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Objectives: 
The overall objective of this project is to optimize water-nitrogen interactions      
to improve FUE of young and maturing pomegranate and to minimize leaching 
losses of nitrogen. Specific objectives are:   
1.  Determine the real time seasonal nitrogen requirements (N) of DI- and SDI-

irrigated maturing pomegranate that improve FUE without yield reduction. 
2.  Determine the effectiveness of three nitrogen injection rates with DI and 

SDI on maintaining adequate N levels in maturing pomegranates. 
3.  Determine the effect of real time seasonal nitrogen injections (N) with DI- 

and SDI-irrigated maturing pomegranate on N leaching losses. 
4.  Develop fertigation management tools that will allow the growers to 

achieve objective 1 and present these results to interested parties at yearly 
held field days and seminars. 
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5.  Determine if concentrations of macronutrients (P, K, Ca, Mg) and 
micronutrients (Zn, Cu, Mn, Fe, B, Se) and eventually healthy bioactive 
compounds in soil, peel and fruit are influenced by precise 
irrigation/fertigation management with DI and SDI.  

 
Abstract:  
 Pomegranate has been identified as a promising specialty crop in California because 
of it potential nutritive value, it drought tolerance, and salinity tolerance. The acreage 
has doubled within the past few years. However, even though this is an ancient crop 
very little is known about the water and fertilization requirements of the crop. This 
project is designed to determine the nitrogen requirements of a developing 
pomegranate project and follow it until full production. A replicated field experiment 
is being used with 2 irrigation treatments (surface and subsurface drip) and 3 nitrogen 
levels,(50%, 100% and 150% of the crop requirement). The trees (var. Wonderful) 
were planted and the drip system installed in 2010. There was good stand 
establishment even though the drip system was not operational during the summer 
following planting. Initial studies determined that only 50 gals (5 cm) of water were 
required throughout the summer. The trunk circumference was measured 30 cm off 
the ground. The average circumference was 6.1 cm, approximately 2.3 cm in 
diamenter, and there were no significant differences throughout the field. This means 
that the nitrogen fertilizer levels in soil are not affecting the initial development of the 
trees.  

 
Introduction: 
 
The California Department of Water Resources (DWR) Bulletin 160-05 states: “In the 
future, water management challenges will be more complex as population increases, 
demand patterns shift, and environmental needs are better understood…”. The 
competition for water will increase as the population of California increases to nearly 
50 million people by 2050 and the environmental flows increase to meet the demands 
in the Sacramento San Joaquin Delta. California agriculture is facing severe, recurring 
water availability shortages, groundwater quality deterioration, and accumulation of 
salts in the shallow, perched water table.  To compensate for the lack of sufficient 
surface water, growers on the west side of the SJV are pumping from deep saline 
aquifers, bringing salts to the surface that are causing drainage issues and irrigated 
acreage to be drastically reduced.   
 
 Research and demonstration have shown that well managed surface drip (DI) and 
subsurface drip irrigation (SDI) systems can eliminate runoff, deep drainage, 
minimize surface soil and plant evaporation and reduce transpiration of drought 
tolerant crops. Reduction of runoff and deep drainage can also significantly reduce 
soluble fertilizer losses and improve groundwater quality. The success of DI and SDI 
methods depends on the knowledge and management of fertigation, especially for 
deep SDI. Reductions in wetted root volume, particularly if combined with deficit 
irrigation practices, restricts available nutrients and impose nutrient-based limits on 
growth or yield. This is particularly important with immobile nutrient such as P. 
Avoiding nutrient deficiency or excess is critical to maintaining high water and 
fertilizer use efficiencies (WUE & FUE). This interaction has been demonstrated for 
field and vegetable crops but no similar research has been conducted for permanent 
crops.  



 
During droughts, water deliveries are reduced or even stopped and if water stress is 
severe enough to limit plant growth, fertilizer application should be reduced 
proportionally. This can only be accomplished if fertilizers are applied frequently and 
only as needed by the crop as part of the irrigation supply.   
 
Pomegranate acreage in California is now about 11,700 ha and Kevin Day noted that 
“from 2006 to 2009 the number of acres planted with pomegranate trees has increased 
from approximately 4800 to 6000  ha in 2006 to 29,000 acres in 2009” (Personal 
communication K. Day 2009). The rising demand for juices, e.g. pomegranate, 
blueberry, with healthy bioactive compounds, mineral nutrients and high antioxidant 
contents are partially contributing to this growth in acreage. Pomegranate is both a 
drought and salt tolerant crop that can be grown on saline soils and is thus ideally 
suited for the Westside of the San Joaquin Valley as a replacement for lower value 
crops.    
 
