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1. EXECUTIVE SUMMARY

L1. INTRODUCTION

During the operation of the Palo Verde Nuclear Generating Station eooling towers,
saline water in the form of droplets (drift) will be emitted in the cooling tower air
stream(plume) and transported downwind. The water in the drift is expected to evaporate
qQuickly in the arid Arizona climate resulting in the deposition of dry particles (the solids
dissolved in the water droplets prior to evaporation) on plants in surrounding areas. The
salinity of the drift ean be characterized generally as one-third that of sea water and the
particles deposited are predominantly composed of Na* and C17, approximately 31,7% and
30.7 % respectively, The quantity of drift that will be emitted and the distribution of the
depositions in the area surrounding Palo Verde are not within the seope of this study,

The effects of sea spray and cooling tower saline drift on plants in coastal areas
have been the subject of research in recent years, These studies have shown that
sensitivity of vegetation to saline drift is a funetion of plant species, the levels of C1” and
Na' in the droplets, duration of exposure, and the ambient relative humidity, In contrast,
little research has focused on this problem in noneoastal arid environments,

The primary objective of this research was to evaluate the effects of foliar salt
drift deposition on the productivity of selected crop species, Correlative to this primary

objective, the program ineluded observations of phenologieal and physiologieal responses,
the oecurence of foliar injury, and tissue analyses to determine the accumulation of salts.

A simulated saline drift similar in composition to the drift predicted to be emitted
from the cooling towers at the Palo Verde Nuclear Generaling Station was applied to
erops grown under field or greenhouse conditions. These crops were: cotton (greenhouse
and field) alfalfa (greenhouse and field); barley (greenhouse only); and eantaloupe (field
only), The simulated saline drift was applied to the erops at nominal rates®: control with
no spray treatment (field only); 0 (control sprayed with distilled water); 10 I1bs/a-yr; 100
I1bs/n-yr; 500 Ibs/a-yr; and 1,000 Ibs/a«yr (not applied in the field to eotton or eantaloupe),
The effective deposition rates (based on the total disolved solids in anhydrous form) were
approximately 74% of the nominal rates, or 7.4 Ibs,, 74 Ibs,, 370 Ibs, and 740 Ibw/awr,

respectively.
* For conversion to equivalent metric units, 1 Ib/a«yr = 1,12 kg/hayr



1.2. RESULTS

Although the same rates of simulated saline drift deposition were used in the
greenhouse and field, as noted above, it should be emphasized that beeause of the
differences between the two environments direet comparisons of data eannot be made.

In alfalfn, barley, and cantaloupe, there was no evidence of any impact on vield
from foliar deposition of the simulated drift applied at effective rates of 370 Ibs/n.yr or
less. With respect to field-grown alfalfa there was some evidence (not conclusive) that
measurable effects on vield were obtained at a deposition rate of 740 Ihs/a.yr,

In the case of cotton, the yield results were more complex. Comparisons among
treatments in the greenhouse showed that yvields (lint and seed) from cotton plants treated
at rates of 7.4, 74, 370 Ibs/n-yr, respectively, were all greater than vields from eontrol
plants treated with distilled water, At final greenhouse harvest, the controls had about
five times more green bolls on a weight basis than the 370 Ibs/a-yr treated plants,

With respect to field-grown machine-harvested cotton, the 7.4 1bs/a-yr treatment
yleld was greater when compared to the no treatment (unsprayed) eontrol vield, hut less
than the distilled water (sprayed) control treated plants; however, the differential in
yields was not statistieally signifieant (Table 1), Among the machine-harvested plants a
nonsignifieant inerease in yield from the 7.4 Ibe/a-vr treated plants was observed when
ecompared to both no treatment control plants and the 74 I1bs/n-yr treated plants (Table 1),
Yields from the no treatment plants and the 74 Ibs/a-yr treated plants were basically the
same, There was a nonsignificant decrease in yield in the 7.4 Ibs/a‘yr treated plants as
compared to the sprayed control. There were no statistionl vield differences in the
machine-harvested plots, although there was a trend in the spraved plots toward reduced
yields with increasing treatment levels (Table 1),

In the field, some cotton plants were also harvested by hand as the bolls matured,
As in the machine-harvested plots the highest yields were obtained from the eontrol
plants treated with distilled water (Table 1), The hand-harvested vields from the 7.4
Ibs/a:yr treatment were not statistioally different from the sprayed and unsprayed
controls. The 74 1bs/n.yr treatment had statistieally lower yvield than the spraved eontrol
but not the unsprayed or the 7.4 Ibs/acyr treatment, Yield from the 170 Ibs/neyr
treatment was signifieantly lower than the 7.4 Ibs/a'yr treatment and the spraved and
unsprayed controls (Table 1),






In both greenhouse and field, no conclusive ehanges in ecotton fiber quality were
measured,

In general, there were no salt indueed physiologieal ehanges otwerved in the four
erops, However, greenhouse cotton plant heights were reduced in both the 170 and 740
Ibs/nyr trentments, Follar injury was otserved in the greenhouse cotton and barley
treated with 170 and 740 Iba/a-yr simulated saline drift only during the Iatter part of the
growing season and in the field grown alfalfa treated with 740 Ibs/awr simulated saline
drift, The form, ineidence, and severity of salt-induced foliar injury was conditioned by
four factors: species; lavel of treatment; duration of the exposure period; and conditions
of oulture and exposure. Tissue analysis indicated that more Na' and C1° were atworbed
by the simulated saline drift treated plants than the control plants,

Given the limitations of any one-year study, It apnears that a simulated caline drift
treatment level of 7.4 Ibw/n-yr did not advemsely affect the productivity of aifalfa, barley
and eantaloupe, In the greenhouse, cotton plants treated with 7.4 Ibw/awyr simulated
saline drift vieldod signifieantly more seed cottan, Machine-harvested fleld-grown eotton
productivity was not statistioally affected at & simulated saline drift treatment level of
T4 1bw/neyr,  Although the treatment level of 7.4 Iha/ayr did not statistioally reduce
productivity of hand-harvested, fleld-grown eotton (p = 08), the data indiente that this
treatment may be near the level where statistieally signifieant reduetion eould he
detected (Table 1),



2. INTRODUCTION

2.1 BACKIROUND

The Palo Verde Nuclear Cenerating Station




unit. Secondarily treated sewage effluent from a pipeline in the vicinity
of the City of Phoenix, Arizona, 91st Avenue sewage treatment plant
will be the sole source of cooling water. (FES-OL, pg. iii).

2.1.2. Description of Site and Surrounding Area

The FES-OL identifies several changes in the Palo Verde Nuclear Generating
Station area since the FES-CP but does not summarize current land use, These
changes are the addition of an interstate highway interchange, extension of
Interstate Highway 10, and additional residential development in the region.
Accordingly, excerpts from the FES-CP are still valid, and excerpts from the ER-OL
generally provide accurate information on the site and the surrounding natural
features and land use.

The site of the Palo Verde Generating Station (PVNGS) is in Maricopa
County, Arizona, roughly 15 miles west of Buckeye, and about 50 miles
west of downtown Phoenix. An approximately rectangular area, four
miles (N-S) by two miles (E-W) in its maximum dimensions, comprises the
site property. Its northern edge is just south of the Buckeye-Salome
Road and about 1-1/2 miles south of Wintersburg. (FES-CP, pg. 2-1).

The total area of the site is "1640 ha (4050 acres). Of this, 1250 ha (3100
acres) will be oceupied by station facilities” (FES-OL, pg. 4-2, 3). This includes an
approximately 80-acre makeup water reservoir and "250 acres of evaporation ponds"
that could be expanded to no more than "a total of 670 acres" (ER-OL, pg. 3.6-1 3.

The terrain in the site area is relatively flat desert with elevations
ranging from about 900 to 1000 feet above mean sea level (MSL).
Scattered about the vicinity are small hills and buttes.... Northwest of
the site are the Palo Verde Hills, rising fairly abruptly to nearly 2200
feet MSL about six miles west-northwest of the reactor locations.
Centennial Wash is an intermittent stream about six miles south of the
reactor sites, beyond which the land rises gradually, but includes
isolated, steeply sloped hills. Buckeye Valley, through which the Gila
River flows, is east and southeast of the site. The desert is flat north
and northeast of the site and is traversed by many intermittent streams.
(FES-CP, pg. 2-1).



"Most of the land within ten miles of the site is open desert. About 10% of it
is currently irrigated for agricultural purposes” (FES-CP, pg. 2-5). A 1983 map
showing agricultural land and crops is presented in Figure 1 (foldout in pocket).

2.1.3. Cooling Tower System Desecription

As indicated in the FES-OL, "The design of the cooling towers has been
changed to three circular mechanical-draft cooling towers per unit" instead of the
rectangular mechanical draft towers originally proposed. "Each of the round towers
will be 92 m (300 ft) in diameter at the base and 20 m (64 ft) high, with 16 fans...."
(FES-OL, pg. 4-3).

The total annual makeup water requirement per unit is now
estimated...to be 2.6 x 10 m3/year (21,350 acre-ft/vear) per unit. (ER-
OL, pg. 3.3-1).

The primary plant water source is waste water effluent from the City of
Phoenix 91st Avenue Sewage Treatment Plant and from the City of
Tolleson's Sewage Treatment Plant., The processed effluent from these
two sources is delivered to the onsite water reclamation plant via
pipeline which starts at the 91st Avenue Sewage Treatment Plant. It is
further treated and then stored in the 2300 acre-foot onsite reservoir.
(ER-OL, pg. 3.3-1).

Each unit's circulating water system removes waste heat resulting from
normal operation of the unit and rejects it to the atmosphere via the
three cooling towers in each system. Heat rejection is accomplished by
the evaporation of a portion of the circulating water flow. To maintain
the chemical concentration of circulating water at or below 15 times
that of makeup water (15 eyeles of concentration), a quantity of water,
called blowdown, must be discharged from the system. In addition to
evaporation and blowdown losses, a small amount of water in the form of
entrained droplets (drift) is carried away in the cooling tower air stream.
Makeup water to replace these losses in each unit is drawn from the
reservoir., (ER-OL, pg. 3.3-2).



After approximately 15 eyeles of concentration, the salt content of the
eirculating water will be approximately one-third of the salt content of
sea water. The salt (species) will be primarily sodium (and) ehloride with
substantial amounts of magnesium and calcium ... and sulfates. Less
than 0.1 percent by weight of the solids will be heavy metals or biocides.
Drift from cooling towers is designed to be controlled to 0.0044 percent
loss of the circulating water flow" (ER-OL, pg. 5.3-3). This value "is a
manufacturer's guarantee and is typical of drift losses from ecircular
mechanical draft cooling towers. (FES-OL, pg. 4-3).

This drift is emitted from the cooling tower stacks and is transported
downwind with the plume. As the plume loses buoyancy, the droplets fall out and
drift downward by gravity. Because of the arid desert climate, the water in these
droplets is expected to evaporate quickly. The resulting solid salt particles will
deposit over a wide area on the surrounding soil and plants. The amount of salt drift
and the Palo Verde Nuclear Generating Station deposition pattern was predicted in
the ER-OL and was reviewed by the Nuclear Regulatory Commission in the FES-OL.
Additiona! studies on drift loss, transport modeling, and monitoring have been
commi=sioned by Arizona Public Service Company. These topies are beyond the

scope of this report.
2.1.4. Environmental Impact Statements

As indicated in Section 2.1.1., the Nuclear Regulatory Commission has issued
two environmental impact assessments of Palo Verde Nuclear Generating Station,
the FES-OL in February 1982 and the FES-CP in September 1975.

The FES-OL concluded that "Station cooling towers will produce no
appreciable impacts from fogging and drift deposition; the impacts that do occur
will be less than predicted in the FES-CP (Sections 5.4 and 5.5)" (FES-OL, pg. iv).
With respect to drift, it was further stated "The maximum offsite deposition rate is
now estimated to be 13.4 kg/ha (12 1b/acre) of solids per vear, primarily
concentrated salts ... Even if all solids from offsite drift deposition accumulated in
desert soils over the lifetime of PVNGS, soil salinity would not be altered
sufficiently to impact biota (NUREG-0522)" (FES-OL, pg. 5-10).



A more comprehensive discussion of potential salt drift impacts was presented
by the NRC in the FES-CP:

Salt from ecooling tower drift could modify floral and faunal species
composition on some acreage close to the site boundaries depending upon
drift design specification selected for the cooling towers; however, this
is not expected to generally affect the population structure and stability
of areas further away (See. 5.5.2). (FES-CP, pg. i).

Very little information is available in the literature on the effects of
aerosol salt applied to soils associated with vegetation, or on the
vegetation itself, particularly for the arid southwest. Salts applied
directly to the soil may adversely affect vegetation in at least three
diverse ways: (1) increase the osmotic potential, thereby making it more
difficult for roots to withdraw water from the soil, (2) specific ions
contained therein may inhibit plant nutrition, and (3) some specific ions
may produce toxic effects. Airborne salts, when directly applied to
plant seeds or the foliage, also mav have adverse effects. These effects
are known to be different for various species and at different life stages
within species and are briefly discussed below.

Foliar accumulation of airborne salt on leaf surfaces can cause leaf
damage (e.g., necrotic lesions). The staff is unaware of any studies
which assess the impact of foliar salt application on desert scrub
vegetation. The unique leaf morphology of many desert plants (i.e.,
thick leaves, heavy cuticle, stomatal distribution, ete.) ecoupled with the
low humidity and sparse rainfall characteristic of the PVNGS region
invalidates the use of coastal salt water cooling tower studies for
comparison purposes. That (sic) the applicant will monitor for offsite
damage to vegetation due to salt deposition and evaluate and transmit
such information to the staff. (FES-CP, pg. 5-17, 18).



2.2. LITERATURE REVIEW

2.2.1. Cooling Towers

The natural draft tower and the mechanical draft tower are the two designs
most commonly chosen for closed-cyele cooling of the steam condensers in a power
plant. The most extensive studies of the effects of saline drift have been conducted
for the natural draft cooling towers at the Chalk Point Station in Maryland, which
uses brackish water for makeup (Curtis, 1977; Curtis, Lauver and Franecis, 1976;
Curtis, Lauver and Franecis, 1977; Curtis et al., 1977; Curtis, Francis and Lauver,
1978; Lauver et al., 1978; Mulchi, Armbruster and Wolf, 1982). The effects of drift
emissions from mechanical draft towers have been investigated at the Palisades
Plant in Southwestern Michigan (Rochow, 1978), the P.H. Robinson Generating
Station in Galveston County, Texas (Wiedenfeld, Hossr ~r and McWilliams, 1978),
and Turkey Point Station in Florida (Hindawi, Raniere and Rea, 1976).

Design features of the cooling tower such as tvpe of tower, drift eliminator
design, and release height, determine the amount of drift and the affected dispersal
pattern. The concentration of salts in the drift is determined by the salt content of
the makeup water and the number of cyeles of concentration, which is an
operational parameter. In general, aerosol drift from the taller naturai draft towers
is dispersed over a greater area (with lower salt deposition per unit area) than the
drift dispersed from mechanical draft towers (Chen, 1977). Droplet size, which is
dependent on drift eliminator design, also has been identified as a very important
factor in determining drift deposition pattern (Webb, Wheeler and Morre, 1978;
Policastro, Dunn, and Breiz, 1978; Dunn, Boughton and Policastro, 1978; Slinn, 1974).

In addition to cooling tower design and operational parameters, dispersal of
the aerosol drift is dependent upon ambient meteorological conditions such as wind
velocity, relative humidity, and evaporation rate, which is related to humidity and
temperature (Davis, 1979; Israel and Overcamp, 1974). Evaporation is considered of
greater importance in neutral atmospheres (Environmental Systems Corporation,
1974), and modellers must alter predictive methods to account for the resultant
changes in droplet size and salt concentration (Laskowski, 1975; Hanna, 1974;
Roffman and Grimble, 1975). Relative humidity influences what fraction of the
droplets size spectrum will become dry prior to deposition. Wind speed has been
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identified as influential when the plume reaches its full height and begins to turn
horizontal (Argonne National Laboratory, 1981).

Studies of the effects of saline drift emissions from cooling towers generally
have been limited in scope and location. As shown by the studies cited above, most
studies of drift from cooling towers located at power plants have been conducted in
humid coastal climates with moderate rainfall. Because the characteristics of the
makeup water at these plants is generally brackish (i.e., seawater diluted with
freshwater), the studies of the effects of saline drift at these plants have focused on
Na' and C1” uptake by vegetation.

2.2.2. Salt Dispersion, Deposition, and Accumulation

The concentration of salts in the saline drift from a cooling tower is dependent
on salinity of the cooling water, and tower concentration rate (Davis, 1979; Israel
and Overcamp, 1974). Dispersal of the aerosol drift is dependent upon wind velocity
and relative humidity as well as tower design (Davis, 1979; Israel and Overcamp,
1974). Drift from cooling towers is deposited upon vegetation through
sedimentation and impaction of wet and dry particles (Talbot, 1979). Leaves on the
windward side suffer significantly more damage than leaves on the leeward side
(Hindawi, Raniere and Rea, 1976).

Deposition and accumulation of salts on crop foliage are dependent upon: 1)
airborne salt emission rate; 2) wind velocity; 3) surface roughness factors of plant
canopy and leaves (Williams and Moser, 1975); 4) settling velocity of the particles;
and 5) the distance from the cooling tower (Moser, 1975; Roffman and Roffman,
1973). Heaviest deposits occur downwind from the tower and the amount of salts
deposited per unit area decreases as the distance from the tower increases (Israel
and Overzamp, 1974). Roffman and Roffman (1973) report that rates of deposition
decrease almost exponentially with increasing distance from the source, i.e., the
estimated deposition rate decreases at least an order of magnitude with a three-fold
increase in radius from the tower. A comprehensive review of and comparisons
among the various cooling tower studies was published by Talbot (1979).
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2.2.3. Factors Determining Salt Injury

Studies show that foliar injury from saline aerosols is dependent upon the
following factors: 1) relative humidity (MeCune et al., 1977; Moser, 1975); 2)
temperature (Smith and Robinson, 1971); 3) photoperiod (Simini and Leone, 1982); 4)
salt particle size and composition (MeCune et al., 1977); 5) rainfall after _:~ sure
(Silberman and MeCune, 1978); and 6) plant species (MeCune et al., 1977).

MeCune et al. (1277) reports that at equivalent exposures, saline mist with
45% of the particles larger than 150 um in diameter caused more injury to foliage
than a mist in which 95% of the particles were 50 ym to 150 uin in diameter.

Relative humidity is a highly significant factor in foliar injury. Saline aerosols
deliquesce when the relative humidity exceeds 75% suggesting that the salts on the
surface are absorbed into the leaf only when they are hydrated (Cassidy, 1971). The
penetration of the salt from the droplets across the epidermis is proportional to the
area of contact butween droplet and epidermis and the concentration of salts within
the droplet (Logan, 1975). Kannan (1980) reports that substances with high
molecular weight penetrate more slowly; ionic radius and degree of hydration also
influence the rate of penetration, favoring a lyotropic series (Haile Vlariam, 1965).
MeCune et al. (1977) and Moser (1975) showed that when plants were exposed and
maintained at 75% or greater relative humidity for 12 hours per day, the toxicity of
saline particles was increased, i.e., it was doubled, as compared to plants exposed to
50% relative humidity. Grattan, Maas and Ogata (1981) demonstrated that foliar
accumulation of Na' and C1~ were linear funetions of salt deposition levels in pepper
(Capsium annum L.), corn (Zea mays L.), soybean (Glycine max L.) and tomato

(Lyeopersicon lycopersicum L.).

S'mini and Leone (1982) studied C1  uptake in 11 woody and nonwoody plant
specics under different conditions of temperature, relative humidity, and
photoperiod. In general, most species studied absorbed more C1 when exposed to
shorter photoperiods, lower temperatures, and higher relative humidities. The
authors suggest that increased light and temperature may cause structural changes
in the cuticle, leading to decreased permeability. Sargent and Blackman (1970) have
shown in young bean (Phaseolus vulgaris L.) leaves that the penetration rate of
chloride in the presence of light decreases as pH increases; in the dark, the rate of
absorption remains constant throughout the pH range.
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Crop salt tolerance is generally expressed as a function of soil salinity.
However, Bernstein (1975) and Maas, Grattan and Ogata (1982) demonstrated that
the relative tolerance of crop species to saline eerosols and sorinkler irrigation
water is not the same as the tolerance of these same crops to soil salinity. Species
that do not appear to be specifically sensitive to CI” and Na® when surfaced
irrigated, may be injured by spraying saline irrigation water on the leaf surfaces.
Conversely, the response of plants to saline sprays does not necessarily parallel
known responses to soil salinity., Busch and Turner (1967) have reported that
sprinkling cotton with saline irrigation water caused leaf burn and yield reduction
not apparent with surface irrigation. Citrus trees will loose their leaves when
sprinkled with saline irrigation water but will not lose their leaves when surface
irrigated with the same water (Ehlig and Bernstein, 1959). Because of these
differences, soil salinity studies have not proven to be a reliable guide for predieting
how saline drift may affeect plants.

In general, field tests have shown foliar damage to be dependent on plant
species and stage of development. Woody plants tend to be more sensitive to
aerosol drift than nonwoody plants (MeCune et al., 1977), probably because of
continued salt absorption over the longer time period. McCune et al. (1977) studied
11 woody species treated with saline mists and found that the younger leaves of
deciduous species were more sensitive than older ones. A greater than 100-fold
difference in median effective doses existed among the 11 species examined.
Increasing the relative humidity from 50% to 80% doubled the injurious effect as did
increasing the particle size of the mist | > 150 » m). Francis and Curtis (1979)
conducted a 2-year field study using six tree species. Replicated field plots were
sprayed with simulated saline cooling tower drift at concentrations ranging from
8685 to 13888 ppm at various spray rats=s, :njury was noted on tulip poplar stipules
(Liriodendron tulipifera L.), slight injury was noted on some white ash leaves

(Fraxinus americana L.) and significant injury was noted on flowering dogwood

(Cornus florida L.). Francis and Curtis (1979) suggest that dogwood may be a useful

bioindicator of saline drift because the intensity of tip and marginal neerosis was
related to Na' and C1~ aceumulation in leaves.
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2.2.4. Plant Injury: Detrimental Concentrations of Airborne and Foliar Salts

Symptoms of plant damage from foliar absorption of saline aerosol drift are
characterized as acute and chronie. Acute symptoms include marginal foliar
necrosis, lesions, shoot-tip dieback, leaf curl, interveinal necrousis, and molding, a
condition of stunted growth on the pollutant source side of the foliage (MeCune et
al., 1977; Talbot, 1979). Chronic effects, which are less obvious, are characterized
by a chlorotic condition in the interveinal regions, lighter leaves, slower growth, and
a change in structure and diversity in the plant community over time (McCune et
al., 1977). According to Hosker and Lindberg (1982), chronic exposure also may
increase susceptibility to disease and insect damage.

