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CHAPTER I 

INTRODUCTION 

Purpose and Scope of the Thesis 

As the demand for water increases for domestic and 

industrial purposes, the task of securing water for sup

plemental irrigation of agricultural crops becomes more 

difficult. New sources of water must be found that are 

suitable for use in irrigation. The need for new sources 

of water is especially critical in arid and semi-arid 

area where low rainfall is the primary limiting factor in 

the production of acceptable yields of high quality crops. 

Sewage effluent has been used for some time as a source 

of water for irrigation of crops. Very little research 

has, however, been done to determine the long-term effects 

of its use on particular crops and soils. 

In 1963, the Agronomy, Agricultural Engineering, and 

Animal Sciences departments of Texas Tech University ini

tiated a study to investigate the effects of sewage ef

fluent on the yield and quality of Midland bermudagrass, 

cotton, soybeans, and grain sorghum and on the physical 

and chemical properties of the soil. This thesis involves 

the effects of using sewage effluent as a source of sup

plemental irrigation water on the yield and quality of 

Midland bermudagrass forage. Aside from the obvious bene

fits of the addition of water to a crop growing in an 
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environment in which water is limited, one might expect 

beneficial effects from the fertilizer elements contained 

in the effluent. Also, one might expect harmful effects 

from certain salts and detergents found in greater quanti

ties in sewage effluent than in water usually used for 

irrigation. 

In this study, samples were taken for estimates of 

forage yields, and for analyses of the dry forage to gauge 

forage quality and to determine if nutrient deficiencies 

existed or if any elements occurred in toxic quantities. 

Literature Review 

In reviewing the literature relevant to the thesis 

problem, four areas were emphasized: (1) a general back

ground review of bermudagrass and the importance of 

bermudagrass to agriculture in the United States; (2) the 

characteristics and performance of the Midland variety of 

bermudagrass; (3) the fertilizer response in bermudagrass; 

and (4) the implications, effects, and philosophies of 

irrigation with sewage effluent. 

In 1951, Burton (3) presented a review of grasses 

found in the Southeastern United States which included a 

discussion of the origin and history of bermudagrass and 

a description of the species, Cynodon dactylon (L.) Pers, 

Burton reported that bermudagrass, now found throughout 

the earth's tropical and subtropical regions, is thought 



to have originated in India or Africa. He stated that 

the earliest account of its entry into the United States 

is in the diary of Thomas Spalding who reported that 

"Bermuda grass was brought to Savannah, Georgia, in 1751 

by Governor Henry Ellis." Burton reported that today it 

is found "throughout the humid South and occupies more 

acres than any other pasture grass,..." In 1962, Burton 

and Jackson (5) reported that Coastal, a cultivar of 

bermudagrass, was grown on more than 3 million acres in 

the southern United States, They stated that this variety 

of bermudagrass is "rapidly becoming the principal hay 

crop where alfalfa is not dependable," 

Burton (3) characterized the species as a long-lived 

perennial reproducing by rhizomes, stolons, and seeds. 

The seed head is a cluster of racemes. The short leaves 

seem to occur opposite one another, because of alternating 

long and short internodes. While common bermudagrass may 

be planted as either seeds or sprigs, most propagation is 

with sprigs. Coastal and Midland varieties are propagated 

only with sprigs. Bermudagrass grows best at mean daily 

temperatures above 75 F. Stems are usually killed to the 

ground level at 26 to 28 F. Bermudagrass is fairly drought 

resistant but must be irrigated in the Southwest to pro

duce acceptable yields. It can survive flooding but does 

best on well-drained soils. It responds well to fertili

zation with higher yields of dry matter, improved palati-

bility, and greater nutritional value. Burton reported 



that the plant is highly competitive and is often con

sidered a weed. 

Midland Bermudagrass—Its Performance and Characteristics 

Harlan, Burton, and Elder (13) and Hein (15), report

ing on the development of Midland bermudagrass, stated 

that the variety originated from one of a series of crosses 

made at Tifton, Georgia, in 1942 between Coastal bermuda

grass and a winter-hardy Indiana variety. Testing in 

Indiana (15) and Oklahoma (13) showed that selection No. 13 

was more winter-hardy than Coastal and more productive on 

fertile soils than common types. This selection, later 

named Midland, was no more productive than common on soils 

of medium fertility levels (13). Harlan et al. (13) de

scribed Midland as tall and leafy with resistance to cold, 

drought, and foliar diseases, Hein (15) reported that 

this cultivar, which is propagated by sprigging, is in

ferior to Coastal bermudagrass where Coastal is well 

adapted. 

Fertilizer Response in Bermudagrass 

In general, bermudagrass responds well to fertiliza

tion (3, 13). A considerable amount of research has been 

directed toward learning how to maximize this response. 

The marked response of bermudagrass to nitrogen 

fertilization has been demonstrated by numerous scientists. 



Brooks, Caldwell, and Fisher (2) and Fisher and Caldwell 

(10) obtained maximum yields of 13.7 tons of hay per acre 

from Coastal bermudagrass using approximately 1200 pounds 

of nitrogen per acre. Brooks et al, (2) reported that 

water used for the production of a ton of forage decreased 

from 18 inches to two inches as the nitrogen fertilizer 

rate increased from 0 to 1200 pounds per acre. In addi

tion to increases in dry matter from applications of 

nitrogen Fisher and Caldwell (10), found there was an 

increase in protein content from eight to 14%. They re

ported that the highest protein yield, 3635 pounds per 

acre, was obtained with 13 32 pounds of nitrogen per acre, 

as compared to 320 pounds of protein per acre for the check 

plots, .Their study showed that 10 to 40% more nitrogen 

was necessary to get top protein yields than highest hay 

yields. They stated that increased nitrogen fertilization 

made the forage more succulent and lowered the nitrogen-

free extract content. Others have also reported striking 

yield responses in bermudagrass with nitrogen fertilization 

(4, 18, 19, 23, 24). 

The sources of nitrogen for fertilization of bermuda

grass, the times and rates of application, and the morpho

logical effects of nitrogen fertilization have been 

investigated by numerous research workers. Burton and 

Jackson (4) applied nitrogen at rates of 100, 200, and 

400 pounds per acre to Coastal bermudagrass on a Tifton 
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loamy sand at Tifton, Georgia. They applied these rates 

using six nitrogen carriers—anhydrous ammonia, ammonium 

nitrate, ammonium sulfate, ammonium nitrate solution, 

urea-ammonium nitrate solution, and urea. Ammonium ni

trate produced the highest yields and highest percentage 

of nitrogen recovery in the leaves. Relative yields and 

nitrogen recovery were, respectively, 100 and 100 for 

ammonium nitrate, 96.2 and 98.6 for ammonium sulfate, 

98.3 and 95.2 for ammonium nitrate solution, 94.0 and 

96.4 for anhydrous ammonia, 92.3 and 86.1 for the urea-

ammonium nitrate solution, and 81.64 and 74,0 for urea. 

Except for anhydrous ammonia the splitting of applications 

gave significantly higher yields than did a single spring 

application. Anhydrous ammonia produced yields equal to 

or higher than all other carriers when only a spring ap

plication was used, but this fertilizer gave lower yields 

for the first cutting. This was apparently a function of 

placement, in that new roots apparently were responsible 

for uptake each year. The spacing of the anhydrous am

monia application bands resulted in uptake in the early 

spring by only the grass above or very near each applica

tion band. Burton and Jackson (4) found that anhydrous 

ammonia was equal or superior to other nitrogen sources 

if only one application was made. Morris and Celecia (23) 

also demonstrated the desirability of split nitrogen 

applications. 



Jackson and Burton (18), reporting on the ineffi

ciency of urea as a source of nitrogen for bermudagrass, 

stated that urease in the foliage of bermudagrass broke 

down urea into an unstcdDle form, ammonium carbonate, from 

which ammonia was lost. They found that burning the stub

ble before growth resumed in the spring destroyed the 

urease as well as destroying weeds and insect infestations. 

