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Abstract:
Leafy greens growers will need to implement mitigation practices to comply with ever-stricter
water quality regulations on the central coast. Sediment and pesticides in run-off from irrigated
fields impairs water quality in creeks, rivers, and estuaries in most coastal valleys where vegetables
are intensively produced. In addition, the leafy green marketing agreement (LGMA) now requires
that farming operations that store water in open reservoirs or reuse tailwater for irrigation to
maintain generic E. coli levels below 10 MPN/100 ml. In most cases open water reservoirs will
need to be treated with chlorine to assure a low concentration of generic E. coli.
This project
developed and tested a simple and inexpensive method to minimize sediment losses from sprinkler
irrigated leafy greens fields by treating the irrigation water with polyacrylamide (PAM) using an
applicator designed for pressurized irrigation systems. Additionally, this project developed and
tested equipment to apply PAM to irrigation run-off draining into tailwater ponds to reduce the
concentration of suspended sediments and potentially improve the efficacy of chlorine to treat E.
coli and coliform bacteria.
Objectives
The main objective of this project is to develop and test equipment for adding dry
polyacrylamide (PAM) to pressurized irrigation systems and tailwater ponds. Specific objectives
include:
Objective 1. Refine and scale-up prototype applicator to inject dry PAM product into overhead
sprinkler systems used in commercial vegetable fields. Deliverable: Refine dry PAM application
system designed to operate with sprinklers in commercial fields
Objective 2. Evaluate the effectiveness of the PAM applicator to reduce sediment concentration
in run-off from commercial leafy green fields. Deliverable: Determination of the reduction in
suspended sediments in sprinkler run-off using the PAM applicator.
Objective 3. Evaluate the use of PAM for improving the efficacy of chlorinating tailwater
intended for irrigation of leafy greens. Deliverable: Understanding of PAM effects on sediment
concentration and chlorine treatment of irrigation tailwater.
Objective 4. Extend results to the leafy green industry. Deliverables: 2 to 3 oral presentations
at grower meetings, 1 newsletter/blog article, one-on-one consultation with 3 or more growers

Procedures (Objectives 1 -3):
Objective 1. Refine and scale-up prototype applicator to inject dry PAM product into overhead
sprinkler systems used in commercial vegetable fields. The design of the PAM applicator tested
in 2019 was modified and scaled up for use in commercial vegetable fields in 2020. The current
applicator consists of six cartridges filled with PAM that insert into a series of six stainless steel
cylindrical chambers (Fig. 1), built by Ray Fab Inc. in Salinas, CA. Modifications were made to
the static mixers (Fig. 2) that insert between the PAM cartridges and chamber walls to increase
turbulent flow of water around the cartridges thereby maximizing the dissolution of PAM.
During irrigation events a portion of the irrigation water was diverted into the inlet of the
applicator by partially closing a valve on the mainline (Fig. 1). Alternatively, a small pump can
be used to divert water into the inlet of the applicator. The diverted water passed through three
pairs of chambers and then returned into the mainline. Dissolved PAM releases into the water as
it streams through the gap between the cartridge and the wall of the chamber. Pressure loss
through the PAM applicator with three pairs of chambers was approximately 6 psi at a flow rate
of 180 gpm
Objective 2. Evaluate the effectiveness of the PAM applicator to reduce sediment concentration
in run-off from commercial leafy green fields. Field testing of the final version of the PAM
applicator was done in 2 commercial lettuce fields during the germination phase of the crop
using sprinklers beginning on April 15, 2020 (Trial 1), and May 8, 2020 (Trial 2). The soil type
of both trials was a Chualar loam, and the crops were seeded in 6 rows on 80-inch-wide beds
(Table 1). 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 the inlet of the applicator. Another flowmeter monitored the volume of water
applied in an adjacent untreated plot. The PAM treated plot measured 1.9 acres in Trial 1 and
3.4 acres in Trial 2. The flow rate of water applied to the PAM treated plot ranged from 235 to
260 gpm in Trial 1 and 400 to 480 gpm for Trial 2. Approximately 160 to 180 gpm was diverted
through the applicator and returned into the mainline. Flumes were installed 30 ft from the lower
end of the field to measure run-off volume during the irrigations in the PAM treated and
untreated plots (Fig. 3). The flumes were equipped with a float mechanism calibrated to measure
the height of the water in the flume. The float mechanism was interfaced with a datalogger and a
calibration curve in the datalogger program converted height of run-off water to flow rate. The
datalogger also automated sampling of run-off at 5-minute intervals into containers using a
peristaltic pump when the flow was greater than 1.5 gpm (Fig. 3.). Composite samples of run-off
were collected from the plots during 6 irrigation events and analyzed for turbidity, pH, electrical
conductivity, concentration of suspended sediments, total N, nitrate-N, and orthophosphate at the
UC Davis analytical laboratory.
Objective 3. Evaluate the use of PAM for improving the efficacy of chlorinating tailwater
intended for irrigation of leafy greens. Two prototype PAM applicators were developed and
tested for dosing PAM into ditches that drain irrigation run-off into tail water ponds on a
vegetable farm during the 2020 season. The applicators were mounted onto wood frames that
spanned across the drainage ditches and consisted of a hopper filled with granular PAM (Soilfloc