Numerous researchers have treated nonwoody plants with a simulated aerosol
salt drift. Mulehi and Armbruster (1975) investigated the effects of saline aerosol
on soybeans and corn. Severity of injury was directly proportional to the quantity of
salt and duration of exposure. In addition, yields of the treated plants were reduced
relative to control plants. In a subsequent study, Mulchi and Armbruster (1981)
found that application rates of 6.88 and 13.76 kg NaCl/ha-wk* induced foliar injury
in soybean seedlings within 1 week. Rates of 13.76 kg NaCl/ha-wk and 6.88 kg
NaCl/ha-wk resulted in foliar injury to corn in 3 and 5 weeks, respectively. After 8
weeks, soybean recovered and no injury was observed in the upper canopy; however,
corn foliar injury became more pronounced with time. Mulehi and Armbruster
(1983) also have studied tobacco (Nieotiana tabacum L.) plants using either NaCl or
brackish water at rates of 0.97 to 22.24 kg/ha-wk for 8 weeks. No foliar injury was
induced by treatment; however, an application rate of 4.0 kg/ha-wk resulted in a

vield increase.

Grattan, Maas and Ogata (1981) treated peppers, tomatoes, and soybeans with

saline aerosols in an environmental chamber that simulated morning dew. A total
deposition treatment level of 0.4 mg Cl1 ~/em?2 resulted in foliar necrosis within 3 to
8 days. No injury symptoms were apparent, however, on any species when relative
humidity was maintained at 70% in the absence of the simulated morning dew.
McCune et al. (1977) has reported that sensitive plant species (corn, Canadian

hemlock [ Tsuga canadensis (L.) Carr.], dogwood) show adverse effects from saline
aerosols at C1_ deposition levels ranging from 3 vg to 67 ug C1 /em2, Susceptible

* For conversion to equivalent english units, 1 kg/ha-wk = 0.891 1b/a-wk
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species displayed extensive leaf burn, tip and marginal necrosis, and defoliation
following foliar application of saline aerosols.

Hassan (1981) observed that NaCl spraved on bean plants stimulated
vegetative growth but reduced flower, pod, and seed growth. Bernstein and Francois

(1975) reported lower vields f. )m bell peppers sprinkled with water containing 1450
mg/1 of salts. Bernstein and Francois (1975) also found more leaf burn and lower
yields of plants sprinkled at 2.3 day intervals (seasonal average) compared to 3.5 and
4,75 day intervals and attribute the vyield reduction primarily to foliar salt
absorption. Eisikowiteh (1979/1980) reported that an ecotyvpe of the horned poppy
(Glaucium flavum, Crantz) has difficulty setting seed in locations exposed to winds

earrying sea spray.

In a study of the effect of salt drift from a nuclear generating station at
Turkey Point, Florida, Hindawi, Raniere and Rea (1976) found no effects on
indigenous vegetation; however, sweet corn and bush bean introduced 215 m from
the cooling tower exhibited leaf injury after 3 weeks of exposure. The authors then
treated 1-, 3-, and 5-w.2k-old bush beans with a saline aerosol with concentrations
of 5, 25, and 75 ug sea salt/m3, The incipient injury threshold was found to be 5
ug/m3 after 100 hours cumulative exposure to saline aerosols over a 4-week period.
The leaves from treated plants exhibited random chlorotic and necrotic areas on the
adaxial (upper) surfaces.

In controlled environment studies, plant salt tolerance and absorption rates
affected the amount of injury from saline spray. Barley (Hordeum vulgare L., 'Gus")
treated with saline spray at rates of 15 and 30 meg/l daily (5 davs/wk) for seven
weeks induced only minor injury even though Na' and CI” were readily absorbed.
Alfalfa (Medicago sativa L.) sprayed at the same rates absorbed less salt but

exhibited more foliar damage. Cotton (Gossypium hirsutum L., 'Deltapine 90"
sprayed at with 30 meq/l and 60 meq/]1 absorbed salt very slowly and exhibited little
foliar injury (Maas, Grattan and Ogata, 1982).

Rochow (1978) studied the effects of caleium and sulfate deposition on leaves
in the vicinity of the Palisades Nuclear Plant in southwestern Michigan. Severe

foliar damage was observed on all deciduous and evergreen tree species within 92 m



of the cooling towers and was attributed to the extremely high sulfate deposition
rate. Injury was similar to that caused by sulfur oxides.

Scme studies show that foliar injury from saline aerosols is dependent not only
upon the size and eomposition of the salt particles deposited on the leaf tissue, but
also upon: 1) the nature of the leaf surface; 2) climatic parameters, particularly
humidity; 3) plant species and age; and 4) cuticular thickness and composition
(Robertson and Kirkwood, 1969; Bukovae, Flore and Baker, 1979; Hull, 1970; Leece,
1976). Most of the research on saline drift effects has focused on eclimatic
conditions similar or equivalent to a coastal climate with high humidity and
moderate to high rainfall. A literature search conducted in December 1983 by the
University of Arizona's College of Agriculture did not identify any published studies
assessing the impact of salt a>cumulation on native and cultivated plants in
noncoastal arid areas. A study of saline drift effects with low humidity and sparse
rainfall should provide a better basis for assessment of the physiological and
biochemical mechianisms of foliar injury in an arid environment.
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3. GENERAL STUDY APPROACH
3.1. SCOPE

This project investigated the effects of foliar deposition of simulated saline
drift on crop growth in noncoastal arid environments, Four levels of simulated
saline drift were applied to cotton, alfalfa, and barley cultivated in greenhouses, and
to cotton, alfalfa, and cantaloupe cultivated in a field near Marana, Arizona. At
both sites, evaluations were made of drift deposition, accumulation of foliar salts,
foliar injury, and productivity.

The period of cultivation extended from April 1983 to November 1983, Barley
is a winter crop and was studied only at the greenhouse site where temperature
could be moderated. In contrast, cantaloupe was studied only at the field site
because cultivation of a vine erop in a greenhouse presents operational constraints,
To conform as closely as possible to agronomie conditions near the Palo Verde
Nuclear Generating Station all cultivation practices in the field followed those

commonly employed by Arizona growers.
3.2. RATIONALE

Cotton, barley, and alfalfa are three representative crops cultivated near the
Palo Verde Nuclear Generating Station (Figure 1 foldout in pocket, Data Summary
Volume Section B). Although not extensively grown in that area, cantaloupe is a
representative melon crop under consideration for cultivation in the region. The

area near Marana, Arizona, was chosen as the agronomic field site because of the
proximity to the University of Arizona.

The chemical composition of the simulated saline drift was similar to that
expected to be emitted from the cooling towers at the Palo Verde Nuclear
Generating Station. Droplet mean diameter was approximately 100 .. Different
rates of application were used to provide a more comprehensive evaluation than
could be obtained by using a single application rate. Greenhouses were employed to
control variations caused by rain, temperature, wind, humidity, cultivation, soil,
irrigation, diseases, ete. The greenhouse study permitted more detailed evaluations
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and measurements of individual plants. Three species of crops were evaluated:
cotton (Gossypium hirsutum L., 'Neltapine 90", alfalfa (Medieago sativa L.), and

barley (Hordeum vulgare L., 'Gus'). A special greenhouse chamber was designed for
the application of measured quantities of simulated saline drift to the plants,

Field studies were conducted on 6 acres of a commercially managed farm near
Marana, Arizona. Cotton (Gossypium hirsutum L., 'Deltapine 90", alfalfa (Medicago

sativa L.), and cantaloupe (Cucumis melo L., "Top Mark') were cultivated. A special

tractor mounted sprayer was designed for applying measured quantities of simulated
saline drift to the crops.

3.3. OBJECTIVE
The objective of this study was to evaluate the effects of foliar salt drift

deposition on the vegetative and reproductive development, and productivity of
selected crop species.
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4. MATERIALS AND METHODS

4.1. GREENHOUSE - PROJECT DESIGN

4.1.1. Descrintion of the Greenhouses

The study was conducted in two greenhouses designated north and south and
located on the University of Arizona Campus Agricultural Center. The north
greenhouse was 27 ft-by-72 ft (Figure 2); the south greenhouse was 22 ft-by-72 ft.
Drip irrigation systems were used. Plants were grown under sunlight filtered
through the clear plastic greenhouse covering. Air temperature was moderated by
evaporative coolers and average maximum temperature was approximately 30 C,
Relative humidity was increased to 75% or more three times per week by applying
water to the greenhouse floor. Temperature and relative humidity were monitored
by Omnidata Datapod Digital Recorders located at each end of the north greenhouse
(Project Study Plan[PSP] Procedure CA-29.

4.1.2. Experimental Design

Each crop in the north greenhouse was grown in a randomized complete block
design with four replications. Each experimental unit consisted of four samples
grown in separate pots and separate benches were used for each crop (Figure 3).
The experiment was designed to statistically block the variability caused by the

temperature gradient from one end of the greenhouse to the other.

Randomized complete block designs were also used in the south greenhouse
(Figure 4). All three crops were grown on separate parts of the same bench. The
cotton and alfalfa each had three replications and the barlev had two replications.
Each alfalfa experimental unit had five transplant pots and five seedling pots/unit.

4.1.3. Plant Culture

Cottonn (Gossypium hirsutum L. 'Deltapine 90", alfalfa seedlings and

transplants (Medicago sativa L. "Lew"), and barley (Hordeum vulgare L. 'Gus') were
cultivated. Plants were grown in plastic pots filled with Terra-lite potting mix.

Cotton was planted in 6-gallon pots; one plant per pot., Barley was planted in
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Figure 2. North greenhouse at the University of Arizona Campus Ar-izultural
Center. The crops from left to right are alfalfa, barley an. cotton
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2-gallon pots and was thinned to two plants per pot. Alfalfa seeds were planted in
2-gallon pots and thinned to approximately 10 plants/pcc¢ (seedlings). Alfalfa
transplants from the United States Department of Agriculture's Plant Materials
Center were planted in 2-gallon pots, Clear plastic sheeting with holes cut for the
plants to grow through was placed over the pots. To help prevent overheating of the
soil the plastic covering was elevated on stakes 5 em above the rim of the pot.

When required, irrigation was applied to the plants through the 1 gallon/hour
drip emitters, Irrigation duration ranged from 20 to 30 minutes, or until the water
began to leak from the bottom of the pot (PSP Procedures CA-36, and CA-39).

Fertilizer was added weekly to the irrigation water (fertigation). A Smith
Measure Mix Liquid Fertilizer Injector, Model R-3, ensured a uniform and constant
rate of application to each pot. Peter's Professional Water Soluble Fertilizer (20-
20-20 plus mieronutrients) was initially used as the sole nutritional source. The
fertilizer injector mixed the weighed quantity of nutrients with irrigation water to
deliver a solution with a concentration of 100 ppm nitrogen. The total weekly
fertilizer amendment for each pot was 0.5 gallon of water and 100 ppm nitrogen.
When required to maintain proper nutrient levels, Hoagland's solution and urea were
applied directly to the pots (PSP Procedures CA-35, CA-36, and CA-39),

Lannate, Malathion 50, Thuricide, Fulex DDVP, and Clean Drop Dimethoate
267 EC Systemic Insecticide were used as needed for inseet control in both
greenhouses (PSP Procedure CA-32),

4.1.4. Treatment

In the north greenhouse crop species were treated with four nominal rates of
deposition (0 [distilled water], 10, 100, and 500 lbs/a-yr). Whereas, in the south
greenhouse crop species were treated with 0 (distilled water) and a nominal 1000
Ibs/a-yr treatment. To apply these levels of treatment, a known volume and
composition of simulated saline drift was applied at regular intervals.

23



4.1.4.1. Preparation of Simuiated Ssaline Drift Treatment Solutions

Three simulated saline drift solution formulations were provided by the
Bechtel Power Corporation over the duration of this study (Table 2). Stock
solutions of each compound were prepared. Treatment solutions were
prepared by combining aliquots of the stock solutions with distilled water. The
amount of stock solutions used to prepare the final treatment solutions was
based on the hydrated chemical weights (Table 2a).

Salt solutions were applied to the plants in the greenhouses by means of
a chain driven spray boom mounted in a specially designed portable plexiglass
chamber measuring 4 ft-by-4 ft at the base with a height of 7 ft (Figures 5 and
6). Each spray rig was adjustable and was raised or lowered to approximately
0.5 m above the crop canopy during spraving. A vinyl curtain was attached at
the top of the spray chamber on a spring loaded roller to contain the spray
within the experimental unit. Velero was used to ensure a tight curtain seal at
the chamber sides. Gutters at each endpoint of boom travel collected excess

solution that dripped from the nozzles.

The volume of solution applied to the experimental units was dependent
upon nozzle delivery rates and sprav boom speed. The speed of the boom was
adjusted so that the correct amount of solution could be dispersed over the
area of each experimental unit in two passes of the boom. The area of each
experimental unit was 1.48 rn2 (16 ftz). As an example, the concentration of
the treatment solution to be applied to the experimental units in the nominal
500 1bs/a-yr treatment group during a 5-day week, were calculated as follows:

treatment solution concentration [TSC] (g/1) =

sult treatment (g/experimental unit area’ EUAT-wk)
spray volume (I/EUA)

salt treatment:

500 1bs/a-yr = 226800g/a-yr + 43560 ft2/a + 52 wk/yr x 16 ft2/EUA

= 1.60 g/EUA-wk
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Table 2.

Simulated Saline Drift Formula
(Provided by Bechtel Power Corporation)

e — - e
—— —

Revision 2 Revision 18 Revision 0
Chemiecal 7/20 - 12/2 - 5/24-7/19
Quantity 1bs/1000 zal
Distilled H20 995 (gal) 995 (gal) 995 (gal)
NagS04-10H20 68.0 68.0 68.0
NaCl 54.0 54.0 54.0
NaNOj 26.6 26.6 26.6
CaClg+-2H90 10.0 10.0 10.0
NasSi-03-9H20 3.1 3.1 3.1
KOH 2.5 2.5 -
MgS0O4:TH9O 2.0 2.0 2.0
NaHCOj3 0.6 0.6 0.6
NALCO 1370b 0.21 0.21 0.25 (NALCO 345)¢
Na3P04-12H20 0.2 0.2 0.2
NHyCl1 0.05 0.05 0.05
BeSO4-4H20 0.05 0.05 0.05
FeClg-6Ho0 0.04 0.04 0.04
NaF 0.03 0.03 0.03
H3BO3 0.03 0.03 0.03
MnC')-4H20 0.022 0.022 0.014 (MnClg)
ZnClg 0.02 0.02 0.02
Sri9:3H90 0.02 0.002 (Srlp-6H20) o
CuCls 0.005 0.005 0.005
Phenol 0.0012 0.0012 -
AgNO3 0.0007 0.0007 0.0007
Pb(NO3)9 0.0004 0.0004 0.0004
As203 0.0003 0.0003 0.0003
Ba(NO2)2 0.0002 0.0002 0.0002
CdClq 0.0002 0.0002 0.0002
SeO9 0.0002 0.0002 0.0002
CrOj 0.0001 0.0001 0.0001
HgClg 0.00002 0.00002 0.00002

& Not applied to plants,
b Proprietary water treatment chemical.

¢ NALCO 1370 used to prepare treatment solutions.
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Table 22,

Simulated Saline Drift Anhydrous Formula
(Provided by Bechtel Power Corporation)

Quantity Anhydrous

Chemical 1bs, 1000 gal 1bs/1000 gal
Distilled H9O 995 (gal)
Na9S04-10H90 68.0 29.979
NaCl 54.0 54.0
NaNOj 25.6 26.6
CaCly-2H90 10.0 7.550
Na2Si-03-9H90 3.1 1.331
KOH 2.5 2.8
MgSO4-THo 0 2.0 0.977
NaHCO3 0.6 0.6
NALCO 13708 0.21 0.21
Na3P04:12H90 0.2 0.0863
NH4Cl 0.05 0.05
BeS04-4H90 0.05 0.03
FeCl3-6H90 0.04 0.0235
NaF 0.03 0.03
H3BO3 0.03 0.03
MnCl9+4H90 0.022 0.0137
ZnClo 0.02 0.02
Srly+3Hz0 0.02 0.0173
CuClap 0.005 0.005
Phenol 0.0012 0.0012
AgNO3 0.0007 0.0007
Pb(NO3), 0.0004 0.0004
As903 0.0003 0.0003
Ba(NO3)9 0.0002 0.0002
CdCl, 0.0002 0.0002
SeO9 0.0002 0.0002
CrO3 0.0001 0.0001
HgCly 0.00002 0.00002

TOTAL 167.48032 124.05612

" Proprietary water treatment chemical.
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Figure 5. Spray boom rig used to apply simulated
saline drift to greenhouse plants
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Figure 6. Plexiglass chamber and spray boom rig
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spray volume:
2 nozzles = 0,017 1/EUA-day

TSC = 1.60g/EUA-wk = (0.017 1/EUA-day x 5 day/wk)
= 1.60g/EUA-wk = 0,085 1/EUA.wk
= 18.82¢g/1

Application rates and solution concentrations are shown in Table 3. The
nominal 100 1bs/a-yr treatment solution was prepared by diluting an aliquot of
the nominal 500 lbs/a-yr treatment solution. The nominal 10 Ibs/a-yr
treatment solution was prepared by diluting an aliquot of the nominal 100
Ibs/a-yr treatment solution. The pH of each of the final solutions was adjusted
to 6.8-7.0 using sulfuric acid (HoSO4). The calculations for the nominal 1000
Ibs/a-yr solution differed somewhat from the nominal 500 lbs/a.yr solution
because the spray boom delivered only 15 ml with two passes of the boom,
requiring a treatment solution conecentration of 42.67 g/1 (PSP Procedures
CA-25 and CA-33).

4.1.4.2. Applieation of Simulated Saline Drift Treatment Solutions

Treatment was accomplished as follows: a stainless steel tank was
pressurized to 80 pounds per square inch (psi) X 5 psi using nitrogen gas and
connected to the Spraying Systems Model SF-2 (hollow cone) spray nozzles
located on the bottom of the spray boom. The volume of solution delivered
was monitored each spraving day in both greenhouses by holding a Nalgene
graduated cylinder beneath a moving nozzle, thus measuring the amount of
liquid sprayed by each nozzle during two passess of the boom. Delivery rates
were adjusted to the 15 ml or 17 ml standard by adjusting the boom veloeity.
Boom travel was then timed with a stopwatch in order to check and adjust
boom speed as the day progressed (PSP Procedure CA-22),

Spraying was done in increasing order of concentration, beginning with
the distilled water controls. After each spraying, the vinyl curtains were

raised and the outside of the gutters were wiped off to prevent excess solution
from dripping on the plants. The chamber then was moved to the next

experimental unit to be spraved.
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Table 3.

Greenhouse Treatment Rates and Solution Conecentrations

Treatment Nominal Treatment Treatment
Number Treatment Solution Solution
Rates Concentration Volume
(1bs/a-yr) (mg/1) (m1)
1 (L] 0 17 or 152
2 10 376.3 17
3 100 3763 17
4 500 18815 17
5 1000 42667 15

8 Distilled water,

b The treatment solution volumes in the north and south greenhouses were 17
and 15 ml, respectively,
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After the final spraying at each concentration level, 500 ml samples of
each treatment solution were collected from the nozzles. Analyses of the
concentrations were run on weekly (5 day/wk) composites of these 500 ml
samples, The University Analytical Center, Department of Chemistry,
University of Arizona, analyzed samples of the distilled water and simulated
saline drift solutions collected from the spray nozzles during spraying at the
greenhouse, Total dissolved salts (TDS), pH, and ionie coneentrations of major
species (sodium, chloride, sulfates, calecium, magnesium, potassium, and
nitrates) and minor species were determined according to standard procedures
(Methods for APS Salt Drift Project),

Following ecompletion of spraying, the chamber was placed on a cart for
cleanup, The nozzles were flushed with distilled water for 6 minutes, were
removed from the spray rig, and were dried with compressed air. The nozzles
were not replaced in the spray rig until the next application day to ensure that
they remained dry and unclogged. The inside of the chamber was thoroughly
cleaned and dried after completion of the spraying (PSP Procedure CA-22),

The salt delivery of the spray boom was evaluated (sing parafilm
covered petri dishes (MeCune et al,, 1977). Two petri dishes covered with
parafilm were placed at the plant canopy height., The two-nozzle spray boom

rig was operated in the same manner as in the treatments, After exposure to
the spray, the petri dishes were covered, marked, and returned to the

laboratory for conductivity measurements,

In the laboratory, the parafilm was removed from the petri dishes, and
the salt exposed side of parafilm was placed face down for 5 minutes in 6 ml
of distilled water to dissolve the salts on the parafilm surface, FEleetrieal
conduetivity measurements then were taken of the 6 ml solution with a Model
4503 Selectro Mark Analyzer. The quantity of salts deposited was estimated
from a standard curve (PSP Procedures CA-13 and CA-14),

Droplet size measurements were taken once a week using a photographie
paper technique (Farlow, 1954; Stainer and Stow, 1976), A piece of
predeveloped paper (Iford-Ilfobrom 4.24K semi-mat, double weight, developed
in Kodak Dektol developer, air dried in darkness) was placed under a nozzle at
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4.1.5.3. Resident Surface Salts on Plants

The quantity of resident surface salts was estimated by measuring the
area of the leaves and washing the leaves to remove the accumulated salts

from the surface of the leaves.

