


Photo 2. Orthman 6-row strip-till implement preparing planting rows in winter
wheat residue prior to corn seeding, Turlock, CA, 2007

Photo 3. Wilcox Eliminator outfitted with an air-seeder for one-pass wheat seeding
with post-corn silage chopping seedbed preparation, Chowchilla, CA, 2008

Current estimates of Central Valley dairy silage and other major crop acreage under each

of these various forms of conservation tillage management are indicated in Table 1.
(Conservation Tillage Workgroup website: http://groups.ucanr.org/ucct/). In 2008, silage
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production currently has the highest proportion of overall acreage under CT than other
major crops in the Central Valley.

Table 1. Nine-county (Kern, Kings, Tulare, Fresno, Madera, Merced, Stanislaus, San
Joaquin and Yolo) estimates of 2008 acreage under conservation (no-till,
strip-till, ridge-till and mulch-till), minimum (> 40% reduction in overall
tillage passes relative to conventional tillage management systems
implemented in 2000), and conventional tillage acreage.

Commodity Total Convention Minimum Conservation Conservation

Acreage al Tillage Tillage Tillage Tillage as %
of Total

Tomatoes 257,698 249,295 157,482 8,402 33

Cotton 262,525 256,295 28,930 6,230 2.4

Edible dry 19,734 19734 1450 0 0

beans

Corn silage 562,530 464,876 33,200 97,654 17.5

Corn for 135,798 130,332 33,200 5,466 4.0

grain

Small grains 401,521 349,954 38403 51,567 12.8

for grain

Small grains, 533,274 475,56 76,926 57,710 10.8

hay or

ensiled

Melons 37,292 36,525 200 767 2.1

The use of conservation tillage approaches to shorten the time window between silage
crops depends on local weather conditions in a given year as well as the likelihood of
having sufficient growing degree units for a given crop to mature sufficiently to make the
effort worthwhile (Personal communication, Campbell-Mathews). However, in years
where weather and soil and crop drying conditions allow it, triple-cropping may be a
means for producing considerable silage tonnage as indicated in Table 2 below.

Table 2. No-till triple-cropping silage tonnage at Barcellos Farms, Tipton, CA 2007
Crop Silage yield

Winter small grain 21 t/ac

No-till corn 39 t/ac

No-till sorghum sudan 14 t/ac

Total silage 74 t/ac
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Soil “Conditioning” and Fuel Use Characteristics of Conservation Tillage Silage
Production

Since 2007, we have monitored a number of cropping system attributes including silage
production, % residue cover, tillage operations, soil bulk density, and soil carbon in silage
crop fields associated with dairies in Modesto, Turlock, Chowchilla, and Hanford. Our
intent in this effort is to sample and determine the extent to which each of these attributes
might change over time under sustained conservation tillage management. Baseline
condition determinations of a number of the cropping system attributes that the NRCS has
developed, including the Soil Conditioning Index and the Soil Tillage Intensity Rating for
the Hanford dairy site are presented below. Additional information on these four dairies
will be presented in our oral discussion at the 2010 California Plant and Soil Conference.

Table 3. Soil conditioning index, soil tillage intensity rating and estimates of diesel
fuel use for standard and conservation tillage wheat and corn silage
production*®

Cropping System SCI§ STIR Diesel fuel  Fuel cost for entire

value# use (gal/ac) simulation (US$/ac)

Corn and wheat

silage with -2.0 703 19 52.52
conventional or
“standard” tillage
Strip-till corn and 0.84 12.7 3.9 11.69

no-till wheat silage

§SCI = soil conditioning index value. If the calculated index is a negative value, soil
organic matter levels are predicted to decline under that production system. If the index is a
positive value, soil organic matter levels are predicted to increase under that system.

#STIR = Soil tillage intensity rating. It utilizes the speed, depth, surface disturbance
percent and tillage type parameters to calculate a tillage intensity rating for the system used
in growing a crop or a rotation. STIR ratings tend to show the differences in the degree of
soil disturbance between systems. The kind, severity and number of ground disturbing
passes are evaluated for the entire cropping rotation as shown in the management
description.

*Simulation runs contributed by Tom Gohlke and Rita Bickel, USDA Natural Resources
Conservation Service

References

California Department of Food and Agriculture. 2008. California Agricultural Resource
Directory.

95



American Society of Agronomy
California Chapter

Session VI

Optimizing Agriculture with
Diminishing Resources

Session Chairs:

Steve Grattan, UCCE, UC Davis
Joe Voth, Paramount Farming Company

96



Salinity Management Options for Sustaining Agriculture
On the Westside of the San Joaquin Valley
Jose I. Faria, P.E.; Chief, Special Investigations and Regional Water Management Branch
South Central Region, California Department of Water Resources
3374 E. Shields Avenue, Fresno, CA 93726 E-mail : jifaria@water.ca.gov

The San Joaquin Valley (SJV) is one of the world’s most productive farming and food processing
regions of the world, bringing more than $30 billion to the local economy, the Western portion of the
Valley is responsible for a significant part of this economy. However, continued salt buildup and water-
logging in western valley soils has reduced this productivity and threatens both the agricultural
sustainability and the groundwater stored under the valley’s floor, which is a major water supply source
for the rapidly growing population and industries. In addition, the southern portion of the SJV is located
in a closed basin and lacks a long-term reliable way of disposing drainage. Ultimately, agricultural lands
with a shallow water table must have a drainage system to lower the water table, remove salts, and
maintain productivity. If it were not for selenium in the drainage water and wildlife impacts associated
with it, an out of valley drain would likely have been completed. Currently, in-valley salinity
management systems are the only options to manage the salinity problem, only a small volume of salt
leaves the valley into the ocean via the San Joaquin River.

In an average year, surface water supply brings more than 1.2 million tons of salt per year into the
Western SJV, irrigation water coming from deep wells below the Corcoran clay aquifer brings perhaps
another 1 million tons of salt, agricultural fertilizers and soil amendments probably add another 1
million tons of salt, in addition dairies and other confined animal facilities, municipalities, industry
(mostly food processors) tons, and oil fields in the southwestern portion of the valley add also a
significant amount of salt into the SJV. Most of this salt continues to accumulate on top of the 480
million tons of salt already present in the marine soils of the western SJV. Only about 250,000 tons of
salt leave the northern Valley via the San Joaquin River each year. Achieving a salt balance in the
valley would sustain agriculture; however it would require removal of at least 3.5 million tons of salt per
year.

Over the years, understanding of drainage conditions and salinity problems in the valley has greatly
improved. Currently, there are a number of options and tools that potentially could contribute to
management of the salinity problems, including measures that are currently being practiced, as well as
those that are as yet unproven and still under investigation. Among these options and tools, are regional
and on-farm drainage management systems, water conservation technologies, desalination and brine
concentration management technologies, salt utilization, real-time water quality management system for
the San Joaquin River, and new salt tolerant crops for drainage water reuse. Aside from an out-of-valley
solution, there is no single management solution option that can solve all the drainage related problems
of the valley, and many options require interaction with other options to maximize benefits. In addition
it would require significant funding, in many cases well beyond agriculture capabilities. The challenge is
to identify the optimal mix of benefits and economics which differ as a result of variable conditions
throughout the valley.

My presentation will focus on salinity management options for the Westside of the San Joaquin Valley,

presenting a variety of alternatives that utilize several of these options and tools, all of which represent
current available technologies.

97
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Introduction

Salinity affects over 4.5 million acres of irrigated land in California (Letey et al., 2000). On the
westside San Joaquin Valley (WSJV) shallow saline groundwater (< 10 ft. from the soil surface)
and poor drainage affect between half a million and a million acres (SJVDIP, 1998), depending
on the year and amount of irrigation water applied. Good drainage is essential for leaching to
prevent salt accumulation in the root zone but a high saline water table can prevent such salinity
control. Currently, shallow groundwater levels are lower than in the recent past due to cut-backs
in surface water deliveries, but the outcome of the current irrigation water shortage has been
increased pumping of groundwater and the application of more saline water to Westside soils.
Whether it be the need to consume saline drainage water in years when shallow groundwater is a
problem, or the need to grow crops more tolerant to saline irrigation water, the need for salt
tolerant (and boron tolerant) plant material has increased dramatically in recent years.

Much research has been conducted over the last 20 years to allow the use of subsurface drainage
systems for salinity and drainage control on the WSJV while managing the collected drainage
water (DW) to minimize impacts from high selenium (Se) to wildlife. Re-use of DW for the
irrigation of salt tolerant forages, halophytes, and energy crops is one management strategy
currently implemented by various farmers in the area. At Red Rock Ranch (RRR) near Five
Points, CA where most of this research was conducted, a saline DW re-use system called
Integrated On-farm Drainage Management (IFDM) has been operating since 1995. Since 1997,
we have evaluated forages and halophytes for their tolerance to saline-sodic, high boron DW and
assessed the reclamation potential of soil amendments to reduce the negative impacts on soil
hydraulic properties resulting from the application of these highly sodic waters. This paper will
focus on the forage work.

Salt Tolerant Forages

Fortunately, there are a large number of forages that can be irrigated with saline water and/or
grown in saline-sodic soils with poor infiltration (Oster et al., 2001). At Westlake Farms, Kaffka
et al. (2004) developed a beef cattle grazing system utilizing bermudagrass pastures (cvs. ‘Giant”
and ‘Common’) irrigated with saline drainage water where the forage grew at salinities up to 22
dS/m ECe. Forages are also a good choice for saline soils because unlike field crops, they
provide nearly complete vegetative cover of the soil surface which reduces capillary flow of
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water to the soil surface and salt accumulation in the root zone. Qadir and Oster (2004) also
describe their ability to improve water penetration physically via root channels and chemically
by the release of CO, into the rhizosphere which solubilizes native calcite and reduces
exchangeable sodium and its destabilizing effect on soil structure.

Field Study (Red Rock Ranch)

The productivity of five grass forages irrigated with saline DW was evaluated in large pastures at
Red Rock Ranch. With the exception of alkali sacaton (Sporobolus airoides var.‘Solado’), all
had adequate forage quality for most classes of ruminant animals (Suyama et al., 2007a). Salt
tolerant alfalfa (50:50, vars. ‘Salado’ and ‘801S”) was included, but was irrigated with DW of
lower salinity and was judged to be suitable only for soil salinities less than 10 dS/m ECe, even
though growth was negatively affected. Similarly, tall fescue (Festuca arundinacea var. ‘Alta’)
growing in a DW-irrigated field with soil salinity of 12 dS/m ECe had relatively low dry matter
(DM) production and was found to be less salt tolerant than the other grass forages. From the
field evaluation, ‘Jose’ tall wheatgrass (Thinopyron ponticum) emerged as the top candidate
based on its high forage quality (9.3 MJ/kg DM) and salt tolerance (producing 3.1 tons DM/acre
at soil salinities averaging 18.4 dS/m ECe). Creeping wildrye (Leymus triticoides, var. ‘Rio’)
also performed well, producing 5.1 ton/acre at lower soil salinities (13 dS/m ECe), but its forage
quality was lower than tall wheatgrass (metabolizable energy (ME) of 8.1, as compared to 9.1
MJ/kg DM).

Table 1. Forage performance under IFDM management at Red Rock Ranch. All forages were
irrigated with saline drainage water, except alfalfa which was irrigated with either freshwater or a DW
blend. Data are averages for Fall 2002 to 2004.

T

DW Dry Matter Forage Quality
imigation  ECw ~ ECe'’ SoilBoron SAR  Production’’  ME CcP NDF  Ash Se

Forages Wrs) e (dS/m)---mm (ppm) (Tons/acre)  (MJ/kg DM) (% DM) (ppm)
Tall Wheatgrass 5 7.2 19.1 25.1 38.0 3.2 9.32 15.6 56.5 9.7 6.12
" 5 9.8 17.6 23.0 35.3 3.0 9.22 11.3 62.1 8.0 7.38
Creeping wildrye 2 8.6 13.3 18.7 29.4 4.7 8.24 16.4 60.9 8.7 2.98
b 5 9.8 12.9 18.7 28.1 59 7.91 13.9 65.1 8.1 10.7
Puccinellia 5 9.8 15.0 23.2 29.9 25 9.56 17.7 60.4 8.8 4.37
Tall fescue 5 9.8 12.1 16.8 27.3 2.0 9.32 19.0 54.4 115 7.41
Alkali sacaton 5 9.8 12.4 15.8 26.7 3.0 6.72 12.1 72.2 9.3 6.88
Alfalfa/DW 1 6.7 6.9 7.1 175 7.4 9.62 23.7 37.5 9.9 1.45
Alfalfa/FW 0 1.1 4.7 3.6 12.2 8.5 9.85 24.8 34.8 10.3 0.80

Years of DW irrigation at the end of the second year of sampling.
TTECe = electrical conductivity of the saturated paste extract for 0-24 in. soil depth. ECw= irrigation water salinity.
" Tons dry matter per acre based on 0% moisture.
””Forage quality parameters include: metabolizable energy (ME), crude protein (CP), neutral detergent fiber (NDF) and ash

Greenhouse Study (Red Rock Ranch)

The forages growing at Red Rock Ranch could not be evaluated at the same soil salinity, so a
subset of these forages were tested, along with bermudagrass, in the greenhouse where they were
grown in 60:40 mix of Red Rock Ranch soil and sand which maintained the cracking clay
characteristics and slow drainage (Suyama et al., 2007b) typical of these fine-textured soils.
Treatments included three irrigation water qualities: non-saline (NS) (0.85 dS/m EC,,, 1.2 SAR,
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and 0.07 ppm boron), moderately saline (MS) (11 dS/m EC,,, 30.3 SAR, and 15.2 ppm boron)
and high saline (HS) (18 dS/m EC,,, 41.9 SAR, 27.6 ppm boron). In this experiment, ‘Jose’ tall
wheatgrass was the most salt tolerant, having the highest DM production and relative yield under
both MS and HS irrigation (Fig. 1). In fact, its relative yield (RY) was 85% in the HS treatment
(21 dS/m ECe). As compared to tall wheatgrass, bermudagrass was less salt tolerant: its yield
was high under NS irrigation, but was substantially reduced (RY = 45%) under high salinity.