There have been no studies that evaluated the fertilization requirements of developing 
pomegranate orchard using either surface drip or subsurface drip irrigation. This 
project will initially determine the fertilizer requirements for a developing 
pomegranate orchard.   

 
Work Description:  
 
This project is using a 1.4 ha Pomegranate orchard (var. Wonderful) located on the 
Kearney Agricultural Center that contains a large weighing lysimeter. This lysimeter 
will be used to manage the irrigation scheduling on the site and determine the crop 
water use for the SDI treatment. The trees will be irrigated at 100% of crop water use 
measured by the lysimeter. The lysimeter tree will be irrigated using subsurface drip 
irrigation.  Trees were planted with rows spaced 4.9 m apart and trees in the harvest 
rows spaced at 3.6 m along the row.  There are 2 border rows with trees spaced at 3.6 
m apart. These extra trees will be dug up and harvested twice yearly for total nutrient 
uptake measurements during the last years of the project.  Figure 1 is a schematic of 
the plot layout (complete randomized block with sub-treatments) showing main 
irrigation treatments and N-fertility sub-treatments.  The main irrigation treatments 
are DI and SDI (50 to 60 cm.depth) systems with dual drip irrigation laterals, each 3 
ft. from the trees.  The fertility sub treatments are 3 N treatments (50% of adequate N, 
adequate N, based on biweekly petiole analysis and 150% of adequate N, all applied 
by continuous injection of AN-20). Potassium and PO4-P will be supplied by 
continuous injection of P=15 ppm and K=50 ppm to maintain adequate levels. The pH 
of the irrigation water will be automatically maintained at 6.5+/-0.5.  Tree and fruit 
responses will be determined by trunk and canopy measurements, pruned plant 
biomass, bimonthly plant tissue analyses and fruit yield and quality.  When 
appropriate, flowers, fruit yields and quality will be measured and statistically 
analysed.  Analysis of variance (ANOVA) for the completely randomized design 
(CRD) with sub-samples will be used to determine the treatment significance. 
 
Task and sub-tasks to achieve objectives for year #1 
a.  Prepare orchard area and fumigate soil as needed. 
b.  Sample soil and determine initial nitrate-nitrogen status.  
c.  Install and test irrigation and control systems. 



d.  Plant pomegranate trees and start uniform irrigation/fertigation. 
e.  Start tissue sampling if time permits. 
f.  Measure trunk diameter and canopy size. 
g.  Install soil moisture sensors and start monitoring soil matric potential. 
 
Task and sub-tasks to achieve objectives for year #2 
a.  Determine the real time seasonal nitrogen requirements (N) of DI- and SDI-
irrigated maturing  pomegranate that improve FUE without yield reduction.  Bi-
weekly tissue analyses will be used to provide N-uptake rates under three N 
application levels and will be used to fertilize the 100% N level accordingly. 
b.  Determine the effectiveness of three nitrogen injection rates with DI and SDI on 
maintaining adequate N levels in maturing pomegranates.  Yearly whole tree 
harvesting and analyses for total nitrogen (and other nutrients) will provide total N-
uptake under three N application levels. 
c.  Determine the effect of real time seasonal nitrogen injections (N) with DI- and 
SDI-irrigated maturing pomegranate on N leaching losses.  Soil samples will be 
collected down to two meters and analyzed for soluble N concentration and to 
determine the treatment effects on N-leaching losses. 
d.  Develop fertigation management tools that will allow the growers to achieve 
objective 1 and present these results to interested parties at yearly held field days and 
seminars. 
e.  Determine if concentrations of macronutrients (P, K, Ca, Mg) and micronutrients 
(Zn, Cu, Mn, Fe, B, Se) and eventually healthy bioactive compounds in soil, peel and 
fruit are influenced by precise N-fertigation management with DI and SDI.  
f.   Soil matric potential measurements will be used to determine the direction of the 
hydraulic gradient and the N-leaching potential. 
 
Task and sub-tasks to achieve objectives for year #3 
a. Items a-f described for year #2 will be continued in year #3. 
b. Development of fertigation management tools will be initiated.  These tools will 
eventually allow the growers to achieve the objectives and goals of this project.   The 
obtained results will be presented to interested parties at field days and seminars. 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Plot layout of pomegranate fertilization experiment.  
 
