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Introduction 
 

There is no disputing the importance of citrus rootstocks and scions to desert citrus production. C. macrophylla and 
C. volkameriana are the standard, vigorous rootstocks used widely across the Arizona and California desert lemon 
industry.  They are both vigorous and produce high-yielding trees with fruit of excellent size.  Lemon trees on both 
rootstocks are relatively cold-sensitive and are susceptible to the brown wood rot fungi (Fomitopsis meliae) that plague 
desert lemons.  Also, C. volkameriana is susceptible to “winter yellows”, and tends to produce excessive numbers of 
trunk suckers. 

Many years ago, sour orange (Citrus aurantium L.) was the common rootstock for lemon in Arizona as it was the only 
rootstock available and is quite adaptable to the highly alkaline desert soil.  Sour orange is of medium vigor and may 
be used to reduce the vigor of lemon scions (Ferguson et al., 1990, Roose 2014).  However, its yields are less than 
more recently introduced rootstocks, such as Carrizo.  Carrizo is not commonly used for lemons in Arizona because 
yield and fruit size are less than for trees budded to C. macrophylla and C. volkameriana, and because it is not 
particularly tolerant of alkaline soils.  Rangpur lime (Citrus limonia) has never been widely used in the United States, 
but in Brazil, Rangpur is known to confer drought tolerance on the scion, is vigorous and produces well on deep sandy 
soils.  Bitters (C-22), Carpenter (C-54) and Furr (C-57) citrandarin (Citrus sunki x Swingle citrumelo [Citrus paradisi 
x Poncirus trifoliata]) are hybrids of ‘Sunki’ mandarin and Swingle citrumelo.  All three were developed at the USDA 
citrus breeding program in Indio, CA and were released by the University of California in 2009.  Information on these 
rootstocks can be found in Siebert et al., (2010).   

In January 2016, we initiated a new lemon rootstock trial, the first to be planted at the University of Arizona’s Yuma 
Mesa farm since 1993. The purpose of the trial was to evaluate the effect of the above-mentioned rootstocks on yield, 
fruit size, precocity, tree size, interior and exterior fruit quality and disease tolerance (especially tolerance to brown 
wood rot – Fomitopsis meliae).  High yielding, precocious trees with large fruit size are favored by the desert lemon 
industry.  Desert lemons are marketed from mid-August to February.  During the early and middle part of that window, 
lemons from other suppliers can be limited and sizes can be small, so high quantities of large fruit translate to good 
returns to the grower.  Rootstocks are also known to affect drought tolerance, peel thickness, peel smoothness, fruit 
total soluble solids and acid levels, and percentage of juice in the fruit (Ferguson et al., 1990).  Also, rootstocks can 
affect the growth of the brown wood rot fungi, Antrodia sinuosa, in the scion (Matheron and Porchas, unpublished 
data). 

The 2016 report for this experiment can be found as a PDF file at: https://agriculture.az.gov/arizona-citrus-research-
council-previously-funded-research-projects.  

 
Materials and Methods 

 
Much of this season was spent installing and perfecting the pressurized irrigation system.  The components of the 
system are as follows:  

The major irrigation components and parts including:  
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RainBird Climate Minder Controller 

RainBird Weather and Soil Station (Figure 1)  

RainBird Solenoid Control Valves (Figure 2)  

Netafim 3” Flow Meter (Figure 3 – Red Component)  

RainBird 2” Auto flushing Disc Filter (Figure 3)  

3 HP Centrifugal Booster Pump (Figure 4)  

Soil Probes (Figure 5)  

 

The pump, filters, valves, injectors, flow meters, drip tube, cellular-connected weather station, soil moisture station, 
and soil moisture probe have been installed and field irrigation trials have begun.  The weather station (Figure 1) and 
soil probes (Figure 5) were successfully installed and have been linked to software to monitor soil moisture in two 
different locations in the field. Information from the weather station and soil probes can be accessed via the internet 
at https://climateminder.com/ .   

The canal water is lifted from the canal with a 3HP centrifugal booster pump (Figure 4) and supplies the flow to 
pressurize the 3” supply line to approximately 40psi. A 3” diameter main line was installed the length of the field to 
supply water to the individual 1” solenoid control valves (Figure 2) that were installed to supply water to 
approximately four rows of trees simultaneously.  

 

During the initial test phase of the pressurized supply lines it was quickly discovered that the screening on the canal 
pickup line was inadequate. The installed screen allowed small minnows into the inlet tube and quickly fouled the 
disk filter which became entirely plugged in less than 5 minutes of run time (Figure 6). We had hoped that this problem 
might have been overcome by installing a smaller diameter screen when the canal goes down for scheduled for 
maintenance in late November.  However, RainBird Corporation engineers who were working on the problem 
determined that the entire disk filter system was faulty and would not adequately cycle to provide the automated back-
flushing as designed. An entirely new filtration system will be provided and installed by Sprinkler World before the 
end of the year (2018) to allow the automated irrigation system to re-commence normal operations.  