After biomass harvesting, all crop species were washed to remove the
resident salts from the surface of the plants. The plastic bags in which the
plants were stored were rinsed with distilled water and the rinse water was
combined with the plant wash solution. Each plant was dipped once in a
beaker containing 2000 ml distilled water for 15 seconds and then was dipped
in a second beaker containing 2000 ml distilled water for another 15 seconds.
The water in the two beakers was then combined and a sample was reserved in
a 2-oz plastic bottle. Eleetrical conductivity readings were made on the
reserved sample. The concentration of the salt was determined from a
standard curve. Plastic gloves were worn at all times to prevent
contamination (PSP Procedures CA-3, CA-13, CA-27, and CA-28),

4.1.5.4. Steady-State Porometer Measurements

Transpiration, diffusive resistance, relative humidity, leaf temperature,
and cuvet!> temperature measurements were taken weekly from each plot on
the abaxial surface of the youngest fully expanded cotton leaf, the abaxial
surface of a barley leaf blade, and the fourth leaf down from an apex of an

alfalfa plant, All measurements were taken with a LI-COR LI-1600 Steady-
State Porometer. Measurements were taken from a 2.0 em?2 leaf area for

cotton and 0.6 em? leaf area for barley and alfalfa (Beardsell, Jarvis and
Davidson, 1972) (PSP Procedure CA-42).

4.1.5.5. Leal Area Measurements

Leaf area measurements were taken with the LI-COR LI-3000 Portable
Area Meter in the greenhouse and the LI-COR 3100 in the laboratory. One

plant was selected from each experimental unit for measurement at the time
of harvest, Approximately 20% to 25% of each representative alfelfa and
barley plant was removed from the plastic bag. All leaves were removed from
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this sample and were run through the leaf area meter, and then dried. After
drying, the leaf area of the whole plant was estimated by comparing the dry
weight of the sample to the dry weight of the entire plant. Cotton leaves
were separated into several pieces in order to fit into the transparent sheath
(PSP Procedures CA-1, and CA-2).

4.1.5.6. Leaf Water Potential Measurements

Leaf water potential measurements were taken with a Wescor HP-115
Weater Potential data system according to the method of Walker, Oosterhuis
and Savage (1983). Attached leaves were washed by dipping them in 500 ml of
distilled v ater for 30 seconds and allowing them to dry at room temperature.
Two 6-mm diameter leaf disks were taken from the fully expanded leaves of
cotton and barley. The two leaf disks were placed in a sample chamber,
abaxial side up, approximately 2 mm below the psychrometer (PSP Procedure
CA-26).

4.1.5.7. General Harvest and Yield Procedures

4.1.5.7.1. Alfalfa

Alfalfa plants were harvested when approximately 50% of the plants in
all experimental units were at 10% bloom (approximately one
inflorescence/plant). The plants were cut approximately 2.5 em above the soil
medium, immediately placed into labelled plastic bags, and stored in an ice
cooler until transfer to the main campus of the University of Arizona for
storage in a refrigerator. Fresh weights of alfalfa were taken as soon as the
plants were brought to the laboratory. In the north greenhouse, the
transplants were harvested seven times, and the seedlings were harvested four
times. In the south greenhouse, the transplants and seedlings were harvested
four times (Table 4) (PSP Procedure CA-3).

Leaf area measurements were made at harvest on one representative

alfalfa plant irom each experimental unit. A LI-COR LI-3000 leaf area meter
was used as previously deseribed (ef. 4.1.5.5).
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The harvested alfalfa tissue was placed in paper bags and was dried in a
General Signal "Stabil-Therm" forced draft oven at 80 C for at least 36 hours.
Dry weights of each plant were then taken. The plants were then ground in a
UDY Cyeclone Sample Mill (Model MS), and the ground samples were stored in
labelled envelopes. These samples were sent to the University of Arizona's
Soils, Water, and Plant Testing Laboratory for analysis of 13 essential
elements (nitrogen, phosphorus, potassium, ealecium, magnesium, sulfur, boron,
copper, chlorine, iron, manganese, molybdenum, zine) and sodium. Twelve
plants from the control and the nominal 500 lbs/a.yr simulated saline drift
treatment were analvzed from six harvests (PSP Procedures CA-3, and CA-
23).

4.1.5.7.2. Cotton

Seed cotton and bracts were harvested from each plant and weighed as
the bolls matured. The bracts were dried at 80 C for at least 36 hours in a
General Signal "Stabil-Therm" constant temperature oven and dry weights
were obtained. Lint samples were sent to the United States Department of
Agriculture Marketing Service Cotton Laboratory at Memphis, Tennessee, for
quality analvsis (PSP Procedures CA-28, and CA-41).

Cotton leaves with attached petioles, green bolls, squares, and fiowers
(including entire pedicels), stems, and all axillary branches were placed in
plastic bags. Fresh weights were obtained using a Mettler balance and the
samples were stored in a refrigerator. Plastic gloves were worn at all times
while harvesting the plant material.

The detached plant parts were rinsed in distilled water and electrical
conductivity readings were taken of the salt solution as previously deseribed
(ef. 4.1.5.3.). Leaf area measurements were taken from 25% to 35% of the
leaves of one plant randomly selected from each plot. Dry weights of the leaf
samples were obtained and total leaf areas were estimated by ecomparing the
dry weight of each measured leaf area portion with the dry weight of the
entire plant. The plants were dried and ground as described above. Twelve
control plants and an equal number of plants treated with nominal 500 lbs/a-yr
simulated saline drift were analyzed for 13 essential elements and Na' (PSP
Procedures CA-28, and CA-13).
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4.1.5.7.3. Barley

The heads of each barley plant were removed and placed in a labelled
plastic bag. The remaining above ground portion of each plant (stems, leaf
blades) was placed in another labelled plastic bag. Fresh weights were taken
using a Mettler balance and the plants stored in a refrigerator (PSP Procedure
CA-27).

Salts residing on the plant surfaces were washed off the plant with
distilled water as described above and electrical conductivity readings were
taken of the salt solutions (PSP Procedures CA-27, and CA-13).

The plants were dried as deseribed above in Section 4.1.5.7.1. The dry
barley heads and florets were counted for each plant. The heads were
threshed to dislodge the seeds and winnowed to remove the chaff. Seeds were
counted and weighed and the percentage seed set for each plant was
determined. Dried plant material was ground using a UDY Cyclone Sample
Mill (Model MS) as described in section 4.1.5.7.1. Vegetative tissue from
twelve plants from the control and nominal 500 lbs/a-yr simulated saline drift

treatment were analyzed for 13 essential elements and Na (PSP Procedures
CA-27, and CA-23).

4.2. FIELD PROJECT DESIGN

4.2.1. Experimental Design

The experimental plan for each crop in the field study consisted of a

randomized complete block design with eight replications of each treatment.

Cotton (Gossypium hirsutum L. 'Deltapine 90", alfalfa (Medicago sativa), and

Cantaloupe (Cucumes melo L. "Top Mark') were cultivated.

4.2.1.1. Cotton

The cotton was grown in eight blocks arranged in two 985 ft-by-38 ft
strips. Each strip contained 20 plots. Each plot consisted of 12 rows 35 ft in
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length with 38 in. row spacing. Fifteen ft alleys were established between
plots. The 40 plots were numbered in sequence from 41 to 80. Two rows on
each side (east and west) of a plot served as border rows; the plants in these
rows were not analyzed. The two rows (rows 3 and 4) adjacent to the two
border rows on the eastern side (rows 1 and 2) were machine harvested at the
end of the season (Figure 7). Flower tagging and hand harvesting was
conducted in the third row from the western edge of each plot (row 10). Visual
observations were taken from the fourth row from the western edge of each
plot (row 9). Random selection of plants was accomplished by tossing a stick.
Additional measurements such as porometer and water potential readings were
taken in rows 9 and 10 (Figure 7). Data were not collected from the center
four rows (rows 5-8). Field roads measuring 13 ft wide were established on
each side of the two blocks to permit spraying with the tractor spray boom rig.
Four additional border rows were planted on the west and east side of the
experiment to act as buffers.

4.2.1.2. Alfalfa

Alfalfa was cultivated in four borders running north and south in an
established field of 3-year-old alfalfa. Each of the four borders consisted of
12 plots, numbered in sequence from 81 to 128. Each plot measured 35 ft-by-
18 ft and was separated from adjoining plots by 15 ft alleys (Figure 8). Plants
in the alfalfa plots used for observations and measurements were randomly
selected.

4.2.1.3. Cantaloupe

The eantaloupe was grown in eight experimental blocks grouped into two
strips measuring 985 ft-by-20 ft. The two strips were separated by a 10-ft
alley. Forty plots were used, each measuring 35 ft by 20 ft and separated
from adjoining plots by 15-ft alleys. The plots were numbered in sequence
from 1 to 40. Each plot contained three rows (north and south) spaced 80 in.
apart. The center row of each plot was used for plant and fruit evaluation
(Figure 9). Random selection of plants for visual evaluation was accomplished
by tossing a 55 em-by-25 em frame into the middle row (PSP Procedure CA-
18).
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4.2.2. Plant Culture

The alfalfa plots were established in » 3-year-old stand of alfalfa. The eotton
and cantaloupe were planted for this study. Cultural practices including the amount
and timing of irrigation for these crops were conducted by the farm operator, using
practices in general use for proper farm management, except for the application of
Benlate 50WP fungicide on the cantaloupe to control powdery mildew. Alfalfa was
commercially harvested with a swather and was baled before the first treatment and
following each sample harvest (PSP Procedures CA-17, and CA-19).

4.2.3. Treatment

Four nominal rates of deposition (0 [distilled water], 10, 100, and 500 lbs/a-yr)
and an unsprayed control were selected to evaluate the effects of foliar deposition
and accumulation on the selected species. In addition, a nominel 1000 lbs/a-yr
treatment was included for alfalfa.

4.2.3.1. Preparation of Simulated Saline Drift Treatment Solutions

The ecomposition of the simulated saline drift solution (Table 2) was
provided by the Bechtel Power Corporation and was the same as that used in
the greenhouse studies (ef. 4.1.4.1). The treatment solutions were prepared
from stock solutions (PSP Procedures CA-25, and CA-33),

The salt solution was applied to the plots by a modified tobaceo sprayer
boom mounted on a Ford 1500 tractor. The sprayer had a 21 ft long spray
boom on one side that was vertically adjustable from 2 ft to 8 ft above the
ground. The boom was shrouded in a polyethylene curtain measuring 30 in.
across the top and 15 in. on the sides (Figures 10, 11, and 11a). The boom
carried four independent spray lines, each with 13 nozzles placed 19 in. apart,
and had an effective spray width of 20.58 ft. Four tanks were mounted on the
tractor. Each tank was connected to its own corrosion resistent roller pump,
pressure regulator, and spray line, thus avoiding the possibility of
contamination from other solutions (PSP Procedures CA-6, CA-16, and CA-
21).
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Figure 10. Tractor sprayer applying simulated saline
drift to alfalfa at the Marana field site
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Figure 11. Detailed diagram of the tractor sprayer
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The concentration of the treatment solutions applied to the crops was
determined by nozzle delivery rates and tractor speed. The tractor speed was
established with the engine running at 1650 RPM + 50 RPM using a
tachometer., At 1650 rpm, the tractor was run in ninth gear to apply the 0,
nominal 10, and 100 lbs/a-yr treatments, and in third gear to apply the nominal
500 and 1000 lbs/a-yr treatments. Using a pressure of 90 psi the nozzle
delivery rate of each nozzle was approximately 98.4 ml/min with a mass mean
droplet diameter of 100 u.

The piots for the three crops measured 35 ft in length. For calculations
of treatment solution concentrations, plot width was established at 20,58 ft
which is the total effective width of the spray boom. The transit time of the
tractor in third gear along the length of a plot was 33.5 seconds, and in ninth
gear, the transit time was 6.8 seconds. The concentration of treatment
solution applied to the plots in the nominal 100 lbs/a-yr treatment group was
caleulated as follows:

treatment solution coneentration [TSC] (g/1) =

salt treatment (g/experimental unit area[ EUA] wk)
spray volume (1/EUA)

where EUA = plot
salt treatment:
100 1bs/a-yr = 45360g/a.yr + 52 wk/yr x 0.0165 a/EUA
= 14.393g/EUA-wk
spray volume:
13 nozzles = 0.1451 1/EUA-day
TSC = 14.393g/EUA-wk +(0.1451 1/EUA-day x 5 day/wk)
= 14,393 g/EUA.wk +0.726 I/EUA.wk
= 19,84g/1
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4.2.3.2. Applieation of Simulated Saline Drift Treatment Solutions

Each individual experimental plot was sprayed with one of the following
nominal treatments: no spray; 0 lbs/a.yr (distilled water); 10 Ibs/a-yr; 100
Ibs/a.yr; and 500 lbs/a.yr (Table 5). Each alfalfa block also included a plot
sprayed with a nominal 1000 lbs/a.yr treatment. In addition to the plot
number, each plot was also labelled with a trea’ ~ent number (Figure 12),

Treatments 5 and 6 were spraved using the nominal 100 Ibs/a+yr solution
as follows: for treatment 5, the tractor was slowed to one-fifth the speed at
which treatment 4 was sprayed, thus delivering 725 ml (5 x 145 ml) of the
nominal 100 lbs/a-vr solution to the treatment 5 plots. Treatment 6 was
sprayed in two passes of the tractor boom at the same speed as in treatment 5.
Thus 1450 ml (2 passes x 5 x 145 ml) of the nominal 100 lbs/a-yr solution was
applied to the treatment 6 plots.

The cotton plots were less than twice the width of the spray boom, and
the salt solutions were applied from each side of the plots. The center four
rows received more simulated saline drift, and were not used for data
collection,

Aliquots of solutions were collected from the spray boom nozzles and
were composited weekly; they then were analyzed at the University Analytical
Center to confirm treatment solution concentrations (ef. 4.1.4.2.),

In addition, deposition of salts was measured weekly (or as conditions
permitted) by placing three parafilm-covered petri dishes at the top of the
plant eanopy (MeCune et al., 1977). One dish was placed in each of three plots
at distances of approximately 5, 10, and 15 ft from the edge of the plot. The
tractor spray boom then was driven across each of the three plots under the
same operating conditions used for the treatments. After spraving, the dishes
were covered and labelled. The dishes then were returned to the laboratory
and electrical conductivity measurements were taken as described above in
Section 4.1.4.2, (PSP Procedure CA-14).
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Table 5.

Field Treatment Rates and Solution Concentrations

Treatment Nominal Treatment Treatment
Number Treatment Solution Solution
Rates Concentration Volume
(1bs/a-yr) (mg/1) (m1)
1 no treatment 0 0
2 na 0 145
3 10 1.98 145
4 100 19.839 145
5 500 19.839 725
6 1000 19.839 1450

8 Distilled water,

4%



Figure 12. Alfalfa plot number 114 exposed to simulated saline
drift treatment 6 (nominal 1000 Ibs/a-yr)
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Droplet sizes were measured weekly as conditions permitted using the
procedure described above in Section 4.1.4.2. (PSP Procedure CA-9).

Table 6 presents a schedule for planting, harvesting, and treatment for
the field study.

4.2.4. Evaluation of Plant Response

4.2.4.1. Visual Observations

Visual observations followed the procedure described in Section 4.1.5.2.
(PSP Procedure CA-18).

4.2.4.2. Various Measurements

Suface salt deposition, steady-state porometer, leaf area, and leaf water
potential measurements were made as described above in Section 4,1.5. (PSP
Procedures CA-8, CA-11, CA-12, CA-4, CA-29, CA-1, CA-2, and CA-26),

4.2.4.3. General Harvest and Yield Procedures

4 7.4.3.1. Cotton

Cotton was harvested by a two-row cotton picker from the third and
fourth rows (Figure 7). These rows were not used for any observations,
measurements, or other procedures. Cotton from each plot was kept separate
and the seed cotton vields weighed. The harvested cotton was ginned at the
University of Arizona Cotton Research Center. Lint samples were sent to the
United States Department of Agriculture Agricultural Marketing Service
Cotton Division Laboratory at Memphis, Tennessee, to determine fiber quality
(PSP Procedure CA-12),

Hand-harvested cotton was picked as it matured from a 7-ft section of
the tenth row of each plot as shown in Figure 7 (PSP Procedure CA-12 and
CA-15).
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Table 6.

Planting, Harvesting and Treatment Schedule for the Marana Field Site, 1983

|

Planting Start of End of Da Date of
Crop Date Treatinent Treatment otentia 1 Harvest
Cotton 5-2 5-24 12-1 137 137 11-1 machine
12-1 machine
Alfailfa Established plants 7-19 7-25 44 3 7-25
7-25 9-1 28 31 -1
9-1 11-3 45 43 11-3
Cantaloupe 5-24 6-6 9-28 83 83 8-19
8-29
9-9
10-11

& Spray application on harvest dates not counted. Treatment ended on day prior to harvest.



Cotton leaves were dried and ground as described in Section 4.1.5.7.2.
Samples from each sprayed control plot and the nominal 500 Ibs/a-yr simulated
saline drift treatment were analyzed by the University of Arizona's Soils,
Water, and Plant Testing Laboratory, for 13 essential elements and Na' (PSP
Procedure CA-23)

4.2.4.3.2. Alfalfa

Alfalfa plants were harvested when at least 50% of the plants in all plots
were at 10% bloom (approximatelv one infloreseence/plant). A 20 ft-by-30 in,
strip of alfalfa beginning approximately 5 ft to 6 ft into the plot was cut at a
height of about 1 in. with a Jari "Chief" Model "K" Sickle Bar Mower. The cut
alfalfa was raked and placed on a tarpaulin attached to a Pelouze Spring
Balance. A sample of the freshly cut alfalfa was retained for additional
analysis, e.g. leaf areas and moisture determirations. The field alfalfa was
sampled on 25 July, 1 September and 3 November (Table 6).

Surface salt deposition, leaf areas, drying and grinding of alfalfa were
conducted according to procedures described in section 4.1.5.7.1. Samples
from the untreated control plots and the nominal 1000 lbs/a‘yr plots were
analyzed by the University of Arizona's Soils, Water, and Plant Testing
Laboratory for 13 essential elements and Na* (PSP Procedures CA-11, CA~14,
CA-1, CA-2, and CA-23).

4.2.4.3.3. Cantaloupe

A 30-ft section in the center bed of each plot was staked to designate
the area to be harvested and weighed (Figure 9). Cantaloupe were considered
ripe when the color of the melon was light ten, Harvested eantaloupe were
weighed and counted and the average weight/plot was recorded, (PSP
Procedure CA-8)

Harvested ecantaloupe were surface washed with tap water, The

cantaloupe fruit exclusive of the seed and rind was cut into %.5-em cubes, and
stored in a freezer. The fruit samples from the unsprayed control and the

52



nominal 500 1bs/a-yr treatment were later freeze dried and stored until
chemical analysis by the University of Arizona's Soils, Water, and Plant
Testing Laboratory. Samples were analyzed for 13 essential elements and
Nu*, arsenic, barium, eadmium, chromium, lead, mercury, strontium, and
selenium. (PSP Procedure CA-38).

4.3. CLIMATIC CONDITIONS

Omnidata Datapod Digital Recorders were installed in the cotton field at
Marana approximately 7 m south of the experimental plots and in a cotton f'_14
approximately 2 km northwest of the Palo Verde Nuclear Generating Station.
Rainfall, temperature, and relative humidity, were monitored and recorded
throughout the growing season (May through November)., Omnidata Datapod Digital
Recorders were set up at a desert site approximately 100 m north of the northwest
corner of the Marana field site. Rainfall, temperature, and relative humidity were
recorded throughout the growing season (May through November). Two Omnidata
Datapod Digital Recorders were installed in the north greenhouse to measure
relative humidity and temperature throughout the growing season (May through
November) (PSP Procedure CA-29),

4.4, STATISTICAL ANALYSIS METHODOLOGY

The north and south greenhouses were separate experiments; therefore, no
statistical comparisons were made.

In the observations that were recorded as a "1" for eondition present or "0" for
condition absent, a chi-square test was used to determine if the fraction of

population affected was different between treatments,

4.4.1. One-time Measurements

Since all field and greenhouse experiments were conducted in randomized
complete blocks designs, each of the variables that were measured only onee during

the experiment were subjected to an analysis of variance for the randomized
complete blocks design (Steel and Torrie, 1980). An overall test of treatment
differences was conducted with the F ratio, F = mean square treatments/mean
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square error. If the F ratio test was declared significant (at the 5% level), then the
Least Significant Difference test was used to make comparisons among the
treatment means. When appropriate, a linear regression was computed with salt
treatment level as the independent variable and the measurement of interest as the
dependent variable (Procedure CA-34).

4.4.2. Repeated Measurements

Those variables that were measured repeatedly over time on each of the
experimental units also were subjected to an analysis of variance. However,
measures repeated over time on the same experimental units are multivariate
observations, and often the repeated measures are intercorrelated. A standard
procedure for repeated measures data is to test initially for the existence of the
correlation structure among orthogonal contrasts (a method of separating variability
due to treatment effects into component parts) of the repeated measures (Bock,
1975). In these analyses, the chosen contrasts represent terms of a polynomial that
expresses the trend over time (i.e., linear, quadratic, ete.). If the contrasts have
independent errors (i.e., if they are uncorrelated and have equal variances) and the
error variances are not different statistically, then the data may be analyzed with a
split plot analysis of variance using treatments as the main plot unit factor and time
(occasions of measurement) as the subplot unit factor. If th: contrasts are different
(statistically different), and differences existed among the variances of the
contrasts, then a separate analysis of variance was conducted on each contrast. In
this latter case, the analysis was that for a randomized complete blocks analysis of
variance, and the F ratio test for treatments was a test for differences among
treatments in the trend over time and in treatment averages over time,

If the contrasts had intercorrelated errors (the error terms are not
independent), a multivariate analysis of variance was used to analyze the variability
among the treatments. Again the analysis of variance was a randomized blocks
analysis of variance, but it was for the multivariate observation of contrasts,

Any trends over time in the characteristics were estimated for each of the
treatments, If the characteristios changed over time, then the differences in those
trends among the treatments were tested for statistical significance, The 5% level
was used to determine significance unless otherwise stated (Procedure CA-34),
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Standard errors reported in this study were calculated by taking the square
root of the quotient resulting from the division of the mean square error by the
number of observations.