Fig. 1. Average relative yield (RY) of forages under non-saline, moderately saline, and highly
saline irrigation in a greenhouse study. Error bars represent the standard error. Relative yields were
calculated as the ratio between the saline-irrigated and the non-saline treatment.
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Forage ET under Saline Irrigation

When IFDM was first developed, shallow groundwater levels were very high and it was
anticipated that growers utilizing subsurface drainage would need to dispose of large volumes of
DW; thus it was desirable that candidate forages for IFDM maintain high water use (ET) under
conditions of high salinity and high boron levels (Benes et al., 2006). Forage ET under DW

irrigation was evaluated using two systems: sand-filled drainage lysimeters and surface renewal
ET stations.

Lysimeters: For the lysimeters, twelve sand-filled basins were installed in a 5-acre field
receiving saline DW of 11-14 dS/m EC,. There were four lysimeters for each forage (tall
wheatgrass, creeping wildrye, Paspalum (P. vaginatum)). The lysimeters consisted of a 4.3 x 4.3
ft. basin with a 2.5 ft. depth, that was lined with a rubber pond liner. Sand was used in the
lysimeters to ensure proper drainage as the field soil had very slow drainage characteristics. Each
lysimeter had its own irrigation and drainage system and was irrigated 4-5 times daily to

100



maintain a constant salinity and water content within the root zone. A metered, electronic
system refilled the lysimeter irrigation tanks nightly, replacing the water lost to ET during the
previous day, and ET was calculated by volume balance. The volumetric ET (cm®) was then
divided by the lysimeter area (cm?) to convert the ET to a depth basis (cm or mm). Vegetative
cover in the lysimeters was recorded using digital images.

Under irrigation with the saline DW, cumulative ET was 58 in. for tall wheatgrass and 54 inches
for creeping wildrye, and their seasonal crop coefficients were 0.98 and 0.92, respectively (Table
2). These high Kc’s under irrigation with DW averaging 13.7 dS/m are indicative of vigorous
growth and high salt tolerance for both forages.

Table 2. Seasonal ET and crop coefficients (Kcjys) for forages' grown in lysimeters in 2005 under DW
irrigation (ECw = 13.7 dS/m). Measurement period = Jan. 20 to Dec. 28 (343 days). Data are means

(#S.E.). N=4.
Reference
TWG CWR Paspalum ETo'
ET (in.) 57.9 (6.0) 54.2 (9.0) 50.2 (4.8) 59.1
Kcys 0.98 (0.10) 0.92 (0.08) 0.85 (0.08)

'"TWG = 'Jose' tall wheatgrass, CWR= creeping wildrye, and Paspalum (P. vaginatum).
'California Irrigation Management Information System (CIMIS) station #105 (Westlands)

Surface Renewal (SR): Estimation of ET by the surface renewal method is a relatively new
technique which utilizes weather stations similar to CIMIS, but also includes soil heat flux
measurement. SR is considered to be particularly robust for measuring ET under conditions of
sparse vegetation and surface heterogeneity (Drexler et al., 2004), and the fetch requirement is
less than that required for many other popular meteorological approaches such as Bowen Ratio
and Eddy co-variance methods, and SR is considerably less expensive (Snyder et al., 2007;
Drexler et al., 2008). Crop coefficients determined from SR measurements (Kcsg) in large
pastures (>20 acres) showed good agreement with those from the lysimeters, being 1.0 for tall
wheatgrass and 0.94 for creeping wildrye (Table 3). Thus, data from both ET measurement
systems indicate that when irrigated with saline DW of 13 dS/m ECw or growing in pastures
having soil salinities above 12 dS/m ECe, both forages are capable of consuming large volumes
of saline DW.

Table 3. Seasonal crop coefficients (Kcsg) for tall wheatgrass (TWG) and creeping wildrye (CWR) as
estimated by surface renewal ET stations in large pastures. Kcsg’s shown are the slope of scatter plots
comparing ETc to ETo and r? is the coefficient of determination.

TWG CWR
Kcsr r2 Kcsr r2
2005 1.01 [0.998] 0.95 [0.79]
2006 1.00 [0.983] 0.94 [0.83]
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Too Much Selenium?

Selenium is a trace element that is naturally present in WSJV soils and drainage waters due to
the marine origin of the parent material from the coastal range. In 2002-2004 when DW was
abundant and the pastures were heavily irrigated at Red Rock Ranch, tall wheatgrass and
creeping wildrye accumulated from 3 to 11 ppm (mg/kg DM) of selenium in the herbage. The
maximum tolerable concentration (MTC) of Se for most ruminants is 2-5 ppm (NRC, 1996), so
forages with such high Se concentrations would theoretically need to be fed in a mixed ration.
The question also arose as to whether cattle could be safely grazed on these forages. Therefore a
team of plant, soil and animal scientists were assembled to conduct a grazing study with beef
cattle to answer that question.

Beef Cattle Grazing Study

The objective of this study was to evaluate tissue Se accumulation, health and performance of
beef heifers grazing on DW-irrigated forages containing elevated levels of Se (>2 ppm). Twenty
acre pastures of ‘Jose’ tall wheatgrass (TWG) and creeping wildrye (CWR) located in the IFDM
at Red Rock Ranch were utilized. These pastures were previously irrigated for 4-7 years with
saline drainage water. During the study period, mainly tailwater was applied to the pastures due
to a shortage of drainage water, but soil salinity remained high (12-24 dS/m ECe) as did total Se
(2-4 ppm). The study was conducted over a two-year period (2007 and 2008).

Experimental Set-up: twenty Angus heifers purchased from a single herd were divided into four
groups of five heifers that were balanced for body weight. Each pasture was divided into four 5-
acre paddocks (i.e. A, B, C, D) which were rotationally grazed by two groups (north and south
sub-paddocks) of 5 heifers (0.5 heifers/acre). In 2007, the heifers were approximately six
months-old when entering the pastures and they grazed from May to November (190 d). In
2008, 9-10 month-old heifers were used and the grazing period was May to October (165 days).
Blood, liver, and muscle samples were taken periodically from the animals.

Blood Se increased above recommended “safe levels” (NRC, 2001) approx. 45 days after the
heifers entered the pastures in both years. In 2008, the increase was more rapid: within 20 days,
blood Se concentration increased by 300% in TWG-grazed heifers, and by nearly 200% in CWR
heifers (Fig. 2a). In 2007, heifers grazing TWG and CWR had similar concentrations of Se in
blood at the end of grazing; but in 2008, the TWG-grazed heifers had higher blood Se than did
CWR-grazed heifers (Fig. 2a). This was likely due to higher levels of Se in the TWG forage,
especially in 2008.

Liver Se also increased rapidly in both years for heifers grazing TWG and CWR forage. In
2008, the heifers grazing TWG forage accumulated more Se in the liver than did those grazing
on CWR (Fig. 2b). In 2007, the trend was the opposite (more Se in CWR-grazed heifers). This
may have resulted from low forage (and Se) intake by TWG heifers in the final days of 2007
when forage availability was low in that pasture.
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Figs. 2a & b. Selenium accumulation in the blood and liver of beef heifers during the 2008 grazing
season (n=10). Tall wheatgrass (TWG) = solid, red lines and creeping wildrye (CWR) = blue,
dashed lines.

No clinical signs of Se toxicity were observed in the beef heifers in either year of grazing. TWG
heifers gained more weight in 2007 (1.3 vs. 0.60 Ib./day; P<0.01) than did CWR heifers and
these body weight gains were higher than expected. However during 2008, the body weight
gains were lower overall and did not differ between heifers grazing on TWG or CWR. This was
likely due to the shortage of irrigation water and low quality of the forage available for grazing.

Data from both years demonstrate that despite having Se concentrations in blood, liver, and
muscle tissue well above recommended levels, young beef heifers can be safely grazed for one
year on Se-enriched (2-4 ppm) TWG and CWR forage. This suggests that saline DW can be a
valuable water resource for forage and beef cattle production. Se effects on heifer reproduction
were not determined in this study, but could limit these operations to one-year feeder cattle only.

Summary

Our forage studies revealed that there are a number of salt tolerant forages suitable for IFDM
systems. Overall, ‘Jose’ tall wheatgrass was favored due to its high ET under saline irrigation,
high salt tolerance (adequate DM production up to 20 dS/m ECe soil salinity) and long growing
season (late February through November). At locations such as Red Rock Ranch, forages
irrigated with high Se drainage water can accumulate selenium to high concentrations (>2 ppm
Se in the herbage), but results of our grazing study indicate that beef cattle can be safely grazed
on these forages for one year. Weight gains were judged to be adequate for the tall wheatgrass
grazed heifers, but only in 2007 when adequate water was available. Results of a Se depletion
study (not discussed) also indicated that by 90 days post-grazing feeding, Se concentrations were
reduced by approximately 75% in the liver, 50% in the blood, and 30% in the muscle. Thus these
forages could potentially be used for a value-added, Se-enriched beef production system as there
is interest in the antioxidant properties of Se and it potential to protect against cancer over the
short term. Current research is also exploring their potential as a processed organic Se
supplement to be fed to dairy cattle in Se-deficient production areas where supplementation with
inorganic Se (selenate) is common. In conclusion, saline DW can be used for forage production
systems supporting animal production. As agricultural water supplies become increasingly
limited, saline drainage water may become a valuable, alternative water source.
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Tree Tolerance to Salinity and Potential Toxicities due to Na, Cl, and B

Patrick H. Brown
Department of Plant Sciences, MS #2
University of California, Davis, CA 95616

Approximately 4.5 million acres of irrigated cropland — primarily on the west side of the San
Joaquin Valley — are affected in California by saline soils or saline irrigation water (Letey, 2000).
Problems with salinity may be attributed to both osmotic effects (Na, Cl, SO, ) and to specific ion
toxicities (Na, Cl, B) and imbalances of essential elements (Mg, Ca, S). The impact of salinity on crop
growth is therefore highly dependent upon both the total ionic composition and the specific ion
abundance, which varies widely with location, management and geologic source of water and soils.
Generalizations as to the symptoms, causes and correction of salinity are difficult. Boron, though only a
small contributor to total ion concentration, is frequently overlooked as a cause of saline-induced
damage. Boron toxicity however can be a critical factor in determining crop performance and in the San
Joaquin River watershed, Hall et al. (2004) demonstrated that salinity and boron concentrations were
highly correlated over 17 years of surface water monitoring (see also Dhankhar and Dahiya, 1980).

Direct ion toxicities are important causes of saline damage. Although the mechanisms are not
fully understood, high B in plant tissues impairs growth and can cause leaf burn or shoot dieback but
does not directly impair plant water relations. In contrast Na and Cl salinity can negatively impact crop
growth by impairing plant water relations, disrupting normal plant function through toxic ion effects and
inducing secondary nutritional disorders (Grattan and Grieve, 1999). These disorders may result from
the effect of salinity on nutrient availability, competitive ion uptake, transport or partitioning disruptions
within the plant. For example, salinity reduces P uptake and accumulation, and salinity dominated by
Na* not only reduces Ca* availability, but also reduces Ca* transport and mobility to growing regions
of the plants. Salinity can directly affect nutrient uptake, with Na* reducing K* uptake or CI" reducing
NOjs uptake.

The interaction between B and salinity, however, is complicated and there are reports of
synergistic, independent, and antagonistic effects depending on the plant species and the concentration
of B and salinity in the root environment. Tree species, cultivars, rootstocks and management practices
can also greatly impact the sensitivity of a plant species to both high B and salinity.

Boron toxicity effects on trees:

Though the mechanism of B toxicity damage to tree crops has not been identified the symptoms
of toxicity and the tissue concentrations at which they occur have been the subject of numerous
investigations. Species fall into two categories — Type 1 species exhibit marginal leaf burn of mature
leaves (and subsequently younger leaves) when B in the root zone is excessive (Brown et al., 1999).
Type 1 tree species include pistachio, walnut and citrus. In type 2 species, symptoms include shoot
dieback and formation of gummy lesions in cambial tissues in response to excess B. Type 2 species
include all Prunus, Pyrus, and Malus species as well as olive and pomegranate.

In pistachio, mature leaves develop B toxicity symptoms at whole leaf B concentrations of

around 400 ppm, while B in the necrotic margins of affected leaves can exceed 1000 ppm. Marginal
necrosis on older leaves late in the season is characteristic in all Type 1 species grown under excess B
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(Ashworth et al., 1985; Ferguson et al. (2002)). In walnut, B toxicity occurs also in the leaves, when the
whole leaf B concentration reaches exceeds 350 ppm and margins exceed 720 ppm (Brown, unpublished
observation). In contrast to type 1 species, almond, peach, apple, olive and closely related species show
no B toxicity symptom in leaves, but rather exhibit shoot die-back, gummy exudates, or necrotic spots
along the lower or middle part of a stem and in severe cases, whole shoot death (Maas, 1984; El-
Motaium et al., 1994) and do not accumulate high levels of B in their leaves. In almond, it is not the leaf,
but hull is the good indicator of B toxicity.

