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ABSTRACT

Cyclic Drr%#dom of Tmfgrass Using 
n Shallow Saline Aquifer

Christopher M. Schaan

Dr. Dale Devitt, Exammation Committee Chair 
Adjunct Professor of Biology 

U niver^ of Nevada, Las Vegas

Utilization of poor quality waters in the urban landscape has the potential of saving 

large quantities of good quality water for higher priority uses. Bennudagrass in particular 

is well suited to be irrigated with poorer quality water. A two-year field study was 

conducted to determine the long-term effects of applying shallow saline aqui&r water to 

two turfgnss sports fields. The water (0.69 -  3.4 dSm ') was applied using cyclic 

irrigation during peak demand months (Mty - Oct). Treatments consisted of cycling 

saline water through the existing irrigation systems. Saline substitution of fiesh water 

was set at 1,2 ,3  and 4 times per 7 freshwater irrigation events. Irrigations were applied 

using an ET feedback system and imposmg a leadm^finction of 0.15. Turf color and 

cover, canopy temperature, hulk soQ conductivity, soil moisture, leaf water potential, 

tissue moisture content and stomatal conductance were monitored on a bimonthly basis 

during the peak demand months. AU plots except for control, were instrumented with 

tensiometers and salinity sensors. Soil samples (2430 total samples at the University and 

1530 total samples at the high school she) were taken yearty from each plot in a 5 x 5

m
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grid feshion and analyzed for soluble salts. Contour maps were developed using 

geostatistical techniques. Results for the end of the experimental period (May 1997 -  

May 1999) at the Urdverrity rite showed that the 0-75 cm depth weighted soil salinity 

(ECe) decreased or stayed nearly the same in the 1,2 and 3 out of 7 saline substitution 

treatments and only slightly increased (4.5 to 4.6 dSm ') in the 4 out of 7 treatment from 

1997 to 1999 whereas the control increased 0.5 dSm * to 3.8 dSm'̂  suggesting that saline 

water application had little influence on the depth weighted profiles. SoO salinity at the 

high school site showed increases in 0-75 depth weighted ECe from 1997 to 1999 for all 

treatments, with the control havmg the highest value of 6.9 dSm ' in May 1999. Initial 

soil salinity for all treatments were higher at the high school site relative to that at the 

University she indicating residual salts prior to the experiment. Increases in soil salinity 

were still bdow the soil salinity threshold of 6.9 dSm*' for bermudagrass (Mass and 

Hoffinan, 1977). Salinity sensors showed the cyclic nature of sofl salinity when irrigated 

with saline water and the subsequent return to baselme levels after the recovery or saline 

off period. More n%ative matric potentials hdped to fuel increases in salinity sensor 

values at the University she. Sofl salinity was seen to increase above threshold limits 

early in peak summer months for all three depths m the 1 out of 7 treatment, the 40 cm 

depth in the 3 out of 7 treatment and the 10 and 25 cm depths in the 4 out of 7 treatment 

at the University she. The increase in sofl salinity was partly due to defich irrigation on 

the front edge oftheETo curve due to EX feedback being a week out of phase. 3- 

dimenrional anatysis at the University she showed that the 4 out of 7 treatment gave the 

largest water savings (~ 49 cm) whhontysmaD increases in sofl salinity (0.1 dSm ') and 

no distinguishable effect on color rarity (9.3) and cover percentages (99-100%). Canopy

IV
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temperatures at the University site showed small mcreases (0.9 °C) in May 1999 as saline 

substitution rate increased indicath^ little effect on the tur^rass as sak load increased. 

Subtle increases in canopy temperature with time could indicate a trend towards 

Increased plant stress leading to decline in turf quality. It was shown that bermudagrass 

could be grown under various substitution rates with only small effects on soil salinity, 

canopy temperature and color rating while leading to significant irrigation day and 

freshwater savings. By using the 4 out of 7 saline substitution treatment as much as 

$5800 dollars could be saved during peak demand months and could he as much as 

$11,000 when water prices reach $4.50/1000 gallons.
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CR.OSSARY

Crop coefficient (Kc). A simple multiplicative adjustment fector used to adjust or 
convert ETo to actual turf ET (ETa).

Electrical conductivity saturation extract (ECe). Conductivity of dectricity through an 
«(tract of sofl. Commonly used to estimate the soluble salt content in solution.

Evapotranspiration. The combined processes by which water is transferred from the 
earth sur&ce to the atmosphere; evaporation of liquid and transpiration from plants.

Gravimetric water content. Amount of water per gram of sofl oven dried at 105 °C for 48 
hours.

Kriging. A method based on the theory of regionalized variables for predicting without 
bias and minimum variance the spatial distribution of earth components, including 
sofl properties.

Leachii% fraction. Drainée volume divided by the irrigation volume plus precipitation 
volume or the fraction of infiltrated irrigation water that percolates below the root 
zone.

Leaching requirement. The smallest leaching fi^ction that maintains normal plant growth 
and development under a given set of conditions.

Matric Potential. The part of the total sofl water potential that is due to the effects of the 
sofl matrix. It may be defined as the energy per volume required to move from the 
reference state to the sofl at the same elevation without adding solutes or changing 
pressure, temperature or aOowing the sofl above the point to exert a force.

Osmotic Potential. The part of the total sofl water potential that is due to the presence of 
solutes in the sofl water. It may be defined as the energy per volume required to 
move fiom the reference state to a solution identical m composition except for the 
addition of solutes.

Potential évapotranspiration. The rate at which water if available, would be removed 
from wet soils and plant surfeces expressed as the rate of latent heat transfer per unit 
area or an equivalent depth of water.

XV
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Saline soil. A nonsodic sofl containing sufficient soluble salt to adverse^ affect the 
growth of most crop plants. The lower limit of saturation extract electrical 
conductivity of such soils is conventional^ set at 4.0 dSm*‘ (at 25 °C). Bermudagrass 
has a salinity threshold of approximately 6.9 dSm \

Soil water potential. The energy per unit quantity ofwater required to transfer water 
from the reference state to the state existing within the soil environment.

Tissue moisture. Amount ofwater per gram fresh weight of plant tissue.

Transpiration. The rate of water loss from the plant through the formation of 
water vapor in living cells, which is regulated by physical and physiological 
processes.

Turf cover. Plant volume per unit area.

Turf cover. Plant density per unit area.
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CHAPTERI

INTRODUCTION

Continued population growth in the arid southwest, associated with limited water 

resources, has compelled water managers to look at all possible solutions to address this 

water supply-demand dilemma. The ability to continue further growth and development 

depends largely on the management of existing water resources. With this in mind all 

other water resources whether ofgood or poor quality should be incorporated into fiiture 

water use-plans. As a means of freeing up good quality water for higher priority uses, 

wastewater should be given carefiil consideration as a possible irrigation source, as a 

large percentage of freshwater is used for the irrigation of urban landscapes, primarily 

turfgrass. As much as 70% of the fresh water used in the Las V%as Valley is residential 

use and as much as 50% is used to irrigate lawns (Southern Nevada Water Authority, 

2000). In southern Nevada the Las V%as Valley Water District believes that the water 

supply is large enough to extend the growth of this thriving area until 2010 after which 

other sources of water wiH have to be secured (Las V%as Vallty Water District, 2001).

Many poorer quality waters could be utilized as ahemative irrigation sources, if 

proper irrigation management is practiced. It is well documemed that maity crops can be 

irrigated with saline water (Ayers et al., 1985; Miles, 1977; Frenkel et al., 1975; Rhoades 

et al, 1983; Rhoades et aL, 1989). The shallow salme aquifoexistnig beneath the Las 

V%as Valley (EC ~ 0.69 -  3.4 dSmf‘) is one such resource that could be used. Dean et al

1
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2

in 19% showed that irrigating large areas oftiu^rass with poor quality water (EC-6 .0  

dSm-1) was possible while still having acceptable tur%rass color and cover. Lesleys et al 

(1999) showed that mmimiring the LF led to water savings, fevorahle soil salinity and 

plant response when using saline water (-2.5 dSm'̂ ) if h i^  irrigatmn uniformity was 

achieved. Estimates place the volume of this shallow system at 100,000 acre feet or 

more. Preliminary research showed that this shallow system could be used as an 

irrigation supplement hut not as a sole source for nrigatmg tur%rass.

As the cost of water continues to increase in the desert southwest the use of poor 

quality water can lead to large dollar savings. The shallow saline system is considered 

nuisance water and at this point is free to anyone who wants to tap into the system. With 

water bills approaching SI million dollars for some golf courses in the Las V%as area 

superintendents would have some incentive to look at ahematives to freshwater 

irrigation, such as the shallow aquifer tystem. Schools and parks would be other 

candidates for using this system.

A field scale study was initiated to investigate the optimum substitution rates of 

shallow aquffia-water for the irrigation oflargetur^rass areas. A tyclic irrigation 

strategy similar to Rhoades et aL (1989) was used during peak demand months and the 

effects of using this shallow tystem on large-scale turf areas were monitored. Research 

plots were established at the University ofNevada, Las V%as practice fixkbaH field and 

Valley High School soccer fidd. The objectives of the research were 1) determine the 

maximum substitution rate of shallow aquifer water that could occur during peak demand 

months without a decline in turf quality and 2) nxmitor the water and salt balances, and 

the associated tur%rass response after a two year on/off period.
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CHAPTERH 

REVIEW OF RELATED LITERATURE 

Sofl and Salinity

The use of saline water for the purposes of irrigation depends on many Actors; one of 

which is she assessment. Sites that are suitable for the use ofsaline water should be 

initially low in salts. Sah-afifected soils occur naturally m arid and semi-arid r%ions 

where there is not enough precipitation to leach salts downward through the sofl profile 

(Harivandi 1992). Saline water should be evaluated before use to minimize the addition 

of more salts or heavy metals to the soil. The most critical parameters needed to assess 

water quality are: 1) total sak content; 2) sodium hazard (permeability); 3) toxic ion 

levels; 4) bicarbonate and S) pH (Harivandi 1988). A general method for measuring the 

total sak content within the soil is to measure the electrical conductivity (EC) usually in 

dSm*‘. Salts are known to negativdy affect growth with each species having its own 

threshold value. Sodium hazard is also a very important criterion to measure as sodium 

can cause decreases m soil permeability. Excessive sodnnn accumulation in the sofl can 

create dispersive sofl conditions that will hnpede water transport through the sofl profile 

(Jury et al. 1991). Rhoades (1975, 1982) suggested that since the effects of excha%eable 

Na swelling and dispersion are counteracted by high dectrotyte concentration, the sofl 

sodicky (permeability) hazard carmot be assessed independently of dectrolyte
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concentration (salinfty). Penneabflhy is often correlated with SAR (sodnnn adsorption 

ratio). The calculation for SAR is (Richards 1954):

Na^
SAR= __________________

2

vdiere cation concentrations are reported in meq/I. Saline water is made up of many 

elements, some in small concentrations. Many plants including turfgrass species can 

encounter problems if toxic levels of these dements occur. Boron is one such dement 

that can build-up to toxic levds. Boron is a required fi>r healthy growth of higher plants. 

Critical levels reported in the literature are 0.15 pg/g to 0.75 pg/g (Barber 1995). 

Variation in the critical levd may be due to crops and type of soO evaluated. The most 

common source of Bin soils is from irrigation water that is pumped from weHs with high 

B contents and, to a lesser extent, from very shallow water tables and soils naturally high 

in B (Francois 1979). Necrosis of leaf tips is the mqor symptom of increased Boron 

levds. Oertli et al. (1961) showed that by removing leaftips through r%ular mowing, 

harmftd effects of Boron toxidty were negated. However, in woody ornamental plants 

such a strat%y is not possible.

Since the irrigation water bicarbonate content can also affect soil permeability, it 

must be evaluated along with sodium, calcium and magnesium content of hoth the soft 

and water (Harivandi 1988). Bicarbonate ions nuy combine with calcium and/or 

magnesium and predpitate as calcium and/or magnesium carbonate. As these ions 

precipitate out of the sofl solution the SAR of that stflution increases.
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Plant Response to Salinity 

The long-tenn use of saline water will eventually have harmfiil effects on sofl 

chemistry and plant growth. An increase in sofl salinity is the number one cause for 

reducing crop yields in irrigated agriculture (Shalhevet 1994). However, for non- 

agronomic crops like tur%rass, yidd is of less concern, as turf managers tend to rate the 

visual parameters such as color and canopy density as more important. Well-established 

tur%rass is a prime candidate for the substitution of salme water as an irrigation source, 

as the more sensitive germination, early seedling stage has already occurred, so the water 

can be applied throughout the entire year. Nfatty studies have been done to show that the 

use of saline water on turfgrass is viable. Dudeck et aL (1983) observed that 

bermudagrass grown in sofl with high salinity (-9.9 dSm*‘) decreased in top growth and 

increased root growth. The concurrent decrease in top growth and increase in root 

growth may allow bermudagrass to survive osmotm and nutritional stress during times of 

high salinity (Harivandi et al. 1992). An mcrease in sofl salinity nty cause a direct or 

indirect decline in stomatal conductance. This decline in conductance would cause a 

decrease in gas exchange and phototynthesis thus leadmg to a decrease m plant growth 

and yidd. Ackerson and Younger (1975) showed that decrease in growth rate was the 

first viable sign m response to salinity. This is a common response by matty plants once 

the salinity threshold for that specws has been readied (Maas 1986).

Bowman (1987) showed that increasmg salinity decreased both stomatal conductance 

and net CO: uptake of a marsh and inland C4 nonhaloplgrte grass. He went on to show 

that water use efBden^ decreased with increasing salinity fiir the inland population and
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remained the same fi)r the marsh population. Thus, under saline conditions the inland 

population lost more water po* carbon gained than did the marsh population.

It is important to determine that a plants response to salinity is not a specific ion 

eflfect Dudeck et al. (1983) used only NaCl in solution to irrigate bermudagrass resulting 

in reduced top growth with increasing salinity. This response may be linked to increases 

in Na or Cl. To overcome this question irrigation solutions should contain a make-up of 

more than just one salt, such as CaCl and NaCL

Leaf water potential and osmotic potential of different tur%rass cuhivars have been 

shown to respond differently as salinity increases (Peacock and Dudeck, 198Sa). Dean et 

al. (19%) showed that bemnidagrass (Cynodon dactykm L. * Numex Sahara ) and tail 

fescue (Festuca arundmacea Schreb.’Monarch’) could be grown under salt stress (6.0 

dSm‘‘) with acceptable turf quality if irrigations were applied frequently and a O.IS 

leaching fraction imposed. Devitt et al. (1989) also showed that tur%rass could be 

irrigated with water h i^  in soluble salts. Maas and HofiSnan (1977) showed that when 

maintaining a high leaching fraction (0.5), tall fescue had a salt tolerance threshold of 3.9 

dSm ' in the saturation extract and a 5.3% decrease per dSm '.

Osmotic Response to Soil Salinity 

The use of poor quality water fr>rces better management practices to be imposed to 

minimize plant stress. When high salt levels are readied m the soil this increases the 

osmotic pressure of the soil solution, thus making water less available to the tur%rass 

(Harivandi 1988). This was also substantiated in a stutty by Bresler and HofSnan (1986) 

where soil salinity led to a reductitm in water uptake, hi order fiir plants to extract water
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under salme sofl conditions the plant must lower its osmotic potential m the roots by the 

uptake of ions in the soO solution or produce organic solutes to maintain lower cellular 

water potentials than is found in the surrounding soil. Plants that are not able to employ 

wtys of dealing with the salme environment win eventual^ dehydrate and die. Dean- 

Knox (1998) showed sigmficantly lower osmotic potentials in bermudagrass and taU 

fescue when irrigated with saline water (-6.0 dSm*') compared with freshwater.