They stated that subsurface application of urea lowered 

ammonia loss, but not as greatly as did burning, 

Prine and Burton (23) described morphological changes 

accompanying the addition of nitrogen to bermudagrass. 

They noted that increased amounts of nitrogen fertilizers 

caused "increases in stem length, plant height, length of 

longest leaf-blade per stem, number of internodes per 

stem, and length of internodes, but resulted in decreases 

in leaf percentage and percentage of stems with seed heads." 

In terms of the response of bermudagrass to phos

phorus and potassium fertilization, Jackson, Walker, and 

Carter (19) were able to produce responses to phosphorus 

fertilization in the fourth year and to potassium addi

tions in the second year of a study in which various 

amounts of nitrogen but no phosphorus or potassium were 

added to Coastal bermudagrass plots. These induced defi

ciencies were corrected by adding enough phosphorus to 

bring the level in the soil to 75 pounds of available 

phosphorus per acre and enough potassium to bring the soil 
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level to 100 pounds of available potassium per acre. 

Sufficient phosphorus and potassium levels were then main

tained by determining the amounts of these fertilizer 

elements added in relation to the amount of nitrogen 

applied. A ratio of 4-1-2 was recommended for soils 

similar to the Tifton loamy sand, and a ratio of 3-1-2 

was suggested when 100 pounds or less of nitrogen were 

added per acre. 

Burton and Jackson (5) reported that on a Tifton 

loamy sand no significantly higher bermudagrass yields 

were obtained using two applications of 100 pounds each 

of potassium (expressed as K^O) over a single application 

of 200 pounds. Split applications did produce a signif

icantly higher yield when an annual rate of 100 pounds 

of potassium per acre was used. A 24,5/o increase with 

split applications occurred the third year when 800 pounds 

of nitrogen v/ere applied per acre. Luxury consumption was 

observed when 200 pounds of potassium per acre were used. 

At this rate the potassium content of the soil rose 

slightly. On the basis of their findings. Burton and 

Jackson (5) recommended that potassium levels in the soil 

be allowed to reach a rather low level and then potassium 

be applied in split applications not exceeding one-half 

the amount of nitrogen applied to prevent or minimize 

luxury consumption of the potassium. Morris and Celecia 

(22) obtained highest yields with a single April applica

tion of phosphorus and potassium. 



Jackson et al. (19), and Burton and Jackson (5) 

pointed out that the use of phosphorus and potassium by 

bermudagrass increases as the amount of nitrogen applied 

to the grass is increased. The optimum ratio of nitrogen 

to phosphorus and potassium is influenced by soil char

acteristics and, thus, may vary from site to site. In 

studies where phosphorus and potassium were not variables. 

Burton and Jackson (4) used a 2-1-2, and Holt and Fisher 

(17), and Fisher and Caldwell (10) used a 5-1-2 ratio of 

nitrogen, phosphorus, and potassium. 

Brooks et al. (2) reported a slight response to phos

phorus and potassium fertilization in research conducted 

in the Wichita Valley in North Texas, Gausman and Crowley 

(11) obtained no yield response with phosphorus on Coastal 

bermudagrass on a Harlingen clay in Hidalgo County in 

South Texas. 

Jordan, Evans, and Rouse (20) obtained yield re

sponses from phosphorus and potassium fertilization vjhen 

the levels in the soil were below 25 parts per million 

(ppm) phosphorus and 40 ppm potassium. This work was 

conducted on Coastal bermudagrass on loamy sand and sandy 

loam soils of the Lakeland-Norfolk series in Alabama. 

They reported maximum yields when plant tissue contained 

0.16% phosphorus and 1,0% potassium. Depleted plots had 

plant tissue values of 0.1% phosphorus and 0.4% potassium 

accompanied by yield reductions, .Luxury consumption 
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resulted in accumulation of potassium to 2.0% in the 

plant tissue. 

Irrigation with Sewage Effluent 

Former President Johnson is reported by Harvey and 

Cantrell (14) to have said, "by the year 2000 more than 

300 million Americans will require about 888 billion gal

lons of water per day. This is three times the present 

consumption." Where this projected water requirement will 

come from is a topic of great importance and, perhaps, of 

some alarm. Barring the slowing or stopping of popula

tion growth or lowering the per capita consumption of 

water, the only solutions to the impending crisis seem to 

lie in finding new sources of water or in reusing the 

wastewater which our nation produces. Wastewater reuse is 

a particularly promising possibility in light of estimates 

reporting that only 5% of the water used by cities in the 

United States is actually lost and not recoverable as 

wastewater (14). 

Of course, wastewater reuse is not a new idea. 

Harvey and Cantrell (14) cited use of sewage effluent in 

agricultural production in Biblical times and experimenta

tion on its value to crops in some major European cities 

one hundred years ago. The feasibility of wastewater 

reuse for numerous purposes has been the subject of con

siderable study. Stephan and Weinberger (29) reported on 
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the intended use. Purposes for which the effluent 

lid be used included irrigation of non-food crops, gen

ii 

on the technical feasibility and some economic considera

tions of wastewater reuse for purposes ranging from non

food crop irrigation to drinking water. They proposed 

the development of treatment systems which would allow 

the output of desired quantities of effluent at any one 

of several quality levels depending on the purpose for 

which it was to be used. In this way, degree of treat

ment and treatment cost would be only as high as warranted 

by the intended use. Purposes for which the effluent 

cou! 

eral irrigation, recreation, body-contact recreation, 

various levels of industrial uses, various levels of 

groundwater recharge, and drinking water. The authors 

stated that such a program is technically feasible now 

and that further research will produce better systems and 

lower costs. 

Harvey and Cantrell (14) estimated, following a sur

vey of agricultural utilization of municipal sewage in 

Texas, that Texas cities produced 1,317,315 acre-feet of 

sewage effluent in 1965. Only 12,157 acres were irrigated 

with sewage effluent. Dye (9) reported in 1958 that 

50,000 acre-feet of sewage effluent was used for crop 

irrigation in California each year. He contrasted this 

with the fact that Los Angeles pumps one million acre-

feet into the Pacific Ocean annually. Harvey and Cantrell 

(14) concluded that wastewater was not being reused to 
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any appreciable extent and that, when it was used for 

irrigation, it was often applied to "low-value crops." 

The Role of Agriculture in Wastewater Reuse 

In terms of the benefits of agricultural utilization 

in a total wastewater reuse program, Sopper (27), at 

Pennsylvania State University, pointed out that while 

sewage effluent produced by efficient treatment plants 

was "acceptable by public health requirements", it usually 

contained considerable amounts of mineral nutrients and 

surfactants or detergents. These contaminants, when 

added to natural watercourses, caused adverse effects on 

animal-life, produced prolific plant growth, and resulted 

in foaming. Land disposal has been used but seldom from 

the point of view of the most efficient use of the area's 

water supply. Sopper (27) suggested that it was feasible 

to carry out land disposal in a way in which the soil 

could act as a filter and the plants and microbes could 

utilize or break down the chemical contaminants occurring 

in the effluent. This would require application rates 

low enough to maintain aerobic conditions in the soil. 

In Sopper's study an analysis of percolation samples 

taken at various depths in forest soil to which sewage 

effluent had been applied indicated that the soil was 

successfully renovating the wastewater. Quantities of 

methylene blue active substances—such as nitrate nitrogen, 
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organic nitrogen, phosphorus, potassium, calcium, and 

magnesium decreased as the depth of the percolation sample 

increased. His research also indicated that about 90% 

of the two inches of effluent applied each v/eek from April 

to November was recharged to the underground water supply. 

