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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO ACCOMPLISH 
OBJECTIVES: 
 

The specific objectives addressed in 2018 were:  

1. Finalize data analysis related to quantifying percolation and seepage losses in rice fields 
across the valley.  

2. Finalize data analysis on developing water balances for California rice fields 
3. Develop a Fact-Sheet on water balances in CA rice systems. These Fact Sheets, intended 

for growers, irrigation managers and legislatures, give a brief summary of findings 
intended for a broad audience. Publish data in peer-review journals. 
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SUMMARY OF 2018 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
Objective 1: Quantify percolation and seepage losses in rice fields across the valley. 

Direct measurements of percolation losses were made in 8 rice fields spread throughout the 
Sacramento Valley during the 2017 growing season (Figure 1). Equalized percolation rings were 
installed at 3 locations in each field and the weekly change in water height inside the rings was 
measured with a high-precision digital caliper. Evaporation losses were minimized with a vented 
lid, so the change in ring water height after correcting for thermal expansion (changes in water 
temperature) was attributed to percolation. Percolation rates ranged from 0.004 mm dayP

-1
P (0.0001 

in. dayP

-1
P) to 0.6 mm dayP

-1
P (0.02 in. dayP

-1
P), which converts to a range of 0.02 in. seasonP

-1
P to 2.8 in. 

seasonP

-1
P assuming 115 flooded days (Figure 2). The average percolation rate across all sites was 

0.2 mm dayP

-1
P (0.008 in. dayP

-1
P) or 1 in. seasonP

-1
P. Percolation rates could not be meaningfully 

predicted by any soil properties (bulk density, clay content, sand content, or saturated hydraulic 
conductivity). Unsaturated zones between the saturated root zone and the groundwater persisted 
for much or all of the season at some sites, and these sites tended to have higher percolation rates, 
albeit still small compared to the total irrigation input. 

Lateral seepage was directly measured at 50 locations spread across 6 rice fields during the 
2017 growing season (Sites 1–5 and 8 in Figure 1). Measurements were made using three-sided 
steel frames that were driven into the levees/roads at the field borders and that only allowed for 
water movement into the levee (that is, lateral seepage). Evaporative losses were minimized with 
reflective insulation, and both percolation and residual evaporation were subtracted out from the 
measured water losses. Lateral seepage losses varied over 4 orders of magnitude, but even the 
highest lateral seepage losses measured would correspond to only 2.9 in. seasonP

-1
P for a 

hypothetical square 100-acre field that is flooded for 115 days. No correlation between lateral 
seepage rates and soil texture, levee width, or field water height was observed. As expected 
however, lateral seepage rates varied depending on whether the field was bordered by a drainage 
ditch, fallow field, flooded field, or supply canal (Figure 3). Similarly, the water height on the 
other side of the levee/road from the field was correlated with lateral seepage rates (Figure 4a). 
Interestingly, positive lateral seepage rates (seepage out of the field) were observed at some 
locations where the field was bordered by a supply canal. The groundwater height in the levee (i.e. 
whether the levee was saturated or not) was correlated with lateral seepage for these locations 
(Figure 4b), as lateral seepage from both the field and the supply canal would flow into the levee 
if it was unsaturated. 
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Figure 1: Field sites for the direct measurement of percolation rates (yellow circles) and development of rice field 
water balances (red circles). Lateral seepage measurements were conducted at Sites 1–5 and 8. The rice-growing area 
in the Sacramento Valley is shown in green. 



  PROJECT NO. RM-11 

 
Figure 2: Percolation rates measured directly in 8 Sacramento Valley rice fields. Black circles represent the mean (± 
standard error) of the 3 percolation rings in each field. White circles represents the mean (± standard error) of all 
measurements over time for a single percolation ring. 
 

 
Figure 3: Mean (± standard error) lateral seepage rates and individual observations for fields bordered by drainage 
ditches, fallow fields, flooded fields, and supply canals. Note that 10 cmP

2 
PhrP

-1
P is approximately equal to 0.3 cm hrP

-1
P or 

0.12 in. hrP

-1
P based on the dimensions of the seepage frame and the average field water height. 
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Figure 4: The left panel shows the relationship between lateral seepage rates and the relative water height in the 
supply canal (a), drainage ditch (b), fallow field (c), or flooded field (d) bordering the field (or drainage ditch directly 
bordering the field without a road in between, (e)). The relative adjacent water height ranges from just over 4 ft. below 
the field water height to 2.5 feet above the field water height. The right panel shows the relationship between lateral 
seepage rates and the groundwater height for only those observations with a positive adjacent water height. 
  