Choice of rootstock can significantly influence B uptake from soils and alter sensitivity to soil B
excess. Leaves of ‘Kerman’ pistachio on P. atlantica generally contained less B and exhibited less
injury than those on the P. integerrima and UCB-1 when grown in the same location. Similar to
pistachio, B injury in citrus occurs in leaves first, showing chlorosis and leaf tip and edge burn (Eaton
and Blair, 1935; Haas, 1929; Kohl and Oertli, 1961). Papadakis et al. (2004a) observed that ‘Navelina’
orange plants were less sensitive to excess B when grafted on Swingle citrumelo than on sour orange.
This was a result of reduced absorption of B and greater total retention in the rootstock of plants grafted
on Swingle citrumelo than those grafted on sour orange rootstock. The result was confirmed in another
study: “‘Clementine’ mandarin plants grafted on sour orange proved to be more sensitive to B toxicity
than those grafted on Swingle citrumelo (Papadakis et al., 2004b). EI-Motaium et al., (1994)
demonstrated that plum (Myrobalan) and almond hybrid rootstocks (Hansens and Brights hybrid) were
substantially more tolerant of high B then peach rootstocks (Nemaguard).

Sodium and chloride toxicity effects:

In almond and peach, Na™ and CI” toxicity symptoms develop as necrosis on leaf tips and
margins and later expands toward the midrib. CI" and Na" toxicity are often quite similar to those of B in
type 1 species. Such symptoms are more prevalent later in a season. On a leaf dry-weight basis, ClI" is
considered toxic when present in an amount greater than 0.3% while Na" is toxic above 0.25%. In
pistachio, CI" above 0.3% results in symptoms (Beede et al., 2005). In citrus, toxicity symptoms usually
appear when leaf CI" levels reach about 1% of leaf dry weight however, based on reductions in yield, a
leaf CI" concentration as little as 0.2% should be considered excessive (Syvertsen et al., 1989). In many
species visible Na* toxicity symptoms appears when leaf Na* levels reach 0.10-0.25% of leaf dry
weight. Unlike B, which shows very strong partitioning within tree and leaf, CI", and Na* are more
uniformly distributed in pistachio (Ferguson et al., 2002). In stone fruit and almond trees, Na* tends to
accumulate in the woody tissues which limits its transport to leaves (Bernstein et al. 1956). As Na*
accumulation in the roots, trunk, and branches continues to increase greater amounts are transported to
the leaves, resulting in leaf burn.

Salt effects and tolerance:

After reviewing available information on citrus cultivation under salinity in California, Maas
(1993) suggested that grapefruit, lemons, and oranges are among the most sensitive of all agricultural
crops. Fruit yields decrease about 13% for each 1.0 dS m™ increase in electrical conductivity (EC) of the
saturated-soil extract once soil salinity exceeds a threshold EC of 1.4 dS m™. Maas (1990) suggested that
the threshold for almond is 1.5 dSm™ and for orange is 1.7 dSm™. A 50% yield reduction will be
reached at salinity of 2.8 dSm™ for almond and 3.2 dSm™ for orange (Table 1). Sanden et al. (2007)
reported that pistachios might tolerate soil extract salinity (ECe) of up to 9.4 dSm™, though this has not
been demonstrated in long-term commercial trials in California.
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Howie and Lloyd (1989) found that irrigation water containing 1.8 dS m™ NaCl reduced
flowering and fruit set below that observed with 0.5 dS m™ NaCl water in “Washington Navel’ orange.
Both the number of flowers and the percentage of flowers that set fruit were reduced. These combined
effects were estimated to have reduced the final number of fruit at harvest by about 62%. Salinity
reduced the initial rate of fruit growth and delayed maturity but eventually the fruit grew to the same
size as those on the less-stressed trees.

In citrus scion and rootstock selection and combination influenced the severity of salt damage.
Cooper et al. (1950) reported that the salt tolerance of the four scion-rootstock combinations decreased
in this order: Valencia on Cleopatra > Shary Red on Cleopatra > Valencia on sour orange > Shary Red
on sour orange. In this study, however, scion or rootstock did not influence the severity of B toxicity
symptoms, scions on Cleopatra rootstock showed B toxicity symptoms earlier than scions on sour
orange rootstock. In another study more rootstocks have been tested for the salinity tolerance and it was
found for the decreasing order of citrus rootstock and scion salinity tolerance: Rangpur lime = Cleopatra
mandarin > Sour orange > Sweet orange = Swingle citrumelo > Rough lemon > Poncirus trifoliata
(Syvertsen et al., 1989).

Avocado is highly susceptible to salt damage (Crowley and Arpaia, 2009) with high soil salinity
and chloride toxicity resulting in reductions in fruit yield and tree size, lowered leaf chlorophyll content,
decreased photosynthesis, poor root growth, and leaf scorching. When using ‘Hass’ avocado as the
scion, both of West Indian rootstocks, VC 207 and VC 256, proved to be superior for excluding chloride
from the scion as compared to Duke 7 when treated at 284 mg L™ CI". Bar et al. (1992) studied the
guantitative relationships between chloride and nitrate and their effect on two rootstocks of avocado:
West Indian (relatively resistant to salinity) and Mexican (very sensitive to salinity). A factorial of four
chloride rates was combined with three nitrate rates. An increase in the concentration of nitrate led to a
decrease of chloride in all parts of the plant in both rootstocks. Plants treated with a concentration as
high as 568 mg L™ chloride showed signs of severe damage at a concentration of 62 mg L™ nitrate, but
no damage was observed in solution containing 992 mg L™ nitrate.

Salinity and B interactions:

In a study of six Prunus rootstocks to B and salinity interaction, it was observed that Prunus
rootstocks differed greatly in stem B accumulation and sensitivity to B (EI-Motaium et al., 1994). Stem
death (caused by B toxicity) was affected by a three-way interaction (p < 0.01) between B, salinity, and
rootstock. Under low salt (2 dS m™), the plum rootstock ‘Marianna’ and “Lovell’ peach were least
tolerant of high B (1mM), while ‘Myrobalan’ plum was very resistant to high B. At highest B (1 mM)
increasing salinity (from 2 to 12 dS m™) decreased shoot death in peach-almond hybrid ‘Bright’s hybrid,
‘Lovell’, “Myrobalan’, “Marianna’ plum and ‘Nemaguard’ peach. Only in “Nemared’ peach did
increasing salinity increased shoot death. The rootstock ‘Nemared” was the most sensitive to high B and
high salinity, while ‘Myrobalan’ and “Bright’s hybrid’ were the most tolerant of high B and salinity, and
‘Marianna’ plum and ‘Lovell’ or ‘Nemaguard” peach were intermediate. In all rootstocks studied,
adding B to the growth medium greatly depressed stem SO4* concentration. In every rootstock except
‘Nemared’, adding salt significantly depressed tissue B concentrations. A strong negative correlation
between tissue SO,> and B was observed. Grafting experiment demonstrated that when “Titan’ almond
was grafted on ‘Bright’s hybrid’, the scion exhibited low stem B accumulation and little stem death, but
when the same almond was grafted on ‘Nemared’, the scion exhibited very high B accumulation and
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very high percentage stem death under high salt (12 dS m™) in combination with high B (1 mM)
treatments.

In a sand tank study of ‘Kerman’ pistachio on three rootstocks with combined SO,* and CI°
salinity (3.5, 8.7, 12, or 16 dSm™) and B (10 mg L™) stress, Ferguson et al. (2002) demonstrated that all
growth parameters (leaf area, trunk diameter and biomass) decreased as salinity increased, but were not
significant until salinity exceeded 12 dS m™. However, growth of ‘Kerman’ on P. atlantica and ‘UCB-1’
was considerably better than on P. integerrima at 16 dSm™. The onset and severity of foliar injury
differed among scions and treatments and was attributed primarily to B toxicity, rather than the effects
of salinity. Concentrations of B in injured leaf tissue ranged from 1000 to 2500 ppm. Leaf injury
decreased with increasing salinity, although leaf B was not significantly reduced suggesting an internal
synergistic interaction between B and other mineral nutrients. However, for ‘Kerman’ on P. integerrima,
the highest level of salinity produced the greatest injury, possibly as a combination of B plus CI” and/or
Na" toxicity.
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Table 1. Estimated yield of tree and vine crops with long-term use of irrigation water with different levels of soil salinity
(potential yields are based on a 15 to 20 percent leaching fraction and do not account for the effects of specific elements)

ECw (mmhosicm)

Yield pn:znt‘\ﬂ.-nti.'al1

Tree and vine crops 100% 90% 75% 50% Ilatini_:]2
Almond 1.0 1.4 1.9 28 S
Apple . — — — — 5
Apricot ; 1.1 1.3 1.8 25 5
Avocado — — — — 5
Blackberry 1.0 1.5 25 5
Boysenberry 1.0 1.3 1.8 2.5 5
Cherry — — — — 5
Da}e Palm 2.7 4.5 1.3 12.0 T
Fig — — — — MT
Grape 1.0 1.7 27 4.5 MS
Grapefruit 1.2 1.6 2.2 3.3 5
Lernon 1.0 1.5 23 3.6 S
Lime — — — — 5
Olive — MT
Orange 1.1 . . . 5
Peach 1.1 1.5 1.9 2.7 5
Pear — — — — S
Pecan —_ —_ —_ —_ M5
Persimmaon — — — — 5
Pistachio — — — — MS—-MT
Plum , 1.0 1.4 1.9 2.9 S
Pomegranate — — — — MS
Walnut® — — — — S

- Data not available.
Based on data from Maas and Grattan 1999,

2

2

Tolerance is based on growth or injury rather than yield.

from Grattan SR (2002)

Tolerance to soil salinity is rated as sensitive (5), moderately sensitive (M5), moderately tolerant (MT), and tolerant (T).
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Salt Distributions and Salinity Management Under Drip Irrigation/Microirrigation

Blaine Hanson
Department of Land, Air and Water Resources
University of California, Davis

Drip irrigation has the potential of increased yield with less applied water. However, under saline
conditions, adequate salinity control must occur to realize its potential.

Drip irrigation has some specific advantages under saline conditions. First, no foliar absorption of salts
occurs during irrigation. Second, the wetting pattern around emitters results in highly leached soil near
the drip line, a zone where root density frequently is the highest, particularly for row crops. Third, high
frequency drip irrigation can maintain relatively constant soil water content and soil salinity over time
near drip lines.

A main disadvantage of drip irrigation is salt accumulation near the periphery of the wetted pattern.
Thus, the placement of emitters relative to the plant row is critical for crops that are sensitive to
moderately sensitive to soil salinity. Salt accumulation above buried drip lines also is a concern.

Salt Distribution Around Drip Lines

Factors affecting root zone soil salinity under drip irrigation include the salinity of the irrigation water,
amount of applied water, soil hydraulic characteristics, placement of drip lines relative to plant rows,
subsurface vs. surface drip lines, and under saline, shallow ground water conditions, the ground water
depth and salinity. The salt pattern will reflect the water flow patterns under drip irrigation. Near the
emitter, soil salinity will approach the salinity of the irrigation water. Soil salinity increases slightly with
radial distance from the emitter until near the periphery of the wetted pattern where large increases in
salinity occur over small increases in radial distance. Salt leaching occurs near the drip line, whereas salt
accumulates near the periphery of the wetted pattern.

Under conditions of continued high frequency irrigation (multiple irrigations per week) over time in
commercial fields, considerable leaching can occur beneath drip lines. Low salinity levels occurred near
the drip lines and extended downward with salt accumulating between drip lines and near the edge of the
bed in a sandy loam soil (fig. 1). Under subsurface drip irrigation, salt accumulated above the drip line
with the highest levels near the soil surface indicating no leaching above the drip line. Leaching
occurred below the drip line as indicated by the relatively low salinity levels near and extending below
the drip line (fig. 2).

Under saline, shallow ground water conditions, a relatively uniform soil salinity profile was found for a
water table depth of about 6 ft (fig. 3A) for an irrigation water of EC of 0.3 dS/m™. For a water table
depth of about 3 ft, soil salinity varied spatially around the drip line (fig. 3B). Higher soil salinity near
the drip line occurs for higher irrigation water salinity (not shown).

Salinity Control under Drip Irrigation

The key to profitable drip irrigation under saline conditions is adequate salinity control in the root zone.
Salinity control involves leaching salts from the root zone by applying irrigation water in excess of the
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soil moisture depletion. The leaching fraction, used as a measure of adequacy of leaching, is the ratio of
the amount of water draining below the root zone to the amount of infiltrated water.

Leaching under drip irrigation depends on the EC of the irrigation water, the amount of water applied,
and the wetting pattern, which is also dependent on the applied amount and soil hydraulic
characteristics. No leaching around the drip line due to insufficient applied water can cause a zone of
high soil salinity near drip lines (fig. 4A), whereas a low salt zone occurs around drip lines under
leaching conditions (fig. 4B). Increasing the applied water increases the leaching fraction, which results
in more low salt soil around drip lines (not shown). Research has shown that as the low-salt zone
increases, yield increases because of an increase in crop evapotranspiration due to a combination of
lower soil salinity near the drip line, a larger zone of low salt soil around drip lines, and higher soil water
contents near the drip line as the leaching fraction increases.

Estimating Leaching Fractions

Several methods have been historically used to determine leaching fractions in commercial fields. One
method requires measurements of the irrigation water electrical conductivity (EC) and the average root
zone soil salinity (EC.). Chloride concentrations are sometimes used instead of the EC. These data are
then related to the leaching fraction using leaching curves or appropriate equations. However, both salt
patterns and root patterns vary spatially around drip lines, which can introduce uncertainty in estimating
leaching fractions using soil salinity data.

The water balance is commonly used to estimate field wide leaching fractions using cumulative amounts
of applied water and evapotranspiration for a given time period. The leaching amount is the difference
between applied water and evapotranspiration. However, field studies indicate that the water balance
method of estimating leaching fractions may be inappropriate under drip/microsprinker irrigation
because it does not account for the effect of spatially-varying soil water patterns of drip
irrigation/microirrigation which cause leaching below the drip lines, even for conditions considered to
be deficit irrigation, i.e. applied water amounts are smaller than the 100% evapotranspiration.