4.5. PROJECT STUDY PLANS, QUALITY ASSURANCE PROTOCOLS, AND
GREENHOUSE, FIELD, AND LABORATORY METHODS AND PROCEDURES

The following documents provide detailed descriptions of the materials and
methods used during this study:

An Assessment of Salt Drift on the Productivity of Agricultural Crops in
the Vieinity of the Palo Verde Nuclear Generating Plant: 17 November 1983.
The Project Study Plan includes 42 procedures deseribing the laboratory and
field methods and related procedures used by personnel directly engaged in
this study. Refer to Table 7 for a complete listing of all field, greenhouse, and
laboratory procedures and methods.

Project for an Assessment of Salt Drift on the DProductivity of
Agricultural Crops in the Vicinity of the Palo Verde Nuclear Generating
Station: 24 June 1983, The Quality Assurance Plan and protocol for this study.

Methods for APS Salt Drift Project: 15 November 1983, The laboratory
procedures used by personnel at the University Analytical Center for analysis
of stoek solutions, and composited treatment solutions.

Quality Assurance Plan for the Analysis of Salt Drift Deposition on Soil
and Vegetation Adjacent to the Palo Verde Nuclear Generating Station: 5
October 1983, The Quality Assurance Plan and laboratory procedures used by
personnel at the Soils, Water, and Plant Testing Laboraty for the analysis of
plant tissue.




Table 7.

List of Greenhouse, Field and Laboratory Methods and Procedures
Used and Contained in Project Study Plan

—_——eeeee e e =

Procedure Title

CA-1 Procedure for Measurement of Leaf Area with LI-COR LI-3000 Portable Area
Meter

CA-2 Procedure for Measurement of Leaf Area with LI-COR LI-3100 Area Meter

CA-3 Procedure for Greenhouse Alfalfa Harvest

CA-4 girt(:cedure for Use of the LI-COR LI-1500 Porometer at the APS Project Field

CA-5 Procedure for Collecting Soil Samples

CA-6 Procedure for Calibration of the Tractor-Sprayer Spray Nozzles

CA-7 Procedure for Use of Datamyte 1001 Data Recorder

CA-8 Procedure for Harvesting Cantaloupe at the APS Project Field Site

CA-9 Procedure for Droplet Size Measurements

CA-10 Procedure for Calibration of Mettler Balance AC 100

CA-11 Procedure for Harvesting Alfalfa at the APS Project Marana Field Site

CA-12 Procedure for Harvesting Cotton at the APS Project Marana Field Site

CA-13 Procedure for Electrical Conductivity Measurements of Salt Solutions

CA-14 Procedure for Salt Deposition Measurement in Spray Chamber and Field Plots

CA-15 Procedure for Tagging Cotton Blooms at the APS Project Field Site

CA-16 Procedure for Spraving Salt Solution on Field Study Plots

CA-17 Procedure for Applying Benlate 50WP Fungicide to the Cantaloupe at the APS
Field Site

CA-18 :)roccdure for Making Field Site Plant Observations (Field Evaluation Form V-

CA-19 Procedure for Field Cultural Practices

CA-20 Procedure for Calibration of Mettler Balance PC 2200
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Table 7 {cont.)

CA-21 Procedure for the Pre-Treatment and Post-Treatment Cheeks of the Tractor-
Sprayer

CA-22 Procedure for Use of Greenhouse Spray Chamber

CA-23 Procedure for Grinding Plant Tissue Samples with the UDY Cyelor.e Sample
Mill (Model MS)

CA-24 Procedure for Performing Greenhouse Site Plant Observations

CA-25 Procedure for Preparation of Synthetic Blowdown Solutions for Field and
Greenhouse Application

CA-26 Procedure for Use and Calibration of the Wescor HP-115 Psvehrometer
CA-27 Procedure for Greenhouse Barley Harvest

CA-28 Procedure for Greenhouse Cotton Biomass Harvest

CA-29 Procedure for Use of Environmental Data Recorders

CA-30 Procedure for Maintaining Laboratory Notebooks

CA-31 Procedure for Photographie Documentation

CA-32 Procedure for Application of Pesticides in the Greenhouse During the APS
Study

CA-33 Procedure for Use of the Cole-Parmer Model 5994 nH Meter

CA-34 Procedure for Data Reduction

CA-35 Procedure for Use of the Smith Fertilizer Injector

CA-36 Procedure for Fertilizing and Watering Plants in the Greenhouse
CA-37 Procedure for Chain-of-Custody and Document Control

CA-38 Procedure for Preparation of Cantaloupe for Chemieal Analysis
CA-39 Procedure for Indoor Drip Irrigation

CA-40 Procedure for Tagging Blooms in the Greenhouse for the APS Project
CA-41 Procedure for Greenhouse Cotton Boll Harvest

CA-42 Procedure for Use of the LI<COR LI-1600 Porometer in the Greenhouse During
the APS Study

CA-43 Procedure for Use of the Sierra Series 244 Dichotomous Sampler (Virtual
Impaector)
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5. RESULTS

5.1. MONITORING THE DELIVERY OF THE SIMULATED SALINE DRIFT

Concentrations of the salts in the simulated saline drift were monitored to
verify the levels of salts applied to the plots. Two different methods were used to
monitor these treatment levels. Daily samples of simulated saline drift treatment
solutions were collected directly from the spray nozzles, were composited weekly,
and were analyzed by the University Analytical Center; and electrical conductivity
measurements of salts deposited on parafilm covered petri dishes were taken as
described in Section 4.1.4.2,

The amounts of salts applied to the greenhouse and field experimental plots
were based on the total chemical weights (Table 8). To adjust for the weight of
water in the hvdrated salts, it was concluded that TDS better represented the
anhydrous salts in the solution (Table 2). Based on TDS the effective solution levels
were 74,1% of the nominal eoncentrations (Table 8).

5.1.1. Analytieal Laboratory Analyses of Treatment Solutions

Analyses by the University Analytical Center of weekly ecomposited
treatment solutions eollected from the spray nozzles in the greenhouse
indicated that TDS concentrations ranged from 102% to 133% of the
ealeulated effective treatment solutions concentrations (Table 9). Treatment
solutions were within 10% of ealev’ated rates except for the nominal 10
Ibs/a+yr treatment level which was 133%,

Weekly treatment solutions composites collected from the tractor
sprayer ranged from 101% to 107% of the ealculated effective TDS
concentrations (Table 10), These percentages are greater than the targeted
amounts and may be partially attrihued to:r 1) slight variations in the
concentrations of stoek solutions used to prepare treatment solutions; 2) slight
variations in the aliquots of stoek solution used to prepare treatment solutions;
3) experimental error during analytical determinations of the econcentrations
of stoek solutions; and 4) analytieal error in the determinations of TDS
concentrations of the treatment solutions.
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The ionic composition of these weekly composited samples of the
simulated saline drift solutions collected at the greenhouse and the field are in
Tables 11 and 12. Trace amounts of salts also were found in the distilled
water used at both the greenhouse and the field sites (Data Summary Volume

Section C).

5.1.2. Nozzle Delivery Rates

The delivery rate of all nozzles used in the field studv was checked
weekly (approximately every five spraving days). A delivery rate of 49.2
ml/30 sec per nozzle was used as the standard for caleculating the
concentration of salt solutions to be spraved in the fiel tudies (ef. 4.1.4.).
The results of these measurements are graphed in Figure 13 and recorded in
the Data Summary Volume Table F-I. The individual nozzles were consistent

in their deliverv rate.

Prior to the 13 September installation of new nozzles with stainless steel
cores there was a verv gradual increase in the delivery rates. The greatest
increase (3.4%) occurred in the distilled water treatment line. The line used
to apoly the nominal 100 lbs/a-yr and the nominal 500 1bs/a-yr treatment
solution increased 1.4%. The line used for the nominal 10 lbs/a-vr fluctuated
only slightly, delivering 3.4% less. Following the replacement of the nozzles
the delivery rate increased by 6.7%. During the field study, the measu od
delivery rates for the different lines based on the standard of 49.2 ml/30 sec
were 5.4% greater, 0.9% less, and 4.8% greater for the 0, nominal 10 and

nominal 100 lbs/a*yr treatment solutions, respectively (Figure 13). The

delivery of the spray nozzles positioned directly over the mechanically and

hand-harvested cotton rows were within 3% of the measured delivery rates.

5.1.3. Petri Dish Measurements of Salt Deposition

The deposition of simulated saline drift in the greenhouses as measured
by the petri dish method exceeded the calculated effective treatment rate for
all treatment levels., The averages for all greenhouse treatments and crops

are summarized from the Data Summary Volume Section D in Table 13.
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Table 11.

Comparison of the lonie Concentrations of the Simulated Saline Drift Treatment Solutions Used in the Greenhouse Study.

(Data Based on Results from the University Analytieal Center Analvses from 25 July 1983 to 14 November 19830

I

Nominal Nominal Nominal Nominal
10 I1bs/a-yr Treatment 100 1hs/a-yr Treatiment 500 Ibs/a-yr Treatment 1000 Ibs/a-yr Treatment
Analytical Center Analytieal Center Analytieal Center Analylies! Center

Caleulated  Analyses, Aver. Std. Caleulated  Analysos, Aver,  Std.  Caleulated Analyses, Aver. Std. Caleulated Analyses, Aver, Std.
fon (mg/1 (mg/1) Dev.b (mg/1) ling/1) Dev.d  (mg/N (mg/1) Dev.h  (mg/1) (mg/1 Dev.b
Ca 6.106 7.59 + 0.9 61.06 72.0 + 9.2 305.3 364.5 + 41.6 692.3 870.5 + 7.2
Mg 0.442 0.44 + 0.02 4.42 4.1 To0.3 22.1 19.8 + 1.5 50.3 47.3 * 2.8
Na 87.07 114.2 +.25.1 870.7 R36.1 89 431531.8 3923.0 + 465.5 9872.8 9339.0 +1118.2
K 3.912 4.12 £ n 39.12 8.4 + 3.7 195.6 186.3 + 6.7 443.3 428.5 + 12 .1
Cl 84.30 119.3 +21.2 843.0 877.1 ¥ 97.9 4215.1 4492.0 + 295.2 9553.9 10406.0 + 5831.8
S04 47.27 65.5 ¥ 59.6 472.7 586.4 ¥ 59.2 2363.3 2772.0 < 220.5 5356.8 6289.0 + 545.9
NO3y 43.48 65.1 E 7.3 434.8 484.2 T 44 2173.9 2351.0 T 419.6 4927.6 5581.0 + T82.6
NHy 0.038 0.079 n.377 0.2 iy 1.886 2.10 x 4.275 .52
Be 0.0057 0.0 0.057 0.0 0.28% 0.0 0.648 0.064
Fe 0.002 0.0 0.020 n.n 0.1m 0.10 2.095 0.50
F 0n.n30 0.0 0.304 0.37 1.521 1.45 3.446 2.65
BO3 0.064 0.096 0.638 1.93 3.188 6.99 7.225 13.49
Mn 0.014 0.0 0.136 0.12 0.678 0.55 1.550 1.262
n 0.022 0.058 0.216 0.22 1.078 .86 2.442 1.41
Sr n.010 0.0 0.099 0.09 0.496 0.5 1.124 0.998
Cu 0.005 0.0 0.053 n.n4 0.265 0.15 0.599 0.32
Ag 0.001 0.0 n.010 0.0 0.050 0.027 0.113 0.075
Ph 0.0006 n.n 0.0056 n.n 0.028 0.0 0.064 0.312
As 0.0005 0.0 0.005 n.nn3 0n.n25 0.m5 0.058 0.043
1 n.029 0.0 0.287 0.0 1.4364 0.0 3.255 0.0
Si 0.685 0.0 6.849 7.3 34.244 35.18 77.619 81.7
Ra 0.0002 0.0 n.nn24 n.n 0.012 0.07 0.027 0.824
Cd 0n.nnn3 0.0 0.0028 n.n 0.014 n.042 n.03 0.094
Se 0.0003 0.n 0.0032 0.062 n.ne6 n.014 0.038 0.034
Cr 0.0001 n.n n.0012 n.n 0.006 0.0 0.013 0.n49
Hg 0.60004 n.n - 0,0004 n.o 0.002 0.0 0.004 0.0
HCOg 0.976 n.n 9.764 1.73 48 818 26.86 110,653 63.75
POy 0.112 0n.Mmg 1.120 n.69 5.602 3.13 12.698 6.45
IONIC
sUm 274.6 376.6 + R2.0 2744 2909 4223 13729 14188 + 1264 31125 3314 + 2369

A Individual ions may not be deteetable in treatment solutions,

b Standard deviations were ealeulated only for Ca, Mg, Na, K, (1, SO4, NO4g and ionie sums of individual samples of treatment solutions,
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Table 12.

Comparison of the lonic Coneentrations of the Simulated Saline Drift Treatment Solutions Used in the Field Study.
(Data Based on Results from the University Analytical Center Analysis
from 25 July 1983 to 28 November 1983.)8

—— ——
— —

Nominal Nominal
10 1bs/a-yr Treatment 100 Ibs/a-yr Treatmet
Analytie Center Analytie Center

Caleulated Anal , Aver, Std. Caleulated Analyses, Aver. Std.
Ton (mg/1) m/l) Dev.b (mg/1) (mg/1) Dev.b
Ca 32.3 40.7 + 6.1 322.9 - 418.4 + 4.2
Mg 2.3 33 + 0.2 23.4 0.7 + 1
Na 460.4 431.1 f 59.6 4603.5 4353.3 f 341.9
K 20.7 19.1 + 0.9 206.8 192.3 ¢+ 15.4
Cl1 455.7 481.1 ¥ o107.4 4556 .8 4823.3 Z 576.5
804 249.9 280.1 + 20.2 2498.6 2890.0 + 368.8
NO4y 229.8 213.6 ¥ 42 2298.4 2272.7 + 470.1
Niy 0.2 0.18 1.994 2.39
Be 0n.03 n.n 0.30 n.n4
Fe 0.098 0.0 0.977 0.33
F 0.161 0.2 1.608 1.84
RO, 0.337 0.95 3.37 7.0
Mn 0.072 0.032 0.723 0n.79
7n 0.114 n.14 1.139 0.82
Sr 0.052 n.m7 0.524 0.52
Cu 0.028 0.0 0,280 0.16
Ag 0.005 0.0 0.053 0.n44
Ph 0.003 0.0 0.030 0.0
As 0.0027 0.0003 0.027 n.ms
1 0.152 0.0 1.519 0.0
Si 3.620 0.0 36.204 1.3
Ba 0.0012 0.0 n.m2 n.0
Cd 0.0015 0.0 0.015 0.n47
Se 0.0017 0.0 0.m7 0.n8
Cr 0.0006 0.0 0.008 n.o
Hg 0.0002 0.0 0.002 0.0
HCOg 5.161 1.97 51.613 25.87
PO‘ 0.592 0n.052 5.923 3.02
IONIC
sSum 1462 1471 + 195 14617 15060 + 1307

® Individual ions may not be detectable in treatment solution.

b Standard deviations were ealeulated only for Ca, Mg, Na, K, C1, SO4, NO3 and ionic sums of individual samples of
treatment solutions.
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Figure 13. Nozzle delivery rates (field)



Table 13.

Petri Dish Determinations of
Simulated Saline Drift Deposition (Greenhouse)

TDS Deposition Effective
Effective Petri Disn Treatment
Treatment Level@ Veasurementsd Levels®
(1bs/a-yr) (1bs/a-yr)
0 6.1 -
7.4 17:3 2.34
74.0 112.0 1.51
371.0 518.0 1.40
741.0 909.0 129

@ Based on actual treatment solution analyses.

b Caleulations based on multiplying average daily deposition rate x 260
application days.

€ Ratio of TDS data to effective treatment level.
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The average amount of TDS found on the petri dishes sampled in the
field ranged from 80% to 200% of the calculated effective treatment levels.
The averages for each field treatment level are summarized from Data
Summary Volume Section E in Table 14.

5.1.4. Calculated and Measured Delivery of Simulated Saline Drift
5.1.4.1. Greenhouse

Calculated effective treatment levels are compared with measured
delivery rates for greenhouse cotton, as an example, in Figures 14 to 186,
Detailed tabular data and similar comparisons for greenhouse barley and
alfalfa are presented in Data Summary Volume Section D.

5.1.4.2. Field

A comparison of ealculated and measured delivery rates are presented as
an example, for the field alfalfa plots in Figures 17 to 20. Additional data and
similar comparisons for the other field crops are presented in Data Summary

Volume Section E.

Petri dish deposition measurements of the simulated saline drift
solutions applied to the plots showed variability (Data Summary Volume
Section E). Variation in measurements may be attributed to sampling,
analytical and experimental error, and fluctuations in environmental

conditions.
5.1.5. Droplet Size
5.1.5.1. Greenhouse

The mass mean diameter of simulated saline drift droplets is shown in
Table 15. The overall mean was 105, 5u greater than the expected 100 u
size. The size of the droplets in the simulated saline drift during June
declined to about 80 u, at which time the old nozzles were replaced (Data
Summary Volume Tables G-1 and G-2).
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Table 14.

Petri Dish Determinaticns of
Simulated Saline Drift Deposition (Field)

TDS Deposition Effective
Effective Petri Dish Treatment
Treatment Level8 Measurementsb Levels®
(1bs/a-vr) (Ibs/a-yr)

371

741

8 Based on actual treatment solution analvses.

N o . . s a3
O Calculations based on multiplying average daily deposition rate x 260
application days.

€ Ratio of TDS data to effective treatment level.
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Figure 14. Simulated saline drift deposition levels for the
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measured delivery (solution analysis data [volume concentration
data] and petri dish data)
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Figure 15. Simulated saline drift deposition levels for the
nominal 100 Ibs/a ® yr treated greenhouse cotton. The calculated
effective treatment level (targeted accumulation) is compared with
measured delivery (solution analysis data [volume concentration

data] and petri dish data).
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Figure 16. Simulated saline drift deposition levels for the
nominal 500 Ibs/a ® yr treated greenhouse cotton. The calculated
effective treatment level (targeted accumulation) is compared with
measured delivery (solution analysis data [volume concentration
data] and petri dish data).
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Figure 17. Simulated saline drift deposition levels for the
nominal 10 Ibs/a ® yr treated field alfalfa. The calculated effective
treatment level (targeted accumulation) is compared with
measured delivery (solution analysis data [volume concentration
data) and petri dish data).
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Figure 18. Simulated saline drift deposition levels for the
nominal 100 Ibs/a ® yr treated field alfalfa. The calculated effective
treatment level (targeted accumulation) is compared with
measured delivery (solution analysis data [volume concentration

data] and petri dish data).
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Figure 19. Simulated saline drift deposition levels for the
nominal 500 Ibs/a ® yr treated field alfalfa. The calculated effective
treatment level (targeted accumulation) is compared with
measured delivery (solution analysis data [volume concentration
data] and petri dish data)
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Figure 20. Simulated saline drift deposition levels for the
nominal 1000 Ibs/a ® yr treated field alfalfa. The calculated
effective treatment level (targeted accumulation) is compared with
measured delivery (solution analysis data [volume concentration
data] and petri dish data).



Seasonal
Nominal Mass
Treatment Mean
Levels Niameter
(1bs/a-yr) (L)

10

100

500

8 Data abstracted from Data Summary Volume Section G.

h o
> Square root of the mean of individual variances.




5.1.5.2. Field

The mass mean diameter of the droplets spraved in the field study is

shown in Table 16 (Data Summary Volume Table G-3).

5.2. CLIMATIC COMPARISONS

5.2.1. The Palo Verde Nuclear Generating Station Field Site and Marana

The maximum temperature in a cotton field near the Palo Verde Nuclear
Generating Station was consistently higher than that at Marana field site except for
the weeks of 15 July and 11 November (Table 17; Figures 21a, 21b, 21e). The
difference in the weekly mean maximum temperatures between the two sites was
very small in June but increased gradually in Julv and Aucust, reaching a peak
difference of 7.2 C during the first week of September. The difference in weekly
me&an maximum temperatures between the two sites decreased gradually to less than
1 C difference in November (Table 17). The weather instruments at the Marana
field site and the Palo Verde field site were located in cotton fields. The
temperatures may have been affected by irrigation practices and microclimates
within the plant canopy. The weekly mean maximum temperatures for both field
sites were consistently lower than the weekly mean maximum temperatures for the
Marana desert site. This difference persisted until October when irrigation was

discontinued.

The weeklv mean minimum temperatures at the two field sites were similar.
The mean minimum temperature at the Palo Verde field site was within 2.5 C of the
mean minimum temperatures at the Marana field site. The seasonal mean minimum
temperature was less than 0.1 C higher at the Palo Verde field site than at the

Marana field site.

The weeklv means for maximum and minimum relative humidity were
consistentlv hicher ut the Varana field site than at the Palo Verde field site (Table
17). The meaximum seasonal mean relative humidity was 5.4% higher and the
minimum seasonal mean relative hun 7 17.8% higher at the Marana field site
(Table 17: Figure 22a, 22b). The max im and minimum means at both the Palo

Verde field site and the Marana field site were greater than those recorded at the




Table 16.

Field Droplet Size Measurements®

Seasonal
Nominal Mass Pooled
Treatment Mean Standard

Levels Diameter Deviations®

(1bs/asvr)
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Figure 2 1a. Maximum and minimum temperatures recorded during the growing season at the Marana field site

Gaps Indicate missing data.
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Figure 2 1c. Maximum and minimum temperatures recorded during the growing season
at the Marana desert site

Gaps Indicate missing data.
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Figure 22a. Maximum and minimum relative humidities recorded during the growing season
at the Marana field site

Gaps Indicate missing data.
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Figure 22b. Maximum and minimum relative humidities recorded during the growing season
at the Palo Verde field site

Gaps Indicate missing data.
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Figure 22c. Maximum and minimum relative humidities recorded during the growing season
at the Marana desert site

Gaps indicate missing data.




desert site until October (Figure 22¢). In October and November, however, higher
means were recorded at the desert site than at the Palo Verde field site, in part due
to the excessive precipitation received in the Marana region from an unusually large

storm in late September and early October.