Sopper (27) discovered, however, that the renovation 

capacity of the forest soils decreased over a three-year 

period. This finding indicated that the renovation capac

ity might be seriously affected after many years of re

peated application. He explained that with application 

of sewage effluent the natural leaf fall was apparently 

building higher concentrations of mineral nutrients on 

the forest floor and in the soil. He stated that crop

land was probably more efficient in wastewater renovation 

over many years because of the removal of mineral nutri

ents from the fields each year during harvest. He felt 

that when year-round utilization was necessary, a combin

ation of application to both forest and cropland would be 

advantageous with the forestland receiving the wastewater 

during the winter. Sopper concluded that controlled 

irrigation of forestland with sewage effluent can effect 

groundwater recharge with sufficiently renovated waste

water and, therefore, possibly solve both water pollution 

and supply problems in many areas. In addition to the 

possible renovation capacity of agricultural irrigation 

with sewage effluent reported by Sopper, processing costs 
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would be lowest, according to Stephan and Weinberger (29), 

when the effluent was to be used for the irrigation of 

non-food crops. 

Benefits to Agricultural Crops 

Heukelekian (16) reported that some authorities feel 

that "the fertilizer value of sewage is somewhat greater 

than its water value," and Dye (9) stated that sewage 

effluent would be beneficial for irrigation even if its 

only benefit were the addition of organic matter to the 

soil. He reported that an acre-inch of effluent would 

contain 3.64-4.55 pounds of nitrogen and 3.4-6.83 pounds 

of phosphorus. Harvey and Cantrell (14) cited figures 

from California studies which reported values of 60-100 

pounds of nitrogen, 60-100 pounds of phosphorus, and 20-

40 pounds of potassium per acre-foot of sewage effluent. 

Day and Tucker (6, 7) and Day, Tucker, and Vavich 

(8) reported on comparative yields of barley, oats, and 

wheat irrigated with well water alone, sewage effluent, 

and synthetic sev/age. To achieve the synthetic sewage 

treatment, they watered with well water and added 200 

pounds of nitrogen, 150 pounds of phosphorus, and 100 

pounds of potassium per acre in an effort to duplicate 

fertilizer additions resulting from irrigation with 

sewage effluent. In their study. Day et al. (8) reported 

that grain yields reached 1621 pounds per acre for barley, 
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1385 pounds per acre for oats, and 1075 pounds per acre 

for wheat when well water alone was used. With sewage 

effluent, barley, oats, and wheat yielded 3032, 2346, and 

2201 pounds per acre, respectively. When synthetic sewage 

was used, yields were significantly lower in barley and 

wheat than with sewage effluent. Grain yields in oats 

were statistically equal in the sewage effluent and syn

thetic sewage treatment. Bushel weights and digestible 

laboratory nutrient percent were comparable in all treat

ments. When evaluating yields of pasture forage. Day and 

Tucker (6) found that sewage effluent increased yields of . 

two wheat varietyes and oats over those obtained with well 

water and synthetic sewage. Yields of Arivat barley were 

higher with sewage effluent than with well water alone 

but lower than with synthetic sewage. Hay yields (7) 

showed similar results with the highest yields of oats 

and wheat being obtained with sewage effluent, but with 

hay yields of Arivat barley lower with sewage effluent 

than with synthetic sewage. The authors concluded that 

the plants used the nutrients found in the sewage effluent 

at least as efficiently as those in commercial fertilizers 

(6, 7, 8), but that the forage and hay yields of Arivat 

barley were apparently depressed by the salts and deter

gents in the sewage effluent (6, 7). 

Both Heukelekian (16) and Shuval (25) reported yield 

increases from agricultural crops in Israel when sewage 



16 

effluent was used for irrigation. Shuval (25) reported, 

"sewage irrigation provides all of the nitrogen needed by 

most crops, as well as many of the additional trace ele

ments which the crops would not get from chemical ferti

lizers. In some cases, yields two and three times those 

obtained from normal irrigation procedures have been 

achieved." Harvey and Cantrell (14) reported that all 

the Texas cities replying to their questionnaire expressed 

the opinion that irrigation with sewage effluent had 

caused a general increase in yields. 

Problems of Crop Irrigation With Sewage Effluent 

The general population could probably be expected to 

object to irrigation with sewage effluent for fear of 

health problems and odors and for aesthetic reasons. The 

possibility of health problems makes regulation of use 

mandatory. The Texas State Health Department, cited by 

Dye (9), has set forth the following guidelines: 

"1. Raw sewage should not be used on any 

crop, and primary effluent should not be used on 

crops for human consumption. Complete treatment 

is preferred for food and pasture crops used for 

animal consumption. 

"2. Although the use of treated se\;age ef

fluent is recommended for irrigation practices, 

the practice should be followed in such a way as 
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to prevent the creation of a public health 

hazard, nuisance, or stream pollution. 

"3. If handled with reasonable care 

sewage effluent is not hazardous to the per

sonnel. Cursory observations indicate that 

sewage plant operators as a group live as long 

if not longer than the average citizen." 

Shuval (25) observed that many farmers in Israel had 

difficulty finding suitable rotations which met both cul

tural considerations and health regulations. He stated 

that the regulations were difficult to enforce and that 

some instances of unauthorized use on vegetable crops had 

been found. He pointed out the possibility of accidental 

cross-overs of effluent transport systems with drinking 

water systems. Stephan and Weinberger (29) indicated 

that the purpose for which the effluent could be used 

depended on the amount of treatment given the effluent 

and the quality of the resulting effluent. Shuval (25) 

reported that some farmers in Israel were rather reluctant 

to use sewage effluent for irrigation for aesthetic 

reasons. 

Heukelekian (16) suggested that many problems associ

ated with irrigation with sewage effluent could be pre

vented by stressing utilization rather than disposal of 

sewage effluent. He pointed out that in land disposal 
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of sewage effluent, the effluent is usually applied at 

rates heavier than can be percolated through the soil, 

causing odors, health hazards, and waterlogging. 

Heukelekian (16) felt that these conditions could be pre

vented by applying rates no higher than could be used by 

the crop and at the same time meet the moisture needs of 

the crop being grown where precipitation is inadequate. 

The amounts of effluent applied could be determined using 

information about crop needs, soil type, and the amount 

of normal rainfall. Harvey and Cantrell (14) found no 

objectionable odors in fields where sewage effluent was 

being utilized nor around sewage reservoirs that they 

visited. They stated, "Properly treated sewage effluent 

does not possess objectionable odors or other undesirable 

characteristics." 

Detrimental effects of salts and detergents found in 

sewage effluent to crops and the soil are a possible prob

lem which has received a great deal of attention (6, 7, 

8, 9, 14, 16). Day and Tucker (6, 7) found indications 

that Arivat barley might be sensitive to these contamin

ants. Dye (9) termed some constituents of sewage effluent 

of doubtful agricultural value. Harvey and Cantrell (14), 

however, reported that all cities answering their survey 

felt that there had been yield increases rather than 

decreases, "...even where used up to 40 to 45 years." 

They pointed out that, since the microscopic plants used 
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to break down solids in raw sewage during processing are 

not damaged by these contaminants, it seems unlikely that 

crops would be damaged by them. 

Heukelekian (16) reported that in Jerusalem the 

chloride content of settled sewage effluent was found to 

be 400 parts per million as compared to 80 parts per mil

lion in the city water supply. His study showed that 

chlorides and other materials accumulated in the upper 

horizons of the soil during irrigation but were leached 

out during the rainy season. 



CHAPTER II 

MATERIALS AND METHODS 

Location of Experiment 

The experiment was carried out on the Texas Tech 

University Agronomy Farm in Lubbock, Texas. 

Rainfall Record 

The mean annual precipitation from 1947 to 1968 re

ported by the Environmental Data Service (22) was 17,03 

inches. The April-October mean was 14.30 inches. In 1968, 

the total precipitation was 19.42 inches, with 11.74 inches 

coming in the period from April through October. In 1969, 

there were 30.19 inches of precipitation with 24.70 inches 

occurring from April through October. In 1969, 15.28 

inches of rain fell from August 20 through October. 

Soil Type 

The experiment was conducted on an Amarillo fine sandy 

loam soil. The land was nearly level and had excellent 

infiltration properties. 

