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Abstract 
Overhead aluminum sprinklers, which are used during the early stages of strawberry 
crop development to establish transplants and to leach out salts from the root zone, 
deliver significant volumes of water. Micro-sprinklers, which are typically used in 
orchard crops, were evaluated in a commercial strawberry field in California as an 
alternative to conventional aluminum sprinklers to conserve water without any neg-
ative impact on yields. In addition to the water consumption, data were collected 
from multiple plots within each treatment to determine the impact on plant growth, 
disease incidence, and seasonal yield. Micro-sprinklers used 32% less water than 
aluminum sprinklers during a three-week period without affecting fruit yield. They 
also appeared to lessen the severity of powdery mildew and botrytis fruit rot. This is 
the first study reporting the use of micro-sprinkler system, which can be a good al-
ternative to the aluminum sprinklers to conserve irrigation water. 
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1. Introduction 

Strawberry is an important commercial crop in California and primarily grown in the 
Watsonville, Santa Maria, and Oxnard production areas in the Central Coast on about 
37,000 acres annually [1]. It is the fifth most important commodity in California with a 
crop value of $2.5 billion and California produces 90% of fresh market and 96% 
processing strawberries in the United States [2].  
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Strawberry crop requires about 2 acre-feet of irrigation water during a typical pro-
duction season for fall planting. Fall planting typically starts in October-November and 
ends in July-August of the following year. Evapotranspiration of strawberry crop varies 
depending on the micro-climate of the production region, seasonal climatic variations, 
type of irrigation system used, and general agronomic practices. For example, a two- 
year study conducted in 2009 and 2011 in the Monterey Bay area showed that the aver-
age evapotranspiration varied between 2 and 2.5 acre-feet [3].  

Strawberries are mainly irrigated through a drip system where drip tapes are in-
stalled under plastic mulch when beds are prepared. Drip irrigation is supplemented 
with overhead aluminum sprinkler irrigation during the first few weeks after trans-
planting to leach out salts from the root zone and to help with transplant establish-
ment. Strawberry crop is sensitive to salinity and overhead aluminum sprinkler irri-
gation reduces and prevents salt injury [4]. Aluminum sprinklers are also considered 
very important in the Oxnard area to prevent dry conditions from Santa Ana winds 
during the early stages of crop establishment. However, supplemental irrigation with 
these aluminum sprinklers requires a significant amount of water and can be less ef-
ficient than other irrigation systems [5]. Some disadvantages of the aluminum sprin-
klers include increased evaporation, excessive water delivery than what can penetrate 
into the beds through the openings on the plastic mulch, and potential runoff if ma-
naged improperly.  

Application efficiency (AE refers to the efficiency of an irrigation system in deliver-
ing a specific amount of water) studies showed that micro-sprinklers are more efficient 
(81% AE) than hand-move sprinkler systems (70% AE) [5]. Water is an important re-
source in crop production and improved irrigation practices are a critical need in a 
high value crop like strawberry, especially under the current drought conditions in Cal-
ifornia. Micro-sprinklers, which are commonly used in orchard systems, could be an 
efficient alternative to aluminum sprinklers. Installed on strawberry beds, micro- 
sprinklers can deliver water in a more controlled and targeted manner with minimum 
or no runoff. Additionally, micro-sprinklers could also contribute to improved humid-
ity in the strawberry microclimate, which discourages twospotted spider mite popula-
tions and promotes predatory mites that are sensitive to hot and dry conditions. High 
humidity in the microclimate is beneficial to entomopathogenic fungi such as Beauve-
ria bassiana, which are applied as biopesticides for controlling twospotted spider mite 
and insect pests [6] [7]. Some growers have indicated using micro-sprinklers in organi-
cally produced strawberries as a means of controlling twospotted spider mites, but there 
are no data available on its impact. 