Turf Color / Cover and Salinity 

Tur%rass color is largdy dependent on tissue moisture and nutrients, primarily 

nitrogen, available to the plant In work done by Dean et aL (1996) taO fescue 

maintained adequate turf color and turf cover if the I/ETo ratio was kept above 0.80 and 

0.65 for bermudagrass. The effect of salt stress depends on the extent (i.e. duration and 

degree) of the salinity as well as the plant spedes. One study found that relative top 

growth of 3 different bermudagrass cuhivars was unaffected liriien irrigated with water of 

salinity varying from 0.9 to 17.2 dSm*' (Francois 1988). The effects of salinity on 

tur%rass quality have been mvestigatedm numerous studies (Dean et al. 1996, Devitt et 

al. 1990, Dudeck et al. 1983, Francois 1988, Hayes et aL 1990, Leskys et al.1999). Many 

of these studies have shown that a wide range in irrigation salinity can he used on 

different species of turf with little or no effect on color and cover if proper water 

management and sofl monitoring are employed.
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Irrigation Management S trat^es 

Salinitv Blending vs Cvdic Irrigation 

In order te irrigate with saline water over the long term, many fectors such as climate, 

quality of water, sofl conditions, water avaflabflity, management practices and type of 

crop need to be addressed (Grattan, 1994). Sofl salinity needs to be monitored constantly 

to make sure that threshold levels are not reached. Adequate dramage systems are 

sometimes needed to remove excess water from the field iiriien considering long-term 

usage of saline water (Bradfiird and Letty, 1992). Alternative irrigation methods were 

first proposed by Rhoades (1977). When only one source o f poor-quality water is 

available for irrigation, crop production is lunhed by the extent to which rain&ll can 

leach salts from the upper part of the profile and by how the irrigation water is managed 

(Grattan 1994). Blending and tyclic irrigation are two commonfy practiced irrigation 

strategies (Grattan and Rhoades 1990). Blending is a technique where irrigation water is 

mixed either before or during irrigation events to dilute the water. Dinar and Letey 

(1986) performed a stutfy to determme opthnal ratios of saline water to nonsaline water 

and found that the technical and economic feasibility o f mixing waters of different 

quality increases as the EC ofthe saline water decreases, crop tolerance to salinity 

increases, desired relative yidd decreases, or the rdative price of saline to nonsaline 

water decreases. Dean et al. (1997) employed this strategy when irrigating plots of 

bermudagrass and tall fescue. The practice of blemfipg is usually adopted to increase the 

existing water supply. In some cases water is blended as a short-term for to get rid of 

excess drainage water. Wichelns et aL (1988) rqmrted that some growers in the San 

Joaquin Vafl^ of CaMimia were forced to blend their drainage water with good quality
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irrigation water fi»* over two decades, until a drainage outlet was finalty available. 

Shalhevet (1984) (tiscussed the two blending strat^es of networic dilution vs. soil 

dilution. Network dilution uses a fecility that allows the waters to be blended in specific 

proportions within the conveyance system, hr soil dilution, the soil acts as a natural 

medium for blenÆng the water supplies. The different waters are alternated either within 

an irrigation event or between irrigations.

Cyclic irrigation is the use of good quality water durmg the sensitive germination 

st%e and the use of poor quality water during the active growth stage or the cyclic on/ofT 

period during the entire year orjust during peak water demand months. This tyclic use 

of “low” and “high” salhnty waters prevents the sofl from becoming excessivdy saline 

(Rhoades 1989). Rhoades (1977) proposed that nonsaline water be used for pre-plant and 

early irrigations of the sak-tolerant crop and all hrigations of the moderately salt- 

sensitive crop. After the sah-tolerant crop is grown, good quality water would be used to 

reclaim the upper portion ofthe sofl profile. Subsequent irrigations with good quality 

water during the remainder of the year would move previously accumulated salts farther 

down the sofl profile and, it is hoped, ahead of advancing roots. Many fidd scale 

projects have been done to show that the use of cyclic irrigation can allow waters of high 

salinity to be used (Ayars et aL 1986 a, b; Bradford and Let^, 1992; Grattan et al., 1987; 

Rhoades, 1989; Sharma and Rao 1998). Ayars et aL (1986 a, b) conducted a ttyclic 

irrigation stu(fy using drip rather than surfoce irrigation methods. For three consecutive 

years saline drainage water (EC#=8.0 dSm'̂ ) was applied to cotton after seedlings were 

established. The subsequent wheat crop was irrigated with good quality water (EC# <0.5 

dSm'̂ ). Sugar beets foOowed wheat and were irrigated again with saline water after
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seedlings were established. The researchers found that yields from plots irrigated with 

drainage water were no different from those irrigated with only good quality water. 

Grattan et aL (1987) went on to test the tyclic irrigation practice by using saline drainage 

water to directly irrigate moderatdy salt-sensitive crops after thty reached a sak-tolerant 

growth stage. Thty found that saline drainage water (EC = 8.0 dSm'̂  and 6 mg B/1) 

applied after first flower could be used to irrigate melons and processing tomatoes 

without reducing yield. It was also found that dramage water, which supplied 65% of the 

irrigation water requirements, did in foct improve fruit quality. These studies reinforce 

the point that irrigation water with an EC# in excess of the EC#-threshold reported by 

Ayers and Westcot (1985) can be used without redudng yields. The frwA that the sak 

exposure does not occur during the entire season and the crop experiences sak 

accumulation during the sak-tolerant growth stage are a couple of reasons why crops are 

able to tolerate saline water that exceeds the EC#-threshold. Periodic reclamation of the 

soil may be required to avoid sak buildup to growth-fimking levds (Grattan 1994). 

However, the amount of good quality water needed to periodically reclaim the sofl must 

be taken into account for long-term water economy. Grattan goes on to say that aity 

“good quality” water savings during prereclamation years may be lost during 

reclamation, particularly if sofl B is a constituent that needs to be reduced in the sofl 

profile. Sharma and Rao (1998) conducted an experiment that used saline drainage water 

of varying salinity levels ̂ C iw =6.0,9.0,12.0 and 18.8 dSm'̂ ) for 7 years, irrigating 

vriieat during the dry winter season while peari-miUet and sorghum were grown during 

the rahty season. On an average, the mean yield reduction in wheat yield at different 

ECiw was 4.2% at 6,9.7% at 9,16.3% at 12 and 22.2% at 18.8 dSm'\ Pearl-millet and
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sorghum yields decreased significantly only when saline water of 12 dSm*̂  or higher was 

applied to the previous vriieat crop. The high salinity and sodicity of the drain%e water 

increased the soil salinity and sodicity in the soO profile during the winter season.

Sharma and Rao (1998) stated that these hazards were eliminated by the subsurfiice 

drainage during the ensuing monsoon periods.

In general, if water availability is unrestricted, the tyclic technique has many 

advantages over the blending method: 1) sofl salinity can be lowered at certain times to 

allow more salt-sensitive crops to be included in the rotation; 2) a water blending fecflity 

is not required; 3) the use of saline water suppty can be maximized; and 4) water of 

higher salinities can be used (Grattan and Rhoades 1990).

The continued use of saline irrigation water with the ̂ clic method of management 

will depend on economic fectors. Many turf managers have not made the switch to using 

poor quality water because there is still a freshwater supply being delivered at a 

reasonable price. Irrigation managers will be fiirced to use poor quality water only if 

good quality water is not accessible, becomes too expensive or if city/county 

governments mandate poor quality water usage fi>r large areas of turf and urban 

landscapes.

Weather Station Feedback and Crop CoeflBcients 

For managers of large tur%rass areas, proper nrigation management needs to employ 

the use of feedback infrinnation, sudi as the assessment of environmental demand. 

Microclimates can vary significantty across a golf course and directty influence turf 

irrigation requirements (fiang 1998). Weather station feedbadc is of great importance 

when determining the irrigation amounts. The k ^  to optimizing the use of weather
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stations on large areas of turf is the selection of the appropriate crop coefScient 

(KcXBrown 1999). Crop coeffidents can differ from tees, Airways and greens within a 

golf course so the availability of the appropriate Kc is required to tailor irrigation for each 

type of turf (Brown 1999). Devitt et al (1992) developed crop coefScients from studies 

where actual turf water use (ETa) was measured and compared with values of ETo 

computed from meteorological parameters. Proper estimates of évapotranspiration on a 

weekly basis can help achieve low leaching fractions (Devitt et al. 1983) which in turn 

mmimizes the salt transport to underlying water and prevents salt build-up. Jensen 

(197S) indicated that low leaching requirements require a high uniformity of water 

application to avoid deficit irrigation on parts of the field receiving the least amount of 

water.

Leaching Fraction and Water Quality 

When applying saline water to the fidd the irrigation manager must make certain that 

the crop is receiving enough water to meet ET and also keep salts from building up in the 

soil profile. Salt build-up in the root zone can eventually lead to increased osmotic stress, 

which decreases growth and can ultimately kill the plant. The application of too much 

water can lead to an increase in water tables and create even larger problems for the 

irrigation manger. A study in India by Bowmans (1988) showed that to control salt load 

from irrigation drainage water, horizontal subsurfrue drains or shallow, vertical, 

skimming wdls would be needed. Bradfiird and Letey (1992) emulated the effects of an 

increasing water table on cotton production. Thqr found that under unifrirm irrigation 

conditions I) higher yidds were achieved by apptymg less nrigation durmg the crop 

season and more during the preirrigation fijr salt leaching purposes, 2) annual applied
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conditions 1) higher yidds were achieved by applying less irrigation during the crop 

season and more during the preirrigation for sak leaching purposes, 2) annual applied 

water must equal évapotranspiration to avoid long term water table rise or depletion and 

3) high cotton yidds can be achieved for several years even if the water table is saline 

and no drainage occurs if the irrigation water is low in salinity.

Leaching fraction (LF) is defined as drainage volume divided by the irrigation phis 

precipitation volume or the fraction of infiltrated nrigation water that percolates bdow 

the root zone. The smallest leaching fraction that maintains normal plant growth and 

development under a given set of conditions is referred to as that she’s leaching 

requirement (Harivandi 1992). The leaching requhement depends on the salinity ofthe 

irrigation water and the type of plant to be grown. Also, the sofl type where the plant is 

grown influences water movement and ultimately the leaching. For example, 20 cm of 

rainfeO passing through a sanity sofl can remove approximately 50% ofthe saks in the 

top 90 cm. hi a day soil, 20 cm of water would reduce saks by 50% in only the top 45 cm 

(Oster et al. 1984). Shalhevet (1984) showed that intermittent leaching can be more 

effective at leaching saks throu^ the sofl instead of contmuous leaching. Le., after each 

irrigation.

Since crops respond, for the most part, to the average root zone salinity where most of 

the water extraction occurs (HofBnan 1990), idatkmships that predict average root zone 

salhnty based on LF and salinity of the appfied water are useful. The crop-water 

extraction pattern in the root zone mfluences this relationship. Rhoades (1982) proposed 

an extraction pattern ofaplant that extracts 40,30,20 and 10% ofavailable water from 

the upper to lower quarters of the root zone. This approadr is reasonable since 90% of
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with root distribution. He went on to show that water uptake was usualty greatest in the 0 

to S cm son region and the ability to predict water uptake based on root (fistribution 

and/or soil salinity would be poor and that great error might occur in using such an 

approach in predictive modds.

Sprinkler systems provide an easy w ^  to deliver irrigation water in a unffiirm 

manner. The uniform application not onty ensures that the LF is being maintained over 

the fidd but also hdps to move the salts uniformty downward. Light, frequent, sprinkler 

irrigations can cause soluble salts to binld rapidly in the root zone. This practice can be 

dangerous in dry climates, where frequent light irrigations with water containing only 

moderate sak levds can resuk in safenty problems (Harivandi 1994). The upward 

movement of water carries salts to the surfime where they may accumulate (Oster et al. 

1984). However, high frequency, low volume irrigations based on ET feedback and an 

imposed 0.15 LF have been shown to maintain fitvorabk sak profiles while minimizing 

oscillations in matric/osmotic stress (Dean et al. 1996; Deritt 1989; Devitt et aL 1990; 

Leskys et aL 1999).
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METHODOLOGY

A two-year cyclic irrigation study was conducted at two sites located in the Las Vegas 

Valley. The first site was the practice fixrtbafi field (22SS5m )̂ at the University of 

Nevada Las V%as and the second site was the Valley High School soccer field (4SOOm̂ ).

The site at the University had been planted with a hybrid bermudagrass, which was 

overseeded with a perennial rye grass. The high school stuity site had been planted with 

a common bermudagrass, which had not been overseeded with rye grass. However, 

during this two-year experiment a perennial ry%rass was overseeded each fall. The Soil 

Conservation Service (SCS) dassified the soil at both the University and high school 

sites as a McCarran fine sandy loans. It is described as a coarse-loamy, mixed, thermic 

Typic H^logypsid. CaC03 content can approadi 30% and clay content averages less 

than 18%. It was apparent that the high school soccer fold was placed on a modified 

McCarran where some amendments may have been added.

Prior to salinization a main irrigation delivery line was laid paralld to the existing 

main nrigation line at both sites to Adlitate delivery of shallow aquifer water fi^m a 

holding tank. The new lines were fitted with valves (Toro 252 Series 2”) that were 

installed just btyond the existing valves. This allowed an operator to qrdefiiesh and 

saline water to the fidd and make use of the existmg irr%ation tystem in the fidd.

15
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Backflow prevention devices were installed to aisure that no shallow aquifer water 

entered the fresbwato’ supply line. The valves were connected to an irrigation timer.

During the installation of the delivery system, a shallow well was bored to tap into the 

perched shallow aquifer. The wells, approximatdy 100 feet deep delivered 35 GPM and 

filled a 10,000-gaHon reservoh at the university site and 8 GPM and filled a 10,000- 

gallon reservoir at the high school. The tanks were equipped with an automatic shut off 

switch to prevent over fillfflgifno irrigations were taking place. A 15 hp pump was 

installed to defiver saline water to the fidd. Once the parallel delivery system was 

completed an inspection of all irrigation heads in the research area was done. Heads that 

were improperty aligned were levded and heads that did not rotate properly were 

removed and new Hunter 1-40 heads were installed. After the heads were installed, 

uniformity tests were run by setting 25 catch cans in a 5 x 5 grid within each plot. 

Uniformities were calculated using the equation CUC = I - (O.Ssyr (Hart and Reynolds, 

1965), where sis the standard deviation and X is the mean. AH plots bad an imposed 

leaching fraction of 0.15 maintamed by setting irrigation volumes using the following 

equation; LF = (1 * ETa)/1 where 1 is the irrigation volume based on pressure volume 

time curves obtained throu^ mnftirmity measurements. ETa is an estimate of actual 

évapotranspiration obtained by muhiptying potential ET (ETo) with a crop coefficient 

(Kc; Devitt et aL 1992).

An automated weather station (Weather Watch 2000, Campbdl Sdentific, Inc., 

Logan, UT) was set-up at both locations to monitor cfimatic variables. Rainfefi, average 

hourly solar radiation, average wmd dnection and vdodty, average temperature and 

average rdative humidity were recorded on an hourty basis. An houriy potential
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evapotranspvation estimate (ETo; modified Penman equation) was made using the hourly 

climatic data. Average daily ET estimates were used for the ET feedback to adjust 

irrigation volumes. New irrigation times were established uting this method based on the 

previous 7 irrigation events

Plots (replicated twice, 12.2 m x 12.2 mat the university and 6.1 mx 3 OS mat the 

high school) were established within irrigation zones to ensure no irrigation overlap. All 

plots were instrumented with salinity sensors and tensiometers at 10,25 and 40 cm below 

ground levd. The Univeraty plots were irrigated 1,2,3, or 4 times per 7 irrigation 

events with saline water (4 treatment plots plus a control plot, replicated twice totaling 10 

plots). The high school plots were hrigated I or 2 times per 7 irrigation events with 

saline water (2 treatment plots replicated twice plus a control replicated twice totaling 6 

plots). The fewer plots at the high school were dictated by the greater than four-fold 

lower flow rate from the well compared to the University she.

Throughout the study, the University fidd was mowed two times weddy at a hdght 

of 2.5 cm with a red mower. The high school fidd was mowed on a weekly basis at a 

hdght of 3 0 cm with a flail mower. Clippings were allowed to remain on the fidd.

Prior to the first (May 15,1997) and second salinization periods (May 15,1998) and 

at the end of the experiment, soil samples were taken using a 4.5 cm diameter soil auger. 