  PROJECT NO. RM-11 

Objective 2: Water balances in California rice fields 
 

A complete water balance was developed for 3 commercial rice fields in the Sacramento 
Valley (Sites 2–4 in Figure 1). Irrigation inputs were measured by each irrigation district 
(Reclamation District 108, Reclamation District 1004, and Richvale Irrigation District), rainfall 
was obtained from the nearest CIMIS (California Irrigation Management Information System) 
weather station, and evapotranspiration (ET) was calculated from the CIMIS data and recently 
developed crop coefficients for California rice (Montazar et al., 2016). Tailwater drainage was 
measured with a sharp-crested weir at the outlet and data loggers that recorded the height of water 
above the weir crest, except when rapid drains required the removal of outlet boards; in these cases, 
water height measurements were made throughout the field immediately prior to the drain and it 
was assumed that all of this water was removed from the field during the drain. Changes in soil 
moisture storage were assessed by sampling for gravimetric water content immediately prior to the 
initial flood and prior to harvest (and converting to volumetric water content with the bulk density). 
Percolation and lateral seepage were measured as described in Objective 1. 
 
Table 1: Water balances for three commercial rice fields in the Sacramento Valley 

Year 2016  2017 

Site 2  2 3 4 

Inputs IrrigationP

1 49.1  44.9 59.5 48.0 
 Rainfall 0.8  0.7 0.5 0.7 
       

Outputs Evapotranspiration 30.1  31.8 30.9 32.9 
 Drainage (maintenance) 6.1  3.4 6.7 1.2 
 Drainage (final) 2.3  3.8 6.2 6.1 
 Drainage (other)P

2 0.7  – 6.1 – 
 Lateral seepage 0.9  0.5 0.6 0.9 
 Percolation 1.4  1.1 1.1 0.4 
 Residual Soil Moisture 2.6  1.1 2.6 2.8 
       

Water inputs accounted for (%) 88.6  91.6 90.1 90.8 
P

1
P All values are in inches unless otherwise noted. 

P

2
P Drainage (other) includes Leather’s drains (Site 3) and herbicide application drains (as applicable). 

 
Half to two-thirds of all irrigation water inputs went to evapotranspiration, with tailwater drainage 
representing the second largest outflow. Only 90% of water inputs on average were accounted for 
as water outputs across all sites (Table 1). This discrepancy could be due to: 1) underestimation of 
percolation or lateral seepage rates from point measurements, 2) unmeasured leaks around fields 
outlets or spillage over the levees (observed at a few sites), or 3) underestimation of crop 
evapotranspiration. Based on the above points, we believe that the water balance approach 
overestimated cumulative percolation and lateral seepage, that direct measurements 
underestimated them, and that these two methodologies provide a reliable range for these flows. 
Combined cumulative percolation and lateral seepage losses ranged from 5.5–8.1 in. (mean = 6.7 
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in.) based on the water balance approach, compared to 1.3–2.3 in. (mean = 1.7 in.) based on direct 
measurements (Table 2). In the former case, this corresponds to 11.8–16.1% of the water inputs to 
the field (mean = 13.2%), whereas in the latter case it corresponds to 2.6–4.7% of the water inputs 
to the field (mean = 3.4%). Based on this work, we suggest that for California rice fields practicing 
no-spill (zero tailwater drainage), the minimum water input requirement, assuming 31.4 in ET; the 
mean change in soil moisture observed in this study (≈ 2.4 in.); and percolation and lateral seepage 
estimated in this study using the more conservative water balance approach (≈ 6.7 in.), is 41 in. 
Using a more conservative crop ET estimate (≈ 33.5 in; from Linquist et al., 2015) the minimum 
required water input would be 43 in. We must stress however, that despite our best efforts to get 
representative percolation and lateral seepage measurements for Sacramento Valley rice fields, 
any particular field may have factors that significantly alter its water balance and its irrigation 
water requirement. 
 