Experimental Design 

This thesis reports the results of a portion of a 

larger experiment in which several crops were grown as 

20 
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previously mentioned. The experimental design was a split-

plot arrangement of a randomized complete block with eight 

replications. It provided for eight strips of bermuda

grass 800 feet long and 13.33 feet wide, each divided into 

four 200-foot plots. Fertilizer treatments consisted of 

0 pounds and 450 pounds of nitrogen per acre per year. 

The strips were divided into two sets of four and water 

treatments randomly assigned within each set. (See 

Figure 1.) 

Experimental Procedure 

Fertilization and Irrigation 

Treatment of the plots began in the early spring of 

both 1968 and 1969, when ammonium nitrate was broadcast 

on the designated plots at rates of one-fourth of the 

annual rate of 450 pounds of nitrogen per acre. The re

mainder of the annual rate was applied in equal portions 

after each of the first three clippings. The plots were 

watered from their respective sources following fertiliza

tion. Irrigation was accomplished by building borders 

around each strip and uniformly flooding the plots. An 

estimated 30 pounds of nitrogen as nitrate per acre per 

year was contained in the sewage effluent applied, along 

with 38 pounds of potassium. No reliable data for total 

nitrogen and phosphorus was available. 
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Fertilizer 
Treatments 

450 

450 

450 

Sewage 1 0 450 2 0 450 

Other crops 

Sewage 7 450 0 8 450 0 

Other crops 

Sewage 3 0 450 4 450 0 

Other crops 

V/ell 

Well 

3 

7 

450 

0 

0 

450 

4 

8 

0 

450 

450 

0 

Figure 1. Plot plan used in determining the influence of 

irrigation with sewage effluent on the dry forage 

yield, protein content, and chemical content of 

Midland bermudagrass. 0 = No nitrogen, 450 = 450 

pounds of nitrogen per year per acre 
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Sampling Technique 

Samples were taken the first time each year in mid-

June (June 11, 1968 and June 20, 1969). Samples were cut 

with a rotary lawn mower and collected in a bag attached 

to the mower. An area 15 feet by 21 inches was cut in 

each plot. Samples were cut at a height of six inches 

and were taken from approximately the center of each plot 

to minimize border effect. Following sampling, the col

lected grass was placed in perforated paper bags and 

placed in a drying room at a temperature of 140 F. After 

sampling, the plots were shredded to a height of six 

inches, and the cut forage removed. The plots were then 

fertilized and watered, as described in the plot plan. 

(Figure 1.) 

When dry, the samples were weighed and the yields 

recorded in grams per 15 foot by 21 inch plot. The yield 

data were later converted mathematically to pounds of 

dry forage per acre. 

The plots were clipped four times each year. The 

second clipping was taken approximately one month after 

the first, with the third about a month later. The final 

clipping was taken in the fall after all growth had 

ceased. Clipping dates were June 11, July 22, August 22, 

and November 4, 1968, and June 20, July 29, September 16, 

and November 7, 1969. 
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Figure 2. This sewage effluent storage reservoir is lo

cated west of the Texas Tech University Agronomy Farm, 

The sewage effluent is obtained from a nearby sev;age 

treatment plant operated by the city of Lubbock. 

Fiqure 3. This is the mov/er with collection bag attached 

used to take Ilidland bermud.igraoS foiage samples. 
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Figure 4, Pictured are two adjacent well water plots. 

Note the striking difference in color and size of the 

Midland bermudagrass receiving nitrogen fertilizer 

when compared to that not fertilized. 

Fiaurc 5. This is a view of another well water p.l o*̂  during 

sample collection. Again, note the difference betworn 

the no-nitrogen subplot in the foregrouriJ and the 

fertilized si;bnlot V)eyond the stakes. 
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Determination of Protein Content 

A representative portion of each sample was ground in 

a Wiley mill using a 20-mesh screen. This ground portion 

of the plant tissue was used for protein and chemical 

determinations. Protein determinations were made using a 

Kjeldahl procedure (1). Briefly, the procedure involved 

digesting the plant tissue in concentrated sulfuric acid 

(30 mis) using mercuric oxide (HgO) and cupric sulfate 

crystals (CuS0.«5 H^O) as catalysts. The digestion pro

cedure converted protein nitrogen into ammonium salts. 

The resulting solution was diluted with water and made 

strongly basic by adding 40% sodium hydroxide solution. 

Sodium thiosulfate solution was also added, mixed with 

the sodium hydroxide solution, to precipitate mercuric 

compounds formed by the mercuric oxide catalyst. This 

mixture was distilled into receiving flasks containing a 

known amount of standardized hydrochloric acid. Making 

the solution strongly alkaline prior to distillation 

caused the nitrogen in the ammonium salts to be released 

as ammonia. After distillation, the solution in the re

ceiving flasks was titrated with a standardized base. 

This indicated the amount of ammonia distilled over and, 

therefore, the amount of nitrogen in the plant tissue. 

Percent nitrogen was multiplied by 6,25 to give the ap

proximate protein percent in the plant tissue. 
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Normally blanks are run with the samples, and their 

results subtracted from the sample values to correct for 

possible contamination of reagents. We were not able to 

do this, because our blanks did not yield accurate results. 

This was apparently the result of a large amount of acid 

remaining in the blanks following digestion. When the 

sodium thiosulfate solution was added (despite its having 

been previously mixed with the 40% sodium hydroxide solu

tion) the pH was apparently low enough at the acid-base 

interface to render some of the sodium thiosulfate un

stable and SO^ was given off, collected in the acid solu

tion in the receiving bottles, and resulted in higher 

amounts of acid occurring in the receiving bottles than 

were originally added. Apparently the acid was suffi

ciently destroyed in the digestion of samples to prevent 

a significant amount of SO^ from being evolved. Results 

from the tests not corrected for the blanks compared very 

closely with those calculated from the results of nitro

gen testing by a commercial laboratory. As a result, the 

values obtained v/ith the blanks were discarded. 

Determination of Other Chemical Constituents 

About ten grams of the ground plant tissue was sent 

to a commercial laboratory for analysis for nitrogen, 

phosphorus, potassium, iron, calcium, magnesium, copper, 

manganese, zinc, boron, and sulfur, Seir.iples wore analyzed 
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with a mass spectrograph. This thesis will include the 

results of these tests for 1968. 

Statistical Analysis 

Data were evaluated using analysis of variance pro

cedures for a split-plot arrangement of a randomized 

complete design. F-tests were used to determine if sig

nificant differences occurred within treatments and if 

interactions were significant. General references used 

were Snedecor and Cochran (26) and Steel and Torrie (28). 

When warranted by a significant F-test, multiple mean 

comparisons were made using Duncan's Multiple Range Test 

as presented by LeClerg (21). This test provides for the 

comparison of all treatment means in all possible 

combinations. 

In analyzing yield data, F-tests were made on water 

and fertilizer treatments and their interaction. Clip

ping date was included as a variable in the analysis of 

protein percentages and the analysis of data concerning 

the occurrence of chemical elements in the plant tissue. 

The clipping date and clipping date interaction results 

will be presented. Total nitrogen data were not analyzed, 

since the results would be identical to those for protein 

content. 
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CHAPTER III 

RESULTS AND DISCUSSION 

Forage Yields 

Average yields of dry forage for the 1968 growing 

season were 514 pounds per acre for well water plots with 

no fertilizer, 9484 pounds per acre for fertilized well 

water plots, 1817 pounds per acre for sewage effluent plots 

with no fertilizer, and 12,081 pounds per acre for fertil

ized sewage effluent plots. The average yield obtained 

in sewage plots, 6949 pounds per acre, was significantly 

higher (at the 1% level of probability) than was that for 

well water plots, 4999 pounds per acre. The average yield 

for fertilized plots, 10,783 pounds per acre, was also sig

nificantly higher (at the 1% level) than the average yield 

for non-fertilized plots, 1166 pounds per acre. There were 

no significant differences among the means for the inter

action of water source and fertilizer treatments. (See 

Table 1 and Appendix A.) 