Samples taken in 1997 were based on a4  x 4 grid that was set-up within the plot at 

equiifistant locations from the edges. Sampling in 1998 and 1999 was based on a 5x5 

grid. All samples were collected at depths of 0-15 cm, 15-45 cm and 45-75 cm with an 

additional depth o f75-105 cm added m 1999. Additional soil samples were taken at 

depths of 105-135 cm, 135-165 cm and 165-195 on at the 2-2,3-3 and 4-4 grid
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locations. Sofl samples woe dried and extracted usmg the saturation procedures outlined 

by the United States Salinity Laboratory (Handbook 60,1954). Sofl solutions extracted 

were analyzed for Na, K, Ca, Mg, CO3, HCO3, Cl SO4 and electrical conductivity; 

ahhou^ for this study only dectrical conductivity will be discussed.

Bimonthly plant measurements were taken of canopy temperature (using an infrared 

thermometer, Everest Intersdence, Tustin, CA), color/cover, water potential (Pressure 

bomb Modd 3005, Sofl Moisture, Santa Barbara, CA) and stomatal conductance (LI- 

1600 Steady State Porometer, LiCor, Inc., Lincoln, NE) and tissue moisture content (g 

% 0/ g fresh tissue). Measurements were taken between 1130 to 1300 hours. Sofl 

parameters measured included sofl moisture (Theta Probe type ML2x, Deha-T Devices, 

Cambridge, England), soil temperature (Dig-Sense Thermocouple thermometer, Cole- 

Parmer, Vernon Ifills, IL) and bulk sofl conductivity (EM 38, Geonics Inc., Mississauga, 

ON) during the growing season (May 15-Oct 15). The same measurements were taken 

during the off season (Oct 16* May 14) on a monthly basis except for stomatal 

conductance and water potential. Weekty salinity sensor readings (salinity bridge, Sofl 

Moisture) and matric potentials (tensiometers, Sofl Measurement Systems) were also 

taken. Salinity sensor and matric potential data were collected from January 1,1997 to 

May 15,1997 (representing the first off period) prior to the first salinization period.

Daily meter readings were taken to monitw nrigatkm volumes at both sites and to 

evaluate volume - pressure - time relationships.

The monthly, weekty and «muai end of season fidd measurements collected in a grid 

fashion were anatyzed using geostatistical techniques (GS+3.1, Gamma Design Software, 

PlainwdlMI). Two-way ANOVAs were run on various data sets to determine if
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agmficant deferences existed between treatments and between recovery periods in 

different years.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER IV

ASSESSING INITIAL FIELD CONDITIONS

Irrigation System 

SprinklffSygtdn

Prior to initiation of the experiment (May IS, 1997) a parallel delivery system was 

installed to deliver the shallow saline groundwater at both sites. Both delivery systems 

were evaluated by pressurizing the lines and inspecting for leaks. The irrigation pipe was 

then buried following University landscape procedures as well as Clark County irrigation 

procedures. Control valves in the irrigation system were then linked to an irrigation 

control clock. Each research plot was then inspected for proper sprinkler head rotation 

and sprinklers replaced if needed, with Ihmter I-40s at the University site and Rain Bird 

impact heads at the high school site.

Time/volume irrigation runs were done on aU treatment plots to establish 

precipitation rates. Based on these precipitation rates a gallon amount was targeted and 

this amount was delivered to the field based on irrigation estimates. Because the 

pressures often varied and small changes in pressure led to large changes in gallons 

delivered, irrigation amounts were based on total gallons rather than on pressure-time 

curves.

20
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Irrigation uniformity distributions were assessed prior to irrigating with saline water 

at both sites with adjustments made as needed to improve the system distribution. The 

average Christiansen Uniformity Coefficient (CUC) for all treatments at the University 

site was 0.81 with a standard deviation of 0.02 and 0.92 with a standard deviation of 0.01 

at the high school site. For both sites, a coefficient of uniformity for near surAce soil 

volumetric water content was assessed using a theta probe (gently forcing the steel 

waveguides into the soil until foil contact was achieved, (0-10 cm depth mcrement). The 

average coefficient of uniformity (CU) for the near surAce soil volumetric water content 

for aO treatments at the University she was 0.85 with a standard deviation of 0.05. Soil 

conditions at the high school site did not allow the theta probe to be used for near surAce 

measurements because of higher soil compaction in the near surAce horizon.

Well Depths

Wells were drilled to depths of 30.5 mat the University and high school sites. 

However, the depth to the shallow groundwater system varied at both sites. A maximum 

depth to the water table at the University site was 5.5 m with a minimum depth to the 

water table of 4.5 no. A maxnnum depth to the water table at the high school site was 4.7 

m with a minimum depth to the water table of4.0m (Fig. 1).

Wen Yield

The wen at the University site yielded 38.0 gaUons per minute while the wdl at the 

high school site yidded only 8.0 gallons per mmute. This lower yidd at the high school 

site dictated that two fewer treatments be included in the experimental design compared 

to the University rite.

21
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Wen Water Quality

Wdl water samples were taken every wedc during the peak demand months (May IS 

-  October IS). Water samples were measured for electrical conductivity (EC) and other 

cations and anions as dictated by the agreement with the Las Vall^ Water District (Table 

1). EC values varied little at the University site with lowest conductivities of 3.3 dSm*‘ 

in June of 1997 and highest conductivities of 3.4 dSm^ in September of 1998 (Fig. 2). At 

the h i^  school site EC values were at their lowest in June of 1997 with an EC of 0.9 

dSm*‘ and conductivities reached a high of 2.5 dSm ' in September of 1997 (Fig. 2). For 

both seasons of substitution at the high school she a cycling up and down of the well 

water EC was observed. This cycling up at the b%inoing of the saline season and down 

at the end was possibly linked to increased turbulence from over pumping low yielding 

sediments and/or from up gradient lower quality waters forced down gradient associated 

with increased drainage during the active irrigation season.

Sofl Parameters

Snil Salinhv

Soil samples were taken prior to the fostsalhdzation At the University she initial sofl 

salinity (ECe) for all treatments can be seen in Table 2. Salinity values ranged from a low 

of 3.2 dSm ' for the control 45-75 cm depth mcrement to a high of 5.3 dSm ' in the 45-75 

cm depth increment for the 3 out of7 salme nrigatkm substitution treatment. Some of 

the pre experiment ECe values for the University she were higher than the saline soil 

classification value of 4.0 dSrn' hut were wdl bdow the threshold value of 6.9 dSm*̂  for 

bermudagrass. ECe values fin-the 0-15 cm depth at the high sdmol she ranged from 3.6
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dSm'̂  in the 1 out of 7 saline treatment to 6.0 dSm'̂  for the control. The control plot had 

an ovoall higher basdinesoQ salinity than the 1 and 2 out of 7 saline treatments (Table

3).

Salinitv Sensors

At the Univerrity and high sdiool she, safinity sensors were read IS times prior to the 

initial salinization (OFF 1). Average salinity sensor values for the 10,25 and 40 cm 

depths for all treatments at both shes are reported in Tables 4 and S.

Bulk SoO Conducthntv 

Prior to the initial salinization, calibration work was conducted to determine whether 

soO salinity, gravimetric water content or an interaction of these parameters correlated 

whh horizontally adjusted EM 38 measurements. At the University she gravimetric 

water content was more closely correlated whh EM 38 readings than was soil salinity 

(r=0.84*** and r=0.36, ns). An interaction of both depth weighted gravimetric water 

content and soO salinity was also shown to be highly correlated whh the EM 38 readings

(t=0.86**).

At the high school she onty soO salinity was correlated whh the EM 3 8 measurements 

(r=0.83***). The cafibration work showed that the EM 38 could be used to monhor bulk 

soil conductance and was therefore used as a feedback tool during the experiment. 

However, since the range in sofl salinity was small from plot to plot, theEM38 wasa 

better predictor ofsofl water content than sofl salinity. This is not to sty that the EM 38 

could not precfict sofl salinity, but that the range in sofl salinity m this experiment was not 

high enough to devdop a more usefiil workh% cafibration curve.
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Soil Moisture

Soil moisture (theta probe) measurements were not taken until well into the first year 

of salinization at both the Univerrity site and the high school rite. Gravimetric water 

content for the University and high school sites was not calculated untfl the second soil 

sampling during May 1998.

Plant Parameters 

Cover

Prior to the first salinization, the research plots at the University site had initial 

turfgrass cover ratings of 100%. This was compared to the high school site, which had 

cover percentages of 97%, 94% and 97% for the 0 (control), 1 and 2 saline irrigation 

substitution treatments.

Color ratings (refisr to methodology chapter for rating scheme) for the University 

site were 8.9,9.3,8.8,9.2 and 9.0 for the 0 ,1 ,2 ,3  and 4 salme irrigation treatments. 

Statistical separation of these mean color ratings existed between the 0,2  and 4 out of 7 

saline irrigation substitution treatments and the 1 and 3 out of 7 saline irrigation 

substitution treatments. Although this statistical separation between treatments occurred, 

aH of these ratings were viewed as exceUenL Color ratings for the hiÿi school site were 

8.3,8.5 and 8.4 for the 0,1 and 2 out of 7 saline treatments. No statistical difference was 

shown between these treatments. The lower color ratmgs at the high school rite were a 

direct reflection of a lower maintenance turf management program being imposed 

(mineral fertilizer additions, irrigation deficits).
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Tissue Moisture

At the University site average initial tissue moisture contents (April 1997) were 

0.753,0.718,0.698,0.730 and 0.742 for the 0, 1,2,3 and 4 saline irrigation substitution 

treatments respectively. Only the 2 out of 7 saline irrigation substitution treatment was 

statistically different from the control Q><0.05).

At the high school she average initial tissue moisture contents were 0.775,0.647 and 

0.682 for the 0, 1 and 2 out o f 7 saline irrigation substitution treatments respectively.

Both the 1 and 2 saline treatments showed a statistical separation from the control 

(p<0.05).

Canopy Temperature 

At the University she initial canopy temperatures minus ambient temperatures (I  

canopy -  T ambient) were 2.52,3.46,0.176,2.32 and -0.26 for the 0,1, 2,3 and 4 out of 

7 saline irrigation substitution treatments respective. All treatments were statistically 

different.from each other except frir the 3 out of 7 treatment from control and 2 out of 7 

treatment from the 4 out of 7 treatment (p<0.05).

At the high school she mhial T canopy -  T ambient were 1.25,0.83 and -1.76 for 

theO, 1 and 2 safine substitution treatments respectively. The 1 of 7 saline substitution 

treatment was statisticalty different from both the 2 of 7 saline substitution treatment and 

the control treatment (p<0.05).

Leaf Water Potential 

At the UnivCTrity she average middity leaf water potentials in June of 1997 (first 

fiill month of data) were -0.79, -1.21, -1.04, -0.96 and -1.02 MPa for the 0 ,1 ,2 ,3  and 4
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salû» irrigation substitution treatments respecdvdy. No statistical separation between 

treatment means existed.

At the high school she average midday leaf water potentials (June 1997) were -  

1.68, -1.69 and -1.70 MPa for the 0,1 and 2 saline irrigation substitution treatments

respectively. No statistical separation between treatment means existed.
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CHAPTERV 

TEMPORAL RESPONSE

Sofl Parameters 

Soil Salinity fFCel

Salinity levels after the first salinization and second salinization and recovery period 

at the University and high school sites are reported in Tables 6 and 7. Sofl ECe values 

for all treatments on average increased with time for theO-lS cm and the IS-4S cm depth 

increment. The 45-75 cm depth increment decreased with time for all treatments except 

for the control which increased by 0.2 dSm '. When looking at the depth weighted 0-45 

cm ECe values for aO treatments showed an increase in soil salinity with time. Depth 

weighted 0-75 cm ECe values for all treatments declined or stayed the same except for 

the 4 out of 7 saline irrigation substitution treatments and control which increased by only 

0.1 and 0.5 dSm*‘ from 1997 to 1999 respectively.

Salinity Sensors

Salmhy sensor values for the University and the high school sites tycled up and down 

during the experimental period (May 15,1997 -  May 15, 1999) although the high school 

site treatments were less amplified. All salinity sensor values by treatment, depth and she 

are shown in Figures 3 -8.

27
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Initial average salinity sensor measurements (based on IS measurements prior to 

initial salinization) for the 1 saline irrigation substitution treatment at the University site 

were 7.52,8.41 and 10.79 dSm'̂  for the 10,25 and 40 cm depths respectively (Fig. 3). 

After two years of application and recovery the average salinity sensor values for the last 

off period were 7.99,8.30 and 8.64 dSm'* for the 10,25 and 40 cm depths respectively, 

suggesting little deviation from the original baseline values. During the first salinization 

period (May15, 1997 -  Oct. 15,1997) a high salinity sensor value o f20.83 dSm*‘ was 

recorded (during the second year of salinization) the highest salinity sensor value of 

23.42 dSm ' was also recorded at the 40 cm depth. Although salinity values merged 

during the final off period ofthe experiment, revealing little salinity difference with 

depth, salinity increased with depth during the on-periods. The final average salinity 

values for the 1 out of 7 saline substitution treatment were still bdow the 6.9 dSm ' ECe 

(-13.8 dSm'* sensor value) threshold salinity value for bermudagrass (where sensor 

values are approximatdy twice the value associated with saturation extracts because of 

the relationship between fidd soil moisture content and saturation).

Initial average salinity sensor measurements for the 2 out of 7 saline irrigation 

substitution treatment at the University site were 4.71,4.28 and 4.66 dSm ‘ for the 10,25 

and 40 cm depth respectively (Rg. 4). After two years ofapplication and recovery the 

average salinity sensor values for the last off period were 7.12,6.30 and 6.61 dSm*' for 

the 10,25 and 40 cm depths respectivdy, reflecting a 30 to 35 % rise in the baseline 

salinity values. Salinity values showed no distinguishable trends with depth during either 

on or off periods. During the first salinization period a high salinity sensor value of 

10.78 dSm'̂  was recorded and durmg the second salinization season, no salinity sensor
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readings ever exceeded 10 dSm ̂  This treatment showed the least variation in soil 

salinity whh only small osdOations in EC driven by the on/off periods. All ofthe salinity 

sensor values were below the salinity threshold of bermudagrass.

Initial average salinity sensor measurements for the 3 out of 7 saline irrigation 

substitution treatment at the University she were 4.65, 7.24 and 10.22 dSm ' for the 10, 

25 and 40 cm depths respectively (Fig. 5). After two years of application and recovery 

the average salinity sensor values for the last off period were 7.62,8.31 and 9.00 dSm*‘ 

for the 10,25 and 40 cm depths respectively. Initial average salinity was highest in this 

treatment at the 40 cm depth then quickty moved lower only then to peak at 23.73 dSm*‘ 

during the first salinization period. Average baseline salinity levels increased 39% at the 

10 cm depth, whereas they increased 13% at the 25 cm depth and actually declined 12 % 

at the 40 cm depth. Although salinity values merged at the end ofthe final recovery 

period the overall trend was one of increasing salinity with depth. The return ofthe 

salinity to baseline during the last recovery kept the soil bdow the threshold value for 

bermudagrass at all three depths.

Initial average salinity sensor measurements fi)r the 4 out of 7 saline irrigation 

substitution treatment at the University she were 4.13,4.48 and 3.42 dSm ' for the 10,25 

and 40 cm depths respectivety(Fig^ 6). After two years of application and recovery the 

average salinity sensor values for the last off period were 6.79,7.52 and 6.90 dSm'* for 

the 10,25 and 40 cm depths respecdvety, reflecting a 39 to 50% rise in baseline salintty 

values. Salinity sensor values remained dosety grouped through the first saline period. 

During the first recovery period some separation started to take place (hitter values at 

shallower depths) whh a t i^ e r  groupmg after the second saline period.
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Initial average salinity sensor values for the 1 out of 7 saline irrigation 

substitution treatment at the high school she were 2.17,3.97 and 4.47 dSm'̂  for the 10, 

25 and 40 cm depths respective^ (Rg. 7). After two years of application and recovery 

the average salinity sensor values for the last off poiod were 3.79,4.64 and 5.82 dSm'̂  

for the 10,25 and 40 cm depths respective, reflecting a 14 to 50% rise in baseline 

salinity values.