A USDAV/ARS study estimated actual leaching fractions for drip-irrigated almonds in silt loam to clay
loam soil using soil chloride concentrations. Amounts of applied irrigation water were 50%, 100%, and
150% of the evapotranspiration of the 100% water application. The water balance method indicated that
no leaching occurred for the 50% and 100% applied water treatments and a 50% leaching fraction for
the 150% treatment, but actual leaching fractions, calculated from chloride concentrations, were 4 to
6% for the 50% water treatment, 10 to 22% for the 100% treatment, and 31 to 36% for the 150%
treatment. These values were based on the soil chloride levels of the first 3 to 5 feet from the tree at the
bottom of the root zone.

A UC Davis study showed that under saline shallow ground water conditions, the field-wide leaching
amounts calculated using the water balance approach revealed little or no field-wide leaching in four
commercial fields of processing tomatoes, which suggested inadequate salinity control and raised
questions about the long-term viability of drip irrigation under saline conditions. The soil salinity data,
however, clearly showed substantial localized leaching around the drip lines and that the leaching was
concentrated near the drip lines. Computer simulations revealed actual or localized leaching fractions of
7.7% (60% water application) to 30.5% (115% water application) and 24.5% for the 100% water
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application. Even for applications considered to be severe deficit irrigation, drainage below the root zone
occurred, caused by the wetting patterns under drip irrigation.

Under subsurface drip irrigation, no leaching by drip irrigation occurs above the drip lines. Thus,
periodic leaching either by rainfall or sprinkle irrigation is necessary to control root zone soil salinity
above the drip lines. Sufficient leaching water should be applied to move the salts below the drip line,
where they will eventually be leached by subsequent drip irrigation.

The placement of drip lines relative to plant rows is critical in salinity control with drip irrigation,
particularly for row crops. Salinity control will be best where drip lines and plant rows coincide because
the root density of row crops generally will be the highest near the drip lines, where leaching will be the
greatest. This may not be the case for tree/vine crops. Offsetting drip lines from plant rows can shift the
zone of high root density away from the zone of highly leached soil, and in some cases, into the zone of
salt accumulation.

Considerations

e Seasonal water applications should be at least equal to the seasonal evapotranspiration. This amount
of water provides sufficient localized leaching, and under conditions of saline shallow ground water,
minimizes crop water use of the ground water, and prevents ground water intrusion into the root
zone.

e The electrical conductivity of the low-salt soil around drip lines will reflect the electrical
conductivity of the irrigation water. The effect of the irrigation water salinity on crop yield will
depend on the crop’s sensitivity to yield, the salinity of the irrigation water, and the amount of
leaching.

e Periodic leaching of salt accumulated above the buried drip lines will be necessary with sprinkle
irrigation for stand establishment if winter and spring rainfall is insufficient.

e Drip irrigation systems should be designed for a high uniformity of applied water.

e Drip irrigation systems should be properly maintained to prevent emitter clogging.
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Figure 1. Salt pattern under surface drip irrigation with two drip lines. Units of scale are dS/m.
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Figure 2. Salinity pattern for subsurface drip line. Salinity units are dS/m.
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Figure 3. Salinity distribution under saline, shallow ground water conditions for (A) a water table depth
of 6 feet, and (B) and water table depth of about 3 feet. Units of the scale are dS/m.
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Drip Irrigation Filtration and Water Treatment to Prevent Clogging

Larry Schwankl, UC Cooperative Extension
UC Davis & UC Kearney Ag Center 559-646-6569 schwankl@uckac.edu

FILTRATION
Introduction

Filtration of water to remove particulate matter and biological contaminants is critical to the efficient
operation of many pressurized irrigation systems, but it is particularly important for microirrigation
systems. Drip and microsprinkler systems may use screen, disk, or sand media filters to remove small
particulates and organic contaminants to prevent clogging. The choice of which filter to use is often
based on the water quality.

Filtration Requirements

The degree of filtration recommended for specific drip emitters and microsprinklers is available
from the manufacturer and should be followed. The level of filtration is based primarily on the emitter
flow pathway size. Filtration removes particles significantly smaller than the flow path size since
smaller particles can “bridge”, often in conjunction with biological or chemical precipitate problems,
and cause clogging.

The degree of filtration of screen and disk filters is designated by the mesh size. The mesh size is
the number of openings per inch of screen. The degree of filtration of sand media filters is determined
by the size of the sand media particles with the sand media sizes referenced to equivalent mesh size
(Table 1).

Table 1. Sand media size and screen mesh designation

Sand no. Effective sand size Screen mesh
(in.) designation

8 0.059 70

11 0.031 140

16 0.026 170

20 0.018 230

30 0.011 400

Mineral particulates in irrigation water range in size from sands to silts to clays. The equivalent
mesh sizes for these mineral particles are given in Table 2. Few microirrigation systems require greater
than 200-mesh filtration. Note that small sand particles, silts, and clays will pass through a 200-mesh
screen. These very small particles can pass though drip emitters or microsprinklers, or they may settle
out in the pipelines or lateral lines requiring flushing to be removed (discussed later).
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Table 2. Particle size classification by mesh size.

Particle Size Mesh equivalent
Very coarse sand 10-180 mesh
Coarse sand 18-35 mesh
Medium sand 35-60 mesh
Fine sand 60-160 mesh
Very fine sand 160-270 mesh
Silt 270-400 mesh
Clay Smaller than 400 mesh

Types of Filters
Suction Screen Filters

Suction screens are used on centrifugal pump intakes where there is a significant problem with large
particulates and trash in the water as can be the case from surface water sources such as rivers and
streams. Used by themselves, they may provide adequate filtration for sprinkler irrigation systems, but
not for microirrigation systems. Rather, they may be the first filtration step for microirrigation systems,
removing the large particulates which would quickly overwhelm the screen, disk, or media filters also
being used.

To be effective, suction screen filters should filter out the contaminants and keep themselves clean.
Some suction screen filters continually rotate and use water jets to clean the contaminants off the screen.
The water flowing by the intake screen carries the contaminants downstream.

Centrifugal Sand Separators

Centrifugal sand separators are well suited to removing larger sand particles which may be present in
both surface water sources and in groundwater. They are designed to “swirl” the water passing through
them, using centrifugal forces to remove the sand particles.

Larger sand particles must be removed from microirrigation systems since they will cause clogging.
While screen, disk, or sand media filters can all remove sand particles, large volumes of sand may clog
these filters quickly. In microirrigation systems, centrifugal sand separators are often used as the first
stage filtration method, followed by screen, disk, or sand media filters.

Screen Filters

Two types of screen filters are common — pressurized screen filters and gravity flow screen filters.
In a gravity flow screen filter, water is allowed to run over the screen filter, open to the atmosphere, with
the filtered water falling through the screen and being collected. The contaminants caught on the screen
are either washed off the screen by the water flowing across the steeply inclined screen, or, in another
design a slightly-inclined screen is continually washed clean by a rotating jet which moves the
contaminants into a collection trough. Use of a gravity screen filter requires the irrigation water to be
pressurized following filtration.

A pressurized screen filter is plumbed into the irrigation system and filtration is accomplished as the
pressurized water passes through it. Screen filters are widely used in microirrigation systems,
particularly where groundwater is used. Pressurized screen filters may not be appropriate for use with
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water high in organic matter. The organic contaminants can quickly clog the screen and be difficult to
remove. Once the screen is clogged, there may be a significant pressure loss across the screen and the
flow rate through the screen may be substantially reduced. Installation of pressurized screen filters with
upstream and downstream pressure gauges is recommended so that the manager can easily note when
the screen needs cleaning.

Some pressurized screen filters require the screen element to be manually removed for cleaning.
Others have a backwash system so that the screens can be cleaned without disassembling the filter.
Some of these backwash systems are operated manually while others allow the backwash to be done
automatically, either on a set time interval and/or on a pressure loss across the screen, sensing system.

The recommended, maximum flow rate through the screen filter will be specified by its
manufacturer. Waters high in contaminants will clog the filter more quickly. Automatic backwash filters
may be advantageous under these conditions, or an alternative would be a larger filter element (or more
filters plumbed in parallel) to increase the interval between manual cleanings.

Disk Filters

Disk filters consist of a stack of thin disks, tightly held together, each having a series of very small
grooves along their sides. Water is filtered as it flows through the grooves. The degree of filtration is
measured as mesh size. Disk filters effectively filter particulate matter and they will remove organic
contaminants from the water but the organic contaminants tend to clog the disk filter quickly,
necessitating frequent cleaning. Most disk filters must be disassembled and cleaned manually, but there
are automatic backwash disk filters available. Where the water is high in organic matter, a disk filter
with an automatic backwash system may be advantageous. The water required for backwashing disk
filters is less than that for sand media filters.

Sand Media Filters

Sand media filters are tanks made of epoxy-coated metal or stainless steel. They are filled with a
filtering media, often silica sand. The particle size of the media is selected according to the desired
degree of filtration (Table 1). Water contaminants are filtered from the water as the water flows down
through the media. An under-drain, made from either an epoxy cake or perforated pipe at the bottom of
the tank, collects the filtered water and retains the filtering media during filtration.

Sand media filters have a greater filtering capacity than screen or disk filters and can be used to
remove both organic contaminants and particulate matter, making them well suited for filtering surface
waters. At least two media filter tanks, plumbed in parallel, are required at a site so that as one filter is
being backwashed, the other filter(s) can continue to provide water for the backwashing and for
irrigation. Additional sand media filter tanks can be added if increased filtration capacity is needed.
Frequently, a backup screen filter is placed downstream of the sand media filters to catch any sand
escaping the media filters, either from routine operation or from failure of the media filter’s under-drain
system.

The recommended flow rate for sand media filters is 15 to 25 gallons per minute per square foot (35
to 60 cubic meters per hour per square meter) of filter surface area. Manufacturers of sand media filters
provide recommended filter flow rates both for filtration and for backwashing of filters. These
recommendations should be followed.

Backwashing of sand media filters can either be done manually or automatically. When
backwashing, a three-way valve at the top of the filter changes position and clean water passes upward
from the under-drain system. This suspends and agitates the filter media with contaminants being
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flushed out of the filter with the backwash water. Pressure gauges should be installed upstream and
downstream of the filters and backwashing should be done when the pressure drop across the filters
(approximately 5 psi) indicates that they are dirty. Automatic backwashing systems allow the media
filters to be cleaned on a desired time interval or when the pressure drop across the filter exceeds a
selected value.

Disposal of backwash water can be a problem when using sand media filters. The backwash flow
rate is nearly 200 gallons per minute (45 cubic meters per hour) for a typical 48-inch (1.2 meter) sand
media filter, so a substantial volume of backwash water is generated. Some microirrigation system
managers are even constrained to disposing of backwash water using reservoirs or tile drain systems.

Microirrigation System Flushing

Small sand, silt, and clay particles pass through the filters used in microirrigation systems. These
fine particles frequently settle in the pipelines and polyethylene lateral lines of microirrigation systems
and, unless they are flushed out, can lead to clogging of drip emitters or microsprinklers.

Appropriately sized flush-out valves should be located on the end of pipelines. These valves can be
opened and the particles which have settled in the pipelines flushed out. Following flushing of the
pipelines, the ends of the lateral lines should be opened, a few at a time, and allowed to flush clear. In
drip irrigation systems designed for row crops, the lateral lines may be manifolded together to allow
more convenient flushing. An alternative to manual flushing of lateral lines is to use self-flushing end
caps on the lateral lines. These end caps allow a short flush at the beginning and end of the irrigation
event.

CHEMICAL TREATMENT

Chemical treatment of water for microirrigation systems is required when the water may cause
chemical precipitate or biological clogging of the microirrigation drippers or microsprinklers. The
chemical treatment varies depending on the clogging source.

Biological Clogging

Biological clogging problems are most often associated with surface waters—waters that have been
stored in reservoirs or ponds, or transported in canals, rivers, etc. While it is often difficult to identify
the biological contaminant, algae and biological slimes are often major contributors to biological
clogging.

Groundwaters high in iron may also be a biological clogging hazard for microirrigation systems.
The dissolved iron in the water provides an energy source for the iron bacteria. The gelatinous slime
produced by the iron bacteria can clog emitters, often in conjunction with particulates (silt or clay
particles, chemical precipitates, or other contaminants) for which they can provide a “glue” to bind
particles together.

Levels of Concern

Certainly any waters that appear “green” prior to use are capable of causing biological clogging but
even surface waters which appear clean may be a clogging hazard. Since surface water quality can
change drastically across the season, often caused by rising temperatures and falling water levels, it is
often not worthwhile to attempt to quantify the biological clogging hazard. It is better to monitor the
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microirrigation system for any sign of biological clogging and if it appears, treat the water. Often there
is a history of biological clogging problems and the manager knows that treatment is required.

Treatment

Biological treatment methods involve using a biocide that Kills the biological contaminant. The two
most common biocides used with microirrigation systems are chlorine and copper. Historically,
chlorine products have been most frequently injected into microirrigation systems while copper products
have been used to control biological growth in ponds and reservoirs. This has changed somewhat with
the availability of new copper-based formulations developed for injection into microirrigation systems.

The following are recommended levels of chlorine for biological contaminant control.

Injection Method Chlorine concentration at the
end of the last lateral

Continuous injection 1-2 ppm
Periodic injection 10-20 ppm

Contact time between the water with chlorine and biological contaminant is important. Periodic
chlorine injections should be at least 4 hours and longer is better. Chlorine injections can continue up to
system shutdown, with the chlorinated water left sitting in the lines. This may have limited effect on
above-ground lines since they tend to drain out at the lowest point(s), but it may help clean up other pats
of the system.