In 1969, well water plots with no fertilizer pro

duced an average of 1224 pounds of dry forage per acre, 

fertilized well water plots yielded 10,981 pounds per 

acre, non-fertilized sewage effluent plots yielded 29 72 

pounds per acre, and fertilized sewage plots yielded 13,474 

pounds per acre. Statistical analysis showed that there 

was a significantly higher average yield (at the 5% level) 

29 
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Table 1. Average yields of dry Midland bermudagrass 

forage in pounds per acre as affected by water 

source and level of nitrogen fertilization. 

Treatment 

Sewage Effluent 

Well Water 

No Fertilizer 

450 pounds nitrogen 

1968 

6,949** 

4,999 

1,166** 

10,783 

1969 

8,223* 

6,103 

2,098** 

12,228 

* following a number indicates that the number and the 

one below it are significantly different at the 5% 

probability level. ** following a number indicates 

a difference at the 1% probability level. 
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in sewage plots, 8223 pounds per acre, than in well water 

plots, which had an average yield of 6103 pounds per acre. 

The 12,228 pound per acre yield in the fertilized plots 

was significantly higher (at the 1% level) than the 2098 

pound per acre yield obtained in the plots receiving no 

fertilizer. Again, there were no significant differences 

among interaction means. (See Appendix B.) 

Protein Percentages in Dry Forage 

and Protein Yields 

Average protein percentages for the dry matter of the 

1968 crop season were 8.0% in well water plots not fertil

ized, 16.4% for fertilized well water plots, 10.0% for 

non-fertilized sewage effluent plots, and 17.4% for fer

tilized sewage plots. The 13.7% average protein content 

found in the dry forage clipped from the sewage plots was 

significantly higher (at the 5% probability level) than 

the 12.2% average found in dry plant tissue from the well 

water plots. The average protein percentage from the 

fertilized plots, 16.9%, was significantly higher (at the 

1% level) than the 9.0% content in the plots not fertil

ized. (See Table 2.) The F-test for interaction showed 

no significant differences among these means. 

Protein yields were not analyzed statistically, 

because these data are merely products of the multiplica

tion of corresponding dry forage yields and protein 



Table 2. Average protein percentages and protein yields 

in dry Midland bermudagrass forage as influenced by 

water source and level of nitrogen fertilization. 

Treatment 1968 1969 

32 

a 

Percent Yield Percent Yield 

Sewage Effluent 13.7* 952 10,7* 880 

Well Water 12,2 610 9.9 604 

No Fertilizer 9.0** 105 7,1** 149 

450 pounds N 16.9 1822 13.5 1651 

Protein yields, expressed in pounds per acre, were 

not analyzed statistically. 

* or ** following a number indicates that the number and 

the one below it are statistically different at the 5% or 

1% probability levels, respectively. 
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percentages. One, therefore, would not expect any really 

different results from those obtained when yields and 

protein percentages v/ere analyzed separately. The fol

lowing results were the same in all the analyses: 

(1) Significantly higher yields and protein percentages 

when sewage effluent was used for irrigation; (2) Sig

nificantly higher yields and protein percentages when 

fertilizer was applied; and (3) No significant effects on 

yields or protein percentages due to a water source x 

fertilizer interaction. Protein yields are presented in 

Table 2. 

Analysis of protein percentage data for the dry 

forage harvested in 1969 gave results similar to those 

for 1968. Sewage plots significantly exceeded well water 

plots in protein percent of the dry forage (at the 5% 

level of probability) with means of 10.7% and 9.9%, re

spectively. Significantly higher protein percentages (at 

the 1% level) were found in the fertilized plots, 13.5%, 

than in the plots receiving no fertilizer, 7.1% (see 

Table 2). Interaction means were not significantly dif

ferent. The forage produced in the well water plots 

receiving no fertilizer had an average protein percent of 

6.7%; fertilized well water plots contained 13.0% protein; 

non-fertilized sewage effluent plots yielded 7.4% protein; 

and fertilized sewage effluent plots had a 13.9% protein 

content. 
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In 1968, only the first three clippings were analyzed 

for protein content. There were significant differences 

in date means (at the 1% level of probability). Duncan's 

Multiple Range Test shov/ed that all three means were sig

nificantly different (1% level). Means were 14.52% for 

the June 11 clipping, 10.6% for the July 22 clipping, and 

13.6% for the August 22 clipping. There was also a sig

nificant amqunt of variation among means for the date x 

fertility interaction. Each mean was significantly dif

ferent from the other means in all possible combinations 

according to Duncan's test. Averages for each clipping 

date X fertilizer combination are shown in Table 3. 

In 1969, all four clippings were analyzed for protein 

content, 'F-tests indicated that a significant amount of 

variation existed among date values and date x fertility 

interaction means (1% level of probability) and among 

means for the date x water source interaction (5% level). 

Average protein percentages for clipping dates and date 

interactions are shown in Table 3, with significant dif

ferences expressed at the 5% probability level. 

Content of Other Chemical Constituents 

Content of nitrogen, phosphorus, potassium, calcium, 

magnesium, copper, iron, manganese, zinc, boron, and sul

fur in the dry plant tissue from the June 11, July 22, 

and August 22, 1968, clippings were determined by a 
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Table 3. Percent protein in dry Midland bermudagrass 

forage as affected by date of clipping, clipping 

date X fertilizer treatment interaction, and clip

ping date X water source interaction. 

Source of 
Variation 

Clipping 
Date 

6/11 

7/22 

8/22 

Clipping 
Date 

X 
Fertilizer 
Treatment 

6/11-0 

6/11-450 

7/22-0 

7/22-450 

8/22-0 

8/22-450 

Means for 
1968 

14.52 a* 

10.64 b 

13.63 c 

10.37 a 

18.68 b 

7.21 c 

14.08 d 

9.43 e 

17.83 f 

Source of 
Variation 

Clipping 
Date 

6/20 

7/29 

9/16 

11/7 

Clipping 
Date 

X 
Fertilizer 
Treatment 

6/20-0 

6/20-450 

7/29-0 

7/29-450 

9/16-0 

9/16-450 

11/7-0 

11/7-450 

Means for 
1969 

10.28 a 

10.99 b 

10.25 a 

9.48 c 

7.28 a 

13.18 b 

7.36 a 

14.62 c 

7.51 a 

12.99 b 

5.95 d 

13.00 b 
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Table 3. Continued 

Source of 
Variation 

Means for 
1968 

Source of 
Variation 

Clipping 
Date 

X 
Water 
Source 

6/20-S 

6/20-W 

7/29-S 

7/29-W 

9/16-S 

9/16-W 

11/7-S 

11/7-W 

Means for 
1969 

10.76 abc 

9.81 d 

11.11 a 

10.86 ab 

10.41 abed 

10.08 cd 

10.26 bed 

8.69 e 

* Means not followed by the same letter are significantly 

different at the 5% probability level. 0 = No nitrogen 

added, 450 = 450 pounds of nitrogen added per acre, V7 = 

Well water, S = Sewage effluent. 
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commercial laboratory using a Mass Spectrograph. Results 

for 1969 are not complete and will not be presented. 

Phosphorus content in the dry forage was signifi

cantly higher (at the 1% level of probability) in sewage 

effluent plots, containing 0.251% phosphorus, than in 

well water plots, having 0.189% phosphorus. Mean phos

phorus percentages for fertilizer treatments (see Table 4) 

and for water source x fertilizer interactions were sta

tistically equal. Significant differences occurred (at 

the 1% level) among means for clipping dates, dates x 

water source interaction, and date x fertility interaction, 

These results are summarized in Appendix E. 3. Average 

phosphorus percentages in the well v;ater plots were below 

the 0.20% used as the critical level of phosphorus by the 

Texas Agricultural Extension Service in plant tissue tests 

on bermudagrass forage according to Gray (12), This indi

cates a deficiency of available phosphorus in the soil of 

the well water plots. 

Potassium content was significantly higher (at the 

1% probability level) in the dry plant tissue from sewage 

effluent plots than in that from well water plots. Aver

age values were 1.75% and 1.46%, respectively. Forage 

from fertilized plots averaged 2,16% potassiû ii which was 

significantly higher (at the 1% level) than the 1.05% 

value obtained in unfertilized plots. (See Table 4.) 