100D, Hydrosorb Inc.) that emptied into an electric powered auger, which slowly pushed
granular PAM into a vertical “drop” tube suspended over the flowing run-off. The electric motor
was controlled by a datalogger programmed to dose the flowing run-off with an approximate 10
to 20 ppm concentration of PAM. The flow rate in the drainage ditch was monitored using a “v”
notch weir positioned upstream of the PAM applicator equipped with a float mechanism to
monitor the height of run-off on the upstream side of the weir. The float was interfaced to a
datalogger and a calibration curve in the datalogger program converted height of the run-off
water to flow rate. During run-off events composite water samples upstream and downstream of
the PAM applicators were automatically collected using peristaltic pumps that operated at 15minute intervals. The downstream sampling pump was located 373 ft below the PAM applicator.
Samples of the upstream and downstream run-off water were collected during several weeks
during July 2020 using the first prototype applicator and November 2020 through January 2021
using the second prototype applicator. Samples were analyzed for turbidity to determine the
efficacy of the PAM treatment to settle out suspended sediment carried in the run-off.
A laboratory assay was conducted to evaluate the effect of PAM on the efficacy of chlorine
treatment of irrigation run-off. Upstream and downstream run-off was collected on august 13th
2021. The turbidity of the upstream (untreated) and downstream samples (PAM treated) was
2276 and 9.5 NTU, respectively. The electrical conductivity of the run-off samples was 1.35
dS/m and the pH was 8.4 before adding chlorine. The main factors evaluated in the assay were
sodium hypochlorite concentration and acidification with 10% sulfuric acid. Residual free
chlorine concentration of the treatments was evaluated using a reflectoquant instrument 2 hours
after adding 12.5% Sodium hypochlorite at concentrations ranging 12.5 to 31.3 ul per liter of
run-off (100 to 250 ul of 12.5% NaOCl per L of water).
Results and Discussion
PAM application effects on field run-off
Field testing in lettuce irrigated with sprinklers demonstrated a significant reduction in sediment
and turbidity with the addition of PAM compared to the untreated control plot. Turbidity in the
run-off was reduced by 92% and 93%, respectively for Trials 1 and 2 (Tables 1 and 2, Fig. 5).
Suspended sediment carried in the run-off in the PAM treated area of the field was reduced by
87% and 85%, respectively for Trials 1 and 2, compared to the untreated areas of the fields. Runoff volume also was reduced by the addition of PAM (17% and 69% reductions in run-off
volume for Trials 1 and 2 respectively), indicating an improvement in infiltration (Tables 2 and
3). The combination of reduced run-off and a lower concentration of suspended sediment
resulted in a significant reduction in sediment lost from the fields. Cumulative loss of sediment
was reduced in the PAM treated plots by 89% in Trial 1 (Table 2) and 96% in Trial 2 (Table 3).
During the 6 irrigation events the untreated areas lost 66 to 73 lbs of sediment per acre compared
to losses of only 3 to 7 lbs per acre in the PAM treated areas.
The concentration of soluble P, total P, nitrate-N, and total N in run-off was not significantly
different in the PAM and untreated areas of the fields (data not presented).

The PAM treatment did not increase germination rates (data not presented) which was expected
considering that the fields were frequently irrigated to maintain a high soil moisture level. The
PAM treatment also did not affect fresh above ground biomass weight of the lettuce when the
crop reached maturity.
The applicator cartridges were examined to estimate the remaining amount of PAM after the
trials were completed. Less than 5% of the starting volume of PAM was lost after 6 irrigations,
which would suggest that no more than 1 lb of PAM per acre was applied to the fields during the
germination phase of the crop.
Pam treatment of irrigation run-off
The prototype ditch applicators tested in this project greatly reduced the suspended sediment and
turbidity of run-off flowing in the drainage ditches and retained in the tail water ponds.
Turbidity of the untreated run-off averaged 2109 NTU and after treatment with PAM averaged
60 NTU downstream during the summer, corresponding to a 97% reduction in turbidity (Fig. 6).
Turbidity of untreated run-off averaged 2656 NTU and was reduced to 33 NTU downstream
after treatment with PAM during the winter, corresponding to a 99% reduction in turbidity (Fig.
7). Turbidity values correlated directly with suspended sediment concentration in the run-off as
can be seen in Tables 2 and 3 and Fig. 9. Therefore, the low turbidity values measured
downstream from the treatment system indirectly demonstrated that PAM can greatly reduce
suspended sediments in the run-off.
The chlorine assay showed that reducing suspended sediment concentration using PAM
increased the efficacy of chlorine treatment of run-off. The free chlorine concentration for PAM
treated run-off was more than twice the concentration measured in the untreated run-off for all
sodium hypochlorite concentrations evaluated after 2 hours and more than three times the
concentration after 4 hours (Fig. 8). Free chlorine concentration in the PAM treated run-off was
more than 2.5 ppm two hours after treatment at the lowest concentration of chlorine evaluated
(12.5 ul/L) but was less than 0.5 ppm in the untreated run-off. To attain similar chlorine efficacy
as PAM treated run-off, untreated run-off would require twice as much sodium hypochlorite (25
ul/L). These chlorine requirements would correspond to 26 and 52 gallons of 12.5% sodium
hypochlorite to treat and acre-foot of run-off with and without a PAM pretreatment, respectively.
Acidification of the run-off to a pH of 6.5 with sulfuric acid increased the free chlorine
concentration in the PAM treated run-off at the highest concentration of sodium hypochlorite
(31.3 ul/L) after 4 hours. Acidification did not have a significant effect on free chlorine
concentration for the other chlorine treatments.
Extension of results (objective 3): The results of this project were presented at the fall and
spring meetings held by the California Leafy Green Research Board in October 2020 and at the
annual meeting in March 2021. A presentation on the results of the project were also presented
at the annual UC Irrigation and nutrient management meeting in February 2021. In addition,
articles summarizing the use of polyacrylamide for sediment control was published in the UCCE
Salinas Valley Agriculture Blog (January 2021) and Vegetables West Magazine (Cahn et al.
2021).