Copper levels to provide effective biocide protection are also quite low, often copper levels less than
5 pm are effective. Follow manufacturer’s recommendation for formulations containing copper.

Chemical Precipitate Clogging

Most chemical precipitate clogging problems are associated with groundwater sources. Elements in
solution in the groundwater may precipitate above ground and if the precipitates may clog the
microirrigation system’s small emitter passageways.

There are many potential chemical precipitates which can cause clogging problems, but calcium
carbonate (line) and iron are two of the more common problems. Lime precipitation is the most
common and can occur when calcium and bicarbonate levels in the water are 2 meq/l or higher and the
water pH is 7.5 or higher.

The most common treatment for lime precipitation clogging is to lower water pH to 7.0 or below. A
pH in the range of 6 to 6.5 is effective in removing the calcium carbonate precipitate while not being of
risk to system components.

Iron precipitate clogging is not as common as lime precipitation but it is more difficult to deal with.
Iron precipitate clogging can occur when the iron levels are 0.2 ppm or higher although most problems
occur when iron levels are 1 ppm or higher. Water pH only needs to be 4.0 or higher fro iron
precipitation so this pH level includes nearly all waters.

Most people deal with iron precipitation problems by pumping the groundwater into a pond or
reservoir where the iron precipitates and settles out. Adequate time is needed for the small precipitates
to settle. This dictates an adequately sized pond.
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A relatively new way of dealing with iron and calcium carbonate precipitation problems is to
continually inject a product containing phosphonate or phosphonic acid. The phosphonate (or
phosphonic acid), injected at rates of 5 ppm or less, interfere with the precipitation. There are a number
of anti-clogging formulations on the market which contain phosphonate or phosphonic acid as their
active ingredient. Particularly for iron clogging problems, for which only aeration/precipitation and
settling is the solution, the phosphonate or phosphonic acid products may be very beneficial.
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Abstract

To determine their long-term impacts on productivity, profitability and soil properties, we evaluated
standard (ST) and conservation (CT) tillage systems for a cotton / tomato rotation with (CC) and without
(NO) winter cover crops in a Panoche clay loam (fine-loamy, mixed, superactive, Thermic Typic
Haplocambids) soil in Five Points, CA from 1999 - 2007. In this study, the number of tractor trips
across the field was reduced by about 50% for tomato and 40% for cotton in the CT systems relative to
the ST approaches. Following the establishment of the tillage and cover crop treatments, tomato yields
in the CTNO system were generally similar to or higher than yields in the STNO system. CT cotton
yields were lower than ST yields in the first four years of the study, but similar in subsequent years.
Rainfed cover crop biomass averaged about 3500 Ibs throughout the study. After eight years, soil
carbon was highest in the CTCC system and lowest in the STNO system. Mean Soil Conditioning Index
values were 0.43 for the CTNO and 0.52 for the CTCC, and -0.71 and -0.96 for the STNO and STCC
systems, respectively. Estimates of fuel use in the CT systems were 28% of those of the ST systems.

Introduction

Lack of familiarity with conservation tillage (CT) practices for row crops such as tomatoes and cotton
in California’s San Joaquin Valley (SJV) as well as uncertainties associated with managing risks when
major changes in tillage operations are implemented have resulted in very little acreage of these crops
currently being farmed using CT (Mitchell et al., 2009) In recent years, however, increased production
costs and interest in reducing labor needs in SJV crop production systems have provided incentives for
CT options, though adoption of these systems remains quite low (Conservation Tillage and Cropping
Systems Workgroup, 2009).

In 1999, we began research in Five Points, CA to evaluate conservation tillage tomato and cotton

systems with and without winter cover crops in terms of productivity, costs, and soil carbon. Following
the first four years of this study, no increases were seen in total soil carbon in the surface 0 — 30 cm of
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soil, however a redistribution of both carbon and nitrogen was seen from deeper soil into the top 5 cm of
soil under CT compared with traditional tillage (Veenstra et al., 2006). Similar to other long-term
studies with cover cropping (Horwath et al., 2002), a significant increase in soil carbon and nitrogen was
seen in the 0 — 30 cm layer (Veenstra et al., 2006). We report here aspects of how the tillage and cover
crop systems performed after eight years of the study.

Materials and Methods

A field comparison of conservation and standard tillage cotton and tomato rotations with and without
winter cover crops was established in the fall of 1999 at the University of California West Side Research
and Extension Center in Five Points, CA. The field was divided into two halves; a tomato
(Lycopersicon esculentum)-cotton (Gossypium hirsutum L.) rotation was used in one half, and a cotton-
tomato rotation was pursued in the other half to allow tomato and cotton plantings and experiments to
occur within each year. Management treatments of standard tillage without cover crop (STNO),
standard tillage with cover crop (STCC), conservation tillage without cover crop (CTNO), and
conservation tillage with cover crop (CTCC) were replicated four times in a randomized complete block
design on each half of the field. Treatment plots consisted of six beds, each measuring 9.1 x 82.3 m.
Six-bed buffer areas separated tillage treatments to enable the different tractor operations that were used
in each system. A cover crop mix of Juan triticale (Triticosecale Wittm.), Merced ryegrain (Secale
cereale L.) and common vetch (Vicia sativa) was planted at a rate of 89.2 kg ha™ (30% triticale, 30%
ryegrain and 40% vetch by weight) in late October in the standard and conservation tillage plus cover
crop plots and irrigated once in 1999. In each of the subsequent years, no irrigation was applied to the
cover crops, which were planted in advance of any early winter rains. The cover crops were chopped in
mid-March of the following years using a Buffalo Rolling Stalk Chopper (Fleischer, NE). Inthe STCC
system, the chopped cover crop was disked into the soil to a depth of about eight inches and 1.52 m-
wide beds were reformed prior to tomato transplanting. The chopped cover crop in the CTCC was
sprayed with a 2% solution of glyphosate after chopping and left on the surface as a mulch.

Conventional intercrop tillage practices that knock down and establish new beds following harvest were
used in the standard tillage (ST) systems (Table 1). The conservation tillage systems were managed
from the general principle of trying to reduce primary, intercrop tillage to the greatest extent possible.
Zone production practices that restrict tractor traffic to furrows were used in the CT systems, and
planting beds were not moved or destroyed in these systems during the entire four years.

Table 1. Comparison of standard tillage (ST) and conservation tillage (CT) system operations with and
without cover crops used in this study for tomato. (Each “X” indicates a separate instance of each
operation)

With cover crop Without cover crop

Operation ST CT ST CT
Shred cotton X X

Undercut Cotton X X

Disc XXXX XX

Chisel X X

Level (Triplane) X X

List beds XX X
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Incorporate/Shape beds X X

Clean Furrows X X
Shred Bed X X
Spray Herbicide: Treflan X X

Incorporate Treflan (Lilliston) X X

Spray Herbicide: Roundup X X
Spray Herbicide: Shadeout X X X X
Cultivate — Sled Cultivator XXX XXX

Cultivate — High Residue Cultivator XXX XXX
Plant Tomatoes X X X X
Fertilize XX XX XX XX
Plant Cover Crop X X

Mow Cover Crop X X

Harvest-Custom X X X X
Times Over Field 23 12 19 11

In the tomato-planted half of the field, plants of the variety ‘8892 were transplanted in the center of beds
at an in-row spacing of 30.5 cm during the first week of April in each year using a modified three-row
commercial transplanter fitted with a large (20 in.) coulter ahead of each transplanter shoe. Treatments
received the same fertilizer applications with dry fertilizer (11-52-0 NPK) applied preplant at 89.2 kg ha’
! Additional N (urea) was sidedress applied at 111.5 kg ha™ of N per acre in two lines about seven
inches from the transplants and about six inches deep about four weeks after transplanting. Weed
populations in both tomatoes and cotton were determined by counting weeds along 45.7 m in one bed
per plot in 2001 and in 2007 and 2008 (?).

The RoundUp Ready™ upland cotton (Gossypium hirsutum) variety, ‘Riata,” was used each year in all
cotton systems and was established using a John Deere (Moline, IL) 1730 No-till Planter. An
application of 124.9 kg ha™ of urea fertilizer per acre was made in each year in each system using a
fertilizer shank fitted with an 45.7 cm coulter to cut residues about ten inches to the side of plants and
about six inches deep. All tractor traffic was restricted to the furrows between planting beds in the CT
systems; no tillage was done in the CT plots following tomatoes and preceding the next cotton crop, and
only two tractor passes were conducted following cotton and preceding each subsequent tomato crop.
These operations included shredding and uprooting the cotton stalks in order to comply with
“plowdown” regulations for PBW control in the region and a furrow sweep operation to clean out
furrow bottoms to improve irrigation water movement down the furrows. Tomato yields were
determined in each year using field weighing gondola trailers following the commercial machine harvest
of each entire plot. Cotton lint yields were determined using whole plot seed cotton weights multiplied
by gin turnout percentages determined on samples sent through the UC Shafter Research and Education
Center research gin.

Soils were sampled in 1999 and 2007 to two depths (0 — 15 and 15 — 30 cm) in the fall after harvest. Six
to eight 7.6 cm diameter cores per depth were taken in each plot and composited before drying, sieving
and grinding. From these samples, total C was measured by combustion using a C analyzer (Carlo Erba,
Italy)> Bulk density was measured by the compliant cavity method for the two depths in 2007.
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A calendar of operations was maintained for each of the systems and the equipment used and materials
applied were recorded. The cost of each operation for each system was estimated using a model of a
hypothetical farm under each of the four systems. The time required for each operation, fuel, lube, and
repairs was generated using agricultural engineering equations. The input costs for seed, transplants,
fertilizer and pesticides was obtained from local input suppliers and entered into the model. The cost of
production and resource use for each of the systems were then compared. In particular, the model
summarizes the labor requirements for both tractor operators and irrigation labor as well as fuel use.
Finally, the yield data were used to calculate the expected gross returns using local market information.
From this, the economic feasibility of each system was estimated and the relative profitability
determined.

Input and operations data were also used to estimate soil loss using the Revised Universal Soil Loss
Equation (RUSLE) 2, to compute the soil condition index (SCI) and the soil tillage intensity index
(STIR), and to estimate fuel use of each tillage / cover crop management system. The SCI and STIR are
predictive soil management index tools that are required in several USDA Natural Resource
Conservation Service (NRCS) criteria of practice standards that are used in assessing applications for
Environmental Quality Incentives (EQIP) and Conservation Security (CSP) Programs of the Farm
Security and Rural Investment Act of 2002 (Zobeck et al., 2007).

Results and Discussion

Cover crop biomass

Amounts of cover crop biomass produced during the study varied widely and closely corresponded to
rainfall (Table 2). In 1999 — 2000, the cover crop was sprinkle-irrigated in order to establish the
experimental treatments, however, in each of the following years, cover crop establishment and growth
depended on winter rain. Cover crop biomass production over the 1999 — 2008 period averaged about
3,427 Ibs of dry matter per acre.

Table 2. Cover crop biomass in STCC and CTCC systems, 2000 — 2007

South 2000 2001 2002 2003 2004 2005 2006 2007
(Ibs/ac) (lbs/ac) (Ibs/ac) (lbs/ac) (Ibs/ac) (lbs/ac) (Ibs/ac) (lbs/ac)

STCC 8036 3604 1226 2281 1732 6661 1461 28
CTCC 8344 2798 1895 5063 1744 8327 1282 66
North

STCC 7850 4058 3121 2031 2449 5223 3320 10
CTCC 7889 3966 4236 3919 3192 5677 3169 58

Tomato and cotton productivity

When averaged over the 2001 — 2008 period when the tillage system comparisons had been established,
tomato yields were higher in the two systems without cover crops than in the CC systems, higher for the
CT systems compared to the ST systems, and comparable to typical yields in Fresno County during
these years. A significant cover crop X tillage system interaction that indicated higher yields in the
CTCC than in the STCC systems. There was no year X cover crop X tillage system; the STNO,
STCC< CTNO and CTCC effects on tomato yields were consistent year after year.
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Higher tomato yields in the NO systems relative to the CC systems may have resulted form greater
difficulties we experienced in transplanting tomatoes into the generally higher surface residue conditions
of the CC systems and also the possibility of soil nitrogen immobilization in the CC systems which were
predominantly composed of more triticale and rye relative to the legume, vetch. Cotton yields were
generally higher in the ST systems during the first four years of the study, but there were no significant
differences during later years.

Soil conditioning index

The SCI has been proposed by NRCS as a predictor of the consequences of management actions on soil
organic carbon, but has recently been shown to be more closely associated with a more labile form of
soil organic carbon known as particulate organic matter, or POM-C, as well as what have been termed
the residue equivalent value (REV) that drives organic matter accumulation in the soil. The NRCS
currently uses the SCI as one of its criteria for determining eligibility for Farm Bill conservation
programs such as EQIP and CSP (Zobeck et al., 2007) The computed SCI values in Table 3 seem to be
closely associated with the field operations that were used in the farm tillage and cover crop systems.
SCI values were negative for the two ST systems and positive for the CT systems.

Table 3. Tillage and cover crop system erosion estimates, soil condition index sub-factors, soil
tillage intensity rating and estimates of diesel fuel use.