The water source x fertility interaction values were not 
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Table 4. Chemical content of dry Midland bermudagrass 

forage as affected by water source and fertilizer 

treatment. 

Element 

Phosphorus (%) 

Potassium (%) 

Calcium (%) 

Magnesium (%) 

Sulfur (%) 

Iron (ppm) 

Manganese (ppm) 

Zinc (ppm) 

Copper (ppm) 

Boron (ppm) 

Water 

Sewage 

0.250 

1.750 

0.454 

0.228 

0.380 

334.000 

78.600 

34.900 

8.040 

10.600 

Source 

Well 

0.189** 

1.490** 

0.438ns 

0.218ns 

0.321* 

332.000ns 

77.200ns 

34.000** 

7.660ns 

11.500* 

Fertilizer Treatment 
(Pounds ofNper acre 

0 

0.227 

1.080 

0.434 

0.200 

0.261 

319.000 

72.200 

34.100 

5.890 

11.800 

450 

0.212ns 

2.160** 

0.458ns 

0.246** 

0.440** 

347.000ns 

83.600** 

34.700ns 

9.810** 

10.200** 

Numbers followed by ** and * are significantly different 

from the number immediately preceeding them to the left 

at the 1% and 5% probability levels, respectively. 

Numbers followed by ns are not significantly different 

from the preceeding number. 
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statistically different. Gray (12) reports that potassium 

content should be at or above 1.5 to 1.8%. It appears, 

therefore, that the well water plots were a little low in 

potassium and that plots to which no nitrogen was added 

were very low in potassium content in the plant tissue. 

There were significant differences (at the 1% level) 

among means for clipping dates, date x water interaction, 

and date x fertility interaction. See Appendix F. 3. for 

the result of Duncan's Multiple Range Tests on these 

means. 

The only significant F-test obtained in the analysis 

of variance for calcium percent in the dry plant tissue 

was found among values for the clipping dates (at the 1% 

level). Duncan's test showed that the 0.472% calcium 

average for June 11 and the 0.488% average for August 22 

were statistically equal and significantly higher than the 

0.378% calcium value for the July 22 clipping (at the 1% 

probability level). (See Appendix G. 3.) 

All treatment and interaction means for percent 

magnesium in the bermudagrass forage exceeded the 0.11% 

critical level proposed by Gray (12). There v/ere signifi

cant differences (at the 1% probability level) among 

means for fertility (see Table 4), water source x fertil

ity interaction, clipping date, and date x water inter

action, and among means for the date x fertility inter

action (at the 5% level). Means and results of Duncan's 

\ 
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Multiple Range Tests for magnesium percentages are shown 

in Appendix H. 3. Means for fertilizer treatments were 

0.296% for fertilized plots and 0.200% for plots to which 

no fertilizer was added. No significant differences were 

found between means for water source. 

In analyzing copper content data for the dry forage, 

no statistically significant difference was found between 

the means for water source. The mean for fertilized plots, 

9.8 parts per million (ppm), was significantly higher (at 

the 1% level of probability) than the 5.9 ppm mean for 

unfertilized plots. (See Table 4.) There was a signifi

cant F-test (at the 1% level) for the water source x 

fertility interaction. The 6.58 ppm mean for sewage ef

fluent plots receiving no fertilizer was shown by Duncan's 

Multiple Range Test (at the 1% level) to be significantly 

higher than the 5.30 ppm value for well water plots with

out fertilizer. The 9.61 ppm average for the fertilized 

sewage effluent plots and the 10.02 ppm average for the 

fertilized well water plots were not significantly dif

ferent, but both were significantly higher than the means 

for the unfertilized plots of both water source treat

ments. There were no significant differences among 

values for clipping dates or any interactions of clipping 

dates with other treatments and interactions. (See 

Appendix 1.3.) 

No significant differences were found in iron content 
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of dry plant tissue between means for water source or fer

tilizer treatment, and none among means for the water 

source x fertility interaction. There were significant 

differences (at the 1% level) among means for clipping 

dates. Duncan's Multiple Range Test showed the means of 

351.34 ppm for July 22 and 391.66 ppm for June 11 to be 

statistically equal and each significantly higher (at the 

1% level) than the 256.63 ppm average iron content for the 

August 22 clipping. There were significant amounts of 

variation among date x fertility interaction means and 

among date x water source x fertility interaction means 

(at the 5% level). These means and results of Duncan's 

tests of these data are shown in Appendix J. 3. 

Analysis of variance of dry plant tissue manganese 

content data showed that there v;as no statistically sig

nificant difference between means for sewage effluent 

plots and well water plots, 78.5 ppm and 76.2 ppm, re

spectively. The mean manganese content of plant tissue 

from fertilized plots, 83.5 ppm, was significantly higher 

(at the 1% probability level) than that from plots re

ceiving no fertilizer, 72.2 ppm. (See Table 4.) A sig

nificant amount of variation occurred among clipping date 

means (at the 1% level). (See Appendix K. 3.) Multiple 

mean comparisons using Duncan's test indicated that the 

means for the June 11 and July 22 clipping dates 81,38 

and 81,75, respectively, were not statistically different. 
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but both were significantly higher (at the 1% level) than 

the 71.56 ppm mean for manganese content in the plant 

tissue clipped August 22. I found no significant F-values 

for any of the interactions. 

Zinc concentrations found in the bermudagrass forage 

in all treatments were well above the 20 ppm minimum 

critical level suggested by Gray (12). No significant F-

values were .obtained for water source, fertilizer treat

ment, or water fertility interaction. There was a sig

nificant amount of variation (at the 1% probability level) 

among means for the different clipping dates. The July 22 

average of 37.91 ppm zinc was statistically higher (at 

the 1% level) than the statistically equal means of 32.34 

ppm for June 11 and 32.9 7 for August 22. There were sig

nificant differences (at the 5% level) among means for 

the date x water source interaction and the date x fertil

ity interaction. Results of Duncan's Multiple Range Tests 

are summarized in Appendix L. 3. 

A significant F-value was found (at the 5% probabil

ity level) for water source effect on boron content of 

the dry forage. The well water plots, averaging 11.25 

ppm, were significantly higher in boron than were the 

sewage effluent plots, which averaged 10.3 ppm. Means 

for fertilizer treatments were significantly different 

(at the 1% level); unfertilized plots averaged 11.75 ppM, 

and fertilized plots averaged 9.8 ppm. (See Table 4.) 

ThP» June 11 clinnina date, averaging 13.86 ppm, had a 
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boron content significantly higher (at the 1% level) than 

the 8.19 ppm average for the August 22 clipping. (There 

was not enough material for analysis of boron and sulfur 

for the July 22 clipping.) There was a significant amount 

of variation, (at the 1% level) among means for the date x 

water source x fertility interaction. The date x fertil

ity interaction was not significant. (See Appendix M. 3.) 

The 0.381% sulfur average for plant tissue from the 

sewage effluent plots was significantly higher (at the 5% 

probability level) than the 0.320% value for plant tissue 

from well water plots. The average sulfur content for 

fertilized plots, 0.441%, was significantly higher (at 

the 1% level) than that for plots not fertilized, 0.260%. 

(See Table 4.) There was no significant effect due to 

the water source x fertility interaction or clipping date. 

The effects of the date x water source interaction and the 

date X fertility interaction were significant (at the 1% 

level). Date x water source x fertility data contained 

no significant amount of variation. (See Appendix N. 3.) 

Gray (12) reports the critical sulfur level in terms of 

an acceptable range of nitrogen:sulfur ratio values of 12 

to 17. Nitrogen:sulfur ratios for my 1968 work were 5.4 

for sewage effluent plots not fertilized, and 5.8 for 

fertilized sewage effluent plots. These values indicate 

that there was more than enough sulfur in the plant tissue 

for the amount of nitrogen present. 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Yield increases of dry forage occurred when sewage 

effluent was used to irrigation during both years of the 

study. These yield increases were accompanied by increases 

in the protein percent and phosphorus, potassium, and sul

fur contents and a decrease in the boron content of the 

plant tissue. The nitrogen content of the sewage effluent 

can be assumed to cause at least a portion of the yield 

increase as well as the higher protein content. 