Initial average salinity sensor values for the 2 out of 7 saline irrigation substitution 

treatment at the high school she were 7.15,3.99 and 2.88 dSm'* for the 10,25 and 40 cm 

depths respective (Fig 8). After two years of application and recovery, the average 

salinity sensor values for the last off period were 5.31,4.54 and 4.50 dSm'‘ for the 10,25 

and 40 cm depths respective, reflecting a minus 26 to a plus 36% rise in baseline 

salinity values.

SalhMtv Sensor She Comparison

Prior to the initial salinization at theUnivershy she, the 1 and 3 saline irrigation 

substitution treatments had increasiqg salinity values wedcs before the first application of 

saline water. This inaease can be attributed to the defich irrigation management that was 

taking place prior to the first on period. After initiation ofthe experiment, ET feedback 

was used to adjust irrigation events and hdp establish positive leachiqg.

The 1 out of7 saline irrigation substitution treatment at the University she was on 

average, 5.2 dSm ' higher for all depths when compared to the same treatment at the high 

school she. Both the University and the h ^  school she exhibhed cycling up and down 

of salinity levds, however, the University she salinity levds, on average, were 2.5 times 

higher during the first and second salinizations for the lout of 7 saline substitution
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treatment and 1.5 times higher forthe 2 out of 7 saline substitution treatment for all 

depths combined. The aveage values for the end of the last recovery period were 53,44 

and 32% higher at the University site for the 10,25 and 40 cm depths respectively, 

showing large variation from site to rite.

The 2 out of 7 saline irrigation substitution treatment salinity values were higher at 

the University she than the high school she. The conductivities were approximately 2 

times higher for the 25 and 40 cm depths during the first saline period. Salinity levels for 

all depth at the University she increased whh depth and followed the same trend 

throughout the experiment whereas the high school rite ritowed decreasing salinity whh 

depth. Salinity levels at the high school she were approximately 5.0 dSm*' for the second 

saline period whereas the University she had average values of 7.5 dSm ' for the same 

period.

Matric Potential

Matric potentials for the University and the high school shes cycled down and up 

(Figs. 9-14) during the experimental period (May 15,1997 -  May 15,1999) although the 

treatments at the high school she were less amplified. Lowest matric potential values at 

all shes occurred during summer months when evaporative demand was highest.

The 1 out of 7 saline irrigation substitution treatment at the University she reached 

lows of -0.129, -0.132 and -0.124 MPa at the 10,25 and 40 cm depths respectively, 

during the first on/off salinization period (Fig. 9). There was a dramatic decline in matric 

potentials at the beginning ofthe experiment at afi three depths. Throughout the 

experiment the 25 and 40 cm depths responded ma more similar frshion, foiling during 

the b%inning of the on-pmiods and rising during the latter phases of the on-periods of
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salinization whereas the 10 cm depth responded quicker to soU moisture, with more 

frequent oscillations. These matric potential osdllations at all depths would suggest that 

this was an active zone for water uptake and/or redistribution.

The 2 out of 7 saline irrigation substitution treatment for the University site reached a 

low of-0.090 MPa at the 10 cm depth prior to the first salinization and reached below -  

0.060 MPa five more times during the rest ofthe experiment suggesting greater influence 

of plant water uptake and/or redistribution (Fig. 10). After the first salinization the 25 

and 40 cm depth stayed foirly constant throughout the experiment oscillating between -  

0.009 and -0.042 MPa indicating that the ET feedback and irrigation fiequencies were 

able to minimize the extent of soil drying.

The 3 out of 7 saline irrigation substitution treatment at the University site 

showed the same dramatic decrease in matric potential prior to imposing the ET feedback 

irrigations (Fig. 11). Matric potentials reached a low of -0.138 MPa for the 25 cm depth 

during the first salinization and -0.120 and -0.123 MPa for the 10 and 40 cm depth 

respectively. More fevorable matric potentials were maintained from day 171 to the 

onset of the second salinization period at day 500, suggesting a 50-day lag in establishing 

soil moistures associated with the imposition of a 0.15 LF.

The 4 out of 7 saline irrigation substitution treatment at the University site 

showed very little decline m matric potentials until wdl into the first salinization period 

(Fig. 12). The 10 cm depth readied a low of -0.141 MPa during the first salinization and 

reached -0.107 MPa during the second salhnzatiorL Matric potentials reached lows of -  

0.137 and-0.135 MPa fiir the 25 and 40 cm depth respective^. After day 550 matric
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potentials recovered to more fovoraUe conditions, not foiling below -0.020 MPa until 

day 783.

The 1 out of 7 saline irrigation substitution treatment at the high school site reached 

matric potentials of -0.089, -0.059 and -0.042 for the 10,25 and 40 cm depths 

respectively, during the first salinization period (Fig, 13). Throu^out the experiment all 

matric potentials for all three depths responded in a similar foshion, except during the 

first on/off salinization period. During the second salinization period matric potentials 

remained above -0.040 MPa for all three depths suggesting that ET feedback irrigations 

were producing more fovorable soil moisture conditions.

Matric potentials for the 2 out of 7 saline irrigation substitution treatment at the high 

school site oscillated in a very similar sinusoidal foshion at all three depths with the 10 

cm matric potential on average being the lowest (Rg. 14). During the first on/off 

salinization period matric potentials reached lows of -0.050 MPa at the 25 and 40 cm 

depths, with the 10 cm depth dipping below -0.060 MPa. Just prior to the second 

salinization period the 10 cm depth matric potential reached a low of -0.095 MPa. 

hfidway through the second salinization period matric potentials dropped below -0.060 

MPa. The 25 and 40 cm depth matric potentials remained above -0.020 MPa for most of 

the remainder ofthe second salinization period, suggestfog that applied irrigations were 

able to minimize excessive soil drymg

Matric Potential Site Comparisons

For the 1 out of 7 safine irrigation substitution treatment a more noticeable response 

to irrigations was seen at the University site. The high sdKX)I site had less dramatic
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oscillatioas as compared to the University site with the high school site showing a tighter 

response to irrigations during the second salinization period.

For both the University and high school sites the 2 out of 7 saline irrigation 

substitution treatment matric potentials showed tighter responses (less variation) to soil 

moisture at all depths than all other treatments. Matric potentials for hoth sites were 

highest during the second salinization period. Differences in matric potentials between 

sites with the same treatment may have been linked to growth differences in the turfgrass. 

We assumed that one Kc value could be used for both sites to adjust ETo values. 

However, growth and overall quality of the tur%rass was better at the University she. 

This possible error in the Kc value could have led to higher nrigations relative to ETa at 

the high school she, contributing to higher soil moisture and more positive matric 

potentials.

Salinity and Matric Potential Interactions 

The 1 out of 7 saline irrigation substitution treatment at the University she had significant 

increases in soQ salinity at the 10.25 and 40 cm depth and decreasing matric potentials at 

the same depths suggesting that matric potentials fueled the increasing soQ salinity. 

During the second on/off salinization period salinity sensors responded in a similar 

fiwhion to decreamng matric potentials. Both salinity sensors and matric potential 

returned to pre experiment values at the end ofthe two-year irrigation experiment.

The 2 out of 7 saline irrigation substitution treatment at the University she had a 

small rise in soil salinity during the first on/off salinization period and matric potentials 

decreased durmg this same time period. Very little diange in soQsalmhy and matric 

potentials for all three depths was seen throughout the rest ofthe experiment, suggesting
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that irrigation management was workii% wdl in maintaining soil moisture while 

minimizing the concentration of salts.

The 3 out of 7 saline irrigation substitution treatment at the University she had 

significant increases in soil salinity during the first on/off salinization period, which 

corresponded to decreases in matric potentials. The second on/off salinization period had 

the same response hut did not peak as high for the salinity or peak as low for matric 

potentials.

The 4 out of 7 saline irrigation substitution treatment at the University site showed 

small increases in soil salinity whh small oscillations in matric potentials at all three 

depths prior to the first salinization period. Durmg the first off period, separation between 

soQ salinity at all depths was observed whh the safinhy decreasing whh depth. 

Corresponding matric potentials were decreasing duripg the final phase of the first on 

period. During the second on/off salinization period both salinity sensors and matric 

potentials rose/decGned in a similar foshion suggesting that increasing and decreasing of 

matric potentials was driving the ̂ lirig  up and down soil salinity.

The 1 out of 7 saline irrigation substitution treatment at the high school she had very 

small oscillations m soQ salmhy while there were wide swings in matric potentials for all 

three depths during the first on/off salinization period. Small rises in soil salinity were 

observed during the remainder of the experiment and some mcreased tycling was 

observed in matric potentials fiir this same time period. On average, matric potentials did 

not decrease above -0.040 MPa and this would corrtribute to the small rise in soil salinity, 

as there was only a sUght concentration effect
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The 2 out of 7 saline irrigation substitution treatment at the high school site responded 

in similar foshion to the 1 out of 7 treatment At all three depths, salinity sensors showed 

small increases in soQ salinity during the on periods and decreases during the off periods. 

Matric potentials oscQlated throughout the experiment but on average stayed above the -  

0.040 MPa level at all three depths.

At both the University and high school sites, imposing feedback irrigations based on 

ET measurements from the week before would mean that there would be some deficit 

irrigations moving into the peak summer months and therefore causing an increase in soQ 

salinity as matric potentials became more n^ative. The data would suggest that it might 

take approximately SO days to get ahead ofthe ET curve to ensure irrigations were 

exceeding demand and this can be seen in the latter stages ofthe on periods for the 1 and 

3 out of 7saline irrigations at the University site and hoth the 1 and 2 out of 7 saline 

irrigation treatments at the high school site.

Bulk SoQ Conductivity

Average horizontalty adjusted EM 38 values for the University site can he seen in 

Figure IS. EM 38 average values were highest for the 4 out of 7 saline irrigation 

substitution treatment during the second on/off salinization period whQe the control (0 of 

7) had the lowest average values suggestirtg that the EM 38 could be used as a tool to 

monitor soQ salinity. The 1,2 and 3 saline irrigation substitution treatments responded in 

a amQar fiishion throu^KMit the experiment suggesfitig that differmt application rates of 

saline water had little effect on soQ salmity. At the University site there was a correlation 

between soQ salinity (ECe) and EM 38 values (depth weighted ECa=3.81 + 0.04 * 

horizontalty adjusted EM 38 valu^ r =0.64*). The EM 38 was also strongty correlated
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with depth weighted gravimetric water content (depth weighted gravimetric water=

0.008 + 0.006 * horizontally adjusted EM 38 value, r =0.84***). This would suggest 

that the EM 38 was able to better record changes in sofl moisture or an interaction 

between ECe and soQ moisture (r=0.86**).

At the high school she average horizontafly adjusted EM 38 values were highest for 

the control (0 out of 7), whQe the 2 saline irrigation substitution treatment had the lowest 

average values (Fig. 16). ECe values for the control were higher than the 1 and 2 out of 7 

saline irrigation substitution treatments throughout the experiment, which would support 

the higher readings hy the EM 38. For the high school she a stroqg relationship existed 

between EM 38 values and depth weighted soQ salinity (depth weighted soQ salinity = 

1.395 + 0.034 * horizontafly adjusted EM 38 value, r =0.83***), whereas no correlation 

was found between EM 38 values and depth weighted gravimetric water contents.

She Comparison of Bulk SoQ Conductivhv 

Average horizontafly a^usted EM 38 values for the 1 out of 7 saline irrigation 

substitution treatment at the University were annoximatdy 50% lower than the same 

treatment at the high school she throughout the experiment

The 2 out of 7 saline irrigation substitution treatment at the University she was more 

than 2 times lower at the b%inning of the experiment untQ the second on/off salinization 

period, when the high school she EM 38 values dropped to whhin 50 miflisiemens. After 

the second on/off salinization period the Unwersity values continued to drop below 20 

mQlisiemens whereas the high school she osdflated around 40 mQHsiemens. Since the 

EM38 measures bulk soU conductance, differences in soU texture, bulk density, sofl 

fraction greater than 2mm, soQ moisture and soQ safinhy can mfluence values. This
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would suggest a need for separate calibration curves for each she and an inability to infer 

a meaningfiii comparison based on raw data.

Soil Moisture f6 Probe)

Theta probe values measured at the near surfece (0 -8  cm) cycled up and down during 

the experimental period for aO treatments at the Univeraty she (Fig. 17). During the first 

on/off salinization pmod the 2 saline irrigation substitution treatment had the lowest theta 

value (0.211). During the second on/off salinization period theta values for all treatments 

moved lower whh the 4 out of 7 saline irrigation substitution treatment having the lowest 

value of 0.124. Theta values for aU treatments continued to rise untQ the S80^ day where 

they fell sharply until the end ofthe experiment.

Theta Probe (9) and 10 cm Matric Potoitial Comparison 

Comparison of the near surfece theta probe values and 10 cm matric potentials for the 

2 and 4 out of 7 saline irrigation substitution treatments at the University she showed 

similar temporal patterns (Fig. 18). During the first salmization period in the 2 of 7 

treatment, when sofl nraisture content declined there was a sharp decline in matric 

potential. This was also evident during the second salinization when both the 2 and 4 of 

7 treatments showed decreases in soil moisture and a corresponding decrease in matric 

potentials. However, even thouÿtsimilarhies were present, based on SO theta probe 

measurements and a single matric potential measurement h is hard to draw a meaningfiii 

conduaon based on the (fifferenoes in sample size.
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Plant Parameters 

Temporal Response of Tissue Moisture Content 

During the first off period tissue moisture content for all treatments at the University 

she continued to increase whh the 3 out of 7 saline hrigation substitution treatment and 

the control reaching 0.78 g HzO/g fresh w e i^  Shortly into the second salinization 

period all treatments declined suggesting that irrigations were out of phase moving into 

the peak demand months, however, averse values for all treatments remained close to 

0.70 g H2O / g fiesh weight Midwty through the second salinization, tissue moisture 

increased fi)r all treatments untfl the end of the salinization period and then dropped 

sharply during the second off period. Ussue moisture contents during this period were as 

low as 0.44,0.47,0.61,0.58 and 0.40 g H2O / g fresh weight for the 1,2,3,4, and control 

respectively (Fig. 19).

Tissue moisture during both salinization periods fi>r the land 2 out of 7 saline 

irrigation substitution treatments and control at the high school she changed very little. 

Average tissue moisture contents duriqg the first salinization were 0.64,0.64 and 0.63 g 

H2O / g fresh weight forthe 1 and 2 out of 7 treatments and control respectively. During 

the second salinization period average values were 0.67,0.66 and 0.64 g H2O / g fresh 

weight fiar the 1 and 2 out of 7 treatments and control lespectiv^. Even though control 

varied little during the on periods wide fluctuations were seen, ranging from 0.78 g H2O / 

g firesh weight at the b%inning of the experiment to 0.53 g H2O /  g fresh weight just prior 

to the second safine on period (Fig. 20).
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Site Comparison of Tissue Moisture 

Tissue moisture for the 1 and 2 out o f 7 saline irrigation substitution treatments at 

both sites showed the same pattern of staying relatively constant during the salinization 

on periods and showing the wider oscillations during the salinization off periods. This 

suggests that irrigations at hoth shes, during the peak demand months were more frequent 

and in parallel whh the environmental demand thus allowing the tur^rass to maintain a 

more positive water status. Also, at both shes the control plots showed the wider 

oscillations, at the University she this would suggest that irrigation managers were not as 

diligent in making sure that irrigations were taking place as needed. This was 

particularly true at the end of the second salinization when irrigations were cancelled and 

not made up.

Canopv Temperatures 

Canopy Temperatures (T canopy -  T ambient) at the University she for all treatments 

responded in similar feshkm throughout the experiment (Fig. 21). During the salinization 

on-periods canopy temperatures were at their lowest whfle during the off- periods the 

temperatures were highest suggesting that transpiration and evaporative cooling were 

minimized during the winter months. Analysis ofvariance showed no separation 

between treatments during the on-periods (ns, p=O.OS). On average, the control treatment 

showed the largest range (-5.3 to 12.2 X )  in canopy temperature, reflecting an irrigation 

management not as ti^itly based on an ET feedback approach.