Croppin Erosion Estimates*  Soil conditioning index STIR  Diesel  Fuel cost

g factors® (Averag fuel  for entire
System* e use simulation
Annual)
WEPS RUSLE OM FO ER SCI ($)
2
(Mgha™ (Mg ha’
1 1
) )
STNO 2.1 0.2 -0.19 -16 0.01 -0.71 261 32 128.6
1
STCC 1.0 0.07 020 -29 053 -0.96 390 40 160.6
CTNO 0 0.04 -011 0.70 0.98 0.43 30.6 9.3 36.8
CTCC 0 0.03 0.18 0.63 099 0.52 37.1 11 43.27

* STNO = Standard tillage no cover crop, STCC = Standard tillage with cover crop, CTNO =
Conservation tillage no cover cro CTCC = Conservation tillage with cover crop

1 WEPS = wind erosion; RUSLE2 -= revised universal soil loss equation

8 SCI = soil conditioning index value; OM = SCI organic matter sub-factor; FO = SCI field operations
subfactor; ER = SCI erosion subfactor; STIP = SCI soil tillage intensity rating
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Soil carbon
After 8 years, soil carbon in the 0 — 30 cm depth was highest in the CC systems followed by the CTNO
system and lowest in the STNO system (Table 4).

Table 4. Soil Carbon weights (t/ha) for tillage (ST=standard till; CT=conservation till) and cover crop
(NO=no cover crop; CC=winter cover crop) treatments across soil depths (0 to 15cm and 15 to 30cm).
Values in parentheses are standard error of the means (n=8; north and south field mean averages were
not significantly different therefore treatments combined for analysis). Letters represent significant

differences among treatments using a one-way ANOVA analysis with Tukey HSD means comparison.

Soil C

wt
Depth t/ha
(cm) STNO STCC CTNO CTCC
0-15 10.74 (0.26) 13.68 (0.43) 1451 (0.61) 15.95 (3.43)
15-30 1159 (0.43) 13.69 (0.73) 11.69 (0.45) 12.89 (0.54)
Total 2233 C 2737 B 26.20 B 28.84 A
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ABSTRACT :

The San Joaquin Experimental Range was established in 1934 as a prime example of annual
plant-oak woodland, typical of the Sierra foothill rangelands of California. Situated just east of
Fresno, it serves as a laboratory resource for the US Forest Service, UC Davis, and CSU Fresno
for livestock production, grazing management, wildlife habitat and water shed research. These
same institutions share in the management of the experimental range. The station ranges in
elevations from 1,000 to 2,500 feet above sea level. This project was part of the Range Ecology
and Management class (Spring 2009) where we conducted a field survey for pine bluegrass (Poa
secunda Thurb.) along a major riparian water shed. Pine bluegrass is a native perennial
bunchgrass, classified as “common” in abundance from a 1958 species survey conducted by
California Forest and Range Experiment Station staff. “Common” refers to a species appearing
on at least 1 sample quadrant compared to “Abundant” where the species appears on at least 75
percent of the sampled quadrants. The grazing history of the water shed has changed since1958,
has this change impacted the abundance of pine bluegrass? The objective of this project was to
create a new species data base and document pine bluegrass clusters on a GPS field map. This
information will serve as a new base-line reference for future surveys and provide an updated
abundance status of pine bluegrass for this specific water shed. Additional surveys will be
conducted every spring to expand the data base reference on abundance classifications for pine
bluegrass. Other species will be added to annual surveys to assist in developing management
strategies for these annual grassland grazing systems.
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ABSTRACT:

Silicon is the second widespread element on the Earth after oxygen. Besides inert forms of
silicon (quartz, glass et al.), biogeochemically active forms of Si present in nature: monosilicic
acid, polysilicic acid, and organosilicon compounds. Silicon plays a distinctive and significant
role in soil formation processes, affecting soil properties and plant nutrition. Beginning in 1840,
numerous laboratory, greenhouse, and field experiments have shown benefits of Si fertilization
for crop productivity. Si fertilizers and Si soil amendments promote restoration of degraded soils
as well as increased soil fertility. Silicon soil amendments provide reduction in Al toxicity in
acid soils more effectively than lime. Silicon improves plant P nutrition. Active Si has a positive
influence on soil microbial population. Plant adsorbs Si in the amounts higher than those of
nitrogen, potassium, and phosphorus. As evident from recent studies, the plant adsorption of Si is
realized with specific transport proteins. High concentrations of monosilicic acid (150 to 500
ppm of Si) and polysilicic acid (800 to 5000 ppm of Si) are tested in plant tissue. Numerous
studies conducted in different countries have been demonstrated that optimization of plant Si
nutrition protects cultivated plants against diseases, fungi and insects attacks without negative
effects on the environment. The main function of Si in plant seems to be a formation of the
natural plant defense system to be realized on several mechanisms. Silicon accumulated in
epidermal tissues forms “a shield” that protects and mechanically strengthens plant. Polysilicic
acid can provide reinforcing biosynthesis of anti-stress ferments and substances, which play an
important role in plant immune system. The application of Si fertilizers or/and Si soil
amendments benefits productivity and sustainability of agriculture.
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ABSTRACT:

Nitrate leaching in drip irrigated romaine lettuce was estimated for 5 nitrogen (N) fertilizer rates
(10, 75, 150, 225, and 300 Ibs N/A) using suction lysimeters (Irrometer Corp). One lysimeters
per plot was placed two feet deep in the soil in the plant seedline, and suction was maintained at
20 to 30 char. Levels of nitrate leaching were estimated from the concentration of nitrate in the
leachate and estimates of water movement in soil by measuring soil water content with a neutron
probe before and after each irrigation. Nitrate leaching ranged from 42 Ibs N/A for the lowest to
77 Ibs N/A for the highest fertilizer treatments. Between 18-32% of the N leached during the
season occurred with the water applied to germinate the crop. Although we found significant
differences in soil nitrate concentrations between treatments, significant differences in nitrate
leaching between treatments were not as obvious due to the high variability among replicates
within a treatments. These data suggest that more lysimeters per plot are needed to overcome
spatial variability. The combination of the shallow root system of lettuce and the irrigation
requirements to germinate and grow the crop creates significant potential for nitrate leaching.
However, with targeted applications of fertilizer based on soil testing and effective irrigation
management, nitrate leaching can be minimized.
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ABSTRACT:

The entomopathogenic nematode,Steinernema carpocapsae is applied commercially in pistachio
orchards to control overwintering navel orangeworm larvae (Amyelosis transitella. Lepidoptera:
Pyralidae). However, S. carposcapsae likely interact with more specieis than just their intended
target and may infect alternate hosts or provide food for native predators. This study quantifies
the nematodes’ effects on soil arthropod diversity in two 40 acre orchards in Madera Co.,
California.

Nematodes were applied by micro-sprinkler to 35 trees in a randomized block design in March
2008. Adjacent trees were designated as controls using temporary irrigation plugs. We
compared invertebrate abundances in soil samples and pitfall traps 2 days before and 1, 3, 5, and
10 weeks after application. We repeated the experiment in a separate pistachio orchard in March
2009.

We found significantly more isotomid collembolans and predatory mites under trees where
nematodes were applied one week previously. Collembolans and mites may opportunistically
eat the nematodes, decreasing their effectiveness as biological control agents. We also found
significantly fewer earwigs (Forficula auricularia) under treated trees, suggesting a possible non
target infection or behavioral repulsion.
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ABSTRACT:

A three year trial, initiated in 2006 on Pinot noir wine grapes in California’s central coast was
implemented to test the hypothesis that applications of seaweed extract (Acadian LSC, Acadian
Seaplants Limited) will increase set and improve cluster architecture. This vineyard has
historically had a problem with ‘shatter,” the loss of berries shortly after bloom. Because of soil
applications, a strip design was used, and the same vines received similar treatments each year.
Treated clusters reached a greater percentage of their final weight earlier in the season than the
control. More uniformity in ripening was also exhibited with seaweed treatment. In each year,
cluster length was increased 8-15% at veraison. Set was increased 9-22%. No significant
differences in pH, brix, or titraitable acidity were detected between treatments. Composite juice
samples indicate little to no differences in juice quality. These results indicate that Acadian LSC
is a viable option to help reduce shatter, increase rachis stretch, and overall yield, grape and
bunch uniformity, in Pinot noir wine grapes, while still producing quality juice.
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ABSTRACT:

Strawberry growers are often looking for sustainable products to enhance yields of their crop.
Two winter and one summer study conducted in the Oxnard area of California over a three year
period showed that applications of seaweed extract (Acadian LSC, Acadian Seaplants Limited)
enhanced yield and growth of strawberries. In 2007, nine weeks after planting, whole plant
weight increased 77%. Root length, surface area, volume, and number of tips were increased 27-
74% when measured with WinRhizo software in 2009. Overall yield was enhanced in all
studies, with more early flowers and fruit noted all three years. This yield increase may at least
in part be due to an increase in the numbers of crowns. All three years, the numbers of crowns
per plant were increased by 20% - 41%. These results indicate that seaweed extract is an
excellent option for enhancing growth and yield of strawberries.

135



POSTER SUBMISSION

Title of Paper: Efficacy of EarthRenew® OM Plus Fertilizer Formulation for Vegetable
Production: Phase 1- Pot Studies with Bell Peppers

Author(s): Natalio Mendez, Dave Goorahoo and Florence Cassel S.

Contact Name:  Natalio Mendez

Affiliation: Plant Science Department & Center for Irrigation Technology, California
State University, Fresno

Address: 2415 E San Ramon Ave. M/S AS72, Fresno, CA 93740

Phone: 559-455-3099

Fax: 559-278-7413

Email: natemend805@csufresno.edu

ABSTRACT:

This study was conducted as part of the on-going effort to optimize fertilizer use efficiency in
vegetable cropping systems typical of California. The overall goal of the research was to
investigate the efficacy of manure based EarthRenew® Fertilizer (ERF) on bell peppers grown in
a sandy loam and a salt affected clay soil. The ERF is a relatively new product derived from
fresh cattle manure that has the potential to work as both an eco-fertilizer and as a soil
conditioner. In this phase of the research we compared eight application protocols for ERF (T2,
T3, T4... T9), to that of the typical farmer’s practice (T1) with urea ammonium nitrate (UAN)
for bell peppers grown under greenhouse conditions. For each soil type, there were 27
completely randomized pots representing three replicates of the nine treatments. In addition to
pepper yield, plant heights, above ground biomass and soil samples were analyzed 90 days after
transplanting (DAT). In the sandy loam experiment, the fertilizer treatments had no significant
effect on yields, plant heights and biomass dry weights. In the saline clay soil, there was a
significant (P<0.05) difference in relative pepper yield, with the greatest effect due to the T9
protocol comprising of 120 Ibs N/ac of ERF incorporated into the soil prior to transplanting and
then 120 Ibs N/ac added as UAN-32 during the growing season. Plants treated with 240 lbs N/ac
applied UAN-32 in six applications throughout the season (T3) had significantly (P<0.05) more
vegetative growth. Soil pH in both soils, and EC levels in the clay soils, were not significantly
affected by the fertilizer applications. However, for the post harvest sandy loam soils, there was a
significant (P<0.05) difference in the EC levels with the highest EC (1.7dS/m) occurring in soils
fertilized with 240 Ibs N/ac as UAN- 32 (T3).
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ABSTRACT:

The entomopathogenic nematode species Steinernema carpocapsae shows great potential for
control of the naval orangeworm, Amylelois transitella, a common pest of pistachio. As with all
agents of biological control, characterization of S. carpocapsae’s host range is of utmost
importance. A recent ecological study conducted in Madera Co., Ca. indicates that releasing S.
carpocasae reduces the population of Forficula auricularia, the European earwig. Laboratory
inoculation confirmed that F. auricularia is indeed able to host the nematode.

Study of this host-parasite interaction illuminates what is actually occurring in nature. Itis
established that S. carpocapsae is a sit-and-wait forager and therefore responds to host cues in a
hierarchical manner, l.e. exposing S. carpocapsae to a host cuticle elicits a stronger response to
CO, than would be seen without cuticle exposure. Reproductive potential of the nematode
depends on host quality and is correlated with CO, response. In my study, | conduct an assay
which measures S. carpocapsae’s response to carbon dioxide after expose to F. auricularia’s
cuticle. I will correlate these results to the reproductive potential of S. carpocapsae in F.
auricularia.

The results of this study will enhance our understanding of EPN efficacy in control. If F.
auricularia is shown to be a suitable host for S. carpocapasae, we can expect that the earwig
would serve as a reservoir host, allowing the nematodes to persist in the field in the absence of
the pest A. transitella.
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ABSTRACT:

San Joaquin Valley (SJV) cotton is a full season crop that is planted early in the spring and
harvested in the late fall. Delays in planting can result in declining crop yield and quality, and
proper agronomic management practices can also play a significant role. A late maturing crop
can be subject to poor leaf defoliation and incomplete boll opening thereby affecting harvester
efficiency and proper module storage conditions. This paper evaluates the role contrasting
maturity class and irrigation management plays on late season crop maturity. A moderate
maturity Acala cotton is contrasted with a moderately-late maturity Pima cotton and a late-
maturity inter-specific hybrid variety. Each of these cotton types are compared in 4 irrigation
main plots that include a UC Cooperative Extension irrigation guideline treatment, a low stress
treatment and two deficit irrigation treatments. The results presented demonstrate the
importance of good irrigation scheduling and variety influence in facilitating defoliation during
optimum periods in the early fall as well as minimizing the potential for harvest, module storage
and lint quality problems.
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ABSTRACT:

Smart Water Application Technologies™ (SWAT ™) was initiated by water purveyors to
promote residential irrigation water use efficiency through the use of state of the art irrigation
technologies such as “smart” controllers and soil moisture sensors. With the use of “smart”
controllers and soil moisture sensors, excess water can be saved by canceling water cycles
scheduled for times when the soil is already saturated. A primary phase in this process is to
evaluate the reliability, effectiveness and accuracy of various soil moisture sensors when
exposed to different salinity levels and soil temperatures.