Using the 0.2% critical level of phosphorus suggested 

by Gray (12), one would conclude that the well water plots 

were somewhat deficient in phosphorus and that the sewage 

effluent corrected that deficiency. Jordan et al. (20) 

found, however, that their maximum yields of Coastal 

bermudagrass were obtained when the phosphorus level in 

the plant tissue was 0.16%. If true in this case, it 

would be incorrect to conclude that the yield increases 

on the sev/age plots were partially due to a more favorable 

phosphorus level. 

Much the same can be said for potassium. According 

to Gray (12), the potassium level in the plant tissue 

from the well water plots is a little low. But while 

Gray (12) felt that the "potassium levels should not run 

below about 1.5 to 1.8%," Jordan et al. (20) reported 

44 
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maximum yields at 1.0% potassium. Rather than indicating 

a slight deficiency, these figures would indicate varying 

degrees of luxury consumption of potassium in all the 

plots. The marked increase of potassium content due to 

the addition of nitrogen fertilizer—from 1.05 to 2.16%— 

indicates that the increase noted when sewage effluent 

was added was probably a result of more efficient uptake 

associated with the higher nitrogen fertility. This is 

apparently not the case with phosphorus, however, because 

the means for fertilized plots were statistically equal. 

The increased sulfur content of plant tissue in the 

sewage plots should not have increased the forage yield, 

since the nitrogen:sulfur ratios in all plots were markedly 

lower than Gray's (12) critical ratio. The decrease in 

boron content with sewage effluent irrigation was probably 

due to a dilution function of increased plant growth 

caused by higher nitrogen fertility. This is supported 

by a slightly greater decrease in fertilized plots than 

in the unfertilized plots. 

The most important conclusion to be drawn from this 

study is that the yield and protein content of Midland 

bermudagrass are significantly higher when it is irrigated 

with sewage effluent than with well water. In this par

ticular case, this is at least partially the result of 

the nitrogen content of the sewage effluent. There were 

no indications of detrimental effects due to the sewage 
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effluent. If the sewage effluent had any damaging effects 

on the yield or quality of this crop, they were apparently 

overshadowed by beneficial effects. The indications that 

phosphorus might also be a factor in the yield increase 

are strong enough to warrant further study at the same 

site using the addition of phosphorus fertilizer as one 

of the variables. 

While the sewage effluent did add nitrogen to the 

soil, it should be stressed that response to the further 

addition of nitrogen fertilizer was still striking, 

l^ile the nitrogen content of the effluent might be suf

ficient for top production of other crops, it is not high 

enough to meet the needs of improved varieties of bermuda

grass. It would be well worth the effort, when planning 

the use of sewage effluent on any crop in any locale, to 

determine the fertility needs of the crop, the fertility 

status of the soil, and the amounts of fertilizer elements 

which will be added in the projected quantities of ef

fluent to be applied, and to add any additional fertilizer 

element required for maximum production in the form of 

commercial fertilizers. 
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Appendix A. 1. Total yields of dry Midland bermudagrass 

forage in pounds per acre as affected by source of 

irrigation water at two levels of nitrogen fertiliza

tion. Total yields are shown for each replication, 

water source treatment, and fertility treatment com

bination for the 1968 crop season. 

Repli
cation 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

Well 
No 

Nitrogen 

655 

926 

263 

402 

468 

593 

446 

359 

Water 
450 Pounds 
Nitrogen 

9,475 

12,420 

8,184 

10,148 

8,429 

9,629 

8,861 

8,722 

Sewage 
No 

Nitrogen 

830 

1693 

1328 

1101 

1738 

673 

2963 

4211 

Effluent 
450 Pounds 
Nitrogen 

13,178 

12,676 

13,218 

12,501 

10,906 

10,119 

12,391 

11,659 

\ 
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Appendix A. 2. Analysis of Variance Table for total 

yields of dry Midland bermudagrass forage in pounds 

per acre in 1968. Irrigation water source treat

ments were sewage effluent and well water. The 

fertility treatments were no nitrogen and 450 pounds 

of nitrogen per acre. 

Source of Sura of Mean 
Variation df Squares Squares F-Value 

I 

Replications 7 7,768,617 1,109,802 < 1,00ns 

Water Source 1 30,429,751 30,429,751 22,48** 

Error A 7 9,475,139 1,353,591 

Main Plots 15 47,673,507 

Fertility 1 739,845,428 739,845,428 712.17** 

W X F • • 1 3,350,813 3,350,813 3.22ns 

Error B 14 14,544,021 1,038,859 

Total 31 806,413,769 

ns = not significant, * = significant at the 5% level of 

probability, ** == significant at the 1% level of 

probability. 
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Appendix B. 1, Total yields of dry Midland bermudagrass 

forage in pounds per acre as affected by source of 

irrigation water at two levels of nitrogen fertiliza

tion. Total yields are shown for each replication, 

water source treatment, and fertility treatment 

combination for the 1969 crop season. 

Repli
cation 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

Well 
No 

Nitrogen 

655 

926 

263 

402 

468 

593 

446 

359 

V7ater 
450 Pounds 
Nitrogen 

9,475 

12,420 

8,184 

10,148 

8,429 

9,629 

8,861 

8,722 

Sewage 
No 

Nitrogen 

830 

1693 

1328 

1101 

1738 

673 

2963 

4211 

Effluent 
450 Pounds 
Nitroaen 

13,178 

12,676 

13,218 

12,501 

10,906 

10,119 

12,391 

11,659 

\ 
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Appendix B. 2. Analysis of Variance Table for total yields 

of dry Midland bermudagrass forage in pounds per acre 

in 1969. Irrigation water source treatments were 

sewage effluent and well water. The fertility treat

ments were no nitrogen and 450 pounds of nitrogen 

per acre. 

S o u r c e of 
V a r i a t i o n 

R e p l i c a t i o n s 

Water S o u r c e 

E r r o r A 

Main P l o t s 

df 

7 

1 

7 

15 

Sum of 
S q u a r e s 

1 8 , 2 4 9 , 3 7 7 

3 5 , 9 7 2 , 1 6 2 

2 5 , 3 4 8 , 3 8 5 

7 9 , 5 6 9 , 9 2 4 

Mean 
S q u a r e s 

2 , 6 0 7 , 0 5 4 

3 5 , 9 7 2 , 1 6 2 

3 , 6 2 1 , 1 9 8 

F -Va lue 

1 .00ns 

9 . 9 3 * 

Fertility 1 820,813,639 820,813,639 641.61** 

W X F 1 1,110,748 1,110,748 8.68ns 

Error B 14 17,910,308 1,279,308 

Total 31 919,404,619 

ns = not significant, * = significant at the 5% probabil

ity level, ** = significant at the 1% probability level. 

\ 
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Appendix C. 1. Percent protein in dry Midland bermudagrass 

forage as affected by source of irrigation water. 

Data are shown for each replication, water source 

treatment, clipping date, and fertility treatment 

combination for the 1968 crop year. 