Table 2: Comparison of direct measurement and water balance estimates 

Year 2016  2017 

Site 2  2 3 4 

Percolation and lateral seepage (direct)P

1 2.3  1.7 1.6 1.3 

Percolation and lateral seepage (residual term) 8.1  5.5 7.6 5.8 

Direct measurement P + LS (% of water inputs) 4.7  3.6 2.7 2.6 

Water balance P + LS (% of water inputs) 16.1  12.1 12.6 11.8 
P

1
P All values are in inches unless otherwise noted. 

 
 
Objective 3: Publications 
A manuscript exploring the magnitude and variability of lateral seepage rates in California rice 
fields and the influence of soil properties and hydrologic conditions on lateral seepage rates has 
been submitted to the Journal of Hydrology. A second manuscript is in its final stages, which looks 
at the influence of soil properties and hydrologic factors on percolation rates, in addition to 
comparing directly measured percolation and lateral seepage rates with those calculated using a 
water balance approach. This second manuscript will likely be submitted to Agricultural Water 
Management. A fact sheet has been developed (31Thttp://rice.ucanr.edu/Water_Use_by_Rice/31T) and 
will be updated with these more recent values. This will be a valuable resource for growers, 
irrigation district managers and DWR. 
 
PUBLICATIONS OR REPORTS:  
 
Linquist, B.A., R. Snyder, F. Anderson, L. Espino, G. Inglese, S. Marras, R. Moratiel, R. 
Mutters, P. Nicolosi, H. Rejmanek, A. Russo, T. Shapland, Z. Song, A. Swelam, G. Tindula, and 
J. Hill. (2015) Water balances and evapotranspiration in water- and dry-seeded rice systems. 
Irrigation Science 33:375-385. 

http://rice.ucanr.edu/Water_Use_by_Rice/
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G., Mutters, R.G., Linquist, B., Greer, C.A., Hill, J.E., Snyder, R.L. (In Press) A crop coefficient 
curve for paddy rice from residual of the energy balance calculations. Journal of Irrigation and 
Drainage Engineering 31T10.1061/(ASCE)IR.1943-4774.000111731T , 04016076. 

Marcos, M, H. Sharifi, S.R. Grattan, B.A. Linquist (2018). Spatio-temporal salinity dynamics 
and yield response of rice in water-seeded rice fields. Agricultural Water Management. 195:37-
46. 

LaHue, G.T., and Linquist, B.A., 2017. Subsurface water losses: Seepage and percolation in 
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LaHue G.T., Dahlke H.E., and B.A. Linquist. "Elucidating the interactions between rice 
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meeting. Phoenix, AZ. November 9th, 2016. 

Mathias Marcos , Hussain Sharifi , Stephen R. Grattan , Bruce A. Linquist. 2016. The 
distribution and build-up of salinity in rice fields and its effect on yield. Oral presentation at the 
Rice Technical Working Group. March 1-4P

th
P, 2016. 

Mathias Marcos , Hussain Sharifi , Stephen R. Grattan , Bruce A. Linquist. 2016. Spatial and 
Temporal Water Salinity Dynamics in Flooded Rice Systems. Oral presentation at the American 
Society of Agronomy, Crops Science Society of America and Soil Science Society of America 
annual meeting. Phoenix, AZ. November 9th, 2016. 

LaHue G.T., Dahlke H.E., Sandoval-Solis S., and B.A. Linquist. "Elucidating the interactions 
between rice cultivation and groundwater in California". Poster at the Annual Rice Field Day. 
August 31 2016. Biggs, CA 

Mathias Marcos, Hussain Sharifi, Stephen R. Grattan, Bruce A. Linquist. “Water Salinity 
Dynamics in California Rice Fields.” Poster at the Annual Rice Field Day. August 31 2016. 
Biggs, CA 

 

CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

1. Percolation and lateral seepage were directly measured in 8 and 6 Sacramento Valley rice 
fields, respectively. Percolation rates ranged from 0.02 inches per season to 2.8 inches per 
season. Lateral seepage rates varied over 4 orders of magnitude, but were universally low 
compared to irrigation inputs to rice fields. No relationship between soil properties and 
either percolation or lateral seepage rates was observed. 

2. Direct measurements of percolation and lateral seepage differed from water balance 
calculations by several inches. Mean cumulative combined percolation and lateral seepage 
was 6.7 in. with the water balance approach and 1.7 in. with direct measurements. These 
correspond to 13.2% and 3.4% of the water inputs to the field, respectively. The actual 
contribution of percolation and lateral seepage is likely between these two values. 

http://ascelibrary.org/doi/abs/10.1061/%28ASCE%29IR.1943-4774.0001117


  PROJECT NO. RM-11 

3. Based on ET, seepage, percolation, and water storage, the minimum amount of water that 
could be used to grow rice (without tailwater drainage) is 41 to 43”. 

4. One manuscript has been submitted to a peer-reviewed journal and another one is close to 
submission. An extension publication on water management will soon be published.  
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