One set of sensors being evaluated operates on the principle of Time Domain Transmissometry
(TDT). In this technique an electro-magnetic (EM) step pulse travels down a transmission line
and a voltage threshold is detected at the other end of the transmission line. The transmission of
the EM signal is directly related to the moisture content of the soil medium, and is therefore
influenced by the salinity and temperature levels. Hence, in the current study, we focus on the
effects of salinity on TDT soil moisture sensor readings. A series of tests were conducted under
laboratory conditions in accordance with the standardized protocol established by the Irrigation
Association.

Data generated for TDT sensors installed in a sandy loam maintained at 25°C, at various salinity
treatments (0, 1.5dS/m, 2.5dS/m and 3dS/m) indicate a high correlation (R? values ranging from
0.95 to 0.99) between the volumetric moisture content measured by the sensor and our calculated
values for the various salinity treatments. For the medium textured soil, we are currently
repeating the tests for the above mentioned salinity treatments at temperatures of 30°C and 35°C.
In future work, we will also evaluate the performance of the sensors when installed in relatively
more coarse (sandy) and finer (clay) textured soils.
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ABSTRACT:

Cut flower growers in California have come to rely on methyl bromide as a broad spectrum
fumigant that effectively controls soil-borne pathogens, weeds, and nematodes. Its short residual
activity allows growers to maintain nearly constant production without risk of harming the crop.
Although methyl bromide has been classified as an ozone depleting substance and is being
phased out, cut flower growers have been granted a critical use exemption for the continued use
due to the lack of economical and effective alternatives. However, fewer exemptions are granted
each year and growers need to find alternative for pest management. A potential non-chemical
alternative is steam. Steam has been used to sterilize potting media for over 100 years, but its
efficacy on a field scale for California cut flowers has not been evaluated. In a 2009 commercial
greenhouse trial, pathogen populations and oriental lily height and yield were compared among
two steam application methods, hot-gas methyl bromide, and an untreated control. Steam
treatments were applied using four rows of drain tile buried 12 inches apart and 12 inches deep
or using lay-flat hose with 10 inches spikes spaced 10 inches apart pressed into the surface of the
bed. Soil in the steam plots was heated to 70°C to a depth of 12 inches for at least 30 min.

Plants were significantly taller in beds treated with steam or methyl bromide compared to the
untreated control. However, differences in yield were not detected among treatments, possibly
due to low and variable pathogen populations. Additional research is ongoing to determine if
steam disinfestation can be an effective and economical alternative to methyl bromide for the
California cut flower industry.
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ABSTRACT:

California is a leading producer of vegetables in the United States with an estimated value of
$7.85 billion in 2007. Most of this production relies on the greenhouse transplant industry for
seedling germination. Currently this industry relies on the use of propagation media composed
primarily of various formulations of sphagnum peat, vermiculite and perlite. Among these three,
peat is found in the highest percentage, often as high as 75%, primarily due to its desirable traits
(e.g. high water holding capacity, good CEC etc.). Unfortunately use of such a high percentage
is not without some cost, both ecologically since peat is a considered a non-renewable resource
and its harvest significantly alters natural ecosystems, and economically with peat acquisition
consuming a significant portion of the transplant industry’s annual propagation expenses. With
this in mind, there is a considerable effort to identify regionally produced peat alternatives. Two
such alternatives, found in large quantities in California’s Central Valley, are composted green
waste and composted dairy manure. Disposal of either has become increasingly difficult due to
increased restrictions on burning and/or landfill contributions and the high nitrogen content of
animal manures. The objective of this study is two-fold: provide an economical and ecologically
feasible 1) peat alternative for the vegetable transplant industry, and 2) waste disposal outlet for
municipalities (green waste) and dairies (manure). For this study, germination rate/percentage,
days to “first true leaf”, market readiness, and final shoot/root length of Broccoli (Brassica sp.)
and Tomato (Solanum sp.) seedlings, were compared in seeds germinated in commercially
available peat/perlite, composted green waste or dairy manure blends. Data from two trials at
industry standard 45 day shipping dates will be presented.

141



POSTER SUBMISSION:

Title of Paper:  The Entomopathogenic nematode (Steinernema carpocapsae) and its
effects on European Earwigs (Forficula auricularia)

Author(s): Lily N. Wu, Amanda Hodson, Edwin Lewis

Contact Name:  Lily N. Wu

Affilitation: Department of Nematology, University of California, Davis
Address: One Shields Avenue, Davis, CA 95616

Telephone: (415) 710-9920

Email: ayesanda@sbcglobal.net

ABSTRACT:

The entomopathogenic nematode Steinernema carpocapsae is a lethal parasite of insects that is
applied to central valley pistachio orchards to control overwintering navel orangeworm larvae
(Amyelosis transitella). After nematode application, fewer European earwigs (Forficula
auricularia) were found under treated trees, suggesting possible non-target effects. F.
auricularia, an omnivorous pest, forages on the soil surface and shares that habitat with S.
carpocapsae. We hypothesize that F. auricularia is a possible host for S. carpocapsae, but that
it should have evolutionary adaptations to avoid or survive infection by nematodes.

We observed that some F. auricularia survive exposure to S. carpocapsae. When approximately
600 infective juvenile nematodes were applied to an adult F. auricularia in a 55mmx15mm Petri
plate for 5 minutes, defensive grooming behaviors significantly increased in frequency. We
observed that forceps scratching was performed by S. carpocapsae while controls did not scratch
their forceps. To extend our studies, F. auricularia were exposed to S. carpocapsae for
treatments 5 minutes, 1, 2, 4, 6, and 24 hours. We found that as weight increases, F. auricularia
susceptibility to infection increases. At the same time, as exposure time increases, F.
auricularia mortality increases. This experiment continues.
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ABSTRACT:

Many growers in the San Joaquin Valley (SJV) of California are turning to high value crops and
alternative irrigation systems to increase their revenues. Particularly, growers who had
traditionally produced cotton in saline-sodic soils of the Westside SJV, are transitioning to
vegetable crops, mainly processing tomatoes using sub-surface drip irrigation. However,
vegetable production in saline environments presents new challenges due to the salt sensitivity of
these crops. In saline-sodic soils, high sodium content and low calcium (Ca) availability is a
major problem for tomato production. Therefore, the objective of this study was to compare
different soil reclamation techniques, i.e., Ca fertigation and irrigation water acidification, in an
effort to decrease soil pH and increase Ca availability, thereby improving Ca uptake by plants.
The project was conducted at the Azcal Farms in Lemoore, CA in a tomato field which exhibited
high saline-sodic properties. Four treatments were tested in the study with the applications of
calcium-based fertilizers and acid through the sub-surface drip system. These treatments
included: 1) Ca Thiosulfate, 2) Ca Ammonium Nitrate, 3) Sulfuric acid, and 4) control as Urea
Ammonium Nitrate (UAN). The three first treatments were applied in conjunction with UAN.
All four treatments were completely randomized and replicated four times. Results of the first
year study conducted in 2009 indicated that the marketable tomato yield of the Ca Thiosulfate
treatment (73 tons/ac) was significantly higher (P < 0.05) than that observed for the other
treatments. However, no significant difference was observed in the occurrence of blossom-end
rot between treatments. These results will be compared to calcium concentrations obtained from
soil and tissue analyses, as well as to fruit quality parameters (color, brix).
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ABSTRACT:

Among the essential plant nutrients, nitrogen (N) is unique because of its potential to increase
crops Yyields and to be lost to the environment. Advances in N fertilizer technology have
produced slow release nitrogen fertilizers (SRNFs) aimed at supplying N at different growth
stages, thereby maximizing the N uptake and minimizing losses due to leaching, volatilization
and denitrification. In this first phase of a study to investigate the nitrogen use efficiency (NUE)
of SRNF applied to vegetables, we evaluated the effect of two SRNF formulations, applied at
relatively high rates, on tomato yield and the potential for nitrate leaching. During the summer
of 2009, two experiments comprising of a split-plot design with four replicates, were conducted
on sandy loam soils at the Center of Irrigation Technology (CIT), Fresno. In each experiment a
SRNF formulation was compared to the conventional UAN fertilizer (main factor), applied at
rates of 150, 225, and 300 Ibs N/ac (subplot treatment). Soil and plant tissue samples collected at
different growth stages are currently being analyzed to estimate the amount of nitrate available
for leaching and N uptake by the crop, respectively. Yield data analyzed to date show that there
was no significant difference between tomatoes treated with UAN-32 and the SRNF. The one
time application of the SRNF represents a potential saving in energy, fuel and labor requirement
in comparison to the multiple UAN fertilizer applications traditionally used in growing tomatoes.
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California Chapter — American Society of Agronomy
2010 Plant and Soil Conference Evaluation

Chapter web site: http://calasa.ucdavis.edu.

Please complete and return this form to the registration desk or drop it in the provided boxes.
Thank you for your assistance in completing this survey. Your responses will help us improve
future Chapter activities.

1. Conference Evaluation

Agree Disagree
Conference fulfilled my expectations 1 2 3 4 5
Conference provided useful information 1 2 3 4 5
Conference provided good contacts 1 2 3 4 5

2. What session topics do you recommend for future conferences?

3. Please suggest Chapter members who would be an asset to the Chapter as Board members.

4. Who would you suggest the Chapter honor in future years? The person should be nearing the
end of their career. Please provide their name, a brief statement regarding their contribution to
California agriculture, and the name of a person who could tell us more about your proposed
honoree.

5 Please rank your preference for the location of next year’s conference. (Use 1 for first choice, 2
for second, etc.)

Fresno Visalia Modesto Sacramento Bakersfield

Other (please provide)

6. Would having the speakers’ Powerpoint presentations, available on the CA ASA website after
the Conference, be an acceptable alternative to the written Proceedings?
Yes No

7. Additional comments:

151



, American Society of Agronomy
California Chapter

Appendices

Late Arriving Abstracts




The Use of Organic Based Materials in Fertility Programs

Tom Gerecke
Actagro, P.O. Box 309, Biola, CA 93606 Phone (559) 843-2700 Fax (559) 843-2845

Originally, I was asked to speak on: managing microbes in crop production. When | balked, 1
was given today’s title: What to Expect from “The use of organic (humic) based materials in
fertility programs”

The first step today is to be sure we are on the same page. Although all humic materials are
organic, not all organic materials are, or even contain humic substances. All forms of carbon
added to the soil are not equivalent. Humic acid is a very complex, heterogeneous material that is
very stable in the soil due to its unique, refractory nature. The persistence and effectiveness of
humates in soil far exceeds that of composts and manures on a pound-for-pound basis. The task
of studying humic substances is great enough, due to the enormous complexity of these
materials, studying organic amendments which are still breaking down is worse. Humates do not
comprise a single, pure substance; humates consist of an extraordinarily complex mixture of
organic molecules that originate from the decomposition and humification of plant and animal
matter (including microorganisms). Humification refers to the process whereby the plant and
animal residues undergo major structural modification and essentially lose the primary character
of the biological materials from which they originated. Although compost and manures have
organic matter that may benefit crop production upon decomposition, the organic matter is not
present in the form of humic acid. Composts and manures break down rapidly in the soil, with
almost all of the added carbon being lost in a relatively short period. The humification process
typically requires a minimum period of 20 to 30 years. The resulting humic materials are
generally highly resistant to rapid microbial breakdown and thus persist for prolonged periods in
the soil. Only after complete breakdown is the small amount of organic material remaining from
the application of manure or compost sufficiently decomposed to be considered a humic
substance or stable humus. If the land is tilled regularly, complete loss of compost-based and
manure-based carbon will occur long before the organic matter has had a chance to undergo
humification. It is precisely this which excludes manures, compost and compost tea from today’s
discussion. Although they are organic and vastly changed from their original form, they truly
haven’t finished the breakdown process and become a humic material regardless of any
benefit(s) we could observe in the field.

Leading Humic Substances expert, Dr. Patrick Mac MacCarthy from the Colorado School of
Mines writes the following about what is and isn’t a humic substance: “Regular substances such
as ammonium nitrate, proteins, carbohydrates etc. are each composed of a single, unique
molecule and can thus be described in terms of specific chemical formulas and structures.
Specific methods of analysis can be developed for each of these discrete materials. In contrast,
humates cannot be represented by a unique chemical formula or composition and instead must be
defined in the only way practical, that is, operationally. Humates are defined operationally in
terms of the source from which they were obtained and in terms of their extraction behavior and
solubility characteristics. The operational approach to defining humates is universally accepted
because there is no reasonable alternative --- there is no method of chemical analysis that is
uniquely specific to humic acid or humates in general.”



By definition, humates must originate from a peat, brown coal, leonardite, sediment, soil, or
similar environment. So our first step in analyzing for Humic Acid content is to:

1. ESTABLISH THAT THE ORIGINATING SOURCE CONSTITUTES A SCIENTIFICALLY
ACCEPTABLE ENVIRONMENT/SUBSTRATE FOR THE FORMATION AND
ACCUMULATION OF HUMATES. Scientifically recognized environments/substrates for the
formation and accumulation of humates include a geologic deposit (such as leonardite or a brown
coal) or a peat, soil or sediment where the organic matter has undergone extensive humification.
Then:

2. THE HUMATE-CONTAINING MATERIAL IS THEN SUBJECTED TO AN
EXTRACTION PROCEDURE INVOLVING A STRONG BASE FOLLOWED BY
TREATMENT WITH A STRONG ACID. This procedure results in the isolation of three humate
fractions: humic acid, fulvic acid and humin.

Step 3 may then be used to determine the amount of each humate fraction obtained.
3. THE ISOLATED FRACTION FROM STEP 2 IS DRIED AND WEIGHED.

STEP 1 above insures that the source material is a genuine humate-bearing substance and
eliminates materials such as composts, manures, lignosulfonates, etc. from being erroneously
included as humate or humate-containing material. To show the potential errors achievable here,
we sent a number of common organic materials to a large California laboratory for humic acid
analysis:
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In the cases of coffee, compost, Skoal and manure the results do NOT designate humic acid
content since there is no humic acid in those materials. Properly interpreted, the results of those
analyses represent the amount of to “base-extractable, acid-precipitatable” material in the
sample, not humic acid. An even more accurate description of this material may be “base-
extractable, acid-precipitatable recent organic matter”. Attributing the results of such an analysis
to humic acid is a serious error.

