
Advanced Technologies to Establish Mandarin 

Orange Irrigation Requirements 

Water Management Objectives: 
Research Plan: 

•Increased water requirement reliability – complete data sets 

•Monitor two varieties in the same ranch 

•South Side – Satsuma Mandarin 

•North Side – W Murcott 

•Data sets in real time – no water stress 

•Future Irrigation on sap flow required by trees 

•Find Kc for Well Watered and Ks for Stressed. 

1) Perform comparison from demand ETo to actual water 
transpired – under well watered conditions. 

• Determine the actual Crop Coefficient (Kc)on site  

• Measure Sap Flow continuously (ETa), record maximum daily 
transpiration relative to ETo, (ETm).  Data may be converted to mm 
water used.   

• Record ETo from automatic weather station. 

• Compute : 

   Kc = ETm / ETo (mm/mm)  

During well watered conditions,  day after thorough irrigation. (Idso, 
1982) 

 

2) Compute the transpiration stress index during any 
subsequent day by: 

      CWSI = 1 – ETa / ETm  (Idso, 1982, Jackson et. Al. 

1981) 

 

ETa= Actual transpiration;  ETm = ETww - maximum transpiration projected by 
weather condition. 

ETm = Kc*Eto  

Ex: CWSI= 0 ~ no transpiration stress.  

Ex: CWSI= .5 ~ means transpiration is 50% of the maximum well watered condition. 

 

3)  With evapotranspiration records, summed daily, stress is 
observed in progress after irrigations. 

Conclusions: 

• Water stress index can be calculated real time with daily 

tracking of sap flow and ET under field conditions.     

• The Sap Flow CWSI method is unique in showing reaction 

to weather and water application with collection of the 

required parameters. 

• ETm and the correlated Crop Coefficient, Kc can be 

derived at any time with sap flow data, however the 

irrigation status and water status must be observed. 

Conclusions: 
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Abstract: 
In Central California, Satsuma and Murcott Mandarin orange trees 

are irrigated with drip and furrow irrigation, with water budgets 

based on confusing crop coefficients, Kc.  There is a significant 

disagreement between water requirement studies on oranges, as well 

as mandarin varieties. A study was conducted in the Fresno area on 

commercial mandarin trees at the Bee Sweet Citrus Inc properties to 

determine more accurate crop coefficients, Kc, and the Stressed 

Coefficients, Ks, through the growth season by applying heat balance 

sap flow sensors and recording the total tree water requirement.    

 

In an irrigation scheduling recommended by the IA and the FAO the 

fundamental requirement is to apply a ETo Model, using the 

irrigation requirement: 

 

I vol = Kc * ET o  

 

Kc is the Crop coefficient from empirical water use of well watered 

trees, crops. ET o is the Evapotranspiration potential estimated by a 

local weather station and represents a turf grass transpiration and 

evaporation mathematical model. Additionally other factors are 

required to estimate irrigation inefficiency and distribution 

uniformity. 

Methodology: 
Monitor Trees with Sap Flow Sensors 

• Track real-time and report results on 

water use in two varieties 

• Compare Sap flow with ETo 

• Produce Kc for future reference  

• Apply to nearby crops (same age) 

• Apply low stress during growth 

• Monitor for stress before harvest 

 

 

Confusing and various references do not refer to a model Kc 

http://www.fao.org/nr/water/cro

pinfo_citrus.html 

Requirements for water depend 

on: 

• Stage of development 

• Species – Undefined 

• Soil type, undefined 

• Irrigation efficiency?  

 

• Stage of development 

will vary Water 

requirements from Kc = 

.45 to .85 

• Water needs in Crop 

Development 

• Water deficit to be 

avoided during growth 

• Too Vigorous growth to 

be avoided during Fruit 

set and flowering. 

 
UC Drought Tips 92.34 (Snyder, 1992) 

• Indicated the ETc = Kc * ETo  * 80 % will not reduce 

yield,  

• and 60 % of ETc will reduce yield.   

• In Central CA: Kc is recommended 0.65 

• In Desert Area CA: Kc is recommended 0.70, 

• However all the data from 1992, before drip irrigation 

was applied.   

University of Arizona 

Mandarins are 10 % less than Oranges.  Advice for Orange 

up to Kc=1.0 

Advances in Irrigation Agronomy: Fruit Crops, M.K.V. Carr. 