Canopy Temperatures at the high school she for aU treatments re^nded  in a similar 

feshion throughout the experiment (Rg. 22). During the salmization on-periods canopy 

temperatures were at their lowest while during die off- periods the temperatures were
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highest suggesting that transpiration and evaporative cooling were minimized during the 

winter months. Analysis of variance showed no separation between treatments during the 

on-periods (ns, p=O.OS). On average, the 2 saline substitution irrigation treatment 

showed the largest range (-6.6 to 14.8 *C) in canopy temperature.

Site Comparison of Canopv Temperature 

Canopy temperatures at both the University and high school shes responded in similar 

feshion whh the highest temperatures in the peak demand months and the lowest 

temperatures during the winter months (Oct -  May). For both the University and high 

school shes there was no separation between treatments indicating that increasing saline 

substitution rates had little effect on transpiration.

Midday Leaf Xvlem Water Potential 

Midday leaf water potentials at the University she showed a typical sinusoidal 

response to changes in season (Fig. 23). No statistical separation between treatments was 

seen (p=O.OS,ns) during the on-periods for each successive year. The 1 out of 4 saline 

irrigation substitution treatment and control were statistical^ different from the first on 

period to the second on period (pO.OS). However, average values m leaf water potential 

decreased from the first salinization on-period to the second salinization on-period for all 

treatments, suggesting that irrigations during the second saline period were more in line 

whh plant water requirements, allowing fix’ a more positive plant water status.

Midday leaf water potentials at the high school she showed the same dhimal response 

as the Univerrity she (Fig. 24). Anatysis of variance rimwed no statistical separation 

between treatments durmg the fost and second on-periods 0><O-OS). However, from the
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first to the second salinization on period aU treatments showed statistical separation 

(p<O.OS) as values declined during the second year.

She Comparison of Midday Leaf Xylem Water Potential

Both the University and high school shes showed amilar patterns m middty leaf 

water potential during the experimental period. Average leaf water potentials for both 

shes decreased during the second salinization on period, suggesting better irrigation 

management The I and 2 saline irrigation substitution treatments at the University she 

showed lower average leaf water potentials than the same treatments at the high school 

she but no separation between treatments at ehher site occurred during the on-periods.

Turf Color

Color ratings for all treatments at the Univershy she responded in a similar feshion 

throughout the experimental period (Fig. 25). Color ratings decreased just prior to the 

first salinization on period and then sharp^ increased whhm the first 60 days and on 

average, stayed above the 9.0 rating during the first on period. During the second 

salinization on-period average color ratings fiir aU treatments were higher (9.3) and 

statistical analysis fixind no difference between treatments Q)<0.05).

Color ratings for all treatments at the high school she ̂ e d  up and down during the 

experimental period (Fig. 26). Color ratings for the 1 and 2 salme irrigation substitution 

treatments reached lows of 7.35 and 7.54 respectively during the first salinization on- 

period. Control reached a fow of 7.62 durmg the fost ofT period. Color ratmgs for aO 

treatments had no statistical difference (jp<0.05) durmg each on period, however, 

statistical differences were seen as average color ratings fiom the first on period rose 

during the second on period fix aU treatments (p<0.05).
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She Comparison nf Cnlnr Rarinps

Similarities were seen between the Univershy and high school shes in that, both 

showed the ̂ cling up during the summer months when fertility was highest and cycling 

down during the wmter months when the bermudagrass went into dormancy and winter 

rye was established. On average, colors rating for the 1 and 2 out of 7 saline irrigation 

substitution treatments at the University she were h%her than the same treatments at the 

high school she possibly related to a residual nitrogen effect as the high school she had 

no prior nhrogoi fertilization. Both shes showed overall increases in turf color ratings 

from the first saline period to second, indicating that this possibly correlated whh 

improved irrigation management by year two.

Turf Cover

Average tur%rass cover percentages for the University she during the first 

salinization on period were aH over 90 % whh the 2 out of 7 saline irrigation substitution 

treatment having a cover percentage of 95 % (Fig. 27). After the first on period, cover 

percentages declined to below 80 % for all treatments and recovered during the second 

on-period. All treatments had average cover percentages of 100% except for the 2 out of 

7 treatment, which had a cover percentage of 97 %. Durh% the first on period the 2 out 

of treatment was statisticalty different fiom all other treatments (p<0.05). Cover 

percentages during the second on period showed no statistical separation.

Average cover percentages at the high school she were all above 90 % during the first 

salinization on period. Cover percentages dropped sharpty during the first off period and 

then recovered during the second on period (Fig. 28), indicating better growmg 

conditions during the summer months and weaker establishment of the winter rye. All
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treatments mcreased in canopy density during the second year of saline water iqiplication, 

reflecting improved irrigation and nutrient management

Site Comparison of Turf Cover 

Throughout the experiment at both the University and high school sites tur%rass 

cover was maintained at excdlent levels. The University had slightty higher percent 

turfgrass covers due to the higher d^ree of management from the University staff. The 

University site had a higher operation and maintenance budget as the field needed to he 

in good shape throughout the year because of continuous use.
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CHAPTER VI 

END OF STUDY FINDINGS

Actual vs. Imposed LFs 

A leaching fraction of 0.15 was set at the beginnmg ofthe experiment for all 

treatments at both research sites. The control plot at the University site was maintained 

by the University staff whfle our research team based on feedback from the landscape 

crew adjusted the control plot at the high school rite. At the end ofthe experiment the 

LFs were evaluated based on the equation (Irrigation -  ETa)/Irrigation for the entire 

experimental period. Where Irrigation is the total fresh and saline water applied to an 

experimental plot and ETa is an actual ET estimate obtained by multiplying the potential 

évapotranspiration rate (ETo) by a crop coefBdent (Kc) for the same experimental 

period. Estunated end of experiment LFs at the University site based on this approach 

were 0.22,0.22,0.26,0.24 and 0.30 for the 0 (control), 1,2,3, and 4 out of 7 saline 

irrigation substitution treatments respectively, and 0 JO, 0.30,0.34 for the 0,1 and 2 out 

of 7 saline irrigation substitutfon treatments at the high school she.

Irrigation Treatments: Actual vs. Imposed 

Treatments were set at 1,2,3 and 4 saline irrigation substitutions per 7 irrigation 

events for the University she and 1 and 2 salme irrigation substitutions per 7 at the high

45
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school she. hnposed ratios for eadi targeted treatment were 0.14 (1/7), 0J9  (2/7), 

0.43 (3/7) and 0.57 (4/7) for the 1,2,3, and 4 saline irrigation substitution treatments. 

Actual ratios for the treatments at hoth shes varied slightty from the imposed values. 

Actual substitution ratios achieved were 0.16,0.30,0.46 and 0.57 for the 1,2,3 and 4 

substitution rates at the Univerrity she and 0.16 and 0.28 for the 1 and 2 substitution rates 

at the high school she.

ETa vs ETo vs Irrigation 

Irrigations were adjusted weekty using an ET feedback tystem, based on weather data 

input into the empirical Penmarm Combination equation. The imposed LF was set at 

0.15. Freshwater irrigation amounts incorporated rain events and this was fectored into 

weekty irrigation changes. During irrigation peak demand months (May 15 -  October 

15) close attention was needed to make sure the ratios were upheld. Given this, there 

were still some irrigations that happened out of sequence. However, there was no real 

deviation from the ratios forthe experimental period as a whole. ETo estimates were 2.6 

m for all treatments for the entve eiqierhnental period forthe University she and 2.8 m 

for hoth treatments at the high school she. ETa estimates based on incorporating 

published Kc values whh ETo estimates for high fertility bermudagrass over seeded whh 

ry^rass (Devht et al, 1991) were 2.1 m for aO treatments for the entire experimental 

period for the University she and 2.0 m for aU treatments at the high school she. Actual 

irrigation (freshwater + saline water) amounts applied over the experimental period were 

2.7 m, 2.7 m, 2.8 m, 2.7 m and 2.9 m for the 0 ,1 ,2 ,3  and 4 saline irrigation substitution 

treatments at the University she. A comparison of ETa, ETo and monthty irrigation that
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was applied forthe 4 out of7 treatment at the University site is shown in figure 29. At 

the high school site actual irrigation amounts were 2.8 m, 2.8m and 3.0m for the 0,1 and 

2 saline irrigation substitution treatments.

SoQ Parameters

Soil Salinity fECel

Soil salinity (ECe) at the University site forthe 0-15 cm depth increment showed 

higher values in 1999 for the 0 ,1 ,2 ,3  and 4 saline substitution treatments than 1997 

(Table 6). Results for the 15-45 cm depth increment showed small changes in ECe 

values (-0.3 dSm ') for aO treatments and the 45-75 cm depth showed a average decline 

in the 1,2,3 and 4 out of 7 saline substitution treatments (-0.6 dSm*‘) and an increase in 

the control treatment ( -  0 J  dSm '). On average, ECe values for all treatments for the 

0-45 cm depth weighted ECe rose 0.5 dSm ' from 1997 to 1999. Average values for the 

0-75 cm depth weighted ECe dedined 0.5 dSm'̂  fiom 1997 to 1999 for the 1 and 3 out of 

7 saline substitution treatments, remained the same for the 2 out of 7 treatment and 

increased an average of 0.3 dSm ̂  fix the 4 out of7 treatment and control. At the end of 

the study all treatments were statistically different fiom the control (p<0.05) for the 0-15 

cm depth increment. The 4 out of 7 showed statistical difference (p<0 05) fiom the 

control for the 15-45 cm depth increment fiom May 1999 and the 1 out of 7 treatment 

was statistically diferent from the control (p<0.05) for the 45-75 cm depth increment. 

Statistical separation was seen in both the 0-45 and 0-75 cm depth weighted ECes for all 

treatments when compared to control even though the greatest change in ECe was only 

0.9 and 0.7 dSm' respectively.
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Normalized sofl salinity (ECe) at the Unwersity site for all depths and treatments is 

listed in Table 8.

At the high school she average ECe values for all depth increments (0-15 cm, 15-45 

cm and 45-75 cm) increased from 1997 to 1999 (Table 7). The 0-15 on depth increment 

increased 1.6,1.5 and 1.3 dSm ' for the 1 and 2 out of 7 saline substitution treatments and 

control respectively. Both the 1 and 2 out of 7 treatments were statistically different from 

each other in 1997 and 1999 (p<0.05). The 1 and 2 out of 7 treatments were statistically 

different from control at the end of the study (p<0.05). The 15-45 cm depth increment 

increased 0.6,1.3 and 1.3 dSm"' forthe 1 and 2 out of 7 treatments and control 

respectivdy, for the same time period. The ! and 2 out of 7 treatments and control 

showed statistical separation from 1997 to 1999 and the 1 and 2 out of 7 treatments 

separated from control in 1999 (pO.05). The 45-75 cm depth increment stayed the same 

for the 1 out of 7 treatment and mcreased 1.3 and 0.9 dSm ' for the 2 out of 7 treatment 

and control respectively, from 1997 to 1999. Only the 2 out of 7 treatment showed 

statistical separation from 1997 to 1999 (p<0.05). Both the 0-45 cm and 0-75 cm depth 

weighted ECes increased with time and all treatments showed statistical dtffixence from 

1997 to 1999 (p<0.05). Though there was separation between the b^inning and the end 

of the study for all treatments, salinity levels for all treatments were well below the 

salinity threshold for bermudagrass. The control treatment maintained the higher salinity 

levds throughout the experiment. Both the 1 and 2 out of 7 treatments were statistically 

lower than control for hoth the 0-45 cm and 0-75 cm depth weighted ECes at the end of 

the 2-year sturty (p<0.05).
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Normalized soil salinity (ECe) at the high sdmol site for aD depths and treatments is 

listed in Table 9. Normalized data was calculated to account for pie-experimental 

conditions.

The number of sofl samples needed at both the University and high school sites, to 

estimate the mean depth weighted soil salinity (ECe) within 10% at the 95% confidence 

level for each treatment were calculated and reported in Table 10. Sample numbers 

required at both the University and high school sites met the statistical requirement for all 

treatments at both the 0-15 and 0-75 cm depths.

SoQ Salinitv (ECe) Site Comparison

Soil salinity based on sofl satuiatfon analysis fix both the University and high school 

sites showed overall increases at the 0-15 cm depth increment fiom 1997to 1999 forthe 

1 and 2 out of 7 saline substitution treatments. The largest increase was seen at the high 

school she where the sofl salinity moeased 11 dSm'' in the 1 out of 7 treatment. The 15- 

45 cm depth increment stayed the same forthe 1 out of 7 treatment from 1997 to 1999 

and decreased sliÿitly 0.1 dSm'‘ for the 2 out of 7 treatment from 1997 to 1999. The 

high school she showed a greater increase in sofl salinity at the 15-45 on depth. The 1 

and 2 out of 7 treatments increased 1.6 and 1.9 dSm*' respectivdy from 1997 to 1999. 

Sofl salinity at the University she decreased OJ and 0.1 dSm'* at the 45-75 cm depth 

fiom 1997 to 1999 fix both the 1 and 2 out of 7 treatments respectivdy. Depth wdghted 

0-45 on ECes at the University she, on averse, rose 0.5 dSm'‘ whfle ECes at the high 

school she, on average, rose 1.8 dSm ̂  for both the 1 and 2 out of 7 treatments at hoth 

shes. Depth wdghted sofl salinity levds fix the fr45 cm increment at the Unwersity she 

were initially higher in both the 1 and 2 out of? treatments from the h i^  school she but
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were lower in 1999 than the 0-45 on increment for the 1 and 2 out of 7 treatmmts at the 

b%b school site, suggestmg that the concentration effect at the University site was less 

because irrigation management was monitored more closdy hy the University staff. The 

0-75 cm depth weighted ECe for the University she declined 0.3 dSm'̂  in the 1 out of 7 

treatment, stayed the same for the 2 out of 7 treatment and increased 0.5 dSm'' for the 

control. This was in contrast to the 0.9,1.5 and 1.1 dSm ' increase seen in the I and 2 out 

of 7 treatments and control at the high school she.

Salinity Sensors

At the Univerrity rite, average salinity sensor values increased for aO treatments at 

the 10 cm depth from 1997 to 1999 (Table 4). Although after the two years of saline 

water application sofl salinity at the 10 cm depth for both treatments was stiO below the 

bermudagrass salmity threshold. The 1 out of 7 saline substitution treatment was not 

statistically deferent from 1997 to 1999 whereas the 2,3 and 4 out of 7 treatments were 

(p<0.05). At the 25 cm depth, salinity sensor readings in only the 1 out of 7 treatment 

decreased at the end of two years. The 2,3 and 4 out of 7 treatments increased on 

average, 2.0 dSm*' from 1997 to 1999. The 40 cm depth values declined 2.3 dSm*‘ in the 

1 out of 7 treatment, increased 2.0 dSm‘‘ m the 2 out of 7 treatment, dednwd 1.1 dSm*‘ in 

the 3 out of 7 treatment and increased 3.4 dSm ' in the 4 out of 7 treatment from 1997 to 

1999. Analysis ofvariance showed the 40 cm depth increment for the 1,2 and 4 out of 7 

treatments were statisticalty different from 1997 to 1999 (p<0.05). However, these 

values were still below the bennudagrass safinhy threshold.
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Normalized salinity sensor values at the University she are listed in Table 11. 

Normalized data was calculated to account for existing basdine salinity from pre- 

experimental conditions.

Average salinity sensor values at the high school she forthe 10 cm depth increased 

1.1 dSm ' for the 1 out of 7 saline substitution treatment and decreased 1.4 dSm*‘ for the 

2 out of 7 saline substitution treatment from 1997 to 1999 (Table 5). Analysis of 

variance showed statistical differences between treatments at the end ofthe study and 

differences in soil salinity from 1997 to 1999 (p<0.05). Average salinity sensor values 

for the 0-25 cm depth increased in both the 1 and 2 out of 7 treatments from 1997 to 

1999. The mcreases were signfficant(p<0.05) but the final values were stfll wdl below 

the bermud%rass salinity thrediold of 13.8 dSm '. Significant differences were fixmd in 

the I and 2 out of 7 treatments fiom 1997 to 1999 and also between treatments whhin 

each year as the soO salinity rose over 1.0 dSm*'fix both treatments. This rise was smaO 

when looking at the overall salinity pattern and weQ bdow the salinity threshold for 

bermudagrass.

