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Abstract:

Growers of leafy greens will need to implement best management practices that help comply
with ever stricter water quality regulations on the central coast. Sediment and sediment
absorbed pesticides in run-off from irrigated fields impacts water quality of creeks, rivers, and
estuaries in many of the leafy green production regions of California. This project developed
and tested a simple and inexpensive method to minimize sediment losses from leafy green fields
by treating irrigation water with polyacrylamide (PAM) using an applicator designed for
injecting into pressurized irrigation systems. The applicator consists of cartridges that can be
filled with tablet or granular PAM which insert into a series of cylindrical chambers made from
PVC pipe. Initial tests using a three-chamber applicator for treating irrigation water applied by
sprinklers at a 60 gpm flow rate demonstrated a 90% reduction in turbidity in the run-off.
During the second year of the project, we plan to evaluate an improved prototype that will be
designed for scaling up for higher flow rates and for testing in commercial vegetable fields.

Introduction and background:

Cahn (2005, 2006) and Cahn et al. (2004a, 2004b) demonstrated that long chained anionic
polyacrylamides (PAM) can be used in pressurized sprinkler systems to minimize sediment
losses from lettuce and other leaf green fields. Maintaining a concentration of 2.5 to 5 ppm
PAM in the water during an irrigation can reduce sediment concentrations in run-off by more
than 90%. Previous studies showed that the best method for injecting PAM into pressurized
irrigation systems was to use a liquid formulation and a specialized metering pump developed for
viscous liquids (Cahn 2006). Although the pump was relatively easy to use, it was expensive
($3500 per pump) and required that irrigators received sufficient training on how to operate the
pump and correctly dose the irrigation water. In addition, the liquid formulation of PAM which
was emulsified with mineral oil, was more expensive than the dry granular formulations ($4/Ib
vs $2/Ib). Total cost for treating with PAM was estimated at $26 to $34/acre using the liquid
formulation for 4 irrigations (Cahn 2006).

Although research studies have shown that anionic PAM is not toxic to aquatic organisms, the
mineral oil carrier in liquid PAM products was shown to have toxicity to Ceriodaphnia dubia
and Hyalella azteca, both of which are test organisms used to evaluate aquatic toxicity (Weston
et al. 2009). Although other liquid formulations of PAM using humectant ingredients were
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shown to be nontoxic to aquatic organisms and effective in controlling sediment (Cahn and
Farrara 2009), they were more expensive and less widely available than mineral oil-based
formulations.

Solid tablets forms of PAM are easier to handle than liquid formulations, but dissolving a solid

tablet at rate sufficient to provide an efficacious concentration in a pressurized irrigation system
is challenging. The main object of this project was to design and test the equipment for adding
either tablet or granular formulations of PAM to pressurized irrigation water.

Objectives:

The main objective of this project is to develop and test equipment for adding dry
polyacrylamide (PAM) to pressurized irrigation systems. Specific objectives include:

Objective 1. Develop and test a prototype PAM applicator for injecting dry product (tablet and
granular formulations) into pressured water systems.

Objective 2. Evaluate the effectiveness of the dry PAM applicator to reduce sediment
concentration in run-off in vegetable fields.

Objective 3. Extend results to the leafy green industry.
Procedures:

We designed a prototype applicator that can add dry forms of PAM (tablet or granular) at a
consistent rate in pressurized irrigation systems. The applicator consisted of cartridges filled
with PAM that insert into a series of cylindrical chambers made from PVC (Figure 1). Hoses
connect the applicator to the main sprinkler line and either by partially closing a valve on the
main line or using a small pump on the inlet side, a portion of the irrigation water can be diverted
through the chambers sequentially (in series) or through each chamber separately (in parallel)
and then returned to the main line. Dissolved PAM slowly releases from the cartridges as the
irrigation water streams through the gap between the cartridge and the outer wall of the chamber.
Vanes on the outside of the cartridge increase turbulence of water flowing through the chamber
(Figure 1). Both tablet and granular formulations of PAM used in tests were Soilfloc, an anionic
linear PAM for soil erosion control manufactured by Hydrosorb Inc.

During the 2018 season we tested several versions of the PAM applicator, evaluated the efficacy
of different forms of dry PAM (tablet and granular), compared various methods of operating the
applicator, and conducted field testing at the USDA-ARS Spence research farm.

Initial testing evaluated the optimal flow rate through the chambers and dissolution time for
maximizing the flocculation properties of PAM. These tests were accomplished by pumping 100
gallons of water from a tank through the applicator using a centrifugal pump into a receiving
tank (Figure 2). In the next cycle the treated water was pumped back through the applicator into
the first tank. These cycles were repeat 6 times to simulate the water passing sequentially
through an array of application chambers. The flow rate of the pump was monitored with a



meter, and samples of the water were collected after each pumping cycle. The efficacy of the
applicator for each cycle was evaluated using a turbidity assay test, where 1.5 grams of air-dry
soil (Chualar sandy loam) ground to pass through a 2 mm sieve, was combined with 40 ml of
sample water in a centrifuge tube. The tube was shaken for 2 minutes and turbidity of the
solution was measured with a turbidity meter after the solution had settled for 4 minutes.

