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Introduction 

California rice fields are highly productive agricultural systems, showing the integration of highly 
intensive agriculture with valuable ecosystem services. These systems also provide valuable habitat for a 
wide range of wildlife, including migratory and resident waterfowl. While large scale conversion of lands 
back into permanent upland habitat is unlikely in the Sacramento Valley in the near future, there is an 
opportunity to create seasonal, upland nesting habitat on these agricultural lands. Fallowing that occurs 
in association with organic rotation in rice cropping or in direct relation to water sales that benefit both 
grower and California state water allocation planning is a good opportunity for breeding waterfowl that 
we want to explore (Table 1). The creation of seasonal habitat can be done by establishing cover crops in 
fallow rice fields and maintaining them through the waterfowl breeding season. The cover crops provide 
a win-win solution for utilizing fallowed lands by providing both soil health benefits and nesting habitat 
on agricultural lands. Cover crops in Sacramento Valley grown in rice fields rely mostly on rain and water 
storage in the soil for their growth. We were motivated to measure water use of non-irrigated cover 
crops grown in rotation with rice. We are reporting first year measurement outcomes. 



Table 1. Graphic demonstrating two options for a cover crop planting. The first is that there are no water 
sales so the crop is terminated+ and the field is planted to rice. The second option is that there is the 
potential for water sales so the crop remains in the field until mid-July. The graphic indicates the months 
the cover crop is in the field as well as when water fowl may be using the fields. 
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Measurements setup 

We conducted a measurement campaign over four fields in Yolo County to quantify the differences in 
evapotranspiration between a fallow field and three fields under different non-irrigated cover crops. We 
have chosen three fields to do measurements representative of water use of three cover crops that are 
beneficial for nesting birds and are often grown in rotation with rice in Sacramento Valley: (1) vetch, (2) 
winter wheat and (3) cover crop mix (oats, pea and vetch). The fourth field was fallow equipped with the 
same measurements in order to quantify the water evaporation when crops are not grown. Eddy 
covariance measurements used here are one of the most direct methods to measure 
evapotranspiration.  

  

Figure 1. Measurements scheme of water use as evapotranspiration and water monitoring in the soil 

 



    

Figure 2. Evapotranspiration measurements using eddy covariance stations in winter wheat and fallow fields 

Things to consider 

After the cover crops’ senesce there were still weeds that were green and transpiring (Figure 3). Due to 
very dry winter, winter wheat was irrigated multiple times in order to secure the grain yield. And 
fallowing in the field for our baseline measurements was interrupted in mid-April by planting safflower. 
Sicne the safflower is deep-rooted crop, our measurements would not be representative of the 
evapotration of the fallow field and we had to assume no evaporation after mid-April. But these values 
should be taken with caution. With the new measurement season we hope to have evaporation 
measurements in fallow field done over the whole period between November and mid-July.    

 

 

Figure 3. Weed growing after cover crop senesce in our experimental fields 

 



Preliminary results 

Daily evapotranspiration values (Figure 4), as expected, were very low in the winter when all four fields 
were resembling the conditions of the fallow field. The major development of the cover crops started in 
mid-February, and that is when we observe major differences between the fallow field and the cover 
crops water use. Winter wheat was developing more biomass than vetch and cover crop mix, and its 
water use was slightly higher.  Although the winter wheat and other cover crops were senescing at a 
similar pace, there were weeds in the rice fields that were not spotted in the uniformly dry winter wheat 
crop. Those weeds were driving more evapotranspiration than cover crops alone and that can be 
observed on the Figure 4 in the period after mid-May when the ET of winter wheat is for the first time 
significantly lower than the other two crops (Figure 3). Figure 4 also show how we forced the fallow field 
ET to zero (due to safflower crop development) although this was an assumption that needs to be re-
evaluated with our new measurement season results.  

 

 

Figure 4. Daily water use through evapotranspiration on different cover crops compared to the fallow field.  

 

If we observe these same values cumulative over the whole measurement season (Figure 5) we can see 
better the differences in water demand between the different studied fields. Winter wheat used 16.74 
inches of water, vetch field used 15.7 inches and the lowest water use (next to the fallow field) was in 
the mix of cover crops. We can also see that precipitation, as a natural supply of water, was higher than 
the water use of all four fields until first days of February. That difference in supply and demand 
amounts of water was probably useful soil storage to be used for subsequent crop development of 
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vetch and cover crop mix. The winter wheat grower decided to start irrigation on March 13th. There 
were another two irrigation events for the rest of the season. 

 

Figure 5. Cumulative seasonal water use (evapotranspiration) of different cover crops compared to the fallow field 
and precipitation.  

Cumulative values of the seasonal water use after April 1st might be more useful for water transfer purposes. We 
have shown on Figure 6 that winter wheat used 10.45 inches of water after April 1st, vetch field used around 10 
inches and cover crop mix field used around 9.77 inches of water. We did not have the opportunity to measure ET 
after June 10th, since we have to remove the equipment for the farm operations were planned for mid-June. In 
addition, these values might be different depending on the conditions of different years and if the winter 
precipitation helps enhance or reduce cover crop growth. Variability in soil conditions at different locations might 
impact more variability into these water use values. During the new measurements campaign (started in 
November 2020), we hope to be able to quantify the water use of cover crops between November 10th, 2020 and 
July 15th, 2021. In addition, we were able to setup more equipment for runoff and soil moisture monitoring and do 
higher number of soil sampling using geoprobe for the measurements campaign 2020-2021.  



 

Figure 6. Cumulative seasonal water use (evapotranspiration) of different cover crops compared to the fallow field 
and precipitation after April 1st 

 

Preliminary conclusions: 

After one year of experimental measurements, we show that on a seasonal level fallow field used 3 
inches more water than received through precipitation; winter wheat field used most water for 
evapotranspiration (12 inches more than precipitation); Vetch field and cover crop mix used slightly less 
water (11 and 10.3 inches more than precipitation). For the most relevant period for water transfer – 
after April 1st, we measured that winter wheat used inches of water, vetch used and cover crop mix 
(peas, oats and vetch) used inches of water. After April 1st ET values for the three crops were: (1) 10.45 
inches for winter wheat, (2) 10 inches for vetch and (3) 9.77 inches for cover crop mix field. We hope 
that the new measurement season will give us opportunity to: (1) measure ET values until mid-July, (2) 
evaluate full water budget of each field, (3) have more insights in how ET values change during different 
weather/hydrological conditions which might impact the cover crop growth, (4) quantify how robust are 
our initial values when doing measurements over different fields (the variability in soil might impact the 
runoff and soil water storage), etc.   

 