A study was conducted in Santa Maria during the 2014-2015 production season to 
assess the potential of micro-sprinklers as an alternative to overhead aluminum sprin-
klers. Specific objectives of this study included: 1) if micro-sprinklers conserve water 
without a negative impact on strawberry plant growth and fruit yield; 2) if micro- 
sprinklers have any impact on pest and predatory mite populations; and 3) if micro- 
sprinklers have any impact on powdery mildew and botrytis fruit rot. 
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2. Materials and Methods 

This study was conducted at Manzanita Berry Farms in Santa Maria on a conventional 
strawberry field with variety BG-6.3024 planted on 6 November, 2014. A strawberry 
block with about 135 beds aligned in a north-south direction was divided into two sec-
tions. The west half of the block was assigned for the micro-sprinklers and the east half 
for aluminum sprinklers, which was the grower standard (Figure 1). The length of the 
beds varied from 306’ at the east end to 365’ at the west end. Within each section of the 
treatment, 20’ long plots were marked on six random beds as sample plots to measure 
plant, pest, and disease parameters. Data were collected periodically and analyzed using  
 

 
Figure 1. Experimental plots and configuration of micro-sprinklers and aluminum sprinklers. 
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ANOVA. Significant means were separated using Tukey’s HSD test. 

2.1. Irrigation Management 

Micro-sprinklers were installed on every fourth bed (about 16’ apart) and had a 15’ 
spacing between two sprinkler heads within a bed. Aluminum sprinklers were installed 
in furrows every 40’ with 7 - 8 beds in between. Sprinkler heads were spaced 30’ apart 
on each pipe. Supplemental irrigation during the transplant establishment period was 
administered from 6 to 29 November, 2014. During this period, there were 14 irrigation 
events using aluminum sprinklers where 125 gallons of water was delivered per minute. 
Micro-sprinklers were used each time for 2 hours at 1 - 3 day intervals where 40 gallons 
per minute were delivered at 35 PSI pressure. 

2.2. Crop Yield 

Plots were marked with flags and covered with netting to prevent accidental harvesting 
by the commercial harvesting crew. Total and marketable strawberry yield data were 
collected 2 to 3 times every week, following the normal harvest schedule, between 7 
February and 12 June, 2015 for a total of 34 sampling dates. 

2.3. Plant Canopy and Health 

Plant growth was recorded by measuring the width of the plant canopy across and 
along the length of the bed from 20 random plants within each plot on the 6th day of 
each month from January to March, 2015. Plant health was monitored at the same time 
on a scale of 0 to 5 where 0 = dead, 1 = weak, 2 = moderate-low, 3 = moderate-high, 4 = 
good, and 5 = very good. 

2.4. Twospotted Spider Mite and Predatory Mites 

One mid-tier leaflet from each of the 10 random plants within each plot was sampled 
once a month from February to April, 2015. The number of eggs, nymphs, and adult 
stages of both pest and predatory mites were counted using a mite brushing machine. 

2.5. Powdery Mildew 

One trifoliate leaf from each of the 20 random plants within each plot were collected on 
14 April and 16 and 24 June, 2015. Leaves were examined under a microscope for my-
celial growth and powdery mildew severity was recorded on a scale of 0 to 4 where 0 = 
absent, 1 = 1% - 25%, 2 = 26% - 50%, 3 = 51% - 75%, and 4 = 76% - 100% of leaf area 
with infection. 

2.6. Botrytis Fruit Rot 

Strawberries harvested from each plot on 26 March, 13 April, 22 May, and 16 June, 
2015, were kept at room temperature in plastic clamshell boxes. Disease severity was 
measured 3 and 5 days after harvest based on mold growth on the same scale used for 
powdery mildew. 
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3. Results and Discussion 
3.1. Irrigation Management 

During this period, aluminum sprinklers delivered 120,000 gallons of water over 16 
hours of irrigation whereas micro-sprinklers delivered 81,600 gallons over 34 hours 
(Figure 2). This translates to 38,400 gallons or 32% of water savings in just three 
weeks for micro-sprinklers. Considering extended periods of overhead irrigation in 
other field situations, water savings could be significantly higher from micro-sprin- 
klers. 

Micro-sprinkler irrigation events were continued twice a week, 15 min each time, af-
ter 29 November for the rest of the production season to discourage twospotted spider 
mite populations. Distribution uniformity (DU) for the micro-sprinkler system was 
74% at 35 PSI when measured on 16 January, 2015. DU could not be measured for alu-
minum sprinklers, but it is believed to be between 50% - 60% at 70 PSI [5]. Electrical 
conductivity (EC) was measured for both irrigation systems on 1 January and 1 Febru-
ary, 2015. EC value for micro-sprinklers was 0.54 dS/m, but it varied between 0.47 and 
0.49 dS/m for aluminum sprinklers. Although the EC value in micro-sprinkler plots 
was significantly higher (P < 0.0007) than in the aluminum sprinkler plots, it was below 
the recommended limit of 0.7 dS/m [8]. 

