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Abstract:
Growers of leafy greens will need to implement best management practices that will help them to
comply with ever-stricter water quality regulations on the central coast. Sediment and sediment
absorbed pesticides in run-off from irrigated fields impact the 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 greens fields by treating
irrigation water with polyacrylamide (PAM) using an applicator designed for pressurized irrigation
systems. Polyacrylamide is an inexpensive polymer that can be used in agriculture for controlling soil
erosion. The applicator consists of cartridges filled with tablet or granular forms of PAM, which can be
inserted into a series of cylindrical chambers. Field testing of the applicator in a commercial lettuce field
demonstrated a 93% reduction in turbidity and an 87% reduction in total suspended sediments in
sprinkler run-off. The PAM treated plot also had 17% less run-off than the untreated plot. The total
sediment loss for six consecutive irrigations during the germination phase of the crop was reduced from
66.3 lbs/acre in the untreated plot to 7.5 lbs/acre under the PAM treatment. The modular design of the
applicator allows it to be sized to treat irrigation water for a range of flow rates.
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/lb vs. $2/lb). The total cost for treating with PAM was estimated at
$26 to $34/acre using the liquid formulation for four 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 shown to be non-toxic to aquatic
organisms and effective in controlling sediment (Cahn and Farrara 2009), they were more expensive and
less widely available than the mineral oil-based formulations.

The solid tablet forms of PAM are easier to handle than liquid formulations, but dissolving a solid tablet
at a 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 products (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:
During the 2019 season we tested several versions of the PAM applicator, compared various methods of
operating the applicator, and conducted initial field testing at the USDA-ARS Spence research farm.
After several modifications, we settled on a design that maximized the efficiency of adding dry forms of
PAM (tablet or granular) to pressurized water. The current applicator consists of cartridges filled with
PAM that insert into a series of six stainless steel cylindrical chambers (Fig. 1). A portion of the irrigation
water can be diverted into the inlet of the applicator by partially closing a valve on the mainline or using
a small pump on the inlet side. The diverted water passes in parallel through three pairs of chambers
and then returns into the mainline. Dissolved PAM slowly releases as the water streams through the gap
between the cartridge and the outer wall of the chamber. Static mixers that fit into the chambers force
the water to swirl around the cartridge, improving the dissolution of PAM (Fig. 2). The PAM applicator
was built by Ray Fab Inc. in Salinas, CA.
Field testing of the final version of the PAM applicator was done in a commercial romaine lettuce field
during the germination phase of the crop using sprinklers in mid-April 2020. The soil type was a Chualar
loam, and the crop was seeded in 6 rows on 80-inch wide beds on April 14. The PAM used for testing
was Soilfloc 100D, an anionic linear PAM developed for soil erosion control manufactured by Hydrosorb
Inc. The PAM applicator was positioned in the field next to the mainline (Fig. 1). Flowmeters were used
to measure the flow rate in the mainline and at the inlet of the applicator. Another flowmeter
monitored the volume of applied water in an adjacent untreated plot. The PAM treated plot measured
1.9 acres. The flow rate of water applied to the PAM treated plot ranged from 235 to 260 gpm.
Approximately 160 gpm of this water was diverted from the mainline through the applicator and
returned back to the mainline. Flumes were positioned 30 ft from the lower end of the field to measure
run-off during the irrigations in the PAM and untreated plots (Fig. 3). The flumes were equipped with a
float mechanism calibrated to measure the height of the water in the flume. A data logger recorded the
height of the float mechanism at 5-minute intervals. The height values were transformed using a
calibration curve to estimate the flow rate of the run-off. The data logger also automated sampling of
the run-off at 5-minute intervals into a container using a peristaltic pump when the flow was greater