Normalized salinity sensor values at the high school she are listed in Table 12. 

Normalized data was cdculated to account for existing basdine salinhy from pre- 

experimental conditions.

Salinhy Sensor She Comparison 

Initial average salinity sensor values fix the 1 out of 7 saline substitution treatment at 

the University site were over 2 times higher than the high school rite and were 3.0 dSm-1 

higher, on average, in 1999 fix all dqnha. The average salhnty sensor values for the 2 

out of 7 treatment at the University she were hitter than the high school she at all three
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depths in 1997 and ranained higher in 1999. On average, both the University and high 

school sites showed increasing salinity in both the 1 and 2 out of 7 treatments at all 

depths. These rises in salinity are an indication that concentration of salts within the soil 

solution were occurmg in the first 40 cm which were due to a combination of salt loading 

and low leaching (0.15 LF imposed). However, because the safinity sensor values were 

taken from only one point within the treatment plots, greater weight must be given to the 

salinity analysis based on soil samples taken fiom the 5x5 grid pattern m each plot.

Matric Potential

At the University site, average matric potential values forthe 10 and 25 cm depths for 

all treatments showed no statistical separation fiom 1997 to 1999 (p<0.05). Average 

matric potential values showed no statistical separation between treatments at all depths 

in 1999 after the two the year stu(ty(p<0.05). The 40 cm matric potentials in the 3 out of 

7 saline substitution treatment showed statistical separation fiom 1997 to 1999 hut did 

not separate out in 1999 from the other treatments.

At the high school she, average matric potential values fi)r the 10,25 and 40 cm 

depths in 1 and 2 out of 7 treatments showed no statistical separation between treatments 

in 1999 Q)<0.05). The average matric potential fijr the 25 cm depth signÆcantly 

increased (p<0.05) fiom 1997 to 1999 in the 2 out of 7 treatment The average matric 

potential fix the 40 cm depth for both the 1 and 2 out of 7 treannents showed a 

statistically significant increase from 1997 to 1999 ̂ *0.05).
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Matric Pntgntial She Comparison 

At the Univershy she the 1 out of7 treatment showed a decline in average matric 

potentials from 1997 to 1999 for all three depths, whereas, the high school site 1 out of 7 

treatment showed an increase in matric potentials forthe same time period. The 2 out of 

7 treatment at the University she showed an mcrease at the 10 cm depth, a decrease at the 

25 cm depth and no diange at the 40 cm depth from 1997 to 1999. The high school she 

showed increases in matric potentials for aO three depths in the 2 out of 7 treatment from 

1997 to 1999. The high school she on average showed a greater increase in matric 

potential indicating dryer conditions whhm the soil at aH depths in both treatments.

Bulk Soil Conductivity 

At the Univershy site, average bulk sofl conductivity values were 28.1,25.1,20.5,

31.2 and 10.9 miHisiemensfor the 1,23 and 4 out of 7 saline substitution treatments and 

control respectivety, showmg significant separation between aO treatments (p<0.05) and 

control but no distinguishable pattern based on what we would expect for the differences 

in soO salinity. Data was analyzed whh a backward stepwise r^ression comparing the 

effects ofECe and gravimetric water content on EM 38 values. Gravhnetric water 

content accounted for 23 % of the variability in EM 38 values whereas ECe accounted for 

57 % of the variability. Whereas, these two fictors combined to account for 

approxhnatdy 80 % of the EM 38 variability.

At the high school she, average bulk soil conductivity values were 94.3,88.8 and

120.2 millisiemens forthe 1 and 2 out of7 saline substitution treatments and control 

respectivety. The 1 and 2 out ofT treatments were statistically difaent fiom control and
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each other (p<O.OS) but based on corresponding ECe data we would have expected the 

same separation in soil salinity, based on calibration curves, this was not the case

Site Comparison of Bulk Soil Conductivitv 

EM 38 values at the high sdiool site were over 200 % higher for both the 1 and 2 out 

of 7 treatments and the control was an order of magnitude higher than the same 

treatments at the University she. These significant increases in hulk sofl conductivity 

were most likely due to other fimtors such as, sofl hulk density, saturation content and /or 

greater than 2mm partide size firagments. Such results would suggest that calibration 

curves would have to be established fi)r each she to he able to estimate the ECe based on 

EM 38 measurements.

Gravimetric Water Content 

Gravimetric water content at the Univershy she showed no distinguishable pattern of 

separation fiom treatment to treatment. The 2 and 3 out of 7 saline substitution 

treatments were the only treatments that separated from control QKO.OS). Gravimetric 

water contents for the 2 and 3 out of 7 treatments and control were 0.20,0.14 and 0.17 

respectively, indicatmg that treatment had no effect on determining gravimetric water 

content.

Gravimetric water content at the high school she, showed statistical separation 

between (p<0.05) the 1 out of 7 treatment and control and between the 1 and 2 out of 7 

treatment. Average values were 0146,0J18 and 01X1 fi>r the 1 and 2 out of 7 

treatments and control respectivety.
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Site Comparigon of Gravhnetric Water Content 

At the University site average gravimetric water contents for the 1 and 2 out of 7 

saline substitution treatments and control were lower than the same treatments at the high 

school she. Even though there were differences between shes and treatments within each 

rite, substitution rate had no distinguishable effect on gravimetric water content at either 

she.

Plant Parameters 

Tissue Moisture Content 

Averse tissue moisture contents at the University she were 0.72,0.75,0.73,0.76 and 

0.77 g H2O / g fresh weight for the 1,2,3 and 4 out of 7 saline substitution treatments 

and control respectively. Average tissue moisture increased as the saline substitution rate 

increased except for the 3 out of 7 treatment. The I and 3 out of 7 treatment were 

statistically different from the control (p<0.05).

Average tissue moisture contents at the high school she were 0.74,0.75 and 0.75 for 

the 1 and 2 out of 7 saline substitution treatments and control respectively. The I out of 7 

treatment was statistically different from the control Q*<0.05). Though there was 

statistical difference the tissue moisture contents were very similar, gjvmg little meaning 

to the separation.

She Comparison of Tissue Moisture Content 

Tissue moisture contents for both the Univerrity and high sdmol shes were similar at 

the end of the stutty whh the control treatment at the University showing the highest
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value. Statistical separation was seen at both sites but no distmguishable pattern was 

evident

rannpyTempgfat^ire

Average canopy temperatures (ambient temperature -  canopy temperature) at the 

University she were 3.5, AX A6,4.4 and 6.1 **C for the 1,2,3 and 4 out of 7 saline 

substitution treatments and control respectively (Fig. 21). Canopy temperature for all 

treatments were significantly lower than the control plot (p<O.OS). The 1 out of 7 

treatment was also statistically dififerent from the 3 and 4 out of 7 treatments (p<0.05).

Average canopy tenqwrature for the high school she were 1.1,3.2 and 3.0 for the 1

and 2 out of 7 saline substitution treatments and control respective^ (Fig. 22). Statistical 

dififerences were seen between the 1 out of 7 treatment and the 2 out of 7 treatment and 

control (p<0.05), suggesting a mixed substitution rate efifect on canopy temperature.

She Comparison of Canopy Temperature 

Canopy temperatures at both the University and high school shes varied fiom 

treatment to treatment whh the University she showing the highest average canopy 

temperature. The university she had higher canopy temperatures on average, than the 

high school she for the 1 and 2 out of7 treatments however, because the control plots had 

the highest temperatures, the significaoce ofthe treatment response is confounded.

^^X ylem  Water Potential 

Water potential values at the University she (Fig. 23) were similar (-1.1 to -1.2 MPa) 

between treatments, whh the control having the lowest value a t-1.3 MPa. No statistical 

separation between treatments was observed, mdidtting that there was no effect of 

substitution treatment on nddd^ leaf water potential
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Water potentials at the high school she (Rg. 24) were -1.4, -1.1 and -1.2 for the I 

and 2 out of7 saline substitution treatments and control respectivdy. Analysis of 

variance showed that the 1 and 2 out of 7 treatments were statistically different (p<0.05). 

However, with the small difference m treatment values it would be diflScuh to draw 

meaningful conclusions as to whether substitution treatment had a meaningfül effect on 

leaf tylem water potential.

She Comparison of^Oddav Leaf Winter Potential

Average leaf tylem water potentials for all three treatments were lower at the 

University she (-126 MPa) than for the same treatments at the high school she (-1.23 

MPa). The differences between treatments and shes were small suggestmg that salt

water induced stress, if present, had the little or no effect on the abOhy of bermudagrass 

to regulate leaf water potentials.

Turf Color

Average color ratings at the University she (Fig. 25) were above 9.5 (excellent) for aU 

treatments whh the 1 out of 7 saline substitution treatment having the highest value of 

9.6. Statistical difference existed between the 1 out of7 and the 3 out of 7 treatments 

(p<0.05). However, distinguishing between treatments whh a visual rating (fifference of 

0.1 has little applied meaning.

Average color ratings at the high school she (Fi^ 26) were 9.5,9.7 and 9.7 for the 1 

and 2out of 7 treatments and the control respective. The 1 out of 7 treatment was 

statistically lower than the 2 out of 7 and control (p<0.05) however, the rating (tifference 

was small and all treatments would be rated as having excellent color
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She Comparison of Color Ratings 

Turf color ratings at both the University and high school sites all had excdlent turf 

color ratings. There were o ^  small (fififerences between treatments of 0.1 and 0.2 in 

color ratings. There was no clear evidence that saline substitution rate had any 

significant and consistent effect on turf color.

Cover Percentages

Average turfgrass cover percentages for the University site (Fig. 27) at the end of the 

two-year study period were all between 99 and 100 %. This would suggest that saline 

water application throughout the peak demand months fi)r two growing periods could 

maintain excellent turfgrass quality.

Average turfgrass cover percentages for the high school site (Fig. 28) were 100 % for 

all treatments after the two-year study period. Cover values of 100 % indicate that 

substitution rate had no effect on turfgrass cover ratings.

Site Comparison of Cover Percentage 

Cover percentages at both the University and high school sites were excellent at the 

end ofthe two-year study. Saline substitution rate had no clear effect on cover ratings at 

either site. The exceDent cover ratings further substantiate that proper irrigation 

management was occurring.

Water Parameters 

Sodium Adsorption Ratios (SAR)

At the University site sodium adsorption ratio (SAR) values raided fixnn 0.4 in the 2 

out of 7 safine irrigation substitution treatment to 14.1 in the 1 out of 7 treatment SAR
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data for the University site is shown for 1998 and 1999 respectively (Figs. 30 and 31). At 

the high school she SAR values ranged from 0.6 in the 1 out of 7 saline irrigation 

substitution treatment to 13.8 in the 2 out of 7 treatment SAR data for the high school 

she is shown for 1998 and 1999 respectivdy (Figs. 32 and 33). However, average SAR 

values at both the University and high school shes were below 5.0 (Tables 13 and 14) at 

the end of the experimental period in May 1999.

Normalized SARs at the high school she stayed the same from Mtty 1998 to May 

1999 except for the 0-15 and 15-45 cm depths, which increased. Normalized SAR data at 

the UnivKshy she could not be calculated because of missing data from the May 1997 

soil sampling.

The number of samples required to estimate the mean depth weighted SAR for the 0- 

15 and 0-75 cm depth within 10% whh 95% confidence was calculated (Table 15) for 

both the University and high school shes. The number ofsamplesrequhed was reached 

at the 0-15 cm depth at the University she for all treatments except the 1 out of 7 

treatment and only the control treatment met the required number of samples at the 0-75 

cm depth. At the high school ontythe 1 out of7 treatment m a the number of samples 

required at the 0-15 cm depth and the 1 out of 7 treatment and control at the 0-75 cm 

depth.

Canopv Temperature and Color vs Soil SaKirity and Water Saved

Canopy temperature and color ratings were plotted against soil salinity (ECe 0-45 

cm) and average fieshwater savings for the 1, \  3 and 4 out of 7 saline substitution 

treatments at the University she ̂ g . 34). Large mcreasesm water savings were 

assodated with smaD increases in soil safinity in the 0-45 cm zone whfle excdlent color
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ratings were maintained. The 4 out of? saline substitution treatment (worst case 

scenario) yielded the largest freshwater savings with small increases in soil salinity and at 

the same time with little or no impact m the turf quality. Average canopy temperatures 

rose by small amounts (0.9 **C) as the amount of freshwater savings increased (11.1 cm to 

49.8 cm, i.e. as the saline substitution increased the amount of freshwater saved 

increased). As the saline substitution rate increased, average sofl salinity increased only 

slightly (1.5 dSm'*) and canopy temperatures on average increased 0.9 "C. These small 

subtle changes in canopy temperatures may be signaling a shift in plant water stress that 

could lead to a possible decline in turf quality. These trends would need to be verified 

over longer periods of time before any shftt in substitution rate would be recommended.

3-Dimensional analyses of the same parameters at the school she were also 

plotted. The color rating analysis yielded the same results as the University ate but the 

canopy temperature vs. soil salinity and water savings was highly variable possibly due to 

the smaller data set (2 treatments at the high school she vs. 4 treatments at the University 

she).

Number o f Days Saved 

The averse fieshwater irrigation days saved at the University she per peak demand 

period (Mty 15 -  Oct. 15) were 16.5,32.0,49.0 and 61.5 d ^  for the 1,2,3 and 4 saline 

substitution treatments respectivety (Fig. 35), showmg that increased substitution rate 

increased irrigation days saved. The average freshwater that was saved per treatment 

increased proportionally whh the number of dtys saved fin* each treatment.

The average freshwater inflation days saved at the high school she per peak demand 

period (May 15-O ct. 15) were 15.0 and 30.0 d ^  for the 1 and 2 saline substitution
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treatments respectivety (Fig. 36), showing that increased substitution rate also increased 

the number of freshwater days saved.

Cost Analvsis

Durmg the years of 1997 and 1998 an estimated cost of freshwater usage for 

irrigation of tur%rass at the UNLV experiment she was $18,164. This was estimated 

using the tiered rate schedule for a two-inch meter and the total gallons applied to the 

control plot extrapolated over the enthe practice football field (Table 13).

The capital costs of the delivery system, which includes all materials, equipment, 

labor and unh costs, was estimated at S31,700 in 1997, which would project to $34,700 

(3% increasetyear) m 2000. This cost could be decreased ifthe existing delivery system 

could be used. Our research team provided most of the labor and therefore labor costs 

could be larger if installed by a professional crew.

Once installed the actual maintenance ofthe she and equipment was very mall. An 

occasional monhoring of sprinkler heads and valve operation was all that was needed.

During the experimental period an average o f378,690 gallons of safine water was 

applied (for the 4 out of 7 treatment) each year during the peak demand naonths (May IS 

-O c t IS). This extrapolates out to 3,491,517 gallons for the entire turf area ofthe 

practice football fidd. The 4 out of 7 safine substitution treatment offers the greatest 

opportunity for water savings that is why his being r^ rte d . Based on the tiered rate 

schedule that is currently paid by the University an annual cost of $5809 could be saved 

whfle using this system and the greater substitution rate. Assuming a rise in freshwater 

prices (Fig. 37) even larger benefits could be reafized by the University. The feasibility
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to link existing systems around the practice football field to the well could be looked at to 

hdp increase freshwater and dollar savings.

Kriged Results

Kriged anatysis was done for each plot at the University site and the high school site 

for soil salinity (0-1S, 0-4S and 0-75 cm), EM 38, soil moisture (theta probe), gravimetric 

water content, canopy temperature, color ratings and cover percentages. Only certain 

parameters that have distinguishable patterns win be discussed for the 1 and 4 out of 7 

saline substitution treatments at the University she at the end of the experimental period. 