3.2. Crop Yield 

When seasonal average was considered, there was no significant difference (P > 0.05) 
between the yield of marketable berries in micro-sprinkler and aluminum sprinkler 
plots (Figure 3). A total of 43,452 gr (95.8 lb) of marketable strawberries were pro-
duced per plot in micro-sprinkler treatment and 44,322 gr (97.7 lb) in the aluminum 
sprinkler treatment (Figure 4). 

3.3. Plant Canopy and Health 

Plants in the micro-sprinkler plots had significantly smaller canopy in January (P = 0.004)  
 

 
Figure 2. Cumulative irrigation volume delivered by aluminum and micro-sprinkler systems 
from 6 to 29 November, 2014. 
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Figure 3. Cumulative marketable strawberry yields at each harvest from aluminum and micro-sprinkler plots. 

 

 
Figure 4. Seasonal totals for marketable and unmarketable strawberries from aluminum and mi-
cro-sprinkler plots. 

 
and February (P = 0.0006), but caught up with the plants in the aluminum sprinkler 
plots by March (P = 0.14) (Figure 5). Plant health rating also followed a similar trend 
during this period, but significant differences were seen only in February (P = 0.02) 
(Figure 6). 

3.4. Twspotted Spider Mite and Predatory Mites 

Due to sparse numbers and uneven distribution of mites, comprehensive data could not 
be collected. 

3.5. Powdery Mildew 

Powdery mildew severity was significantly less in micro-sprinkler treatment on 15 April 
(P = 0.009) and June 24 (P = 0.01) (Figure 7). 
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Figure 5. Strawberry plant growth, expressed as canopy size, in aluminum and micro-sprinkler 
plots. 

 

 
Figure 6. Health of the strawberry plants in aluminum and micro-sprinkler plots. 

 

 
Figure 7. Severity of powdery mildew in aluminum and micro-sprinkler plots. 
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3.6. Botrytis Fruit Rot 

Micro-sprinkler plots appeared to have a lower level of botrytis fruit rot, but significant 
differences were seen only 3 days after harvest for strawberries sampled on 22 May and 
16 June (P = 0.02) (Figure 8). 

The micro-sprinkler system contributed to a significant reduction in supplemental 
overhead irrigation water without adversely affecting the marketable strawberry yield. 
Since less pressure is required for micro-sprinklers than aluminum sprinklers to deliver 

 

 
(a) 

 
(b) 

Figure 8. Severity of botrytis fruit rot 3 (a) and 5 (b) days after harvest in aluminum and micro- 
sprinkler plots. 
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water, energy savings and less carbon emissions are also possible from the micro- 
sprinkler system. EC value below the recommended level (0.07 dS/m) also suggests that 
micro-sprinklers were as effective as aluminum sprinklers in leaching out salts from the 
root zone without excessive water use. Although data on mite populations were insuffi-
cient to draw valid conclusions, it should be noted that micro-sprinklers are considered 
by some growers to assist with twospotted spider mite control throughout the produc-
tion season. Data also suggest that micro-sprinklers have a positive impact on reducing 
powdery mildew and botrytis fruit rot. 

Micro-sprinkler irrigation over trees improved the color and anthocyanin of apples 
in a study conducted in Spain [9]. A Polish study in raspberry compared drip and mi-
cro-sprinkler irrigation systems to no irrigation [10]. Although not significantly differ-
ent from drip-irrigated plots, plant height, marketable yields, and berry weight were the 
highest in micro-sprinkler-irrigated plots. Interestingly, the carotene and vitamin A 
contents were the highest in unirrigated plots followed by micro-sprinkler, and drip-ir- 
rigated plots. Other studies where micro-sprinklers were used in almond in California 
[11], onion in India [12], and mango in Brazil [13] evaluated the application efficiency, 
influence of the depth of irrigation, and methods of interpreting field measurements of 
energy fluxes, respectively, but none of them compared micro-sprinklers with conven-
tional irrigation systems. This is the first study in strawberries comparing conventional 
overhead aluminum sprinklers to micro-sprinklers. This study demonstrated that mi-
cro-sprinklers can contribute to a significant reduction in supplemental irrigation water 
in strawberry production while having a positive impact on disease control. Additional 
experiments are necessary to strengthen the trends observed in this study and to refine 
irrigation schedules. 
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