The amounts of precipitation received at Marana and the Palo Verde field sit¢
were nearlv equal until 18 August, Marana received 2 in, of rain during this period,
and the Palo Verde field site received 2.03 in. During late August and early
September. Marana received more than 1.25 in. more preci sitation than the Pal

Verde field site. An unusually large storm in late September and early October left

of rain at Marana site. The Palo Verde field site received less than 0.75 in.

of rain from this storm (Figure 23). Total rainfall was 10.58 in, at Marana and 4.16

m 1 1 1 - . . - -~ - »
in. at the Palo Verde field site, for the duration of this stud

5.2.2. Greenhouse

The dailv maximum temperatures in the north greenhouse ranged fron
45 C. Maximum temperatures were higher at the east end of the greenhouse, excepl
in November. These variations in temperature can be attributed (o the evaporative
coolers located at the west end and the exhaust fans located at the east end of the
reenhouse,. Minimum temperatures at both ends of the greenhouse did not vary by

more than 2 C (Figures 24a, 24H).

Recording of the relative humidity in the greenhouse during May 1983

October 1983 shows that the relative humidity reached 75% or greater eact

approximately 6 hr, 12 hr, 17 hr, 20 hr, and 12 hr, during the months of June,
August, September, and Oectober, respectively (Figure 25a, 25b, Data S

Volume Tables H-1, H-2).

Analvsis of the air quality in the north greenhouse showed that there were no
significant difference in ionic species concentration betweer days on whiech spraving
with the simulated saline drift took place and nonspraving days (Data Summary

Volume Section C).
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Figure 25a. Maximum and minimum relative humidities recorded during the growing season
at the east end of the north greenhouse

Gaps Indicate missing data.
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Gaps Indicate missing data.
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5.3. GREENHOUSE EXPERIMENTAL RESULTS

5.3.1. Cotton
5311 Resident Salts on Cotton Leaf Surfaces

There were no significant differences among the treatments in the north
greenhouse for resident surface salts. The mean concentrations of resident
surface salts were 0.045, 0.059, 0.048, 0.047 mg/em?2 of leaf area and 10.2,
9.4, 10.6, and 9.2 mg/g leaf dry weight for the 0, 10, 100, and 500 lbs/a-yr
nominal treatments, respectively (Data Summary Volume Table 1-7).

In the south greenhouse, cotton plants treated with nominal 1000 1bs/a-yr
simulated saline drift accumulated approximately 23 percent more surface
salts/g dry weight of leaves than the controls (Table 18, Data Summary
Volume Table 1-7). These values were statistically different. The mean
concentrations of resident surface salts were 22.3 and 29.2 mg/g leaf dry
weight for the 0 and nominal 1000 Ibs/a-yr treatment, respectivelv. On a leaf
area basis, the resident salts on the control and treated plants are both 0.13
mg/em?2,

5.3.1.2.  Cotton Leaf Tissue Analysis

Tissue analysis showed that salts accumulated within cotton leaf tissue
(Data Summary Volume Tables M-1 to M-4). At harvest, the average Na*
concentration in the leaves of the nominal 500 1bs/a-yr treated cotton plants
(4187 ppm) was approximately six times that of the econtrol plants (662 ppm).
The average Cl” concentration in the treated plants (9901 ppm) was
approximately twice that in the controls (5301 ppm). Only the Na and CI°
concentrations were statistically different (Table 18),

5.3.1.3. Phenological Responses

The plants in the nominal 1000 lbs/a.yr treatment group in the south
greenhouse on the average were 19 em shorter than the controls. This 15%
reduction was consistent from 9 September to biomass harvest and was



Table 18,

Significant Differences

Visual Evaluaticns

Nominal Treatment !.evel

(Ibs/a-yr) Standard

Crop Variable® Harvest 0 500 1000 Error
Cotton Height/Plant (em) Trend difference
North Greenhouse

No. Nodes/Plant Trend difference

No. Bolls/Plant 10.27 12.%2 ® 0.78

7/217, 8/4, 8/9, 8/15, 8/23,

8/30, 9/8, 9/13, 9/29, 10/5

Tip Necrosis (% leaves/plant) 4.08 7.33 * 0.89

8/30, 9/8, 9/13, 9/29, 10/5

Margin Necrosis 0.7 3.23 ® 0.16

(% area/leaf)

7/6, T/11, 7/18, 7/21, 8/4, 8/9,

8/15, 8/23, 8/30, 9/8, 9/13, 9/29,

10/5

General Chlorosis 37.50 45,80 . 0.86

(% leaves/plant)

8/30, 9/8, 9/13, 9/29, 10/5

Leafshed/plantP 3.42 3.93 . 0.09

7/217, 8/4, 8/9, 8/15, 8/23, 8/30,

9/8, 9/13, 9/29, 10/5

Deformity - Margin Curl® 0.69 0.80 g 0.10

8/9, 8/15, 8/23, 8/30, 9/8, 9/13,
9/29, 10/5
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Table 18 (cont.)

Nominal Treatment Level

(Ibs/a-yr) Standard

Crop Variable Harvest (] 500 1000 Error
Cotton Square shed/plantP 0.53 1.27 * 0.13
North Greerhouse 8/9, 8/15, 8/23, 8/30, 9/8
Cotton Height/Plant (em) Trend difference
South Greenhouse

No. Flowers/Plant 0.36 0.23 0.04

Tip Necrosis® 0.45 s 0.9 0.02

8/1, 9/9, 9/28, 10/10, 10/19,

10/26, 11/1

Tip Necrosis (% leaves/plant) 5.85 . 27.86 1.69

8/1, 9/9, 9/28, 10/10, 10/19,

10/26, 11/1

Margin Necrosis (% leaves/plant) 5.42 * 27.75 3.0

8/1, 9/9, 9/28, 10/10, 10/19,

10/26, 11/1

Spot Necrosis (% leaves/plant) 0.77 * 6.37 0.87

8/1, 9/9, 9/28, 10/10, 10/19,

10/26, 11/1

Surface Chlorosis (% leaves/plant) 29.12 . 23.39 0.90

7/8, 8/1, 9/9, 9/28, 10/10, 10/19,

10/26, 11/1
Barley - North Spot Chlorosis (% leaves/piant) 4.17 10.25 * 2.9
Greenhouse 8/17, 8/24, 9/1, 9/8, 9/14



Table 18 (cont.)

Nominal Treatment Level

(1hs/a-yr) Standard

Crop Variable Harvest 0 500 1000 Error
Barley - North General Chlorosis (% leaves/p'~nt) 29.9 34.3 . 2.75
Greenhouse B8/17, 8/24, 9/1, 9/8, 9/14, 9/29,

10/7, 10/12
Barley - South Tip Necrosis® 0.33 . 0.36 0.0001
Greenhouse 7/19, 8/8, 9/14, 9/23

Margin Neecrosis (% leaves/plant) 1.39 * 2.96 0.14

7/19, 8/8, 9/14, 9/23
Cotton - Field Chlorosis (% leaves/plant) 15.4 12.1 . 0.58

/5, 1/13, 7/26, 8/3, 8/25, 9/2,

9/12, 9/15, 9/217, 10/13

Chlorosis (% area/leaf) 24.3 19.2 * 1.16

7/5, 7/13, 7/26, 8/3, 8/25, 9/2,

9/12, 9/15, 9/27, 10/13

Chlorosis - Surface Yellow® 0.38 0.29 g 0.03

8/25, 9/2, 9/12, 9/15, 9/27, 10/13
Alfalfa - Field Chlorosis (% leaves) 6.94 . 9.5 0.62

Margin Necrosis® 0.08 . 0.28 0.04
North Greenhouse Height (em)/Piant Seventh 32.6 30.87 0.40
Alfalfa Transplants

Diameter (NS) (em) Second 16.25 18.00 0.56

(NS) (em) Fourth 20.30 24.15 0.06
(EW) (em) Fourth 19.25 22.7% 0.72



Table 18 (cont.)

Nominal Treatment Level

(1bs/a-yr) Standard

Crop Variable Harvest 0 500 1000 Error

No. of Siems/Plant Thirad 11.04 13.00 0.05

Percent Bloom/Plant Second 3.00 0.83 0.20

Thirdd 3.54 4.79 0.76

Chlorosis - Surface Yellow First 0.46 n.04 0.01

in Population®
North Greenhouse Height (em)/Plant Second 49.97 47.20 0.36
Alfalfa Seedlings

No. of Stems/Plant Fifth 30.83 33.75 0.07

Abscission in Population® Fourth 0.94 1.06 0.02

Spot Chlorosis (% area/leaf) Fifth 19.58 7.92 2.26
South Greenhouse Abscission in Population® Third 0.58 1.00 0.06
Alfalfa Transplants

Surface Chlorosis (% leaves/plant) Fifth 55.00 30.83 3.11
South Greenhcwuse Abseission in Population® Fourth 0.50 0.84 0.03
Alfalfa Seedlings

8 Dates are listed for individual variables which were significant only for the dates listed, all dates listed were analyzed
collectively.

b Each value represents the mean number of leaves, squares, or bolls shed for 12 plants.

® In each observation, condition was noted as "1," present or "0," absent. The resultant mean represents the fraction of the
population affected with the condition.

d Linear response difference between treatment.

€ In each observation, condition was noted as "0," no leaves abscised, "1," few leaves abscised, or "2," many leaves abscised.
The resultant mean represents an index of the severity of the condition throughout the population.
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Table 18 (cont.)

Harvest Data

Nominal Treatment Level

(Ihs/a-yr) Standard
Crop Variable No Tmt. 0 10 no 500 1000 Error b Sty
Cotton - Fresh Weight . 21.58 29.76 28.73 31.36 . 1.39 - -
North Greenhouse Bracts/Plant
®
Dry Weight . 18.91 25.92 25.62 34.89 . 2.28 - o
Bracts/Plant
®
Seed Cotton . 63.90 83.31 81.56 88.94 . 3.67 — o
Weight/Plant
®)
Lint Weight/Plant * 24.92 32.49 30.81 34.89 . 1.43 - -
®
Alfalfa - Leaf Surface Salt/
Field Leafl Area
mmhos/em 2 0.0077 0.0066 0.0082 0.0139 0.0159 0.0274 0.0025 N.1839 0.0293
mg/emz n.ovr g 0.0m5 0.0027 N.0087 0.0103 0.0248
Leal Surface Salt/
Plant Dry Weight
mmhos/g 0.8997 0.7225 0.8983 1.5455 1.9025 3.2763 0.2721 0.0023 G6.0002
mg/g 0.1779 0.1575 0.2858 0.8990 1.2127 2.8552
Cotton ~ No. Bolls 147.0 152.0 138.4 135.1 116.9 * 7.02 -0.0561 0.6172
Field
Hand Harvested Seed Cotton (g/plot) 583.3 631.0 543.9 516.4 439.17 . 30.41 -0.2876 0.0744
Alfalfa Seedlings Leaf Surface Salt/
North Greenhouse Leafl Area
mmhaos/em? . 0.0034 n. 0036 0.0036 0.0091 . 0.00048 - -
mg/em? . 0.0084  0.0090 0.0093  0.0266 *

Leafl Surface Salt/
Plant Dry Weight
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Table 18 (cont.)

Nominal Treatment Level

(1hs/n-yr) Standard
Crop Variable Wo Tmt. [ T 00 500 1000 Error b Sty
mmhos/g . 0.4766 0.5730 0.6005 1.1443 L 0.02400 0.00127 0.00006
mg/g . 0.7643 0.9287 1.2242 2.7100 ¢
Alfalfa Seedlings Fresh Weight (g) . B4.64 . . . 96.15 1.54 -- -
South Greenhouse
Leaf Surface Salt/
Leafl Area
mmbos/em 2 . 0.0025 . . . 0.0115 0.0004 - e
mg/em?2 . 0.0061 . . . 0.0346 0.0015
Leaf Surface Salt/
Plant Dry Weight
mmhos/g * 0.4086 . . L 1.5552 0.0330
mg/g . 1.0483 . b . 4.7179 0.218
Alfalfa Transplants Leaf Surface Salt/
North Greenhouse Leal Area
mmhos/em 2 . 0n.n033 0.0032 0.0040 0.0079 4 0.00065 0.09430 0.00860
mg/em? . 0.0070  0.0070 6.0098 0.0224 *
Leaf Surface Salt/
Plant Dry Weight
mmhos/g . 0. 3568 0.4169 N.5074 0.9638 . 0.026 0.00116  0.00006
mg/g g 0.7643 0.9287 1.2242 2.7100 ¢
Alfalfa Transplants Leaf Surface Salt/
South Greenhouse Leaf Area
mmhos/em 2 . 0.0033 . . 0.0121 0.0007  -- --

mg/em? ® 0.0084 . . » 0.0365 0.0021



656

Table 18 (cont.)

Nominal Treatment Level

(1hs/a-yr) Standard

Crop Variable No Tmt. LB 0 100 500 1000 Error

Leaf Surface Salt/

Plant Dry Weight

mmhos/g * 0.3644 " . b 1.3805 0.0044
mg/g . 0.9273 . . *® 4.1347 0.021

Barley No. Seeds/Plant * 263.00 198.A7 203.08 296.67 ¢ 18.01
North Greenhouse

Leaf Surface Salt/ . 3.82 3.76 3.98% 6.22 0.53

Plant Dry Weight

(mg/g)
Rarley Leaf Surface Salt/ 5.31 11.66 0,862
South Greenhouse Plant Dry Weight

(mg/g)
Cotton Total Fresh Weight/ * 459.26 * . . 416.02 6.50
South Greenhouse
South (ireenhouse Plant (g)

Total Dry Weight/ * 128.53 b . . 115.29 0.93

Plant (g)

Leaf Surface Salt/ b 22.28 . s . 29.18 0.92

Dry Weight of Leaves
(mg/g)
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Table 18 (cont.)

Porometer Data

Nominal Treatment Level

(ihs/a-yr) Standard
Crop Variable No Tmt. 0 10 i 500 Error b S
Cotton - Field (l-e’lf Temperature 33.47 33.24 33.67 33.46 33.05 0.14 -0.00121 0.00035
=
Temperature 2.4327 2.5765 2.3332 2.4230 2.6246 0.0588 0.00057 0.00015
Differential
)
Barley Leaf Temperature . 26.83 26.98 27.28 27.78 0.19 0.0017065 0.000456
North Greenhouse, (C)
P.M.
Temperature bd 1.63 1.46 1.30 1.18 0.08 -0.000729 0.000191
Differential
©)
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Table 18 (cont.)

Tissue Analyses

Nominal Treatment Level

(1bs/a.yr) Standard
Crop Variable Controla 500 1000 Error
North Greenhouse
Cotton Na 662.43 4186.92 —_ 419.37
Cl 5301.00 9900.92 - 302.80
Alfaifa (Transplants) Na 344.75 833.32 - 48.28
Cl 6335.86 7508.19 —_ 112.89
Barley Na 1882.67 2872.67 - 82.39
Mn 72.80 59.18 - 1.98
Field
Cantaloupe N 15419.38 13473.50 —_ 469.98
Cotton Na 1005.94 4651.86 — 121.68
Ca 35314.00 31329.00 — 828.85
Mg 4275.14 3320.29 - 111.00
B 48.36 40.64 - 1.78
Cl 18046.29 22500.29 -_ 515.02
Alfalfa Na 911.00 - 3653.00 152.26
(B 9801.25 - 14848.63 764.92

& The sprayed control was analyzed in the greenhouse study, and unsprayed controls in the field study.



statistically significant (Figure 26, Data Summary Volume Table J-5). There
was no significant difference in the number of nodes/plant between the
treated plants and the controls. The number of flowers per plant per
observation (seasonal average)* was significantly lower for the nominal 1000
Ibs/a-yr treatment (0.23 flowers/plant) than in the control (0.36 flowers/plant)
(Table 18, Data Summary Volume Table J-5). There was no significant
difference in (he number of bolls in the treated plants and the controls. No

other statistically significant visual phenolozical differences were observed,

in the north greenhouse, statistical analysis showed that turgidity,
.

epinastv, and number of stems/plant were not affected by the simulated saline

("('H' nent.

A comparison of plant heights (onlv between control and the nominal 500
Ibs/a-yr treatment) showed that: 1) eontrol plants and treated plants were not
"‘,lff-"‘r(‘?lf (""')"' 11 -"'1'1“ to II -Id"\': q.‘ ’\h" t”"’lt“'i "’l'irft‘* were \""I.f”"i'ltl.'
taller than control plants from 11 July to 15 August: and 3) control plants were

|

significantly taller than treated plants from 15 August to 5 October (Figure

27, Data Summary Volume Table J-4).

In the earlier part of the growing season, the number of nodes on the
nominal 500 lbs/a-yr treated plants during the middle and latter part of the
growing season is signifieant, and that the simulated saline drift treatments
appear to have reduced the height of the treated plants from 15 August to 5
October (Figure 27, Data Summary Volume Table J-4),

-

Vo significant differences were observed in the number of squares an

4
the number of {lowers between control plants and the nominal 500 lbs/asyr
treatment; however, the number of bolls/plant (seasonal average) and
flowers/plant (seasonal average) was significantly greater for the nominal 500
Ibs/a*vr treatment (12.2 bolls/plant) than for the controls (10.3 bolls/plant)
(Data Summary Volume Table J-4). In addition, the seasonal average of the
number of plants per observation in which squares and leaves were shed is

statistically greater in the treated plants (nominal 500 1bs/awr) than in the

control nlants !|-|'l)]‘u ‘H‘ Data Summaryv Volume Table J 1\

*The average value for all individual measurements taken during the entire growing

Season.
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Table 19.

Visual Evaluations for Neerosis in Cotton
Treated with Nominal 1000 Ibs/a-yr Simulated Saline Drift

Nominal Date
Variable Treatment Seasonal A verage
Levels
(ibs/a-yr) 7/18 81 9/9 9/28 10/10 10/19 10/26 1171 % Sz
Tip Neerosis 0 0 0 0 0 0 1.¥ 17.5 8.8 $.9 1.69
% Leaves/Plant 1000 0 1.7 19.6 35.4 0.0 36.7 .5 4.2 21.9
Margin Necrosis 0 0 0 0 0.8 n.4 17.5 11.3 8.0 5.4 m
% Leaves/Plant 1000 0 0.4 n 0 19.2 36.7 37.% 34.2 21.8




From 30 August to 15 October, the simulated saline dr ft treatment

produced significantly more leaf marginal curling deformity in the treate

plants than in the controls (Table 18).

$.3.1.5. Harvest Yields

Average lint vields of 35.3 ¢/plant and 32.7 g/plant were obtaine«
the control and the nominal 1000 lbs/a-yr treatment, respectively

LA

cotton weights averaged 90.6 g/plant and 84.0 g/plant for the contro

treatment groups, respectively. This reduction in lint and seed cotton vie

!
the nominal 1000 1bs/a.yr treated plants was not statistically significant
mary Volume T ] e dates ,qf f‘..,.\;
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Table 20,

("otton pl.‘l"' Biomass




A comparison of the mean weights of the seed cot:on and the lint vields

obtained for al!l treat nts in the north greenhouse shows that there was a

significant increase in the lint and seed cotton weights in all levels of the

saline drift treated plants over controls (Data Summary Volume Table 1-7).
Seed cotton weight of 63.9, 83.3, 81.68, and 88.9 g/plant were obtained fron
the control and the nominal 10, 100, and 500 1bs/ac.vr treated plants,
respectively. Total lint vields of 24.9. 32.5. 30.8. and 34.7 g/plant were
obtained from the control and the nominal 10, 100, and 50f yr treated
plants. resped v, The nominal 500 Ibs/awr treatment ! ] ficantly

" vl )
INCrease ires

and ar sight of the bracts as compared

5.3.1.6. Physiologieal Measurements

Alfalfa

5.3.2.1. Resident Salts on Alfalfa Plant Surfaces




transplant alfalfa for all harvests was approximately three to four times

higher than in the controls (Table 21)

Alfalfa transplants and seedlings in the north greenhouse also showed
inereased resident surface salts when treated with inereasing levels
drift solutions (Data Summary \ 1e Table: -10). Analysis
seasonal means of the transplants shows that there was
ad

fifference among the treatments with an increase

leaf area basis

plants

control

o

Alfalfa Tissue Analysis




Table 21.

urface Salts on South Greenhouse Alfalfa

Nominal
Treatment Seasonal Average
— ——— - -

Levels Transplants Seedlings Tran
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(1bs/a.wvr) 1g/emé leaf are

Seasonal
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averages were statistically greater for the nominal 500 1bs/a-yr treated plants
than in the control plants, In the seventh harvest mean height was
signifieantly lower for the nominal 500 Ibs/a-yr treatment (30.9 em) compared
to the control (32.6 em). The number of stems/plant in the third haivest was
statistically higher in the nominal 500 lbs/a-wr treatment (13) than in the
control (11). Plant diameters also were statistically higher for the nominal
en9 1bs/a.vr treatment than in the eontrol in the second (18 em vs 16.3 em)

and fourth (24.2 em vs 20.3 em) harvests.

Growth and development of the alfalfa seedlings treated with nominal
500 1bs/a.vr simulated saline drift were not different from the control plants
except during the second harvest. In the second harvest, the heights were
significantly reduced by the nominal 500 lbs/a:vr treatment (47 em) as
compared to the control (50 em). During the fifth harvest, the number of

stems/plant was \:';f“r!ﬁ"'l'ﬂ‘\' higher in the nominal 500 1bs/a*vr treated plants

(33.8) than in the control plants (30.8). During the fourth harvest period, there

was sign fieantly greater i‘..,L_r],n abseission in the nominal 500 1bs/a*yr
treatment as compared to the control (Table 18, Data Summary Volume Table

J-8).

5.3.2.4. Foliar Injury

No signifieant differences for any necrotic symptoms were found

atna

between the control plants and the nominal 1000 Ibs/a+«yr treated plants, (D

Summary Volume Table J-10).

