
Microjet Sprinklers Diminish Almond Orchards Carbon Footprint 

The N2O emission in the orchard followed WFPS and the spatial 
distribution of emissions from the wet area around the water emitter 
followed similar patterns to those created by the type of emitter, drip or 
microsprinkler.  

The emissions of nitrous oxide (N2O) were lessened by using microjet 
sprinkler irrigation as the fertigation delivery system as compared to drip 
irrigation. This provides growers with a tool for lowering almond orchard 
carbon footprint. 

We measured N2O fluxes and soil water content in a almond orchard during the 
days following 4 fertigation events during 2009-2010 growing season. The 
experiment took place in Nickels soil laboratory almond orchard in Arbuckle, CA. 
Nitrous oxide fluxes were measured using a static chamber technique (Livinsgton 
and Hutchinson 1995 ).  
The N2O was to be quantified depending on the microirrigation system, drip or 
microsprinkler. The same amount of water and fertilizer were delivered to all the 
experimental trees. The emissions were spatially modeled in the wet area around 
the water emitter and the.observed distribution was used to scale the N2O-N  lost 
at orchard level.   
We designated a circular area of 1 m of diameter for dripper and of 5 m diameter 
per sprinklers, centered in the emitter position. We established 2 transects 
forming axes crossing at the water emitter (sprinkler or dripper). One transect 
was parallel to and directly in the tree row, and the other perpendicular to the tree 
row and into the alley (Figure 1). In each transect we determined 5 situations 
where soil N2O flux was sampled. 
Drip irrigation showed a peak of N2O emission in the center (emitter situation) 
followed by a rapid decline as the distance from the emitter increased, reaching 
values close to zero at distances of about 1 m from the center (Figure 2 top 
panels). In contrast to drip, sprinkler distribution showed the peak of emission at 
a distance around 1m from the center and then it decreased exponentially until 
values close to zero were reached at distances of 2.5 – 3 m from the emitter 
(Figure 2 bottom panels). Once these distributions were defined, the rates 
measured around the emitter were scaled to the orchard level together with the 
rates measured in the alleyways.  

Spatial patterns of emission from the wet soil around the water emitter differed 
between sprinkler and drip irrigation and this resulted indifferent values for the 
total mass of N2O-N emitted at orchard level.  
N2O-N emission from the drip irrigated treatment was consistently higher than 
from the sprinkler irrigated treatment during all the season (Figure 3). The 
maximum difference happened after a fertigation event in summer when 
instantaneous rates of N2O emission from drip irrigation reached levels of 500 
nmol N m-2 min-1 in contrast with 100 nmols N m-2 min-1 for sprinkler irrigation . 
 
From 235 kg ha-1 of N applied during the growing season, the resulting mass 
N2O-N lost from the sprinkler irrigated orchard was 0.59 kg ha-1 were lost as N2O 
from the sprinkler irrigated treatment and 1.48 kg ha-1 from the drip irrigated 
0.25% and 0.63% of applied respectively) . 
 
For both irrigation treatments, N2O-N increased exponentially with the increase in 
WFPS, the maximum emission was measured at values of WFPS around 50%. 
The days following fertigations, the increase in WFPS in the wet area was higher 
in drip irrigation than Sprinkler irrigation  and also a significantly higher increase 
in N2O-N emissions at orchard level (including the dry area) in drip irrigation was 
observed in parallel. No clear relationship was observed between nitrate, 
ammonia and N2O emission.  
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The atmospheric nitrous oxide (N2O) concentration has been growing at a 
constant rate since 1980. It reached a level of 319ppb in 2005, about 15% more 
than its pre-industrial concentration of approximately 278 ppb. Nitrogen fertilizers 
applied to soils and soil management are estimated to be the major sources of 
N2O production in agriculture. Approximately 30% of the total acreage of irrigated 
cropland in California is planted to orchards and vineyards and is irrigated and 
fertilized with nitrogen (N) using microirrigation systems (fertigation). Every type 
of water emitter generates a different water distribution in the wetted soil around 
it and when fertigating, the N will be distributed following the same pattern as 
water. Both soil water and N contents affect the generation of N2O and water 
content also affect the gas diffusion through the soil to the atmosphere.  
In 2006, the California legislature approved AB32, the California Global Warming 
Solutions Act and in 2009 the US Environmental protection Agency declared an 
endangerment finding for CO2, N2O and CH4. 
Nitrous oxide emissions from nitrogen (N) fertilizer application and soil 
management practices are estimated to be 47.8% of total agricultural GHG 
emissions (Carlisle et al. 2010). AB32 requires all California sectors to reduce 
GHGs to 1990 levels by 2020 including agriculture. 
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Figure 2. Distribution of N2O emissions (nmol m-2 min-1) under a drip emitter (top panels) and a microjet 
sprinkler (lower panels), following a fertigation event of 33 kg ha-1 as CAN 17 in an almond orchard. The 
distributions of emissions shown were derived from three-dimensional fits of the Gaussian distribution (upper 
panels) and from fits of functions defined in two stages, a second degree polynomial and an exponential decay 
function (lower panels). 

Figure 3: Shown are the instantaneous rates of N2O-N emission over the course of one season.. 
N2O flux (nmol m-2 min-1) measured in the wet up area under microjet sprinklers and drip emitters 
(A), in the dry area outside the wet-up zone, driveway (B) and once scaled to the whole orcahrd 
(C). Arrows represent dates when efrtigations occurred. 

Figure 3. The distribution of the spatial samplings around a dripper (top panels) and a sprinkler (bottom panels). 
Collars where chambers were placed to sample N2O were situated on two orthogonal axis centered on the water 
emitter. The observations in each of the collars were rotated to populate the whole wet area and obtain the 3D 
representations of the spatial emissions (Figures 1 and 2).   

 
To evaluate seasonal variability of N2O emissions before and after fertilizer 

application using different microirrigation systems (microsprinkler vs. drip) 
and integrate observations for seasonal comparison. 

 
 To achieve the objective, we spatiotemporally sampled N2O emissions from 

the wet area around the emitter for conventional drip irrigation and for 
microsprinkler during 4 fertilization events along the year 2010.  

 

Objectives 
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