Results: 
The field experimental layout was used to guide the installation of the tubing in the 
subsurface drip plots. This was done by ploughing in the tubing using shanks 
designed for this purpose. The drip tubing donated by Toro Irrigation was installed on 
April 16 -19, 2010. The pad for the filters and control system was cleared and the 
sand media filters donated by Lakos Corporation were installed May 21, 2010. The 
filters were connected to the UC Kearney water supply on May 26-29, 2010. The 
control pad was constructed during the week of August 30, 2010. 
 
The pomegranates (var. Wonderful) were planted on a 3.6 by 4.9 m spacing on April 
27 -28, 2010.  The pomegranate trees were donated by Paramount Farming Co. These 
trees were the same size and age as the trees that were planted on the San Joaquin 
Valley Agricultural Sciences Center for a study on the water requirements of 
developing pomegranate. The trees were staked at planting and pruned May 6, 2010 



and there was good development on all the trees over the summer. The pomegranates 
were manually irrigated twice weekly using a water tank throughout the summer. This 
was necessitated because the length of time needed to complete the contract process 
delayed the installation of the drip system. There was an outbreak of False Cinch Bug 
that required an application of the insecticide Provada which seemed to have 
controlled the pest.  
 
The drip installation was completed at the end of August and the drip lines were 
pressure tested and repairs made as needed. The acid and fertilizer tanks have 
purchased and will be installed during the winter. The control system has been 
prepared and will be installed during the winter. The irrigation was terminated in 
September to harden off the plants for winter. Trunk diameters were measured in 
November.  
 
Soil sampling will be conducted to establish a baseline for the initial nitrate nitrogen 
content of the soil will be done during the winter.  
 
A total of 50 gals (375 L) of water was applied to each tree during the summer by 
tanking twice per week. The daily and cumulative potential evapotranspiration (ETo) 
are given in Fig. 2.  
 

Figure 2. Cumulative precipitation and evapotranspiration from pomegranate orchard 
in 2010 on Kearney Agricultural Center.  
 



The data for the cumulative evapotranspiration and precipitation are given in figure 2.  

 
 
Figure 3. Pomegranate tree water use 2010.  
 
The data in figure 3 show an average water use on the lysimeter tree of approximately 
0.025 inches per day (.6 mm/day) with a cumulative water use in the lysimeter over 
the season of approximately 4.5 inches (114 mm) of water. This was applied by 
individual applications from a water truck.  
 
Pomegranate trunk circumference was measured on each of five “data” trees per rep 
on November 17, 2010.  The measurements were taken with a flexible metal tape at 
approximately 30 cm above the ground, except where branching was below that.  In 
those cases, the measurement was taken below the first branch.   Treatment means are 
as follows: 

Trt # Trt ID 
color 
code Secondary 

Trunk 
Cir (cm) 

1 DI blue 
N1 - 
50% 6.128 a 

2 DI brown 
N2 - 
100% 6.304 a 

3 DI red 
N3 - 
150% 6.688 a 

4 SDI blue 
N1 - 
50% 6.58 a 

5 SDI brown 
N2 - 
100% 6.4 a 

6 SDI red 
N3 - 
150% 6.616 a 

 
Results of an ANOV on trunk circumference shows no significant difference on the 
main effects of Irrigation system (SDI vs DI) or Nitrogen and no significant 



difference on the interaction of Irrigation x Nitrogen.   However, there is some 
difference due to blocking. 
A  Duncan’s test broke down the results by block (in the field, the blocks are laid out 
in North-South direction) as: 
 
          Block     Trunk cir(cm)  non-significant range 

1 6.41 ab  
2 6.86 a  
3 6.21 b  
4 6.56 ab  
5 6.21 b  

 
 
Discussion/Conclusions: 
The project is off to a good start with a uniform stand of trees. The data show that 
there are no differences in the trunk circumference between the treatments. There 
appears to be some difference between the blocks. The lysimeter was able to 
accurately describe the crop water use.  
 
Project Evaluation: 
The project is off to a good start with good cooperation and coordination between the 
researchers. The remaining equipment has been purchased and will be installed prior 
to the beginning of the project next year.  
 
Outreach Activities: 
A field day was held on October 29, 2010 at the field site with 12 attendees. The 
outline of the project was described and the site was toured.  Dr. Ayars presented a 
talk at the 18th Annual Fertilizer Research and Education Program Conference held in 
Fresno, Ca, November 17-18, 2010. 
 
 

 
 