Cambridge University Press, Mar 27, 2014 . There are no studies that 

determine how much water to apply.  The results are not 

clear even when replacement irrigation is applied. 

 

Materials: 
 

The trees transpiration were measured at the American Ranch owned by Bee Sweet Citrus Inc., 

Fowler CA.  Water management was applied at a estimated Kc=.60 X ET on an overall basis.  

Irrigation started on March 18, 2015.  Tree branches were monitored with SAPIP Agrisensors  

loggers, with SGEX-25 heat balance sap flow sensors on 25 to 28 mm dominant branches.  A 

cellular gateway transmitted digitized signals to the Agrisensors.net cloud server for analysis. 

 

Sap Flow Index from branch measurements using a modified Leonardo Da Vinci “Rule of Trunk 

Area” and the xylem pipe model.  Two trees recorded with canopy mapping in each varietal 

area.  Parameters for multipliers were entered into Agrisensors.net to obtain mm transpiration 

and gallons per tree.  

 

The weather station to determine ET was a CIMIS station in the vicinity of Fresno California 

State University. Data for weather and real-time sap flow were recorded every 15 minutes from 

January to September 2015.  Sap flow sensors were inspected and cleaned every month.  No 

issues were observed on the tress.   

 

Heater power was increased 15% in February remotely by Agrisensors, and again in March to 

account for more sap flow and better temperature signals. A Natural Thermal Gradient (NTG) 

test on March 11 demonstrated that in the early am there would be a 30% increase in sap flow 

followed by a 30 % decrease in sap flow by mid day.  These gradient were due to strong 

temperature swings in the middle of the day as the tree warms up.  Heater power was increased 

to compensate and lowered the hourly error to about 20 %.  Overall no significant error was 

attributed to NTG. 

 

 

 

 

 

Conclusions: 

The Winter to spring trees are stressed trees due to the cold.  There 

is a great difference with published data.  The Ks values are the 

stressed trees, and Kc values in publications are non stressed.  Now 

the growers have  a plan to prepare the monthly budget for the size,  

age, soil density in this vicinity. Practical textbook budget are not 

realistic, yet sap flow solves the issues of water budget 

Potential water saving is 40-50% in the spring, and 40 % to 50% 

savings in the summer (compared to UC, UA repectively).  The 

grower may then compare to the actual budget and make 

adjustments as the weather dictates, and then use the sap flow sensor 

to detect the stress is appropriate.  Alternatively one can plan all 

subsequent watering according to the sap flow consumption. 

Mandarin trees may be stressed in controlled fashion when desired 

in the summer or prior to harvest to conserve water and to produce a 

better product.  As a general rule, the Ks values in the literature 

suggest over watering, simply due to no data being available that 

relates to these varieties, or the main assumption that the crops need 

to be well watered (Kc). 

Further conclusions seem to indicate that 2 sensors provide 

reasonable agreement, however more study with 4 to 6 sensors per 

treatment would provide better statistics.  

Water budget for mandarins are like wine grapes – low water 

consumption!  This is not the normal feedback from typical water 

budgets. 

Authors wish to provide thanks for data set 

and consultation from Bee Sweet Citrus Inc. 

Conclusions: 

Pre-irrigation 

water use 

Satsuma 5.8 gal 

/day (22 l) 

Murcott 4.9 gal 

/day (18.5 l) 

After two irrigations, water use – End March  

Satsuma 9.4 gal /day (35.5 l)(+62%) 

Murcott 9.4 gal /day (35.5 l)(+92%) 

 

Ks increased 36 % and water transpired increased 62% 

Before irrigation:Avg. Satsuma Ks= .23 (Blue) W Murcott 

Ks =.22 (Black) 

After Irrigation: Avg. Satsuma Ks= .27 (Blue) W Murcott 

Ks =.31 (Black) 

 

Large increase in Sap Flow as the season and growth 

progresses from May to June.  New leaves are added and 

sap flow increases. 

By management practice, the producer limited water 

application to each tree irrigated at 140 gal / week. (applied 

3.22 mm/d).  Final stressed ratio at high ET season for 

Satsuma - Ks=.39 (Black),  Murcott - Ks=.41 (Blue).  Since 

the ET average in July was 7.27, the applied water was .44 

Kc* ET=3.2 (mm).   

 