than 1.5 gpm. Composite samples of run-off were collected from the plots after each of 6 irrigation
events and analyzed for turbidity, pH, electrical conductivity, concentration of suspended sediments,
total N, nitrate-N, and orthophosphate.
Results and Discussion (objectives 1 and 2)
The original PAM applicator prototype consisted of chambers with 3-inch diameter PVC pipes with a 2inch diameter cartridge that was 30 inches in length. Firehose was used to connect the chambers in
series. The chambers of the current prototype were built from 4-inch diameter stainless steel and are 4
feet in length. The cartridges are made from perforated stainless steel and measure 2 inches in diameter
and are 48 inches in length. Different static mixer designs for this prototype were evaluated for
maximizing the dissolution rate of the PAM that is loaded into the cartridge (Fig. 2). A design consisting
of 8 mixing elements was found to optimize the flow path around the PAM cartridge. The pressure loss
through two chambers linked together was less than 4 psi at a flow rate of 60 gpm. The final design of
the applicator diverts flow through three pairs of chambers arranged in parallel using 4-inch diameter
PVC rather than fire hose, as shown in Fig. 1. Additional pairs of chambers can be added to this design to
accommodate higher flow rates. The new design minimizes leaks as well as pressure losses.
Field testing of the applicator in a 2-acre plot within a commercial romaine field demonstrated a 93%
reduction in turbidity (Fig 4.) and an 87% reduction in total suspended solids in sprinkler run-off (Table
1). A total of 4.8 and 4.6 inches of water were applied with overhead sprinklers to the untreated and
PAM treated plots, respectively, over six consecutive irrigations. Run-off from the PAM treated plot had
93% less turbidity, and a concentration of suspended sediments that was 87% less than run-off collected
from the untreated plot. The turbidity and concentration of suspended sediments increased with each
irrigation in the untreated plot but remained low in the PAM treated (Table 1). The total run-off volume
from the PAM treated plot was 17% less than in the untreated plot during the trial (Table 1). Total
sediment loss after six consecutive irrigations 66.3 lbs/acre in the untreated plot and 7.5 lbs/acre in the
PAM treated plot (89% reduction). Concentrations of nitrogen and phosphorus in run-off from the PAM
treated plot were not reduced relative to the untreated plot (data not presented). After the trial was
completed, the cartridges were examined to estimate the remaining amount of PAM. Less than 10% of
the starting volume of PAM was lost during the trial, which would suggest that no more than 1 lb of
PAM per acre was applied to the field during the germination phase of the crop.
Extension of results (objective 3): The preliminary results of this project were presented at the fall
meeting held by the California Leafy Green Research Board in October 2019 and at the annual meeting
in March 2020. In addition, an article summarizing the use of polyacrylamide for sediment control was
published in the Progressive Crop Consultant Magazine (Cahn et al. 2019). We plan to continue
demonstrating the PAM applicator through field trials in commercial lettuce fields with growers that
show interest in using PAM during the 2020 and 2021 seasons.
Conclusions
The dry PAM applicator developed through this project shows potential to greatly reduce sediment and
sediment-bound pesticides in tailwater run-off from sprinklers, thereby helping growers meet water
quality targets required by regulatory agencies. The design of the applicator is scalable to suit irrigation
systems with a range of flow rates. The applicator also miminizes labor and product required for
treating irrigation water with PAM.

Table 1. Volume, turbidity and sediment concentration in run-off from PAM and untreated plots within
a commercial romaine lettuce field irrigated with overhead sprinklers.
Date

Runoff Volume
Untreated
PAM

Turbidity
Untreated PAM

% of Applied water
4/15/2020
0.0
0.0
4/17/2020
14.9
10.1
4/20/2020
5.9
4.7
4/22/2020
13.4
11.7
4/24/2020
9.6
9.3
4/27/2020
9.0
8.6
Average per irrigation
Cumulative

1.

8.8
6.9

7.4
5.7

Average reduction per irrigation2 (%)

16

Total reduction3 (%)

17

---- NTU1 ---480
5
1130
135
1098
79
1302
109
1548
140
1758
69
1219

Total Suspended Solids
Untreated
PAM
---- mg/L ---226
700
765
890
1075
1120

18
159
100
116
146
97

796

106

89
93

Nephelometric turbidity units

2.

Average reduction as a percentage of untreated (control) treatment

3.

Total reduction as a percentage of untreated (control) treatment

Figure 1. Prototype PAM applicator in a sprinkler irrigated lettuce field.

87

Sediment Loss
Untreated PAM
-- lbs sediment/acre -0.0
0.0
16.4
2.4
5.8
0.6
18.8
2.0
12.1
1.5
13.3
1.1
11.1
66.3

1.3
7.5
89
89

Figure 2. PAM cartridge with static mixing elements.

Figure 3. Flume and peristaltic pumping system used to monitor run-off volume and automatically
collect run-off samples from test plots in a commercial lettuce field.

Figure 4. Sprinkler run-off from PAM treated (left) and untreated (right) plots in a commercial romaine
lettuce field. Run-off is flowing through flumes positioned at the lower end of the plots.
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