Field testing of the protype three chamber PAM applicator was conducted at the USDA Spence
Research farm in October and November of 2018. Sprinkler pipe was set up in a one-acre field
with unplanted listed beds. By partially closing a valve installed on the mainline water was
diverted into the inlet of the PAM applicator at a flowrate of 20 gallons per minute (gpm). After
passing sequentially through the applicator chambers and returning into the mainline, the
combined flow rate of the irrigation water was 60 gallons per minute, which diluted the treated
water at a ratio of 1:2. The treated water was applied to the beds through 2 sprinkler lines spaced
30 feet apart with impact sprinkler heads (Rainbird 20JH) spaced at intervals of 30 feet along
each sprinkler line. Run-off water was collected in a tail ditch at the lower end of the field.
Untreated water was also applied through two sprinkler lines at the same flow rate (60 gpm) in a
plot next to the PAM treated area. Run-off water from the untreated area was collected in a
separate tail ditch. Water samples of the tail water from each area were collected at 30-minute
intervals after run-off began. The turbidity of the sediment was measured with a turbidity meter
in units of NTU, where a higher number indicated higher turbidity.

Results and Discussion (objectives 1 and 2)

Initial testing of a single application chamber using PAM tablets showed that at a flowrate of 10
gpm turbidity was reduced significantly after the water had passed through the applicator 4 times
(Table 1). Maximum reduction in turbidity was about 90% after passing 6 times through the
applicator. Diluting the treated water after 4 passes through the applicator with untreated water
at a ratio of 1:5 reduced turbidity by 78% compared to untreated water. Diluting the treated
water after 4 passes through the applicator at a ratio of 1:10 reduced the turbidity by 65% on
average compared to the untreated water. Similar testing with granular PAM showed significant
reduction in turbidity but less than was obtained with PAM tablets (data not presented).

Using a three-chamber applicator loaded with granular PAM we were able to consistently inject
a low concentration of granular PAM into sprinkler water applied to the listed beds at the USDA
field (Figure 3). Turbidity in the untreated (control) run-off ranged from 727 to 1146 NTU
during a 4-hour irrigation and the runoff from the PAM treated water had 90% less turbidity than
the control treatment on average, which ranged from 62 to 113 NTU (Figures 4 and 5).

The results of the first year of testing of the PAM applicator were promising. The PAM
treatment reduced turbidity of the run-off by more than 95% in some samples. Both tablet and
granular PAM could be used in the applicator without clogging the chambers. The granular
PAM used in the applicator during field testing lasted for more than 4 irrigation events for a
duration of more than 4 hours, and there was still enough product remaining in the cartridges for
use in additional irrigations.



The upcoming challenge in the second year of this project will be to improve the applicator so
that it can be scaled up for treating sprinkler irrigation water at flow rates typical in 10 to 15 acre
fields (1500 to 2000 gpm). We will concentrate on designs that maximize the dilution rate of the
PAM by increasing turbulence in the chambers, and improvements to the reliability and ease of
use of the applicator.

Extension of results (objective 3): The preliminary results of this project were presented at the
UCCE Irrigation and Nutrient Meeting in February, 2019 as well as the annual meeting held by

the California Leafy Green Research Board in March 2019. In addition, an article summarizing
the use of polyacrylamide for sediment control, as well as preliminary results of the project, will
be published by the Progressive Crop Consultant Magazine.

Table 1. Evaluation of the effect of the number of cycles irrigation water should be exposed to
the PAM tablet cartridges to maximize reduction in turbidity at a 10 gallons per minute flow rate.

Dillution of PAM treated water

Cycles* no dillution 1.5 1:10
% reduction in turbidity
1 79 48 38
4 82 78 65
5 88 77 57
6 90 78 65

*number of times water was recirculated by the PAM cartridge.



Figure 1. Prototype PAM applicator for pressurized irrigation systems (left) and PAM cartridge
that inserts into the applicator (right).
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Figure 2. Recirculation system for evaluating the effect of flowrate and number of applicator
chambers needed to maximize PAM dissolution in the irrigation water.



Figure 3. Field trial for comparing turbidity of run-off water from sprinklers between the plot
treated with PAM from the prototype applicator and the untreated control plot.

Figure 4. Sprinkler run-off samples from untreated (left) and PAM treated (right) irrigation water
applied to mulched vegetable beds. Granular PAM was added to the irrigation water using the
prototype applicator shown in Figure 1.
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Figure 5. Turbidity of sprinkler run-off from mulched vegetable beds receiving irrigation water
treated and untreated with PAM (average of 4 sample events during the irrigation).
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