 
Figure 1. Weather station pictured during installation. 

 
Figure 2. One-inch solenoid control valves during installation. 
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Figure 3.  RainBird Disc Filter 

 

 
Figure 4. 3HP Pump 

 
Figure 5. Soil Probe Installed 

 

 
Figure 6. Disc Filter Plugged with Fish 

Additionally, tree growth data was collected including tree height, canopy volume (spherical), scion and rootstock 
trunk circumference and the ratio of the scion and rootstock trunk circumference.  A ratio of scion to rootstock trunk 
circumference that is less than one indicates that there is the potential for overgrowth of the rootstock, which may 
indicate a slight potential for rootstock-scion incompatibility.  However, certain citranges, such as ‘Carrizo’, normally 
show scion to rootstock ratios of less than one without ever exhibiting any sign of incompatibility, and some other 



rootstocks.  Also, a subjective tree health rating was taken, where 0 = dead, 1 = almost dead, 2 = sickly, 3 = adequate 
vigor, 4 = good vigor and 5 = high vigor.  No trees produced fruit in 2017, although some of them flowered in 2018. 

 
Results and Discussion 

 
Results from the tree size and health measurements are shown in Table 1.  Not surprisingly, trees on Macrophylla and 
Volkameriana had the greatest height, followed by Rangpur Lime.  Trees on Carrizo, Sour Orange and Bitters had the 
least height growth.  Bitters is known to produce a small tree according to Siebert et al., (2010).  Similar differences 
in canopy volume were noted; Macrophylla, Volkameriana and Rangpur Lime had the greatest volume, while Furr, 
Bitters and Sour Orange had the least.  Scion and rootstock circumference followed similar trends as did height and 
canopy volume.  Carrizo citrange had the least scion to rootstock trunk circumference, indicating the presence of a 
rootstock shoulder, while Sour Orange trunks had the greatest ratio, indicating little noticeable difference between 
trunk circumferences.  All trees had health ratings between 4 and 5, with the higher ratings for the more vigorous 
rootstocks. 
 
Table 1. Lemon tree height, canopy volume, trunk diameter and health rating. 

Rootstock Variety 

 

Tree 
Height 

(m) 

Canopy 
Volume 

(m3) 

Scion 
Circumference 

(cm) 

Rootstock 
Circumference 

(cm) 

Scion:Rootstock 
Circumference 

Ratio 

Tree 
Health 
Rating 
(0 to 5) 

Macrophylla  1.55 a 0.47 a 8.13 a 10.25 a 0.795 c 4.91 a 

Volkameriana  1.53 a 0.31 b 7.59 ab 9.20 b 0.827 abc 4.79 ab 

Rangpur Lime  1.44 ab 0.30 bc 7.39 b 8.86 b 0.838 ab 4.62abc 

C-57 ‘Furr’ Citrandarin  1.37 bc 0.15 d 5.77 cd 7.20 c 0.803 bc 4.26 c 

C-54 ‘Carpenter’ Citrandarin  1.35 bc 0.20 bcd 5.94 c 7.24 c 0.820 abc 4.58 abc 

Carrizo Citrange  1.30 c 0.18 cd 5.51 cd 7.00 cd 0.789 c 4.33 bc 

Sour Orange  1.28 c 0.14 d 5.24 d 6.16 d 0.855 a 4.23 bc 

C-22 ‘Bitters’ Citrandarin  1.26 c 0.12 d 5.08 d 6.22 d 0.817 abc 4.29 c 

 
 

Plans for the Next Fiscal Cycle 
 

Some of the activity for the next fiscal cycle, January 2018 to March 2019 is reported here since there is overlap in 
the ACRC project fiscal cycles.  In late 2018, we expect to have the filtration system replaced.  We will begin to 
collect data on water use at that time.  Meanwhile, we will carry out normal fertilization, pest control and weed control 
in both blocks, apply flood irrigation in Block 6E in accordance with normal horticultural practices.  We expect to 
have a small amount of yield in fall and winter 2018, but probably not on every tree. 

 
References 

 
Ferguson, L., N. Sakovich and M. Roose. 1990. "California Citrus Rootstocks." Oakland, CA: University of California 

Division of Agriculture and Natural Resources. 18 pp. 
Roose, M.L. 2014. "Rootstocks." In Citrus Production Manual, by L. Ferguson and E.E. Grafton-Cardwell (eds.), pp. 

95-105. Oakland: University of California Agriculture and Natural Resources Communication Services. 



Siebert, T. R. Krueger, T. Kahn, J. Bash and G. Vidalakis. 2010. "Descriptions of new varieties recently distributed 
from the Citrus Clonal Protection Program." Citrograph 20-26. 

 

 
 
 


	Plans for the Next Fiscal Cycle
	References

