
Irrigation management strategies to increase 
water productivity in Oryza sativa (rice) in 
Uruguay

G. Carracelas1, J. Hornbuckle2, J. Rosas3 and A. Roel4

¹ 1National Institute of Agricultural Research (INIA), Uruguay. gcarracelas@inia.org.uy
2 Deakin University. Faculty of Sc. Eng. & Env. CeRRF. Australia. j.hornbuckle@deakin.edu.au
3 National Institute of Agricultural Research (INIA), Uruguay. jrosas@inia.org.uy
4 National Institute of Agricultural Research (INIA), Uruguay. aroel@inia.org.uy

Introduction

The rice sector is facing great challenges in the coming years of not only 
achieving high yields to meet global food demand but also to use less water, 
energy, and other inputs per unit of production. Rice farming systems in 
Uruguay are fully irrigated and continuous flooded. New irrigation 
techniques need to be developed to use less water, minimize off-site 
impacts while preserving grain yield, quality and food safety.  
Increases in water productivity would allow rice production to expand 
and/or allows the allocation of water to irrigate other crops or other users 
such as urban and industrial. In addition, increases in water productivity will 
also contribute to reduce pumping costs, improving the economic results 
and sustainability of the rice farming sector. 

Objective

The main objective of this study was to determine irrigation techniques that 
increase irrigation water productivity (WPi) allowing a reduction in water 
input without negatively affecting grain yield in Uruguay.

Material and Methods

Experiments (10) were conducted from 2009 to 2015 (October-March), in 
three experimental units located among the major rice growing regions. 
Treatments included: early continuous flooding (C), alternate wetting and 
drying (AWD), intermittent flooding until panicle initiation (IP) and 
intermittent flooding during all crop growth period (I). Statistical analyses 
were performed using the packages lme4 and emmeans in R software 
(http://www.R-project. org/). 

Figure 1. A. Experimental sites location and B. Irrigation treatments tested in different regions

All treatments were planted on dry soil.  In treatment C, flooding started 15-
20 days after emergence and a water layer of 10 cm above the soil surface 
was maintained throughout all the crop cycle. In treatments IP and I, the 
water level alternated between 10 cm and 0 cm and was re-established 
when the soil was still saturated. The AWD treatment allowed the soil to dry 
periodically (water depletion of 50% of soil available water) until panicle 
initiation. After this period, the field was continuously flooded as the control 
treatment.

Results

Alternative irrigation techniques like IP and I led to significant savings in 
irrigation water inputs in the North and Central regions (averaged 35% or - 
3986 m3 ha- 1) in relation to C. In the East region, AWD allowed for a 29% (-
2067 m3 ha-1) water saving in relation to the control but resulted in a 
significant yield loss of 1339 kg rice ha-1 (15% reduction) in relation to C. 
WPi was increased by 0.25 kg m-3 in IP and 0.68 kg m-3 in I, in relation to 
the control C. Traditional continuous flooding C is the most common 
irrigation technique in Uruguay and always registered the highest yields.
The whole grain percentage was significantly reduced with I in the North 
region in relation to C.

Figure 2. A. Irrigation water input m3 ha-1 (WI), B. Water productivity (kg m-3) considering only 
irrigation water input, C. Rice Yield at 14 % moisture (kg grain ha-1), D. Whole grain (%),  for 
different treatments and rice regions in Uruguay. Black dot represents estimated marginal means, 
red arrow lines indicates confidence interval by Tukey. Different letters are significantly different 
with a probability less than 5%.

Conclusions

This study identified irrigation techniques that increased water productivity, across a range of irrigated rice growing environments in Uruguay. 

Techniques that maintained the soil at saturated water conditions like intermittent flooding, allowed a reduction of water input with no significant effects on 
grain yield, which led to a significant increase in water productivity in relation to the control continuous flooded treatment. 

Alternate Wetting and Drying (AWD) techniques allowed soil moisture to drop below saturation and yield was found to be affected negatively. 
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Meteorological Stations

Experimental Sites

Rice Crop Area

North
Area: 33 448 ha (20%)

Central
Area: 12 618 ha( 8%)

East
Area: 118391 ha (72%)

Salto
Tacuarembó

Treinta y Tres

A
B

URUGUAY

South 

America

WPi- 

Irrigation

WPir- 

Irrigation 

+ Rainfall

Irrigation

1.Continuous (C) 9194 a 1.09 c 0.59 b

2. Intermittent until panicle initiation (IP) 8755 a 1.34 b 0.64 ab

3. Intermittent during all crop cycle (I) 8710 ab 1.77 a 0.71 a

4. Alternate Wetting and Drying (AWD) 7855 b 1.37 abc 0.62 ab

Average 8628 1.39 0.64

CV% 3.75 14.49 5.75

P<0.05 *** *** ***

Region

I. Central - Ce 7628 b 1.49 a 0.55 b

II. North - N 8485 b 0.88 b 0.48 b

III.East - E 9772 a 1.81 a 0.89 a

Average 8628 1.35 0.62

CV% 4.3 15.71 6.34

P<0.05 *** *** ***

Irrigation*Region P<0.05 NS NS NS

Irrigation*Season - P<0.05 NS NS NS

Treatments
Rice Yield 

(kg ha-1)

Means followed by different letters are significantly different with a 

probability less than 5% (P < 0.05).  Signif. codes: ‘***’ 0.001 ‘**’ 0.01 ‘*’ 

0.05; NS: non-significant differences. CV: coefficient of variation.
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B. Water Productivity (WPi)
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C. Rice Yield
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Irrigation Treatments

55-

70-

65-

AWD   I IP C AWD   I IP C AWD   I IP C 

Manejo del Riego

60-

50-

D. Whole Grain - Industrial Quality

%

a a a

a

a

ab

a

b

a

Region Central Region East Region North

Irrigation Treatments

Table 1. Rice grain yield (kg ha-1, 14% moisture) and Water Productivity, kg rice grain per m3 of 
water (kg m-3) by irrigation treatments and regions.