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 minimizes
labor and product required for treating irrigation water with PAM. The auger system for dosing
run-off also greatly reduced suspended sediment and turbidity in run-off. By minimizing the
suspended sediments in the run-off using PAM approximately 50% less chlorine would be
needed to achieve a sufficient free chlorine concentration to assure that run-off reused for
irrigation meets LGMA food safety requirements.
Table 1. Description of PAM field trials conducted in 2020.

Description

Trial 1

Trial 2

Crop

Romaine

Green leaf

Soil type

Chualar loam
Placentia sandy
loam

Chualar
loam

Wet date

4/15/2020

5/8/2020

Bed width

80-inch

80-inch

Bed length

691 ft

616 ft

Treatment area

1.9 acres

3.4 acres

Max. sprinkler flow 260 gpm
rate

480 gpm

Germination water 4.7 inches
depth (6 irrigations)

6 inches

Table 2. Volume, turbidity, and sediment concentration in run-off from PAM and untreated
plots within a commercial romaine lettuce field irrigated with overhead sprinklers beginning on
4/15/20.
Date
4/15/2020
4/17/2020
4/20/2020
4/22/2020
4/24/2020
4/27/2020
Average per irrigation
Cumulative

1.

Runoff Volume
Untreated
PAM

Turbidity
Untreated PAM
---- NTU1 ---480
5
1130
135
1098
79
1302
109
1548
140
1758
69

% of Applied water
0.0
0.0
14.9
10.1
5.9
4.7
13.4
11.7
9.6
9.3
9.0
8.6
8.8
6.9

7.4
5.7

Average reduction per irrigation2 (%)

16

Total reduction3 (%)

17

1219

89

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

18
159
100
116
146
97

796

106

93

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

87

1.3
7.5
89
89

Nephelometric turbidity units

2.

Average reduction as a percentage of untreated (control) treatment

3.

Total reduction as a percentage of untreated (control) treatment

Table 3. Volume, turbidity, and sediment concentration in run-off from PAM and untreated
plots within a commercial romaine lettuce field irrigated with overhead sprinklers beginning on
5/8/20.

Date

Runoff Volume
PAM
Untreated

% of Applied water
5/8/2020
1.3
5/11/2020
6.8
5/13/2020
6.1
5/15/2020
12.1
5/18/2020
12.4
5/20/2020
12.5
Average per irrigation
Cumulative
Average reduction per irrigation2 (%)
3

Total reduction (%)
1.

8.6
7.6

Turbidity
Untreated PAM

0.0
0.0
3.3
4.0
4.5
3.0
2.5
2.4
71
69

Nephelometric turbidity units

2.

Average reduction as a percentage of untreated (control) treatment

3.

Total reduction as a percentage of untreated (control) treatment

---- NTU1 ---438
788
1310
115
1270
92
1600
117
1530
55
1156

95
92

Total Suspended Solids
Untreated
PAM
---- mg/L ---238
500
610
590
850
675

99
90
88
66

577

86
85

Sediment Loss
Untreated PAM
-- lbs sediment/acre -1.0
0.0
7.2
0.0
13.1
1.0
12.7
0.6
27.5
0.9
11.5
0.2
12.2
72.9

0.4
2.7
96
96

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

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. Applicator for dosing granular PAM into drainage ditches.

Figure 5. 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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Figure 6. Turbidity of irrigation run-off upstream and downstream of the PAM ditch applicator
during July 2020.
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Figure 7. Turbidity of irrigation run-off upstream and downstream of the PAM ditch applicator
November 2020 – January 2021.
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Figure 8. Free chlorine concentration 2 and 4 hours after treating run-off with sodium
hypochlorite at concentrations of 12.5, 25, and 33.3 microliters per liter.

Figure 9. Relationship between turbidity and total suspended solids (sediment) in irrigation runoff.

Figure 9. Relationship between turbidity and total suspended solids (sediment) in irrigation runoff. Values are from run-off samples collected at Trials 1 and 2.