The most common chlorotie symptom observed on the 0 and nominal
1000 I1bs/a-yr treated alfalfa was general chlorosis. Spot and margin chlorosis
were less prominent. No significant differences were observed for chlorosis
except in the fifth transplant harvest, when the control plants had
HZ.-T'H(M‘H'\Y.'.\ more leaflets exhibiting general chlorosis/plant (55.0%) than the
nominal 1000 1bs/a*vr treated plants (30.8%) (Table 18, Data Summary Volume

J=10).

There were no statistically significant differences between treatments

for leaf deformities. All alfalfa plants abscised a few leaflets throughout the




study. The abscission of the nominal 1000 1bs/a-vr treated plants was

significantly greater than the controls during the third harvest period for the

transplants and the fourth harvest period for the seedlings (Table 18, Data

Summary Volume Table J-10),

For both transplants and seedlings, no statistically significant

differences were observed between the control and the nominal 500 )S/A-yr

treatment for tip or margin necrosis. The treated and untreated alfalfa

transplants in the north greenhouse showed essentially no tip or margin

neerosis during the first four harvest periods. Only in the latter harvest

Der 31\ were anv necrotioe ‘-“y“‘” yms ‘)‘)V,\Fvvv‘.,i in the Y".‘i']\'l!‘!']?

differences were not significant Data Summary Volume Tables
tip or margin necrosis was observed in the ilin n the first three

Mroucghout the study, neither the transplan

ArZIin necrosi excee




5.3.3.

5.3.2.5. Harvest Yields

The alfalfa harvest showed that the simulated saline drift treatments did
not cause a reduction in fresh weight, dry weight, or leafl area/alfalfa plant as
(‘"'Y"‘_')H"'"" to control plants (Data Summary Volume Table
No significant differences were noted among the treat
except in the fresh weight of the alfalfa seedlings in the
treatment (Tables 18, 22). The differences in drv weights ) on treat

were not significant,

5.3.2.6. Physiological Measurements

There were no significant differences in

ance, l‘.qf temperature, and temperature d fferentinl

time responses (1

Barley

5.3.3.1. Resident Salts on Barley Plant Surfaces

At harvest, the 500 I1bs/ayr treated barlev nlan had sienificantly

ident \'1“‘* on their “l_"(;'l"'n‘ f’lqh the ceontr yt :)lH' t . t he Ylw"',}'\u:

Ibs/a+yr, and nominal 100 1bs/ayr treatments (Table 23, Data Summary Vol

Table 1-8). Salt accumulation on surfaces of the nominal 10 and 100 1he

1A

treated plants was not statistically different from the controls.

T'here was a simmifieant inerease in resident salts for the nominal 500

Ibs/a*yr treatment (6.2 mg/g dry weight) compared to the control (3.8 mg/a

dry weight) (Table 23) ‘here was also a significant inerease in resident salts

for the nominal 1000 1bs/ayr treatment (11.7 mg/g dry weight) compared to

the control (5.3 mg drv weight) (Table 23

v )

5.3.3.2. Barley Tissue Analysis

Barley plants treated with

solution econtained significantl
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sontent was 1883 pom and 2872 pom ) nd the nominal
Ibs/ayr treated plants, respectively
treated plants was slightly higher than
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5.3.3.3. Phenologieal Responses

5.3.3.4 Yoliar Injury




5.4.

$.3.3.5. Harvest Yields

The above ground biomass of the barley plants was not significantly
affected by any of the saline treatments (Data Summary Volume Table I-8). A
comparison of the number of spikes, spikelets, seeds, and seed weights of the
nominal 500 1bs/a-yr and nominal 1000 lbs/a-yr treatments and their respective
controls showed that salt deposition did not appear to have reduced yield.
However, the number of seeds/plant for the nominal 500 lbs/a-yr treatment
was significantly higher than in the controls (Data Summary Volume Table 1-8).
The seed set was 29% for the controls and 35% for the nominal 500 lbs/a-yr
treatment in the north greenhouse. There was no significant difference
between control and the nominal 1000 1bs/a-yr treatment in number of
seeds/plant (Data Summary Volume Table 1-8),

5.3.3.6. Physiological Measurements

In general, no biologically significant differences were observed between
the various treatments for transpiration (Data Summary Volume Tables K-10,
K-11), diffusive resistance (Data Summary Volume Tables K-4, K-5), leaf
temperature (Data Summary Volume Tables K-6, K-7), and temperature
differential (Data Summary Volume Tables K-8, K-9). However, in the north

greenhouse the afternoon leaf temperature was significantly higher in the
nominal 500 lbs/a-yr treated plants (27.8 C) than in the controls (26.8 C).

There were no significant differences between treatments for leaf water
potential (Data Summary Volume Section L).

FIELD EXPERIMENTAL RESULTS

5.4.1. Cotton

5.4.1.1. Resident Salts on Cotton Leaf Surfaces
Based on the leaf wash data, resident salts on the leaf surfaces inereased

with increasing treatment levels (Tables 24, 25). The differences were not
statistically significant, however, there were over four times more salts on the
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Table 24.

Cotton Leaf Wash (Field)
Data on & Leaf Area Basis
(mg/em?2 leaf area)

|

Nominal
Treatment Date
Levels
(1bs/a-yr) 6/17 6/23 8/4 9/8 9/16 Average
No TMT .0024 0.0059 0.0045 0.0065 .0049 0.0048
0 .0035 0.0058 0.0057 0.0044 L0055 0.0050
10 L0056 0.0058 0.0057 0.0041 .0060 0.0054
100 .0126 0.0136 0.0059 0.0041 .0079 0.0088
500 .0356 0.0443 0.0095 0.0089 + 0157 0.0228
Sg .0016 0.0025 0.0010 0.0011 L0006 0.0007
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Table 25.

Cotton Leaf Wash (Field)
Pata on a Dry Weight Basis
(mg/g dry weight)

—_—

=

Nominal
Treatment Date
Levels
(1bs/a-yr) 6/17 6/23 8/4 9/8 9/16 Average
No TMT 0.39 1.10 0.94 1.82 1.28 1.07
0 0.62 1.08 1.31 1.02 1.36 1.06
10 0.90 0.98 1.32 1.05 1.61 1.18
100 1.98 2.47 1.39 0.98 2.08 1.78
500 6.15 8.00 2.18 2.30 4.42 4.61
Sz 0.25 0.39 0.19 0.33 0.17 0.13
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nominal 500 lbs/a-yr treatment (Figure 28) as compared to the unspraved
control, on both a dry weight and leaf area basis.

5.4.1.2.  Cotton Leaf Tissue Analysis

Sodium ion and CI1™ concentrations were significantly higher at the 1%
level of significance in the nominal 500 1bs/a.yr treatment when compared to
the control. Sodium increased from 1006 ppm to 4652 ppm in the control and
nominal 500 lbs/a-yr treated plants, respectively. Chloride in the tissue
increased from 18046 in the control to 22500 ppm in the nominal 500 lbs/a.yr
treatment (Table 18, Data Summary Volume M-2),

In the nominal 500 lbs/a-yr treatment leaf tissue, boron, ealeium, and
magnesium were significantly lower when compared to the control. Levels of
boron dropped (significant at the 5% level) from 48.4 ppm in the controls to
40.6 ppm in the nominal 500 lbs/a.yr treatment. Caleium levels declined
(significant at the 2% level) from 35300 ppm in the controls to 31300 ppm in
the nominal 500 lbs/a-yr treatment. Magnesium levels declined (significant at
the 1% level) from 4275 ppm in the controls to 3320 ppm in the nominal 500
Ibs/a-yr treatment (Table 13).

No other statistically significant differences in ion concentrations were
detected.

5.4.1.3. Phenological Responses

The morphological development of the nominal 500 lbs/a-vr treated
plants was not different from the unsprayed controls (Data Summary Volume
Table J-2). The nominal 500 lbs/a-vr treatment mean plant heights were
slightly greater than those in the unsprayed control; however, neither the
seasonal mean nor the response over time were found to be significantly
different. The unsprayed control and nominal 500 lbs/a-yr plants remained
fully turgid, and no evidence of epinasty was found.

The only visually evident, statistically significant, change to the plants
was the uvegree of chlorosis. Beginning 25 August, the unspraved control plants
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Figure 28. Cotton plants at the Marana field site on 6 November 1983
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showed more general chlorosis (38%) compared to the plants in the nominal
500 lbs/a-yr treatment (29%) (Table 18, Data Summary Volume Table J-2).
Chlorosis on the control plants also was observed on a greater number of
leaves/plant (15.4% and 12.1% for the unsprayed control and nominal 500
1bs/a-yr tr:atment, respectively) (Table 18, Data $u’ mary Volume Table J-2).

While not statistically significant, a slight reduction in neecrosis was
observed in the nominal 500 lbs/a.vr treatment when compared to the controls.

5.4.1.4. Harvest Yields

The machine-harvested plots showed no statistical differences in yield
(Table 26).

The hand-harvested yields from the nominal 10 lbs/a'yr treatment were
not statistically different from the spraved and unsprayed controls. The
wominal 100 lbs/a-yr treatment had statistically lower vield than the spraved
control but it was not statistically different from the unsprayed control or the
nominal 10 lbs/a-yr treatment. Yield from the nominal 500 lbs/a-yr treatment
was significantly lower than the nominal 10 1bs/a-yr treatment and the spraved
and unsprayed controls (Table 26, Figure 29).

The machine- and hand-harvested plots showed an increase in yield for

the spraved controls. The hand-harvested plots showed a trend toward reduced
yields when the unsprayed (no treatment) control is compared to the nominal
10, 100, and 500 1bs/a-yr treatments.

The machine-harvested plots showed a nonsignificant increase in yield
when the nominal 10 lbs/a*yr treatment is compared to the no treatment
control, and the nominal 100 1bs/a'yr and 500 Ilbs/a*yr treatments had
nonsignificant decreases in yield when ecompared co the no treatment control.

Boll production throughout the season was consistently higher in the

spraved control when compared to the nominal 10, 100, and 500 lbs/a-vr
treatments (Figure 30); however, only the sprayed control and the nominal 500
Ibs/a-yr treatments were statistically different. The total number of bolls

produced by the end of the season in the sprayed control plots was statistically
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Table 26.

Field Cotton Harvest Data
(Results from hand- and machine-harvested plots
which represent two independent estimates of yield)

Nominal Machine-Harvested Plots
Treatment Hand-I1arvested Plots! Seed Cotton2 Lints s
Levels Seed Cotton First Pick Second Pick Total
(1bs/a-yr) (1bs/a)4 (n) bs7a) (n) {(bales/a)®  (n) (bales’a)® ()  [bales/ald 10
No TMT 2527.28b 8 2269.6 7 1.35 8 0.39 7 1.626 7
0 2734.38 8 2594.4 4 1.44 “ 0.42 - 1.86 8
10 2356.58P 8 2316.2 8 1.28 8 0.38 8 1.66 q
100 2237.4be B 2238.8 7 1.20 7 0.37 B 1.606 7
500 1905.2¢ 8 2124.4 < 1.17 B 0.35 8 1.52 8
LSD (0.05) 381.6 NS NS NS NS
Sg 30.4 133.3 0.08 0.03 n.10

ITotal seed and lint weight hand harvested over the season as bolls opened.

2Total seed and lint weight from the first (1 November) and second (1 December) machine-harvested picks.

3Lint weight after ginning.

4Means followed by the same ietters within a column are not significantly different when using the LSD test at the 5% level.
50ne bale equals 480 Ibs of lint.

6Total vield differs from the sum of the first and second picks because of 1 missing replication in either the first or second pick. This
necessitated omitting the corresponding pick from the other harvest for statistical analysis.
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Cumulative Number of Harvested Bolls (number/plot)
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greater than the total number produced in either the nominal 100 or 500
Ibs/a-yr plots (Table 27). No statistical differences were observed in the
number of flowers or in the number of rotten bolls produced in the hand-
harvested plots.

The fiber quality of samples from the machine-harvested plots showed no
meaningful differences between treatments. Micronaire showed a slight, non-
significant increase ranging from 37.50 to 40.25 for the nominal 500 lbs/a-yr
treatment and the controls, respectively (Data Summary Volume Table I-2), A
similar nonsignificant trend was observed for fiber strength, with the nominal
500 1bs/a.yr treatment having slightly weaker fibers. Based on the mean
responses (Data Summary Volume Table [-2), the relationship between
simulated saline drift treatment and fiber length is not resolved. There were
no differences in either the grade or the amount of trash across the
treatments.

5.4.1.5. Physiological Measurements

The measurements taken with a steady state porometer showed no
meaningful significant differences in either transpiration or diffusive
resistance. The nominal 10 lbs/a‘yr treatment was found to have higher leaf
temperatures than both the unsprayed control and the nominal 500 1bs/a-yr
treatments (Table 28). The untreated control leaves were significantly
warmer than those in the nominal 500 Ibs/a.yr treatment. There was a
significant trend towards cooler leaf temperatures from the nominal 10 to
nominal 500 Ibs/a-yr treatments (b = 0.0012, Sy = 0.00035) at the 1% level of
significance.

Corresponding differences were observed for the temperature
differential measurements during the season (Table 28). There was a
significant difference between the unsprayed control (0 lbs/a-vr) and the
nominal 10 1bs/a-yr treated leaves, with the nominal 10 1bs/a-yr treated leaves
having the lower temperature differential. There was a significant linear
increase in the temperature differential from nominal 10 lbs/a-yr to nominal
500 1bs/a-yr (b = 0.000567, Sy, = 0.000152) at the 0.01 level of significance
(Table 18).
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Table 27.

Field Cotton Flowering and Boll Data

Nominal
Treatment
Levels
(1bs/a-yr) Flowers/7 ft of Row Bolls/7 ft of Row!l Rotten Bolls/7 ft of Row
NO TMT 410.0 147.048 43.3
0 418.8 152.0&a 49.4
10 387.1 138.42 46.4
100 391.8 135.18b 49.5
500 389.5 116.9P 47.4
LSD (0.05) NS 20.3 NS
Sz 13.4 7.0 5.2

1 Means followed by the same letter within a column are not significantly different using the LSD
test at the 5% level.
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Table 28.

Field Cotton Leaf Temperatures as Measured by LiCor Porometer
(Seasonal Average)

Nominal
Treatment Leaf Temp Temperature Differential
Levels (C) Sg (Cuvette - Leaf Temp, C) Sg
(1hs/a-yr)
No TMT 33.47 2.43
0 33.24 2.58
10 33.67 2.33
100 33.46 2.42
500 33.05 2.62

0.14 0.06
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No differences were observed in the leaf water potential between the 0
Ibs/a.yr and the nominal 500 lbs/a.yr treatments which were the only

treatments measured (Data Summary Volume Table L-1).
5.4.2. Alfalfa
5.4.2.1. Resident Salts on Alfalfa Plant Surfaces

Salt deposition on the leaf surfaces was monitored before the second and
third harvests. On both sampling dates, there were significantly more salts in
residence on the plants on a leaf area basis (mg/em?) and on a dry weight basis
(mg/g D.W.) (Data Summary Volume Table I-5). Based on seasonal averages,
there was a consistent increase in resident salts from 0.16 mg/g in the sprayed
controls to 0.29, 0.90, 1.21, and 2.86 mg/g for the nominal 10, 100, 500, and
1000 1bs/a-yr treatments, respectively (Table 18, Data Summary Volume Table
I-5).

5.4.2.2.  Alfalfa Tissue Analysis

The Na* levels were increased significantly at the 1% level from 911
ppm in the unspraved controls to 3653 ppm in the nominal 1000 lbs/a-yr
treatment. Chloride content was also significantly increased at the 1% level
from 9801 ppm in the unsprayed controls to 14849 ppm in the nominal 1000
Ib/a*yr treatment (Table 18),

Copper levels were reduced in the nominal 1000 lb/a-yr treatment
(significant at the 0.068 level) from 18.4 ppm to 10.6 ppm in the controls and
nominal 1000 lbs/a*yr treatments, respectively. Caleium levels declined
(significant at the 0.064 level) from 16200 ppm in the econtrols to 15000 ppm in
the nominal 1000 lbs/a‘yr treatment. No other significant differences were
detected; however, there were trends toward reduced levels of potassium,
iron, manganese and magnesium in the nominal 1000 lbs/a*yr treatment (Data
Summary Volume Table M-3). Results of the boron analysis were invalid due
to the accidental contamination of the water used in the analysis.
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5.4.2.3. Phenological Responses

Visual evaluations on the unsprayed controi and nominal 1000 lbs/a-yr
alfalfa plots revealed only a few treatment effects (Data Summary Volume
Table J-3). The heights of the plants were unaffected and at no time was
there any epinastic response or any indication of lack of turgidity.

The nominal 1000 lbs/a-yr treatment induced significantly more leaflet
necrosis than the unspraved control (0 lbs/a-yr). The seasonal mean incidence
of marginal necrosis showed thu: 28% of the leaflets were affected with
marginal necrosis in the nominal 1000 1bs/a.yr treatments as compared to only
8% in the 0 treatment plots (Data Summary Volume Table A-3). In the last
two sets of visual evaluations before the second and third harvests there was
significantly more tip neerosis in the nominal 1000 1bs/a-yr treatment than in
the control. These symptoms oeccurred after 6 to 7 weeks of repeated
treatment application.

The incidence of leaflet chlorosis (% leaves/plant) was significantly
lower in the sprayed controls compared to the nominal 1000 Ibs/a-yr
treatment, 6.9% and 9.5%, respectively. A significantly higher incidence of
white marginal chlorosis was observed in the nominal 1000 1bs/a-yr treatment
on 24 October (Figure 31). No chlorosis was observed in the control plots. A
similar significant difference was seen on 3 November when 42% and 17% of
the leaflets were affected in the nominal 1000 lbs/a-yr treatment and the
control plots, respectively (Table 18, Data Summary Volume Table J-3).

5.4.2.4. Harvest Yields

The simulated saline drift treatments did not have any statistically
significant effect on the yields of the three harvests, or on the total vield
produced during the season (Data Summary Volume Table 1-5).

5.4.2.5. Physiological Measurements

The simulated saline drift treatments had no measurable effect on anv of
the characteristics evaluated with the porometer. There were no statistically
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Figure 31. White marginal chlorosis on an alfalfa leaflet at the Marana field site
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significant differences in transpiration or diffusive resistance. Leaf
temperatures and the temperature differential measurements showed no
differences in the seasonal mean response or the trend over time response

(Data Summary Volume Tables K-3).

5.4.3. Cantsaloupe

5.4.3.1. Resident Salts on Cantaloupe Plant Surfaces

The amount of salts resident on the cantaloupe leaves in the control, and
the nominal 10, nominal 100, and nominal 500 lbs/a.yr treatments were not
significantly different. The amount of salts resident on the plants in the
nominal 300 lbs/a.yr treatmen. was 58% greater on a leaf area basis (mg/em?2)

and a drv weight basis (mg/g) than on the unspraved controls (Data Summary

Volume Table 1-1).

5.4.3.2. Cantaloupe Tissue Analysis

Nitrogen levels were lower (at the 5% significance level) in the nominal
500 lbs/a-yr treatment with values of 15419.4 and 13473.5 ppm respectively

for the unspraved controls and the nominal 500 1bs/a*yr plots (Table 18, Data

Summary Volume Table M-1), Lead levels were higher (at the 6.9% level of
significance) in the nominal 500 1bs/a*vr treatment (0.75 ppm) compared to the

unspraved controls (1.06 ppm). No other significant differences were found

5.4.3.3. Phenological Responses

There were no statistically significant differences in the visual
evaluations made on the cantaloupe plants (Data Summaryv Volume Table J-1).
Numbers of flowers and fruit/plant were unaffected by the salt treatments.
Similar amounts of chlorosis and necrosis were observed hetween the 0 1bs/a-yr

and nominal 500 1bs/ayr treated plants throughout the season,




5.4.3.4. Harvest Yields

No differences were observed at any of the four harvest dates for fres!
weight, or total number of melons/harvest, or the total vield for the entire

season (Data Summary Volume Table I-1).

5.4.3.5. Physiological Measurements

Measurements made with the porometer
differences in transpiration, diffusive resistance,

temperature differential (Data Summary Volume Tabl




6. DISCUSSION

6.1. SIMULATED SALINE DRIFT COMPOSITICN AND DELIVERY

The composition of the s.mulated saline solution used in this study consisted of 28
different compounds in specified concentrations. The ionie composition was similar to
that predicted by Bechtel Power Corporation for the blowdown water and drift of the
cooling towers at the Palo Verde Nuclear Generating Station. The various treatment
levels were chosen to approximate or exceed the predicted deposition levels in the off-
site agricultural areas. The petri dish data and the delivered volume concentration data
defined the actual quantities of salts delivered to the plots. Monitoring of the simulated
saline drift treatment solutions by the University Analvtical Center indicated that the
treatment solutions used in this study contained about 75% of the TDS of the selected

treatment levels,

It was not possible to apply the simulated saline drift in a dry erystalline state.

However, water in the fine droplets of the simulated saline drift evaporated quickly, and

the plants in both greenhouses and the field were drv within seconds of treatment

applications,
The droplet sizes of the simulated saline drift were found to be within 1% and 5% of
the targeted 100 u for the field and greenhouse, respectively. This dronlet size was

selected based on previous work (Mulehi and Armbruster, 1981: MeCune et al.. 1977).

6.2. CLIMATIC COMPARISONS

-\

According to MeCune et al. (1977), foliar injury from saline particles is greater at a
relative humidity of 85% compared to the effects at a relative humidity of 50%. The
elimatic conditions at both the greenhouse and field studv sites (Figures 25 and 22.
respectively) indicated that relative humidities exceeded 75% were recorded throucghout
the growing season (Table 17). The weekly mean maximum and minimum relative
humidities were consistently higher at the Marana Field site compared to the Palo Verde

field site. Because relative humidity was usually higher at Marana than at the Palo Verde

field site, the likelihood of salt-induced plant injurv probably would be greater at Vlarana.
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Volume Table J-4). If all the green bolls on the control plants matured and
opened, vield of the control might have been similar to or greater than the

vield of the nominal 500 1bs/a+r treated plants.