May 1999. To aQow for easier visual comparison the range (based on evaluating the data 

fixim aU plots) whhin the contour map was held the same for each parameter A 

comparison of kriged contour maps of soO salinity for the 1 and 4 out of saline 

substitution treatments at the 0-15 and 0-75 cm depth showed that as the depth decreased 

the sofl salinity dropped to between 3.0 and 5.0 dSm*' showing that high and low 

substitution treatments responded in similar foshion spatially (Fig. 38). Horizontally 

adjusted EM 38 values and gravimetric water content showed a trend of increasing sofl 

conductivhy whh increasing water content to the northwest m the 4 out of 7 treatment 

(Fig. 39). Water content was shown to have a large impact on EM 38 values at the 

Univerrity rite (depth weighted gravimetric water=0.008 + 0.006 * horizontally adjusted 

EM 38 value, r = 0.84***). A similar pattern was observed in the 1 out of 7 treatment as 

conductivhy increased over the plot to the northeast and gravimetric water content could 

be seen following a similar pattern (Fig. 40). H^her canopy temperatures in the 1 out of 

7 treatment were seen m the northwest portion ofthe plot indicating that plant stress was 

higher in areas of lower water content For both the 1 and 4 out of 7 treatments color
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ratings and cover percentages were exceflmt at the end of the experimental period 

inHirating that sofl Salinity and gravimetric water content had little effect on the overall 

quality ofthe tur%rass.
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CHAPTER Vn

SUMMARY, CONCLUSIONS, RECOMMENDATIONS 

With demand for fieshwater resources increasing in the southwestern U.S., utilizing 

waters of poor quality for the irrigation of urban landscapes needs greater evaluation.

This is especially true for large areas of tur%rass. A study was conducted in the Las 

V%as Valley at the University of Nevada Las V%as practice football field and at the 

Valley High School soccer field to determine the feasibility of using a shallow saline 

aquifis’ to irrigate large areas of tur%rass, primarily bermudagrass overseeded whh 

ryegrass. In the Las V%as Valley a shallow saline groundwater system (estimated at 

100,00 acre feet) exists just beneath the surfece. We mvestigated the potential use of this 

water as an ahemative irrigation source. The shallow groundwater was pumped into a 

parallel delivery tystem and qrcled on during the peak demand months of May through 

October, whh freshwater being used as the sole source during the non-peak demand 

months of November through April.

Rhoades (1977) was one of the first to suggest irrigation alternatives to using waters 

of poor quality. Previous studies have shown that saline water can be used on 

agricultural crops (Ayars 1986a; Dinar et aL 1986; Grattan et aL 1987; Levy et aL 1999) 

and non-agricuhural oops fike tur%rass (Ackerson and Youngerl97S; Dean et aL 1996; 

Peacock and Dudeck 1985a; Dudeck et aL 1983; Devht 1989; Devht et al. 1990; Leskys 

1999; Hayes et aL 1990; Francois 1988). fo brad, the long-term use of rdativdy high
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saline water was shown to be successfiil m the growmg of conunercial crops such as, 

wheat, sorghum, sweet com, cotton, tomato, beet, cdery, mdon, and lettuce (Pasternak et 

al. 1984). Dinar and Letey (1986) performed a stucty to determine optimal ratios of saline 

water to nonsaline water and found that the technical and economic feasibility of modng 

waters of different quality increases as the EC of the saline water decreases, crop 

tolerance to salinity increases, desired relative yield decreases and the relative price of the 

saline water to nonsaline water decreases. Water quality at both the University (3.3 dSm 

') and high school (1.8 dSm'*) rites would suggest that this water could be used at various 

substitution rates for the irrigation of tur%rass. Dean et aL (1996) showed that water 

with a salinity of 6.0 dSm*̂  could be used to irrigate tur%rass without a decrease in color 

values or cover percentages. Leskys et al. (1999) showed that when irrigating with saline 

water (2.5 dSm '), maintaining the highest possible uniformity coefficient (CUC) enables 

the leaching fraction (LF) to be minimized and water savmgs to occur whfle obtaining 

fevorable sofl salinity and plant response. Francois (1988) showed that two different 

bermudagrass cuhivars Tifron II’ and Tifton 86 were unaffected by ECe’s below 8.4 and 

10.4 dSm ' respectivdy, under wdl watered conditions.

Estimating évapotranspiration on at least a weekty basis is critical in scheduling 

irrigations to achieve low leaching fractions (Devitt et al. 1983). Lower leaching 

fractions ensure that excess irrigation water does not percolate b ^ n d  the root zone 

taking high amounts of salt into the groundwater. As ETo increased rapidly during the 

b^inning ofthe safine irrigation season (Mty-June), irrigations based on the previous 

weeks estimated ET were slightly out oftyuc with the current wedrs ETo It was during 

this phase of the bdl shaped ETo curve that greater matric and osmotic oscillations
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occurred. Based on these observations we conduded that it is critical during spring and 

eariy summer to use rimrter periods of tune to estimate ET to fine-tune the irrigation 

amounts.

Salinity sensor results showed that the cyclmg of saline water on during the peak 

demand months of May to October caused soil salinity values at the University site to 

exceed the threshold value of 13.8 dSm ' in the soil water (Figs. 3, S and 6). However, 

the subsequent off period during the months of October IS to May IS was shown to bring 

soil salinity back to basdine values (~ 3.0 - 8.0 dSm'̂ ) at both sites. This reclamation 

period was similar to that fixuxl in research done by Sharma and Rao (1998), which 

suggested that using an irrigation strategy that combmed the use of good quality and poor 

quality water for different portions ofthe irrigation season could be acceptable as lo% as 

soil salinity was closely monitored to insure that plant stress was minimized. The salinity 

levd of the irrigation water that can be tolerated depends not only on the salt tolerance of 

the crop to be grown, but also on the initial content and distribution of salts in the sofl 

profile, on the amount and fiequency of irrigation, on the extent to which the sofl water is 

depleted between irrigations, and on the water content and matric properties of the sofl 

(Hamdy 1996).

It has been riiown that growth, color and cover of tur%rass declines in response to a 

combmation of matric and osmotic induced stress (Devitt et sL 1993). Results fit)m this 

stu(ty showed that increases in sofl safinity durmg the peak summer months had little 

effect on color and cover ratings. Previous work by Dean et aL (1996) showed that when 

mamtaimng an I/ETo value of 0.80 fiytaU fescue and 0.65 fiy bermudagrass no dedme 

in cover or color was (^served. An I/ETo value of 0.96 was averted over the two-year
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experimental poiod for the 4 out of 7 treatment at the University site, associated with 

high color and cover values. Dean et aL (1996) also showed that canopy temperature is a 

better indicator of plant stress and is an eaty parameter to assess and is more closely 

correlated with growth parameters. Our results showed little correlation between 0-15 

cm ECe and canopy temperature at the University (r̂  = 0.05) or high school site (r̂  = 

0.32) for all treatments. These results were for the end of the experimental period 

representmg a fieshwater recovery period fiom November to May. However, our results 

did show a correlation between tissue moisture and canopy temperature (r^=0.08, p=0.01) 

at the University she but no correlation between leaf r^em water potential and canopy 

temperature when the two largest substitution treatments (3 and 4 out of 7) were 

combined.

Irrigation techniques, such as blending, and seasonal or cyclic irrigation have been 

demonstrated to maintain soil salinity levels below qredes dependent tolerant limits and 

to minimize the n^ative effects on plant growth Bradford and Letey 1992). The use of 

such techniques combined whh root zone monhoring can minimize matric and osmotic 

potential oscillations. We fixmd that as the matric potentials became lower than -0.12 

MPa, soil salinity osdHated upwards to as high as 23.0 dSm'‘ at the 40 cm depth in the 1 

out of 7 saline treatment at the University but no distinguishable pattern was seen 

between treatments at other she. These osdDationsm soil salinity and matric potential 

had no observable effect on measured plant parameters. This could be due to the feet that 

the stress was not maintained for long periods of time due to irrigations being based on an 

ET feedback system whh a 0.15 imposed LF and because of the positive effect of cycling 

on freshwater between safine irrigations. Since soil salinity was typically higher near the
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surfece and lower at depths below 75 cm where applied salts had not arrived, we can not 

rule out the possibility of a hi^ier fractional water uptake in these zones of more 

fevorable osmotic potential. However, if wider oscillations in the matric potential and 

soil salinity occurred in combination with complete profile salinization a negative plant 

response would most likdy have been observed.

The long-term use of the shallow saline aquifer system depends on many fectors, such 

as, depth to water table, aquifer yield, water quality, build-up of soil solutes, SAR and 

infiltration, availability of storage or blending fecOities, the presence of environmental 

contaminants and the associated costs of maintaining the well, pump and delivery system. 

Our study showed that a cyclic irrigation strat%y using the shallow groundwater could be 

used whfle causing little increase in sofl salinity and SAR during a two-year on/off 

period. Average 0-75 cm depth weighted sofl salinities for aU treatments at the 

University she decreased 0.1 dSm^ f i ^  4.4 dSm'm 1997 to 4.3 dSm ' inl999 and at 

the high school she rose 1.1 dSm*‘ fimn 5.0 dSm ' in 1997 to 6.1 dSm  ̂in 1999. This 

small increase at the high school she was most likely associated whh a redistribution of 

salts fiom the upper sofl profile and the attahunent of a steatty state leaching fiaction 

greater than 020, compared to what we believe was an extended imposed defich 

irrigation r^im e during pre-experimental times.

Over 3900 sofl samples were taken from the treatment plots during the course of this 

two-year fidd stutty. Mqor emphasis was placed on assessing ECe and SAR at the 

different depths. A tight correlation did not exist between the salinhy sensors and 

saturation extract salinities even after field moisture corrections. Thiswebdievewas 

due to spatial variability and a phase lag associated whh the sensors. The sensors were
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usefiii as a feedback mechanism to assess cyclic trends, depth distributions and if 

threshold values were being exceeded. The soil samples we bdieve gave a more credible 

assessment of the spatial distribution of salts at a specific window in time

The sample numbers required to estimate depth weighted soil salinity (ECe) and SAR 

at both sites within 10% of the mean at the 95% confidence level were calculated and 

reported in Tables 10 and 15 respectivety. It was shown that the number of samples 

needed to determine soO salinity was lower for all treatments at both sites than was taken. 

This was in line with Lesltys et al. (1999) who found that sofl salinity samples were lower 

for plots with high leaching fiactions (0.20) and high uniformity coefficients (0.80). 

However, the number of samples needed to esthnate SAR varied between treatments and 

sites whh large sample numbers needed for the 0-75 cm depth at the University, hi some 

cases a more intensive grid would have been justified. However, the amount of time 

needed for such large-scale sampling (>300 samples) may not be cost effective.

The increase in substitution rates obviously increased the amount of salts applied to 

the sofl through the irrigation water. Even though we saw oscillations in sofl water 

salinity throughout the experiment, the sofl salinity measured from final soil cores 

showed that increased substitution rate had little effect on the depth weighted sofl 

salinity. However, we believe this was la rg ^  due to a redistribution effect and not 

having attained a steady state salt balance. Geostatistical analysis ofthe sofl salinity data 

(ECe) revealed that, the spatial distribution of salts was feirty uniform at aU depths 

r^ardless of treatment and she. This was anticipated since the irrigation uniformities 

were above 0.8 and the projected kadni%fiactioos were greater than 0.20 at both the 

University and high sdiool shes, which would be in agreement whh the results of Lesltys
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et al. (1999). This spatial distribution ofsahs at the near soQ surfece had little effect on 

plant parameters such as, color ratings and cover percentages. Kriged results of color and 

cover showed no distinguishable pattern when compared to near soil surfece salinity (0- 

15 cm) isopieths.

Increasing the saline substitution rate decreases the nrigation interval between saline 

applications. It has been shown that frequent irrigations with saline water leads to a 

much greater increase in salt accumulation at the sofl surfece (Bernstein and Francois 

1973), which can lead to a decline in plant growth. We found that average normalized 

sofl salinity (ECe) for the 0-15 cm depth at the University site increased whh increasing 

saline substitution rate (1.1,1.2,1.4 and 1.5 for the 1,2,3 and 4 out of 7 treatments 

respectively) from 1997 to 1999. At the h i^  school she we found that the 1 out of 7 

treatment had the Iflgher normafized increase in sofl salinity (1.6) at the 0-15 cm depth. 

The 15-45 cm increment at the University she showed an increase in the 4 out of 7 and 

control to 1.1 and 1.2 respectivdy and in the 45-75 cm depth all treatments remained the 

same or declined except for control, which increased to 1.1.

Color ratings, cover percentages and canopy temperature (canopy temperature minus 

ambient temperature) at both the University and high school shes were shown to oscillate 

with time of year which coincided whh environmental demand and the amount of water 

applied. Color ratmgs for aU treatments at the end of the experiment (May 1999) where 

higher than 1997 values at both shes. This color increase was fikdy due to improved 

nitrogen and sofl water status over pre-experimental conditions. Cover percentages were 

higher during the peak demand months but oscfllated during the off periods of saline 

irrigation and showed little response to mcreased saline substitution rate at both shes.
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The decline during the off periods was due to the bennudagrass moving into dormancy 

and a lag period associated whh germination and establishment ofthe overseeded 

ry%rass. An inoeasing trend in canopy temperature was seen at the end ofthe 

experiment at both shes. Plant response (water and sah uptake) to increasmg soO salinity 

(Fig. 34) especially at the surface was no doubt contributing to this subtle increase in 

canopy temperature and was a fector that should be monitored closely when using saline 

water for attended periods.

The cost benefits of using waters of poor quality such as the shallow saline aquifer 

could be significant for entities that have large areas of tur%rass to irrigate. Freshwater 

savings for the 4 out of 7 salhie substhutit» treatment at the University she was estimated 

to be $5809 during the peak demand period (May 15 to Oct. 15) when extrapolated out 

over the entire playing surfece (22,555 whh a 2” meter and corresponding costs). The 

amount of money saved would obviously increase as water price increases. If one 

assumes an average utility rate increase trended on the ten-year historical average (Fig. 

37), water prices might read* $4.50 per 1000 gallons. Dollar savings associated whh this 

higher water rate could increase to approximately $11,712 fi)r the entire fidd.

In addition to the finandal benefits ofusing the shallow safine aquifin* system, 

fieshwater irrigation days were also saved. During peak demand months 62 freshwater 

irrigation days were saved whh the 4 out of 7 saline substitution treatment at the 

University she (Fig. 35) and 30 dtys were saved at the h i^  sdiool she (Fig. 36)fi>rthe2 

out of 7 safine substitution treatment Freshwater days saved puts less demand on the 

freshwater ddwery tystem as wdl as provhlmg greater fiexibility to hrigators to 

complete irrigations on large areas oftur%rass.
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There are few experiments that have investigated the use of saline water for long-term 

irrigation. Most experiments have been done on a small scale and more research needs to 

be done to assess the large-scale effects. Before implementing a saline irrigation strategy 

over a large area, the long-term environmental and economic impacts need to be 

investigated. The availability and quality ofthe water sources to be used as well as the 

irrigation management to be imposed will dictate the long-term use and sustainability of 

the system (Grattan 1994). Most studies including this one have demonstrated the key to 

long-term use, is maintaining a fevorable sah-balance within the soil. This balance must 

ensure that the physical and chemical properties of the soil do not alter internal drainage 

nor negatively influence the health and overall productivity of the plants being grown.

There are limitations to consider when using the shallow saline aquifer system. One 

limitation is location. Some locations may not be suited for use of this water because of 

too high of a salinity level. Aquifer water can vary in salinity fiom 1.8 dSm*' at the high 

school site to over 8.0 dSm ' near the Clark County Sanitation District. Aquifer yidd can 

be another limitation as was evident at the high school site which limited our treatment 

plots to 2, as the 8.0 gpm yidd fiom the shallow aquifer was not great enough to meet 

irrigation needs. Although the shallow groundwater system is estimated at 100,000 acre- 

feet only a portion of the golf courses, parks and schools are currently located in the 

general area ofthe shallow system. However, as the prke of freshwater continues to 

increase, the cost of pumping this water to locations outside of the shallow groundwater 

area may become economically feaable. Finalty, it must also be realized that drainage 

entermg the shallow system after reuse win cany a higher salt load. As the salinity ofthe 

shaOow system increases, substitution rates wfll have to be atQusted downward.
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However, until the system becomes too saline for atty economical substitution rate to 

occur, uring this water to reduce the aze of the shallow tystem (classified as a nuisance 

water) in a way that frees up good quality water for higher priority uses would be 

beneficial. In conclusion, results were fitvorable for the use of a cyclic irrigation strategy, 

utilizing shallow saline aquifer water and fieshwater during peak demand months. 