STEP 2 isolates the humate, if any, from the source material or sample. STEP 3 measures the
amount of the humate fraction.

Research on humic materials has gone on for years, since Dr. Leonard first applied “soft coal” to
soils in 1955. He found that rates of at least 300 Ibs/acre were necessary for crop growth
responses. As the applied material did not visibly change much, many, various attempts have
been made to extract the plant active components from leonardite; our Company holds patents on
6 of these. The State of California recognizes our patented processes do not result in just
traditional humic acid and has granted us an “Organic Acids derived from Leonardite” label.

Most all of my comments today will be based upon the use of leonardite extracts. The common
methods of extraction have been worked out to make the liquid materials much more efficacious
than the ore. Common extraction methods with a strong base get both fulvic and humic acids out
of the leonardite at concentrations that are reasonably economical to use. Some manufacturers,
like Actagro, utilize additional extraction procedures which yield products with further efficacy.
Use of crushed, screened leonardite ore will only yield a minute quantity of water soluble humic
materials per Ib. It is reported that Dr. Leonard’s use rates were 300-2000 Ibs/acre in order to see
growth responses. The bulk of the beneficial material in leonardite ore remains locked inside
without aggressive chemical extraction.

Humic substances are complex aromatic macromolecules with amino acids, amino sugars and
peptides, aliphatic compounds involved in aromatic group linkages, free and bound OH groups,
quinone structures, N and O as bridge units and COOH groups variously located on the ring
structures. Humic substances have high CEC and in some cases may display significant anion
exchange ability as well. Their ability to interact with, attract and hold ions contributes to all of
the benefits below.

International research has established the following as the minimum benefits of soil applied
humic acid:
1. moisture retention

reservoir for micronutrients (CEC)
soil pH buffer

nutrient transport

maintaining soil structure

redox character of soil

auxin-type effect

source of N, P, S

necessary for global plant life
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Okay, so why hasn’t everyone who tries humic substances seen these responses above and more?
Some reasons are:

e The materials are extraordinarily complex and difficult to characterize.

e Studies have been done worldwide on any number of various extracts from various
substances at various rates by researchers who do and do not understand them. The
confusion over what true humic substances are, and how the various materials are used in
experiments doesn’t generate needed focus.

e We are still learning a lot about the complex chemistry of humic substances and the
material and rates must be fit to the crop need. As an example; although pharmaceutical
companies have more knowledge of their simpler chemicals than we do of humics, they
spend millions on research for 1 drug because they are trying to elicit a specific response
in one of 2 interacting systems (human and disease). The soil is at least as complex a
system and we are trying to elicit a specific response in one of many interacting systems.

e We often don’t use humic substances at the right rate, often enough or at the correct time.
Often our best responses are to more concentrated applications.

e Trials are conducted on poorly chosen or excessively variable sites, fields with limiting
nutrients and fields with low to moderate yields aren’t usually best for measuring
response. For example, if a test crop of drip tomatoes can only garner a 44 ton/acre yield
in a very good yield year; there are some other things going on that may not allow
treatment differences to be seen.

I would like to emphasize 4 areas with the most obvious value to growers:
1. Soil structure and salinity

2. Soil microbial stimulation
3. Nutrient availability
4. Plant Stimulation

Data on the benefits of stable soil humus for soil structure improvement or maintenance has been
around for decades. It is not a stretch to think that a solution of reactive organic complexes of
varying molecular size applied to the soil could aid soil structure. There is a strong tendency of
humics to act as sort of a filamentous coating of soil components. The affinity of humic
materials for calcium and for soil particles allows for aggregation of soil particles through a
bridging action. Field experience shows that growers can get more out of gypsum use for water
infiltration when a proper program of humic substances is used. This requires application more
than once per year for best efficiency. Aggregated soil has many benefits, including improved
pore space. Research in the Pacific Northwest has proven that repeated application of adequate
rates of liquid humate materials increases the soil water holding capacity in the lighter soils
utilized for potato culture. Clemson University studies on soil water permeability in potted soils
also showed a significant improvement in water holding capacity in sandy loam with humate
treatment.

Obviously soil structural improvements can aid water retention, but they may additionally
influence percolation and drainage, but this is not the only way that humic substances can help



with salinity problems. With their affinity for cations, each humic molecule can adsorb sodium,
magnesium and other ions. The adsorption of such ions creates Na, Mg-humate bonds etc. This
bonding doesn’t allow these ions to readily dissociate as simple dissolution does, so the apparent
salinity at the plant root level is reduced. Indeed, the “salt Index” of a 0.1N Na-humate is very
low, 0.36 versus 0.1N NaCl at 153.8. Humic materials, organic acids from leonardite, even
simple organic acids act as buffers for salts, their ability to do this obviously depends upon their
CEC, and concentration. In an extensive test overseas, peppers were germinated and grown in
NaCl amended soil. Where humic acid was added to the soil (1000 and 2000 ppm), almost all of
the seedling growth parameters and plant nutrient contents were positively affected by HA
application. Further research by the same group shows cucumbers grown in saline soil had
decreased fruit yields, but that humic acids at 1000 or 2000 ppm partly overcame the depressive
effects of NaCl salinity. In controlled salt tolerance experiments with peach and apricot
seedlings budded onto different rootstocks, soil application of a commercial, liquid humic acid
every 2 weeks markedly reduced the harmful effects of salinity on the plants compared to the
untreated.

As with soil structure and salinity, specific, modern research on soil microbial stimulation is
sporadic as much research has gone beyond the applied, to the basic. Humic acid, as a refractory
mixture, isn’t readily decomposed by microbes but since it is so carbon rich, it is an energy
source for many microorganisms. Presumably, the soil bacteria, fungi and actinomycetes
degrade the functional groups first as the chemical bonds there are more readily attack.
Arbuscular micorrhizal fungi seem particularly enhanced by application of humic substances.
Humic substances are significant electron donors for microbial respiration under anaerobic
conditions. Not all testing methods generate positive outcomes, as | have seen recently with our
humic acid. The soil microbial carbon dioxide evolution test wasn’t sensitive enough to pick up
humic acid treatment effects after 7 days, but a phospholipid fatty acid assay was. Even these
positive results are incomplete, since there was no data past 7days we don’t know the full
impacts of the treatments. One could suppose that recent organic matter additions with relatively
simple carbon compounds would create a faster test response of this sort than the humic acid
would. Therefore, maybe this stimulation in microbe communities seen below would have been
even greater with a 2 or 3 week evaluation date.

Humic Acid Effects on Microbial Growth in Soil - 7 daa
Phospholipid Fatty Acids (nmol/g dry soil)
Treatment: Total Fungi  Bacteria Actinomycetes
Actagro 10% Humic Acid 2#ai | 26.1ab 5.7ab 13.5ab 1.44ab
Actagro 10% Humic Acid 2# ai | 30.2 a 6.6 a 16.0a 1.61 ab
+ 20 Ibs P from 10-34-0
20 |bs P alone 22.0b 4.4b 116 b 1.28 bc
No humic, no P 149 c 26¢c 80c 1.09 c

Nutrient availability is generally enhanced by humic substances. Soil nitrogen mineralization is
generally encouraged by humic materials. All 3 common nitrogen fertilizer forms interact
positively with humates. Urease is one of many soil enzymes that can be both inhibited and



stabilized by humic substances. Nitrification of ammonium to nitrate is subject to alteration by
humates. Leaching of nitrate can be directly slowed by humic materials. All of these reactions
are complex, affected by pH, concentration of humic acid, substrate and heavy metals, etc. so |
cannot make any specific use recommendations for all situations. | can say that in my
experience, nitrogen/humic fertilizer combinations can be economically beneficial.

Everyone here should know that phosphorus fertilizers applied to soils are notoriously
inefficient. Humic acids act to improve phosphorus availability in a number of ways. These
materials can degrade low solubility phosphorus compounds in the soil, under both acidic and
calcareous conditions. This adds a low background level of P to soil solutions where used.
Second, humic substances bind aluminum, iron and calcium which form insoluble precipitates in
soils of certain pH values. This is a means of keeping soluble P in a soluble form. Third,
addition of humic acid to phosphorus fertilizers may see a number of organic acid functional
group-phosphorus bonds. These complexes may increase fertilizer P efficiencies 20-70%.
Certainly there is a minimum amount of humate necessary to see results and up to a point more is
better and more bonding between organics and P is best. A combination of all the mechanisms
may be at work simultaneously, so higher amounts of humates should have greater efficacy.
This is what I have observed in the field as well. It is likely that some of the traditional research
showing no phosphorus response in a certain crop (like trees and vines) would come out
differently if redone today with a high efficiency phosphorus fertilizer.

Potassium interacts positively with humic acids, though it gets little press. A number of
excellent studies show significant benefit from applied soil humic acid and potassium
availability. One study showed dilute humic acid solutions added to soil clays released fixed
potassium, though not more than NH4-OAc. In another study, addition of soil humic acid
decreased K fixation in a vermiculitic soil, like the high fixation soils we have from the Sierra
Nevada. Activity against these 2 components of K inefficiency can join to make humic material
additions to K fertilizers a winning combination. In a recent trial of ours, the addition of our
leonardite derived organic acids in our reacted phosphorus product, to a vineyard for 3 seasons
increased exchangeable soil potassium by about 40 ppm (about 30 %) over ammonium
phosphate or nitrogen alone. The only K applied was barely enough annually to meet crop
removal.

Humic acids react with metal micronutrients; Zn, Mn, Fe, Cu to form complexes and chelates
with the metals. The bonds formed between them generally are not as strong as with our
industry standard synthetic chelates, and there isn’t likely to be the 6 fold coordination with the
metal, due to molecular size, but this isn’t always a bad thing. There are cases where the strong
affinity of a chelate for a metal may make it less available for plant uptake in the soil, than a
metal-humic complex, since it doesn’t readily release the nutrient. Preference of a chelating
agent for one metal over another at certain pH values makes their efficiency in alkaline soils a
concern, if a chelated zinc in a calcareous soil releases zinc in favor of calcium, the zinc will
precipitate as a metal hydroxide and you may not get all you expect out of the fertilizer. A
concern has risen among some that the synthetic chelates may be microbially degraded more
rapidly than the humate and leave the metal unprotected much sooner. My own experience with
some extreme mobility with EDTA chelated zinc is another concern on a field basis. | observed
EDTA Zn fertigated on a calcareous clay loam soil moved down to 9” with just 2 hours of drip



irrigation. On sandy loams and the like, this could be a significant loss. Polyvalent metal-humic
chelates will be less mobile. Further, humics can act as an electron shuttle for iron reduction in
soils. Humics added under anoxic conditions increased soluble iron (Fe™) relative to the control.
This creates a greater chance for plant iron uptake.

Plant growth stimulation from humic materials may be the most discussed aspect of humic
performance of them all. Outrageous claims have been made, but great responses have also been
seen. Originally, auxins were said to be in humic substances, but as our science has improved
we no longer believe that is so. There are some auxin like responses seen, but we cannot
specifically locate it in the extracts. Auxin precursors, auxin mimics, auxin production
stimulators etc. may be present; many possibilities exist with such complex chemistry interacting
with soils, microbes and plants. Increases in plant respiration rates with humate applications
have been documented by very credible researchers. Another research group found such specific
increases in iron especially and zinc in their studies, that they conclude growth responses from
humic substances are simply nutritional. Since recent research has identified polyamines as a
flowering stimulant, their presence in humic substances is yet another mechanism for crop
response. Low concentrations of humic substances have shown a consistent ability to stimulate
seed germination. Presumably this is from influence on respiration rate, but additional or more
specific mechanisms are always under study. Some concern must be expressed regarding
delivery of the right concentration of an effective material to the seed for imbibition. A variety
of applications are attempted, many may prove ineffective. | have now seen enough crop
response to humic substances in higher organic matter soils, that I no longer believe that the
dogma of “no response to humic substances in higher organic matter soils”. Here are some trial
results from the mid west with 3.7% OM. It clearly shows that early P plus extra humic
substances were necessary for the stand increases seen. In high organic soils in the Northwest,
we found we simply needed to add a higher rate than normal to see results.

If adequate rates of materials are used in the right location and timing with a strong fertility
program, you should be able to see (measure) at least a root growth response from humics.

Some humic derived products which are processed past the minimum extraction for simple
humic and fulvic acids are available in the market place which are more plant active than the
common materials. The pure scientist sees a trial like this one and says you have fertilizer in that
spray, So you cannot say that the response is purely to humic substances. Okay, that is valid, but
field experience tells you that 2 sprays of 2 qts of 4-16-4 foliar will not give you a yield increase
like this. In fact, our reaction of the N P K materials with the humic substances probably alters
the conformation of the organics and contributes to the efficacy.

I have mentioned many things today; some will disagree with part or all of it. I learned long ago
that you cannot deny someone’s experience, even though you may not have a scientific
explanation for all of it. With the complexities of the soil-plant eco-system and humic
chemistry, researchers all over the world are spending years to increase understanding of
seemingly small components. | cannot stand here and make promises of profitable crop
responses all the time, regardless of material, rate etc. Things that sound too good to be true
probably are. All of us will have trouble seeing an improvement under 10-15% visually. Tissue
analyses are not often the best response measurement tool. | have now spent six years of field
research with our materials which are humates, and | can almost always measure positive



responses in trials. Not every treatment is a winner every time, but our ongoing research
program helps us identify products, rates and timings which produce profitable responses for the
grower.