The number of flowers/plant (seasonal averages) was significantly
reduced in the nominal 1000 lbs/a-yr treatment as compared to the control
(Table 18). A consequence of such a reduction in flowering may be a decrease
in the number of bolls and ultimately a decrease in the amount of seed cotton.
A consistent, but nonsignificant reduction in the number of bolls/plant was
observed from 9 September to 1 November in the nominal 1000 lbs/a-vr
treated plants (Data Summary Volume Table J-5). There was a nonsignificant
reduction in seed cotton, and lint weights were reduced by about 8% in the
nominal 1000 1bs/a-yr treated plants as compared to the control plants (Data

Summary Volume Table I-7). This 8% reduction may be attributed in part t

the reduced numbers of flowers and bolls.

6.3.1.2. Alfalfa and Barley

Alfalfa and barley vields in both greenhouses were not significantly
affected by anv treatment, despite some observed foliar injury. These results
were similar to the findings of Maas, Grattan and Ogata (1982), who observed

P

that barley and alfalfa top growth was not significantly fected by salts

applied by sprinkler irrigation.

- -

M and Armbruster (1981) correlated vield losses with Na and CI
content of corn and soybean leaf tissue sprayed with saline aerosol mist,
corn, a salt sensitive species, the authors predicted a 35.5% reduction in y
with tissue having a C1 content of 1% (10000 ppm) on a dry weight basis. For
sovhbean, also a salt sensitive species, they predicted a 20% reduction in vield
with tissue C1 content of 1% on a dry weight basis. Corn and sovbean plants
containing 1% Na in their leaf tissue were projected to have a vield reduction
of approximately 64% and 58%, respectively.

Since corn and soybean are salt-sensitive plants, the internal

entration l'\f. Cl and/or Na necessarv to nroduce similar vield losses

It tolerant plants such as tobacco, barlev, and alfalfa would




tolerant to foliar salts applied by sprinkler irrigation. Thev found that cotton,
alfalfa and barley absorb 26000 ppm, 17500 ppm and 52500 ppm of CI,
respectively without reductions of top growth biomass.

In our greenhouse studies, significant vield reductions were not ohserved
in part because levels of toxic ions sufficient to produce vield losses were not
attained and cotton, alfalfa and barley are salt-tolerant species. The Na' and
CI” tissue content of the nominal 500 Ibs/a-yr treated cotton, alfalfa, and
barley plants never exceeded 10000 ppm (Table 18). The Na and C1” eontent
for the nominal 500 1bs/a-yr treatment was 2872 and 7824 ppm for barley, 833
and 7508 ppm for alfalfa, and 4187 and 9901 ppm for cotton, respectively
(Table 18). The differences in the amounts of Na' and CI” absorbed by the
three species in the greenhouse study were probably dependent upon: 1)
dosage; 2) number of applications; 3) amount of salts retained on the leaf
surfaces; and 4) the quantity absorbed into the tissue.

The Na' and/or C1~ did not accumulate to sufficient levels in the plant
tissue to cause significant yield losses probably because these plants were
treated with small, chronic doses of saline drift solution and these doses were
insufficient to increase the internal concentrations to the toxie levels. Four
months of spraying with the nominal 100 lbs/a-yr treatment solution (1.34 u ¢
Cl1 /em 2.3ay) would be required to deliver a total concentration of 1761 g C1°
/em?, which is the level reported by Mulehi and Armbruster (1981) to induce a
10% yield reduction in the salt sensitive corn species, At the nominal 1000
Ibs/a-yr treatment level (13.4 ;g C1 /em2.day), about 27 calendar days would
be required to reach a C1 concentration of 360 vg/em?, which is the level
noted by Mulchi and Armbruster (1981) to induce a 10% vield reduction in
soybean. These ralculations demonstrate that long-term applications of salts
would be required before salt induced yield losses could be expected in salt-
tolerant species. Alfalfa was harvested on an average of every 21 days, which
is an insufficient time to accumulate toxic quantities of Na and/or CI™.
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6.3.2. Field
6.3.2.1. Cotton

Although vegetative development and growth of the eotton plants did not
appear to be adversely affected by the saline drift treatments, the
reproductive development of flowers and squares to bolls mayv have been
impacted. Independent hand-harvest and machine-harvest vield estimates
were made in the different rows of the same cotton plots (Table 26). The
hand-harvested vyields from the nominal 10 lbs/a.yr treatment were not
statistieally different from the sprayed and unsprayed controls or the nominal
100 1bs/a.yr treatment. The nominal 100 lbs/a-yr and nominal 500 lbs/a.yr
treatments had statistically lower yields than the sprayed control. Yield from
the nominal 500 1bs/a-yr treatment were significantly lower than the nominal
10 1bs/a-yr treatment and the spraved and unsprayed controls.

There were no statistical differences for vield in the machine harvested
plots; however, there was a trend toward reduced yields with increasing
treatment levels in the sprayed plots (Table 26). Yield from the unsprayed
control was less than the yield from the nominal 10 lbs/ayr treatment and was
only slightly less than the yield from the nominal 100 lbs/a-yr treatment.

Yields from the sprayed controls in the hand-harvested and machine-
harvested plots were greater than the yields from the corresponding unsprayed
controls. Although nonsignificant, the hand-harvested plots showed a decrease
in yield for the nominal 10 lbs/a-yr treatment compared to the unsprayed
control. The different responses observed with the sprayed and unsprayed
controls may be attributed in part to the slight nutrient content of the sprayed
control treatment solution (Data Summary Volume Section C) and/or possible
alterations to the canopy microclimate caused by the moisture provided by the
spraved control. The greater precision of the hand-harvested method, which
involved harves.ing seed cotton as it matured, may have aided in the detection
of statistical differences.

The flower tagging study provided a possible explanation for the
significant reduction in yield in the hand-harvested plots. The number of

139



flowers produced was not different among the treatments; however the
number of bolls was statistically different at the nominal 500 lbs/a-yr
compared to the sprayed and unsprayed controls and the nominal 10 1bs/a-yr
treatment (Table 27). Floral initiation did not appear to be affected by the
simulated saline drift. In the treated plots, however, fewer of the flowers
developed into mature bolls, and boll production in the simulated saline drift
plots wes consistently lower than in the controls, The simulated saline
treatments may have had an effect on pollination and/or boll development.
These results agree with the findings of Maas, Grattan and Ogata (1982) who
observed that sprinkling for 6 weeks with saline solutions appeared to decrease
the fresh weight of bolls by 37%. Studies by Busch and Turrer (1965, 1967)
comparing flood irrigation with sprinkler irrigation using water with 3000 ppm
salt content found vield reduction of 32% in short staple cotton and 57% in
long staple cotton in the sprinkler irrigated plants.

Other workers have investigated the affects of foliar applied salts on
reproductive development. Hassan (1981) observed that NaCl sprayed on bean
plants (Phaseolus vulgaris) stimulated vegetative growth but reduced flower,

pod, and seed growth. Bernstein and Francois (1975) reported lower vields
from bell peppers sprinkled with saline vater. More leaf burn and lower yields
were observed when plants were sprinkled at 2.3 day intervals (seasonal
average) compared to 3.5 and 4.75 day intervals, and they attribute the yield
reduction primarily to foliar salt absorption. Eisikowiteh (1979/1980) reported
that a salt sensitive ecotype of the horned poppy (Glaucium flavum, Crantz)

has difficulty setting seed when exposed to sea spray.

Caution should be used when comparing the yield results of the
greenhouse and field studies because of the different environmental conditions
under which the plants were grown. The canopy characteristies, spacing of the
plants, and root development were different. Field plants absorbed salts from
both their foliar surfaces and soil, whereas greenhouse plants absorbed salts
primarily from their leaf surfaces. Greenhouse plants were exposed to
regulated temperatures and humidities, and modified light, whereas field
plants were exposed to natural conditions similar to those in off-site
agricultural areas near the Palo Verde Nuclear Generating Station.
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6.3.2.2. Alfalfa and Cantaloupe

Alfalfa and cantaloupe harvest yields were not significantly affected by
the saline treatments. However, over the season there was a nonsignificant
decrease (2580 lbs/a) in the amount of alfalfa biomass produced in the nominal
1000 1lbs/a.yr treatment compared to the controls. The tendency toward
reduced harvest yield, in addition to the observed significant increase in
chlorosis and necrosis, indicated that the vegetative development of the
alfalfa treated with the nominal 1000 lbs/a.yr simulated saline drift was
hindered. However, the nominal 500 lbs/a.yr treatment had a yield nearly
identical to that of the controls.

The nominal 1000 lbs/a-yr treated greenhouse alfalfa did not show a
similar yield reduction. This may be attributed in part to the more frequent
greenhouse harvesi that resulted in decreased exposure to the simulated saline
drift. Therefore, no injuries or yield reductions were noted for the treated
greenhouse alfalfa.

There were no significant differences in cantaloupe fruit vields. Lead
content was increased from 0.75 ppm in the control to 1.06 ppm in the nominal
500 lbs/a-yr treatment (significant at the 0.069 level). These levels of lead are
below the 7 ppm standard established by the Food and Drug Administration for
lead content in food products (personal communication).

6.4. PHENOLOGICAL AND PHYSIOLOGICAL RESPONSES

6.4.1. Greenhouse

6.4.1.1. Cotton

Cotton plant heights were significantly reduced in both the nominal 500
and nominal 1000 1bs/a-yr treated plants compared to the controls, especially
toward the end of the growing period when the salts had accumulated within
the tissue (Table 18). The fresh and dry weights of the nominal 1000 lbs/a-yr
treated cotton plants were significantly reduced as compared to the controls
(Table 18). These results correspond with those of Maas and Hoffmann (1977),
who reported that the growth rate and ultimate size of many plant species
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decrease as the soil Na' and C1” concentrations exceed a threshold level. The
top growth of plants was frequently suppressed more than the root growth;
however, not all plant species were affected equally. In contrast to this study
and those of Maas and Hoffmann (1977), Maas, Grattan and Ogata (1982)
reported that after six weeks of sprinkler irrigation the fresh and dry weights
of cotton were not reduced. The difference between the results of this study
and those of Maas, Grattan and Ogata (1982) may be attributed to the longer
duration of treatment in this study.

In addition to growth reduction, the number of nodes/plant was
significantly reduced on the nominal 500 lbs/a-yr treatment (Data Summary
Volume Table J-4); however, the number of nodes/plant was not significantly
reduced in the nominal 1000 lbs/a-yr treated plants. The reduced growth of
the nominal 500 lbs/a-yr treated plants appears to have been caused by both
node reduction and internode length reduction. In contrast, growth reduction
in the nominal 1000 lbs/a-vr treated plants was caused by internode length
reduction only.

Reduced growth of the simulated saline drift treated cotton plants may
be caused by: 1) development of a water deficit or adverse water relations; 2)
development of nutrient deficiencies or nutrient imbalances; and/or 3)
accumulation of toxie levels of ions,

As salts accumulate within the foliage, there could be a corresponding
water potential reduction resulting in a water deficit, decreased transpiration,
and reduced growth., The water potential and transpiration in the nominal 500
and 1000 lbs/a-yr simulated saline drift treated cotton plants were not
significantly different from the contrcl plants (Data Summary Volume Tables
K-4 to K-11, L-1). The results suggest that the effect of the saline drift on

growth was caused by factors other than adverse changes in the water status
of the plants.

None of the essential mineral nutrients were significantly decreased in
the nominal 500 lbs/a.yr treated cotton plants as compared to the controls.

Only Na and C1” content were significantly increased in the treated plants.
The high levels of Na4> in the nominal 500 1bs/a-yr treated plants did not result
in a corresponding reduction of the potassium ion concentration as reported in
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previous studies (Maas, Grattan and Ogata, 1982; Bernstein, 1975). The results
of this study suggest that the effects of saline drift on growth were caused by
factors other than adverse effects on plant nutrition.

Cotton tissue analysis showed that the Na' level of the nominal 500
Ibs/a-yr treatment was six times the level of the controls and the C1™ level was
twice that of the controls. Greenway and Munns (1980) reported that growth
reductions caused by toxic ions were generally greater than reductions
predicted from water potential or osmotic effects alone. The authors reported
that the growth and vield of avoeado, soyhean, and grape vines were reduced
at such low C1” concentrations that adverse effects due to low water potential
are implausible. These studies indicated that osmotic potential was probably
not a major factor in reducing growth. The results of our study suggest that
the effects of simulated saline drift mav be caused by the toxicity of Na'
and/or CI .

Based on our results we are not able to explain the mechanism for the
observed reduction in growth of the greenhouse cotton treated with nominal
500 and nominal 1000 1bs/a+yr simulated saline drift.

6.4.1.2. Alfalfa and Barley

Alfalfa and barley in the nominal 500 1bs/a-yr treetment sustained some
leaf injury, but the vegetative growth, fresh and dry weights, and heights were
not significantly reduced as compared to controls, except for two of the seven
alfalfa harvests, These results are in agreement with Maas, Grattan and
Ogata (1982) who found that sprinkler irrigation with saline solution did not
affect the top growth of alfalfa and barley.

6.4.2. Field

Leaf temperatures of the treated cotton plants were significantly cooier than

those of the control plants. The higher salt content in the treated tissue may have
caused greater succulence, which could result in eooler leaves. No other differences

were detected in the physiological responses of any of the field erops which is in
agreement with the greenhouse results.
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The phenological changes noted in the greenhouse were not observed in the
field and these differences can not be explained by the tissue Na* and CI™ levels.
Cotton tissue of the field controls had more Na* and C1~ than the nominal 300
Ibs/a-yr treated greenhouse plants. These differences may be due to environmental
factors.

6.5. FOLIAR INJURY
6.5.1. Greenhouse

No significant tip and marginal neerotic injury was observed on cotton and
barley treated with the two highest rates of simulated saline drift (nominal 500 and
nominal 1000 1bs/a-yr) until the latter part of the growing season. For example, tip,
margin, and spot necrosis were first detected in the nominal 1000 lbs/a-vr treated
cotton plants 19 days after initial spraying as compared to the controls, Because
alfalfa plants were harvested on an average of every 21 days, salt deposition from
the simulated saline drift apparently did not accumulate to a threshold level
sufficient to eause injury.

In addition to necrosis, simulated saline drift caused chlorosis. The applieation
of simulated saline drift to cotton and barley plants increased the level of chlorotic
injury during the latter part of the growing period. The spot, marginal, and general
surface chlorosis observed from 6 July to 18 July probably was caused by
insecticide. During August, the general surface chlorosis of the nominal 500 1bs/a-yr
treatment and the control was probably caused by nutrient deficiencies. However,
from 30 August to biomass harvest, the nercentage of leaves/plant showing chlorosis
was significantly higher in the nominal 500 lbs/a-yr treatment (45.8% seasonal
average), than in the controls (37.5% seasonal average), indicating that some of the
general chlorosis may have been caused by the simulated saline drift (Data Summary
Volume Table J-4).

Several previous investigations have shown that foliar injury is dependent upon
the internal concentrations of Na' and C1” in the leaf tiscue, Curtis, Lauver and
Francis (1977) and Bernstein (1975) reported that moderate salt-induced injury
symptoms developed in several salt-sensitive woody species when the leaves of these
plants had accumulated about 2000 ppm of Na or 5000 ppm of C1”. Hindawi,
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Raniere and Rea (1976) observed incipient injury occurred on young bush beans
containing approximately 160 ppm of Na' and 3770 ppm of CI".

The relationship between tissue content of Na' and CI” and foliar injury
(ehlorosis and neecrosis) in this study is unclear. Chloride ion content in all three
plant species exceeded 5000 ppm in controls and the nominal 500 1bs/a-yr treated
plants. In addition, the C1” content in the cotton and alfalfa was significantly
greater in the treated plants than in the controls; however, the C1™ content in the
barley was not statistically different in the treated plants as compared to the
controls.

Both barley and cotton tissue contained Na' concentrations that exceeded the
toxic levels reported by Bernstein (1975), Curtis, Lauver and Francis (1977) and
Hindawi, Raniere and Rea (1976) whereas the Na' content of treated alfalfa was
well below toxie levels.

While a number of investigators have observed that the accumulation of Na+
and CI” to a specific level causes foliar injury, 't is unclear which of the two ions
induces the injury (Bernstein, 1975). MecCune et al. (1977) reported that the degree
of foliar injury in several woody and herbaceous plants was correlated with the CI°
content in the tissue. Mass, Clark and Francois (1982), however, found that the
degree of leaf injury in the pepper plant does not correlate with levels of C1°,

6.5.2. Field

It is apparent from the leaf tissue analyses that the Na' and C1” were absorbed
into the foliage of the treated plants. The leaves in the control group in the cotton
plants contained more than 18000 ppm C17, and the leaves from the nominal 500
1bs/a-yr treated plants contained about 22500 ppm C1°, Both these values are well in
excess of the 5000 ppm Cl1 suggested as a possible threshold level for toxic affects
in some woody plants (Bernstein, 1975). The cotton tissue sampled from the nominal
500 1bs/a-yr plots had more than four and a half times more Na' than the control
plants (4652 ppm Na' for the nominal 500 Ibs/a+yr treatment group; 1006 ppm for
the controls, significant at the 1% level ). The increased level of the Na* was
contraried by signifieant decreases in boron, ealeium and magnesium, Significant
reductions also were observed in levels of copper and ealeium, and nonsignificant

reductions were observed for potassium, iron, manganese, and magnesium.
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In contrast to the greenhouse cotton, the absorption of salts from the
simulated saline drift treatments had very little effect on the foliage of the field
cotton plants. There were indications that it actually enhanced vegetative growth.
Because 38% of the control plants showed general chlorosis compared to only 29% of
the treated plants (Data Summary Volume Table A-2), it would appear that the
simulated saline drift, with its high concentration of essential elements for plant
growth, was acting as a fertilizer. Foliar application is an efficient method of
fertilization (Wittwer and Bukovae, 1969), although Peoples et al. (1980) found that
foliar fertilizers applied to cotton grown in Arizona had no measurable effect on
vield.

Alfalfa plants treated with nominal 1000 lbs/a.yr of simulated saline drift had
significantly more leaflet necrosis and chlorosis than the controls. These results
concur with the work of Maas, Grattan and Ogata (1982) who found that spraying
alfalfa with saline solution resulted in some marginal necrosis. In our study, the leaf
tissue from the ncminal 1000 lbs/a-yr treatment at the final harvest contained less
Na and less C1” than the cotton tissue from the nominal 500 Ibs/a-yr plots. This
may be explained in part by the decreased number of application days on the alfalfa
due to the repeated harvesting. The alfalfa was detrimentally affected at lower
tissue Na+ and C1  levels then was observed in the cotton. This suggests a greater
susceptibility to damage from foliar applied salts. Maas, Grattan and Ogata (1982)
also found that alfalfa is less tolerant to foliar salts than cotton.

The alfalfa tissue from the nominal 1000 1bs/a-yr plots had three and a half
times more Na* than the control plants. Significant reductions were observed in
levels of copper and calecium in the nominal 1000 lbs/a.yr treatment. A trend
toward reduced levels was observed for potassium, iron, magnessium and mangenese
in the nomir 11000 Ibs/a-yr alfalfa.

Greenhouse alfalfa did not show any foliar in’ ¢* ~ved in the field. This
may be explained in part by the more frequent h ~ = < & greenhouse and the
corresponding decrease in exposure to the simulated saline drif¢.

The vegetative development of the cantaloupe plants showed no detectable
effects from saline deposition. In contrast to the elevated Na* and C1~ levels in the
leaf tissue of cotton and alfalfa cantaloupe fruit did not show increased Na* and .~
levels.
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SECTION A

INTRODUCTION

The material contained in this volume is a summary of the data acquired during 1983
in a study to assess the effects of foliar salt deposition and accumulation on the foliage
and productivity of selected crop plants. A discussion of the material and methods used
and the results of this research program are present in another volume entitled An

ﬁs“‘svm'rn of Salt Drift on the Productivity of AR Jltural Crops in the Vicinity of the

———— e

Palo Verde Nuclear Generating Station.










Base Map Generation

The base maps for the site were derived from existing
U.S. Geological Survey quandrangles. The study area covered
parts of five 15 minute gquad sheets at a scale of 1:62,500

(Table 1). Portions of these sheets were spliced and

photographed onto high-contrast linecopy film, then enlarged and
screened for a final positive base map scale of 1:62,500 on
mylar. The screening reduces the density of topo map features
(contours, buildings, roads) to reduce their confusion with land
cover boundaries added in black. The mapping scale selected was
considered a compromise between a minimum needed to describe
features with spatial accuracy and a maximum allowable for
convenient reduction (if desired) and efficient reproduction,
The overall sheet size, 20 x 35 inches, can be processed with a
conventional diazo (blueprint) machine. Prior to mylar
reproduction, the base map negative was edited to remove
undesireable features such as duplicate section numbers that
result from splicing. A contour interval of 40 feet for all
five sheets makes the actual splice dAifficult to discern on the

final map.
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Table 1. Topographic sheets used for bhase map.

- — - — - ——————— - —————— -

Map Scale Date
Arlington 1:62,500 1962
Belmont Mountains . 1962
Buckeye T 1958
Cortez Peak » 1960
Woolsey Peak 2y 1951

- . ——————————— - ——— - — -

The resulting base map is accurate in dimension to
within 0.5 percent. Diazo mylar sheets reproduced from the
original base are accurate to within 1 percent of the original
topographic map. Paper diazo prints (blueline or blacklines)
from the photo or diazo mylar sheets are dimensionally unstable
due to their propensity to shrink or swell with changes in
humidity. 1In addition, reproduction through a typical drum-type
diazo machine produces stretching in one dimension., For these
reasons, measurements of distance or area should be taken from
the original photo or diazo mylar prints, or from copies
reproduced photographically with controlled scale from these
prints.

Many of the cultural features (roads, buildings, etc.)
on the base map have been carried over from the original

topographic maps. These features are relevant only for the year
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in which the original maps were compiled. Overlying land cover
takes precedence over any and all base map depictions that

conflict with the classification.

Acquisition of Aerial Photography

While land cover features can be accurately mapped from
ground survey, the use of aerial photography allows mapping of
many features with nearly equal accuracy with minimum ground
data collection at a much higher level of efficiency. 1In
addition, aerial photography retains a spatial record of surface
phenomena through time, providing a historical record of
features and allowing an interpreter to identify changes in

features.