However, use of the shallow aquifer system will require constant soil and plant 

monitoring to adjust substitution rates and leaching fractions to minnnize the time period 

in which species specific threshold values are exceeded.
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Table 1. Shallow saline aquifer water characteristics for both the University 
and high school sites compared to municipal water

UNLV High School Municipal
EC (dSm*‘) 328 1.83 0.86
Nm (meql*‘) 721 5.36 3.31

(meql*‘) 020 0.30 0.02
(meql*‘) 15.73 6.18 3.45

Mg' (meql‘‘) 2125 10.43 2.99
c r (meql*‘) 4.68 3.50 2.66

HCOj- (meqr*) 3.96 428 2.45
COj*- (meqf‘) 0.09 0.16 0.00
SO4** (meqr') 32.67 14.01 4.63
pH 8.0 8.10 8.0

SA R^ 4.7 4.8 3.8
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Table 2. Average soil salinity (ECe, dSm ') at the University site before salinization (1997) for all treatments.

Depth of Sampling

3"
CD

CD
TD

Saline irrigation 
Substitution Rate Avg.

0-15 cm 15-45 cm 45-75 cm 0-45 cm 0-75 cm

nStd. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev.
OQ.C dSm'
a
o 1 out of? 5.0 0.8 32 4.6 1.1 32 4.2 0.6 6 4.7 0.9 32 4.8 0.8 6

■D
g

2 out of 7 4.7 0.9 32 4.7 0.7 32 3.6 0.5 6 4.7 0.7 32 4.3 0.8 6
3"
c r

3 out of 7 3.9 1.3 32 4.5 1.3 32 5.3 1.4 6 4.3 1.2 32 5.2 1.1 6
CD
Q . 4 out of 7 4.0 1.3 32 4.3 1.2 32 4.3 1.2 6 4.2 1.2 32 4.5 1.6 6
$  1—H3" Control 3.7 0.5 32 3.5 0.6 32 3.2 0.2 6 3.6 0.5 32 3.3 0.2 6

■D
CD
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Table 3. Average soil salinity (ECe, dSm' ) at the high school site before salinization (1997) for all treatments.

P»tt»ofS«npling
5
3-
CD

3"O
3
Q .C
ao
3

"O
3

CD
Q .

"O
CD

C /)
C /)

Saline Irrigation 
Substitution Rate

0-15 cm 15-45 cm 45-75 cm 0-45 cm 0-75 cm

Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n

1 out of 7 3.6 0.4 16 4.2 0.7 16 5.3

dSm'

0.6 3 4.0 0.6 16 4.7 0.69 3

2 out of 7 4.6 1.0 16 4.2 0.5 15 3.9 0.4 3 4.2 1.0 16 4.3 0.74 3

Control 6.0 1.6 6 6.0 0.8 6 5.3 0.5 6 6.1 1.0 6 5.8 0.73 6
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Table 4. Average salinity sensor values (dSm ')  for each ON and OFF period at the University site throughout the 
experimental period Jan. 1, 1997 to May 15,1999.

SALINE IRRIGATION STATUS DURING THE EXPERIMENT

3
CD

C
3.=r
CD

3"O
Ic
g
o
3
"O
3

CDÛ.

oC
T3
CD

%

Saline Irrigation O FF 1 ON 1 O FF 2 O N 2 OFF 3
Substitution Rate Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n

10 cm 7.5
dSm'

1.2 30 9.1
dSm'

3.1 42 7.3
dSm'

1.0 30 8.2
dSm'

1.8 38 8.0
dSm'

1.0 18
1 out of? 25 cm 8.5 2.1 30 11.7 4.0 42 9.3 1.3 30 12.7 3.1 38 8.3 1.6 18

40 cm 10.9 2.5 30 14.7 4.6 42 9.8 1.7 30 15.8 3.1 38 8.6 1.9 18

10 cm 4.8 1.2 30 6.9 1.9 42 6.3 1.2 30 7.7 1.1 38 7.1 1.1 17
2 out of? 25 cm 4.3 1.0 30 7.2 1.7 42 5.6 1.2 30 6.9 0.9 38 6.3 0.5 18

40 cm 4.6 0.8 29 8.8 1.5 42 6.1 1.2 30 7.7 0.8 38 6.6 0.6 18

10 cm 4.6 1.5 30 7.9 1.8 42 6.2 0.9 30 8.8 1.2 38 7.6 1.2 18
3 out of? 25 cm 7.2 1.9 30 8.5 1.6 42 7.0 0.8 30 8.4 2.0 38 8.2 0.8 17

40 cm 10.1 3.2 30 14.9 4.8 42 8.6 1.2 30 12.4 2.6 38 9.0 1.0 18

10 cm 4.2 1.2 30 6.9 1.5 42 8.1 1.3 30 II.O 3.2 38 6.8 1.3 18
4 out of 7 25 cm 4.5 0.8 30 7.0 1.2 42 6.8 1.4 30 10.2 4.2 37 7.4 2.0 18

40 cm 3.5 1.0 30 6.0 0.5 42 5.1 2.2 29 9.1 2.3 37 6.9 1.2 18
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Table 5. Average salinity sensor values (dSm ') for each ON and OFF period at the high school site throughout the 
experimental period Jan. 1 ,1997 to May IS, 1999

SALINE IRRIGATION STATUS DURING THE EXPERIMENT

CD

3.
3"
CD

CD■D
OQ.
C

aO3
"O
o

Saline Irrigation 
Substitution Rate

OFFl ON 1 OFF 2 ON 2 OFF 3
Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n Avg. Std. dev. n

dSm' dSm' dSm' dSm' dSm'
10 cm 2.8 1.0 27 3.0 1.0 40 3.2 1.2 30 4.2 1.0 42 3.8 1.0 22

1 out of? 23 cm 3.8 1.3 31 4.3 1.1 40 3.6 1.0 26 5.4 0.9 39 4.6 0.8 22
40 cm 4.3 1.0 29 5,6 0.8 40 4.5 1.3 29 6.8 1.7 42 5.8 1.6 22

10 cm 6.8 1.9 31 5.4 1.6 38 4.0 1.5 30 5.4 1.3 42 5.3 1.8 22
2 out of 7 23 cm 3.8 0.7 32 4.6 0.9 38 3.9 0.8 26 4.9 0.7 40 4.5 1.2 22

40 cm 2.7 0.8 31 3.1 0.7 34 3.3 0.8 29 4.2 0.7 42 4.5 1.3 22

CDQ.

■D
CD

C /)
C /)
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Ptpfe gf Sampling (cm)

Saline Irrigation 
Substitution Rate

0-15 15-45 45-75 0-45 0-75
Avg. Std. Dev. n Avg. Std. Dev. n Avg Std. Dev. n Avg. Std. Dev. n Avg. Std. Dev. n

1997 5.0
dSm'

0.8 32 4.6
dSm'

1.1 32 4.2
dSm*

0.6 6 4.7
dSm'

0.9 32 4.8
dSm'

0.8 6
1 out of 7 199» 4.7 0.9 50 4.9 1.4 50 4.5 1.0 49 3.9 0.8 50 4.7 1.0 50

1999 5.7 1.3 49 4.6 1.6 50 3.9 1.2 50 4.9 1.4 49 4.5 1.3 49

1997 4.7 0.9 32 4.7 0.7 32 3.6 0.5 6 4.7 0.7 32 4.3 0.8 6
2 out of 7 199» 4.6 0.9 47 5.1 0.9 50 5.1 1.1 49 4.9 0.8 47 5.1 0.9 45

1999 5.6 0.9 50 4.6 1.0 50 3.5 0.8 50 4.9 0.9 SO 4.3 0.8 50

1997 3.9 1.3 32 4.5 1.3 32 5.3 1.4 6 4.3 1.2 32 5.2 1.1 6
3 out of 7 199» 4,7 1.0 49 4.9 1.3 49 4.8 1.6 49 4.8 1.1 48 4.8 1.3 46

1999 5.6 0.9 50 4.6 1.1 50 3.8 0.8 50 5.0 1.0 50 4.5 0.9 50

1997 4.0 1.3 32 4.3 1.2 32 4.3 1.2 6 4.2 1.2 32 4.5 1.6 6
4 out of 7 1998 3.6 1.0 50 4.6 1.0 50 4.2 0.7 49 4.2 1.0 50 4.2 0.8 50

1999 5.8 0.7 50 ' 4.8 0.7 50 3.7 0.5 50 5.1 0.6 50 4.6 0.5 50

1997 3.7 o .t 32 3.5 0.6 32 3.2 0.2 6 3.6 0.5 32 3.3 0.2 6
control 1991 3.4 0.6 50 4.0 0.8 50 4.3 1.2 50 3.8 0.6 SO 4.0 0.8 SO

1999 4.0 0.8 49 4.1 0.6 50 3.4 0.4 49 4.1 0.6 49 3.8 0.5 49

o
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Table 10. Number of samples required to estimate the mean soil salinity (ECe) within 10% at the 

95% confidence level at both the University and high school sites.
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CDQ.

University site High School site

Treatment Sample Depth 
0 -15 cm

Sample Depth 
0 -?5 cm Treatment Sanqple Depth 

0-15 cm
Sanq>le Depth 

0 -?5 cm

1 out of? 21 32 1 out o f? 30 1?
2 out of 7 10 14 2 out o f? 30 16
3 out of? 10 14 Control 31 9
4 out of? 5 5
Control 14 ?
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T able I L  N onw üiigdsa lin ity  acm or values (dSin’* )r t  the U n iven ity» ite  for the  c)q)criipcntal period  M ay 15 .1997 to  M »y 15. 1999

3.
3"
CD

CD■D
O
Q .
C

aO
3

■D
O

CD
Q .

Saline Irrigation 
Subttin ilkm  Raie

O F F l O N I O F F 2 O N  2 O F F 3 O F F l O N I O F F 2 O N  2 O FF 3 O FF 1 O N  1 O FF 2 O N  2 O FF 3
10 cm 23 cm 4 0  cm

1 ou i o f  7 1.0 1.2 1.0 1.1 1.1 1.0 1.4 1.1 1.5 1.0 1.0 1.3 0 .9 1.3 0.8

2 OUI o f ? 1.0 1.4 1.3 1.6 1.3 1.0 1.7 1.3 1.6 1.3 1.0 1.9 1.3 1.7 1.4

3 ou i o f  7 1.0 1.7 1.3 1.9 1.6 1.0 1.2 1.0 1.2 1.1 1.0 1.3 0 .9 1.2 0.8

4  OUI o f ? 1.0 1.6 1.9 2.6 1.6 1.0 1.3 1.3 2.2 1.6 1.0 1.7 1.3 2.6 2.0

1 0 * * 7 3 0 * * 7  4 0 * * 7 1 o * * 7 2 0 * * 7  3 0 * * 7  4 0 * * 7
0 N 1  1.2 1.4 1.7 1.6 O N I 1.4 2 0 * * 7 1.2 1.6 O N I 1.3 1.0 1.6 1.7
o r r i  1 1.» 1.3 1.6 06F i 1.1 1.7 1 1.6 OFFl 0.0 1.3 0.0 1.6
om  1.1 1.B i.a 2.6 ONI 1.6 1.3 1.2 2.2 0N2 1.6 1.7 1.2 2.6
o r r a  1.1 1.5 16 1 6  0FF2 1 1.6 1.1 1.6 0FF2 0.6 1.4 0.6 2
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^]jbl^2^^Norm»lizedsallnll^92worvriuw^dSii|rJ^«IÜ^^

Saline lirigation 
Substitution Rate

OFF 1 ON 1 OFF 2 ON 2 OFF 3 OFF 1 ON 1 OFF 2 ON 2 OFF 3 OFF 1 ON 1 OFF 2 ON 2 OFF 3

10 cm 25 cm 40 cm

1 outof? 1.0 1.1 1.1 1.5 1.4 1.0 1.1 0.9 1.4 1.2 1.0 1.3 1.0 1.6 1.3

2 out of 7 1.0 0.8 0.6 0.8 0.8 1.0 1.2 1.0 1.3 1.2 1.0 1.1 1.2 1.6 1.7
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TjWM3j_^^Avcr»|çSA^ajüwfonhcJJjjivcjBit^»jicJbrajj^^

0*15 cm 15-45 cm 45*75 cm

Ptpih of SiMOPling 
75*105 cm 105*135 cm 135*165 cm 165*195 cm

Saline Irrigation 
S ufb itilu lion  Rate Avg. Sid. Dev. n Avg. Sid. Dev. n Avg. Sid. Dev. n Avg. Sid. Dev. n Avg. Sid. Dev. n Avg. Sid. Dev. n Avg. S id. Dev. n

1 o u to f ? 3.7 1.9 4 3 3.4 3.1 49 3.1 2.7 4 8 3.3 2.3 43 3.3 1.1 3 3.9 1.2 3 3.6 1.2 3

2  OUI o f  7 3.1 0 .7 30 2.7 1 7 30 1.8 1.7 30 2 .2 1.7 30 2.3 1.3 6 3.1 1.7 3 2 .3 1.1 2

3 out o f  7 3.1 1.0 30 2.3 1.8 30 2.3 1.8 49 2.6 1.8 30 2.7 1.0 6 3.1 1.4 6 3.3 1.7 3

4  OUI o f  7 3 .0 0.3 30 2.4 1.0 30 2.1 1.2 4 9 2.9 1.4 48 2.8 0.3 6 2.3 0.9 6 2.7 1.0 6

C ontrol 2.7 0 .8 30 2.4 0 .9 30 1.3 0.6 49 1.8 0.8 41 2.3 0 .8 3 2.0 0.9 2 1.2 N/A 1

■D
CD

(/)
(/)

OO



CD
■ D
O
Q .
C

8
Q .

■D
CD

C/)W
o"3
O
3
CD

8■D
( O '

O
CD

3.
3"
CD Depth ofSm plina

CD■D
O
Q .
C

aO
3

■D
O

Saline Iirigalion 
Suabttilu lion  Rate

0 * l3 e m 19-43 cm 43-73 cm 73-103 cm 103-133 cm 133-163 cm 163-193 cm

Avg. Std. Dev. n A v |. Std. Dev. n Avg. S td. Dev. n Avg. Std. Dev. n Avg. Std. Dev. n Avg. Std. Dev. n Avg. Std Dev. n

1 o u to f ? 4 ,7 I . l 49 4.9 1.3 30 3.7 1.2 30 3.7 1.3 30 4.1 1.4 6 4 .0 1.4 6 2.8 1.0 6

2  oui o f  7 4 .6 3.2 49 4.8 3.2 30 3.6 2.4 30 2.7 0 .9 30 2.9 0 .8 4 2.3 1.0 6 2.2 0.8 6

Control 6.3 3.0 50 7.0 2.3 30 4.2 1.3 30 3 .0 1.3 49 3 .0 1.3 6 4.4 1.6 6 4 .8 1.8 6
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Table 15. Number of samples required to estimate the mean depth weighted SAR within 10% 
at the 95% confidence level at both the University and high school sites.
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University site High School site

Treatment Sample Depth 
0-15 cm

Sample Depth 
0 -?5 cm Treatment Sample Depth 

0 -15 cm
Sample Depth 

0 -?5 cm
1 outof? 108 253 1 outof? 22 28
2 out o f? 21 13? 2 out o f? 196 159
3 out of? 42 145 Control 92 40
4 outof? 11 5?
Control 35 3?
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Fig. 1. Weil water dqrthfijT both the University and higÿisdiool sites
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tieanneni at the Umvenî  site for the expermiental period 
M vl5.1997 Msyl5.1999

Reproduced with permission of the copyright owner. Further reproduction prohibited wi;
without permission.



97

400 500 COO

DAY OF EXPERIMENT

Fig. 7. Average salinity sensor values fir the loot (€7 saline substitutkn 
treatment at the high scfaool site fir the enperimenlal period 
M ^1 5 ,1997-M v  15.1999

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

300 400 SQO

DAY OF EXPERIMENT

800 900

Fig. 8. Avenge safinty sensor values for the 2 out of 7 sahnesubstitutioo
treattnent at Ihe higii sdiool site for the experimental period 
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