will 
remain in place for several years (Ayars 
et al., 1999). Permanent installation of 
the drip tubing restricts the cropping to 
a fixed row spacing for future crops. It 
does however protect it from damage by 
machinery and animals. Subsurface drip 
also limits the amount of water applied 
during a single application. Excessive 
water application results in water 
moving to the surface which defeats the 
purpose of burial of the drip line (Lamm 
and Camp, 2007). 
One major advantage of SDI is that both 
water and nutrients are applied directly 
to the crop root zone, which facilitates 
uptake of both water and nutrients 
(Phene et al., 1991; Phene et al., 1987; 
Phene et al., 1993; Tarkalson and 
Payero, 2008; Stork et al., 2003). High 
frequency application water enables 
good control of the soil matric potential 
which will minimize deep percolation 
losses (Phene et al., 1989). Effective 
control of SDI has been demonstrated 
using soil matric potential sensors 
particularly in light textured soils 
(Zotarelli et al., 2008; Zotarelli et al., 
2009). 
Deep percolation losses result when the 
hydraulic gradient is dominated by 
gravity and not the soil matric potential. 
This requires that the soil water content 
be maintained at a level less than field 
capacity. Soil matric potential sensors 
can be used to provide feedback to 
automate a SDI system to maintain 
water content at a level to prevent deep 
percolation (Ayars and Phene, 2007). 
This paper describes a field project 
determining the nitrogen requirements 
for a developing pomegranate orchard 
that is being irrigated by both surface 
and subsurface drip using high 
frequency applications. 
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