For the Palo Verde area, current aerial photography was
not available for this mapping task; hence, the agricultural
land cover survey was based upon obligque 35 mm aerial
photography flown by this office on October 18, 1983 (Figure 1).
To aid in identifying field units and other surface features,
MASA high-altitude aerial photography taken June 6, 1972, was
printed and mapped. The original 9 x 9 inch frames, at a
contact scale of 1:120,000, were enlarged two times for a
mapping scale of 1 inch to 1 mile, the base scale. Field
boundaries and features, mapped onto an acetate overlay, were

transferred to the base map with the use of a Xargl reflecting

B-li



projector, minimizing the effects of photo distortion. These
boundaries were adjusted during mapping to fit the section lines
within which they are surveyed. Except for fields that have
been subsequently realigned or abandoned, this field unit
transcription greatly facilitated the identification and mapping
of 1983 active field units and crops from oblique photography to

the base map.

The current oblique photography was flown from a small
aircraft during the morning hours of October 13, 1983.
Ektachrome film was used, with a haze filter on the lens to
reduce effects of turbidity in the air. ULow obliques of fields
within active agricultural areas were interspersed with high
obligues to facilitate identification of specific units. Crop
identification, performed from the air, was easily keyable to

the aerials and onto the map.

To delimit the survey, a Landsat color composite (August
1973) was carried onboard the aircraft. A circle of 10 miles
radius was drawn on this scene, which was used to locate the
extent of active agriculture within this distance from the
generating facility. Except for reference high obliques,
detailed photography of field units was limited to active

agricultural units.

Fallow and dormant fields were readily distinguished
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from active fields by their lack of vegetation., Fallow fields
showed no observable vegetation, while the categorization of a
field as dormant was based on the presence of wild vegetation,
indicating a period of at least one year since cultivation. A
number of field units mapped on the 1972 photography appeared in

this latter category.

Crops were identified during the flight for key fields
that could be observed on the photography. The appearance of
the given crop on the photography was used as a guide to the
interpretation of crops in other active agricultural areas. The
principal image elements used for crop identification were
color, texture, and pattern: alfalfa is distinguishable from
cotton by a lighter tone of green and more yellow hue; wheat and
small grains were distinguished by a yellow hue; cotton could be
identified by a pattern of rows; lettuce, where indicated, was
seen by very coarse texture indicating relatively small plant

cover relative to soil exposure.

Land Use Tabulation

The areal extent of land use categories was measured

with the aid of a Numonics 1224 graphics calculator. This
instrument allowed areas, scaled in acres, to be measured for
all land use units depicted on the map. Table 2 lists these

area totals by land use.
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Table 2.

Land use summary

within a 10-mile radius

- ——————— ——————————— - —

Cotton 8348
Lettuce 180
Alfalfa/hay 4434
Wheat/small grains 1071
Fallow 13212

Dormant 1879

. —————— - ————— - —— -

While some field units are depicted outside of the 10-mile radius,
photographic coverage allowed accurate mapping only within this

boundary.
Area Summary

. Within the study area, the predominant cover is
undisturbed vacant land, Agricultural uses, second in extent to
vacant land, is scattered over several areas: along the eastern
edge of the study area, agriculture is concentrated along the
floodplain of the Hassayampa River; on the southeast, along the
Gila River; on the Centennial Wash through the southern study
area, and in several major blocks north of the generating

facility and the main highway., Approximately 50 percent of the
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Figure 1. Oblique 35 mm aerial photograph of the Palo Verde area



SECTION C
CHEMICAL ANALYSIS OF COMPOSITE SOLUTIONS USED IN THE PROJECT:
AN ASSESSMENT OF SALT DRIFT ON THE PRODUCTIVITY OF AGRICULTURAL CROPS

IN THE VICINITY OF THE PALC VERDE NUCLEAR GENERATING PLANT



“
"= UNIVERSITY ANALYTICAL CENTER

DEPARTMENT OF CHEMISTRY UNIVERSITY OF ARIZONA TUCSON. ARIZONA B5721
(802) 621-3180

~-MEMORANDUM-

TO: Martin Karpiscak; OALS/APS
FROM: Susan B. Hopf iV

RE: Analysis of Composite Solutions for Salt Drift Study for Arizona
Public Service

#840069 (6 sins.) #840141 (18 sIns.) #840241 (33 slins.)
#840119 (17 sins.) #840182 (25 sins.) #840267 (3 slins.)
#840121 (62 sins.) #840188 (9 slins.)

DATE: 13 January 1984

The analysis results for 31 species of the 173 composite solutions
used to spray in the field and greenhouse in the Sait Drift Study
are enclosed in the accompanying report. Results for I and BO. are
not complete at this time but will be sent later in a supplementary
report. However, initial tests for I indicate none detected in the
most concentrated field solutions.

SBM/dbs

Enclosure



DEPARTMENT OF CHEMISTRY UNIVERSITY OF ARIZONA TUCSON. ARIZONA 85721
(602) 621-3180

~-MEMORANDUM -

TO: Martin Karpiscak; OALS/APS
FROM: Susan B. Hopf &f-®
RE: APS Composite Solutions - Supplementary Report

#840069 (6 sins.) #840141 (18 slns.) #840241 (33 slns.)
#840119 (17 slns.) #840182 (25 sins.) #840267 (3 slins.)
#840121 (62 slins.) #840188 (9 slns.)

DATE: 8 February 1984

Enclosed please find the results of the 1™ and B0, analyses that

were missing from the previous final report of 13 January 1984. All
results are expressed as mg/¢ and it should be noted as before that
where a zero appears in the table, the concentration should be read

as less than the detection limit - not &s 0 mg/2. The tables herewith
which include As, Se, Hg, HCO;, I and phenol should replace those
tables previously sent to you which were missing I™ concentrations.

The explanation of sample labelling and subcomposite labelling is
included in the report of 13 January 1984.

If you have any questions, please call.

SBH/dbs
Enclosures
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Chemical Analysis of Composite Solutions
Used in the Project:

An Assesasment of Salt Daidt on the Productivity
04 Agricultural Crops 4n the Vicindity of the
Palo Verde Nuclear Generating Plant

Prepared by
University Analytical Center
Department of Chemistry
University of Arizona
Tucson, Arizona 85715

January 1984
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INTRODUCTION

As part of the study: An Assessment of Salt Drift on the Productivity
of Agricultural crops in the Vicinity of the Palo Verde Nuclear Generating
Plant, artificial solutions were prepared by Office of Arid Lands Studies (OALS)
personnel to be sprayed on crops in the field and greenhouse environments.
These artificial solutions simulated in concentration and species the treated
sewage effluent to be used in cooling the generating station towers at the
nuclear plant. The University Analytical Center (UAC) crepared the chemical

analysis of these solutions, determining 31 various species of interest.
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SAMPL ING

The artificial solutions prepared by OALS ranged from O 1bs/acre of
salt deposited to 1000 1bs/acre. Each week, OALS personnel collected
aliguots of each day's solution sprayed for each concentration. These
composite solutions were brought to the UAC for chemical analysis.

The major species (Ca, Mg, K, Na, €17, SO. ,NO;~), Total Dissolved
Salts (TDS) and pH were determined for each composite solution. The
minor species were determined in sub-composite solutions. These sub-
composite solutions were prepared by UAC personnel by taking 50 mil of
each of two (2) composite solutions and mixing thoroughly prior to amalysis.
If a discrepant result in the sub-composite was found (i.e., a result too
high or too low relative to the other solutions of the same concentration),
the original composite solutions used to prepared the sub-composite were
analyzed.

Labelling the composite solutions upon receipt in the laboratory
proceeded as follows: For field solutions, the date of the first day of
the sampling period was recorded along with the solution ID:

0725-2NC

where 0725 = 25 July 1984 (first day of composite sampling period)

2 = concentration of solution
C = composite solution
NC = composite solution sampied at nozzle heads
where 2 = distilled water
3 = nominal 10 1bs/a-yr
4 =

nominal 100 ibs/a-yr
For the greenhouse solutions, a similar procedure was usec:
10-0725
where 0725 = 25 July 1983 (first day of composite sampling period)
10 = concentration of solution (1bs/acre)

NH = north greenhouse
SH = south greenhouse
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A complete listing of all field solutions and sampling dates can be found
in Part 1-1 of Section 1 - Field Solutions. A compiete listing of all
greenhouse solutions and sampling dates can be found in Part I1-1 of
Section 11 - Greenhouse Solutions.

The sub-composite solutions were labelled in an identical manner:

A-4C (field solutions)
M-100 (greenhouse solutions)

where A; M = identity of sub-composite
4 = concentration of field solution
100 = concentration of greenhouse solution (1bs/acre)
A complete 1isting of the sub-composites is found in Parts I-1 and II-1

of Section I and Section 1I, respectively.

ANALYSIS

Appropriate dilution of the solution was made prior to analysis.
Methods for each determination are described in the UAC Laboratory Manual
prepared in October 1983 for this project and will not be reiterated here.
The B0, determinations were carried out by the Soils, Water and Plant
Testing Laboratery.

The determination for F~ was carried out using two different methods:
(1) lon Chromatography (Method APS13) for the composite solutions 0 1bs/acre
salt depocition and (2) Specific Ion Electrode (Method APS21) for all other
composites. This was done because in the more concentrated composite solu-

tions, the C1~ peak in Method APS13 was so large as to mask the F~ peak.
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RESULTS

A11 results are expressed as mg/: except for pH and are tabulated for
convenience in Part 1-2 for the Field Composites and Part 11-2 for the
Greenhouse Composites. Results for each concentration set of composites
(e.g., 100 1b/acre composites) are listed together. Detection limits are
indicated for each species and where a 0 appears in the table, the 0 should
be read as less than the detection limit concentration. There are two
detection limits indicated for F-. The 0.03 mg/¢ detection limit applies
to all the Field Solutions-2 and all the O-Greenhouse Solutions. The
0.2 mg/s detection 1imit for F~ applies to all other solutions. I.S.
indicates an insufficient amount of sample to complete the analysis.

Part I-3 and Part 1I-3 are graphs of the major species (except pH)
plotted over sampling time. It should be noted that for the Greenhouse
Composites, two graphs with different concentration ranges are provided -
the lower concentrated solutions fell on or at the 0-axis when the con-
centration range was expanded to include the 1000 1b/acre solutions. For
the Field Composites, Sampling Week 1 begins 27 May 1983 and the last week
begins 28 November 1983. Gaps in the line are weeks in which no sample
was takeri. The first Sampling Week for the Greenhouse Solutions begins

23 June 1983 and the last beains 14 November 1983.

DISCUSSION
From the data, it appears that after the first several weeks when
spraying techniques and methodologies were being perfected, the

concentration of salts sprayed on the plants remained fairly constant
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with an upward trend towards the end of the sampling period. It should

be noted that most of the 500 and all of the 1000 1b/acre composites as
well as Field Solutions-4 were received with varying amounts of brown
precipitate. In addition, the composite solutions of 10, 100, 500 1bs/acre
taken in the greenhouse the week of 17 October 1983 and Samples 100-1003
and 100-1010 were received with a green precipitate - perhaps algae of

some sort. The pH of these solutions is relatively basic.

The question of whether the composition of the composite solutions
would change over time was addressed by reanalyzing one of the most
concentrated field solutions: 0725-4C. This solution was first analyzed
in late August and was reanalyzed in December 1983. The results of the
comparison are given in Section 111 expressed as mg/t except for pH. (The
species with a dash were analyzed in the sub-composite solutions in
December and therefore no comparison can be made.) The concentration of
the various species does not appear to change over time - however, in
several of the greenhouse solutions, a green algae-like solid has appeared
at the bottom of the bottle. In specific, they are Samples 500-1003 and
500-1010, 100-0808, 100-0822, 100-0926, 100-11G7 and 100-1114. In addition,
the precipitate in Field Solution 1017-4C now has a greenish cast to it.

It is suggested that the samples pe stored at 4°(.
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I. FIELD COMPOSITE SOLUTIONS

1. ldentification of Solutions
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83a58¢

0594

B4C121

847121

B4@121

BADHED

B4D@46%

B4%121

B4121

847121

B4@141

FIELD SOLUTIONS

P607-2
PeB7-3
DEOT-4

P792-2NC
B702-3INC
@7132-4NC

@711-2NC
@711-3NC
©9711-4NC

@718-2NC

#718-3INC

@718-4NC

¢725-2
@725-3C
®725-4C

e8a2-2C
@8m2-3C
e8n2-4C

2812-2C
2812-2C
2E12-4C

eg22-2C
9822~-3C

PB22-4C

2829-2NC

@829-3NC
#B29-4NC

P9as6-2C
@e&-3C
@9u6-4C

2912-2
@2912-3C
9912-4C

C-11

SAMFLING DATES

- P 4
S/27
S127

&/7
&6/7
&/7

T/2:5:06,7,8
T2, 5:.6.7:8
7/5.J. 7!8
7/711,12:,13,14,16
7/11,12,13,14,16

7/11,12,13,14,16

7/18,19,20,21
7/18,19,2¢,21
7/18,19,20, 21

’/—‘—Ju-bv:?-: -:9

7/2%5,26,27,28,2

—— - -_ . A~
7/29,26,27,28,29
B/2, 38,5
8/21?‘-405
B8/2:,3:,4,5

8/12,19,20
8/12.,19,208
8/12,19,2¢

-~ -~ -
8/22,23,284,25,26

8/-;-. A g Sl Mg
V dmaen ety - o N e

8/22,23,24,25.2

8/29,30,3119/1,2
8/29,30,3119/1.2
8/29,306,3189/1,2

@/76,7,8,%
®/6,7,8,%
®76:7:,8.9

9/’1:. 1:,14.15.16
¢/1:.1:ql4 1-’.16
9/1-11 .14 ldclé



B4r141

B41121

840182

84188

B4in241

Ba0241

B4#Z41

840267

FIELD SOLUTIONS

@919-2C
0919-3C
0519-4C

2926-2C
9926-3C
0926-4C

1010-2C
1010-3C
101¢-4C

1017-2C
19017-3C
1317-4C

103120
1031-3C
1221-4C

1107-2C
1107=3C
1107-4C

1114-2C
1114-3C
1114-4C

1128-2C
1128-3C
112e-4C

Cc-12

SAMFL ING DATES

19,22
/19,22
/719,22

9/26,27,27310/7
9/26.27,27310/7
9/26,27,27510/7

10/10,11,12,13,14
10/19,11,12,137,14
16/10,11,12,13,14

160/17,18,19.,20,21
16/17,18,19,20,21
Iv/17,18,19,20,21

10/24,318211/71,1,3
10/724,31311/71,1,73
10/28,33381/3,1,3

11/7,8,9,10
11/7.8.,9,1¢
11/7,8,9:1¢

11/714,15,16,17,18
11/14,15,16,17.18
11/14,15,16,17,.18

11/28,29,30
11/28,29,30



SUEBE-COMF
1D

A 2NC
ZNC
4NC

B: 2NC
INC
4

C: 2C
]
4C

—C
4C

E: 2L
S

4C

SC
4c

-

-

4C

M: 2C
SC
4C

FIELD SOLUTIONS
SUBE-COMFOEITES

MIXTURE

OF

——————————————— —— -~

B702~2NC
B7E2=TNC
G702 =4NC

#718-2NC
@7 1E-TNC
B718-4NC

C=13

ee12-2C
@812-3C
P812-4C

PRHE-2C
O9TE~-IC
PPPE-4C

(516-2C
@919-3C
05 19-4C

181720

1917=-2C

1617-4C

11007-2C
1197-2C
11¢7=-4C

@725-2C
@725-3C

2725-4C

@711-2NC
@711-3NC
#711=-4NC

PE29-2NC
PEZG-TNC
PB2F-4NC

e8=2-2C
P822-3C

oR22-AL

8#212=-2C
2912-3C
P912-4C

0926-2C
P926~-3C

Be2&-4C

185120
10351=-3C
1921-4C

1114-2C
1114-2C
1114-4C

peH2-20
e8nI-TC
PEE2-4C



1. FIELD COMPOSITE SOLUTIONS

2. Analytical Results (expressed as mg/2)
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SAMFLE

@s27-2
PeH7-2
O702~-2NC
©711-2NC
©718-2NC
0725-2C
0802~2C
f812-2C
al2-2C
E829-2NC
P90&-2C
$912-2C
eR19-2C
#926~2C
1610-2C
1017-2C
1021-2C
1107-2C
1114-2C

1128-2C

DETLIM

I1.S.

CA

18.4

19.2

.84

« &9

« 78

1.01

.34

FIELD SOLUTIONS

MG

1.02

« 065

13

014

. 286

« 13

.14

.11

.18

097

.18

. 99

« @S

097

.08

. 054

. 24

NA&

1720

4.28

r)
.

(L]
)

o
.

m
)

w
o
0

16G.3

INSUFFICIENT SAMFLE

C-15

.:‘l

.19

.44

.ok

NH4

.94

.l7
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SAMFLE

PR 7=2

0eH7-2

D702-2NC

@711-2NC

¢71e-2NC

9725-2

oBeZ-2C
©812~2C
eB22~-2C
9829-2NC
090&-2C
912-2

a919-2C
0926~2C
i010-2C
101 7=-2C
10°1-2C
1107-2C
1114-2C

1126-2C

FIELD SOLUTIONS

TDS

6040

11358

FH

& 27

&.4%

6.24

6.47

6.38

6.35

[ S ————————_ A e

DETLIM

x.s.

cL NOT sS04 FO4
1980 732 961 1.63
354 172 213 o
167 75.2 170 ¢
174 87.6 127 @
.74 .37 .54 o
2.31 1.09 2.29 @
I.68 1.61 2.71 ¢
o 37 .76 1.91 o
5.63 1.87 €.37 ¢
2.2 .52 2,46 @
4.1 1.72 3. 86 o
g.42 5.38 8.2 @
2.89 1.24 2.4% o
11 z.89 B.4&9 @
=4 2.58 s.14 o
2.%9 1.7 .86 @
6. 11 3.52 4.4 12
6.07 2.07 3.34 o
16,4 4.1g 6.32 o
8.74 1.94 3.54 I
.05 .15 .1 .25

INSUFFICIENT SAMFLE
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SAMFLE
0s27-2
Pe6P7-2

e7e2-2NC

0711-2NC

@718-2NC
0725~-2
eBr2-2C
e812-2C

e822-2C

gB29-2NC

eF0s6-2C
P912-2C
@#519-2C
2926-2C
1018-2C
1017-2C
1031-2C
1107-2C
1114-2C

1128-2C

I

I

m m o =) m N ]
=

FIELD SOLUTIONS

SI

m mMm o o m O 0O

.

@ o M

Cu

B @

'l

g w 0O N
x.v

m m o
o)

® © M M

o
« 093
<097
287
. 774
.74
. 093

« 093
« P93
.46

. 045

[

E @

E @

@

R

o

@ o M
o

0

o W D

I

Y

- S - S - - - - — . . - ————— .~ . . . . - —_~

DETLIM

I.s.

+)

.04

INSUFFICIENT SAMFLE
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SAMFLE

pR27-2
PEHIT7-2
e702-26C
8711=-2NC
2718-2NC
p725-2C
080 2-2C
0812-2C
Q322-2C
Ga29-2NC
P9 6-2C
8912-2C
o919-2C
P926-2C
19106-2C
I T7=2C
1031~2C
2107=2C
1114-2C

1128-2C

CD

€ o

E &

D
Do
E
E

FIELD SOLUTIONS

CR

";i

m m o

gl

@

o

FE

mn m M O O m

m M

(n}

I

4

al

2

7

”

2

c‘

EBE

r

p o

———————————————— ] —— - ————— i — - ———— - — —— - —— " — -

DETLIM

1.8.

INSUFFICIENT SAMFLE

22
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FIELD SOLUTIONS

SAMFLE AS SE HG HCOZ 1 PHEN
oS27-2 . 2 « OS2 @ 4.2 - -
PEO7 -2 1 @ i .26 o -
P702-3NC ¢t (@ (] A Ao ool
@711-2NE « BA2 @ o (O (SN 1 Ao
©718-2NC i i ] B G E @ E @
f720=20 [ @ @ H @ H @ H &
eee2-2C {2 @ e H O H H ¢
pE12-2C Ty o (3 € & Co (0
egIa-2 ) @ o cC e C o cCe
Se29-2NC @ ¢ o B € I S
090e~2C [ 5 gi L @ Do P&
8912-2C @ & @ L a@ p e Do
P219-20 & & ¢ E @ B e E &
e926~2C (2 o o E @ E ¢ E &
1819-2C ¢ @ @ & ¢ @
1217-2C F @ F o F ¢ F e F @ F o
1631-2C F ¢ F ¢ F o F o F o F ¢
1107-2C G @ G @ G ¢ G ¢ G @ G &
1114-2C G ¢ G & G ¢ (O G @ G ¢
1128-2C i o i o o i
DETLIM « 01 « 222 o EHAT S S -

1.€.

INSUFFICIENT SEAMFLE
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FIELD SOLUTIONS

SAMFLE EOZ
YL 7.4
ee07-2 [ty
P7eZ-2NC oo
B711~2NL A
g718-2NC B ¢
e720=-2C i
/e 2-2C i
P812-2C Co
2822-2C co
O829=2NC B @
oyde~2C p e
@e12-2C D @
ow19-2C E ¢
0926~2C E &
10316-2C &
1017-2C F o
1021-2C F o
$107-2C G ®
1114-2C G &

1128-2C ¢

DETLIM va?

I1.8. INSUFFICIENT SAMFLE
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SAMFLE

Ren7-3
@702=-3NC
@711-3NC

#718-2NC

oBE2-3C
ee12-2C
o822-3C
@829-2NC
@906~3C
@912-3C

0w919~-7C

1¢1@2-2C
1317-3C
1031-35C
1107-3C
1114-3C

1128-3C

Ca

FIELD SOLUTIONS

MG

NA

376

T84

M4

414

421

48%

484

18.1

18.2

18.7

18.2

19

19,1
19.1

19.1

NH4

.76

. 14

.14

29

.14

.18

. 394

o

e 4

. -

G @
G &

.:b
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