R e p l i c a -
t i o n s 1 2 3 4 5 6 7 8 

W 0 

450 

S 0 

9 . 8 

1 7 . 2 

1 4 . 3 

9 . 9 

1 7 . 8 

1 1 . 1 

7 . 9 

2 1 . 3 

1 0 . 3 

8 . 4 

1 9 . 6 

9 . 1 

1 1 . 1 

1 8 . 3 

1 0 . 9 

9 . 4 

1 7 , 2 

1 0 . 9 

7 . 3 

1 6 . 5 

1 1 . 6 

1 0 , 1 

1 3 , 4 

1 3 . 8 

450 20.7 19.8 18.1 19.8 20.5 19.7 18.9 20.0 

II W 0 7.8 6.8 7.3 7.4 6.6 5.7 5.3 6.1 

450 13.1 13.8 13.5 15.6 13.5 13.1 13.1 15.0 

S 0 6.3 7.2 7.5 7.7 8.5 7.6 8.4 9.2 

450 12.6 15.3 14.4 14.8 13.4 13.6 14.3 16.1 

III W 0 10.8 8.7 6.9 7.6 8.0 9.8 6.0 8.6 

450 17.1 18.4 17.6 18.8 18.3 18.6 15.2 16.8 

0 9.8 9.5 9.9 10.3 10.4 10.9 11.8 11.8 

450 18.8 18.6 17.7 15.6 17,3 18.8 18.6 19.1 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = Well water, S = Sew

age effluent, 0 = No nitrogen, 450 = 450 pounds nitrogen 

per acre. 
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Appendix C. 2. Analysis of Variance Table for percent 

protein in dry Midland bermudagrass forage in 1968. 

Irrigation water sources were sewage effluent and 

well water, fertility treatments were no nitrogen 

and 450 pounds of nitrogen per acre, and clipping 

dates were June 11, July 22, and August 22. 

Source of 
Variation df 

Sum of 
Squares 

Mean 
Squares F-Value 

Replications 

Water Source 

9.4 

49.8 

1.34 

49.80 

< 1.00ns 

10.73* 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

32.5 

91.7 

1482.0 

5.1 

23.9 

1602.7 

263.9 

7.1 

12.0 

2.4 

76.7 

1964.8 

4.64 

1482.00 

5.10 

1,71 

131.95 

3.55 

6.00 

1.20 

1.37 

866.67** 

2.98ns 

96.31** 

2.59ns 

4.38* 

< 1.00ns 

ns = not significant, * =^ significant at the 5% probabil

ity level, ** = significant at the 1% probability level. 



58 

Appendix D. 1. Percent protein in"dry Midland bermuda

grass forage as affected by source of irrigation 

water. Data are shown for each replication, water 

source treatment, clipping date, and fertility 

treatment combination for the 1969 crop year. 

R e p l i c a -
t i o n s 1 2 3 4 5 6 7 8 

I W 0 7.4 7.8 6.6 6.3 7.6 6.9 6.4 6.8 

450 13.1 13.1 12.4 12.6 12,6 13.2 12.3 11.8 

S 0 7.4 7.8 7.2 8.1 7.6 7.9 8.3 8.1 

450 14.9 15.3 13.3 13.3 14.4 14.7 11.4 12.4 

W 0 

450 

S 0 

7 . 9 

1 5 . 5 

7 . 3 

6 . 8 

1 4 . 9 

7 . 6 

8 . 6 

1 3 . 4 

6 . 9 

5 . 5 

1 5 . 3 

7 . 6 

6 . 6 

1 5 . 0 

7 . 6 

7 . 1 

1 5 . 0 

9 . 2 

6 . 9 

1 2 . 8 

7 . 4 

7 . 8 

1 4 . 7 

6 . 9 

450 16.1 12.3 11.6 15.5 16.1 17.4 11.8 16.5 

W 0 

450 

S 0 

7 . 7 

1 4 . 7 

6 . 4 

9 . 1 

1 2 . 5 

7 . 2 

6 . 8 

1 2 . 9 

7 . 0 

5 . 4 

1 2 . 4 

9 . 2 

7 . 7 

1 3 . 4 

7 . 1 

7 . 2 

1 2 . 8 

7 . 5 

6 . 5 

1 3 . 1 

6 . 5 

7 . 0 

1 2 . 1 

7 . 0 

450 13.3 11.9 12.1 13.3 13.9 13.5 12.3 13.6 

W 0 

450 

S 0 

6 . 4 

1 4 . 3 

6 . 7 

4 . 1 

1 2 . 6 

5 . 9 

4 . 7 

1 1 . 6 

5 . 2 

4 . 8 

1 1 . 1 

7 . 4 

6 . 4 

1 2 . 8 

5 . 8 

6 . 1 

1 1 . 3 

6 . 5 

5 . 2 

1 0 . 4 

6 . 5 

6 . 4 

1 0 . 8 

7 . 1 

450 12.4 12,6 14.4 14.1 14.1 14.6 14.9 16.0 

I = June 20, 1969 clipping, II = July 29, 1969 clipping, 

III = September 16, 1969 clipping, IV = November 7, 1969 

clipping, W = Well water, S = Sewage effluent, 0 = No 

nitrogen 450 = 450 pounds of nitrogen per acre. 

\ 
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Appendix D. 2. Analysis of Variance Table for percent 

protein in dry Midland bermudagrass forage in 1969. 

Irrigation water sources were sewage effluent and 

well water, fertility treatments were no nitrogen 

and 450 pounds of nitrogen per acre, and clipping 

dates were June 20, July 29, Spetember 16, and 

November 7. 

Source of 
Variation 

Replications 

Water Source 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Clipping Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

df 

7 

1 

7 

15 

1 

1 

14 

31 

3 

3 

3 

3 

84 

127 

Sum of 
Squares 

18.7 

19.2 

18.8 

56.7 

1308.8 

0.3 

18.7 

1384.5 

36.6 

9.2 

20.4 

3.6 

73.6 

1527.9 

Mean 
Sc(uares 

2.70 

19.20 

2.70 

1308.80 

0.30 

1.34 

12.20 

3.10 

6.80 

1.20 

0.88 

F-Value 

1.00ns 

7.11* 

976.70** 

< 1.00ns 

13.86** 

3.52* 

7.73** 

1.36ns 

ns=not significant, * = significant at the 5% probabil

ity level, ** = significant at the 1% probability level. 
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Appendix E. 1. Percent phosphorus in Midland bermudagrass 

forage as affected by irrigation water source. Data 

is shown for each water source, fertility treatment, 

clipping date, and replication combination. 

8 

I W 0 0.25 0.23 0.23 0.21 0.26 0.24 0.20 0.21 

450 0.19 0.20 0.16 0.19 0.21 0.19 0.16 0.17 

S 0 0.25 0.26 0.27 0.21 0.29 0.25 0.22 0.28 

450 0.23 0.24 0.21 0.22 0.25 0.22 0.25 0.23 

II W 0 0.20 0.17 0.17 0.18 0.17 0.19 0.18 0.19 

450 0.16 0.19 0.15 0.19 0.17 0.15 0.13- 0.15 

S 0 0.22 0.23 0.24 0.20 0.25 0.22 0.28 0.31 

450 0.22 0.23 0.22 0.21 0.21 0.22 0.22 0.24 

III W 0 0.19 0.18 0.16 0.18 0.18 0.23 0.15 0.16 

450 

S 0 

450 

0 . 1 7 

0 . 2 4 

0 . 3 9 

0 . 2 2 

0 . 2 5 

0 . 2 8 

0 . 1 9 

0 . 2 5 

0 . 2 5 

0 . 2 0 

0 . 2 4 

0 . 2 5 

0 . 2 4 

0 . 3 7 

0 . 2 3 

0 . 2 5 

0 . 2 4 

0 . 2 5 

0 . 1 7 

0 . 2 8 

0 . 2 7 

0 . 1 7 

0 . 3 4 

0 . 2 7 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = V7ell water, S = Sev;-

age effluent, 0 = No nitrogen, 450 = 450 pounds of nitro

gen per acre, 1, 2, ...8 = Replication numbers. 

\ 
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Appendix E. 2. Analysis of Variance Table for phosphorus 

percent in Midland bermudagrass forage. Water sources 

were sewage effluent and well water, fertility treat

ments were no nitrogen and 450 pounds of nitrogen per 

acre, and clipping dates were June 11, July 22, and 

August 22. 

Source of 
Variation df 

Sum of 
Squares 

Mean 
Squares F-Value 

Replications 

Water Source 

0.009 

0.089 

0.0013 

0.0890 

< 1.00ns 

42.38** 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X V7 X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

0.015 

0.113 

0.005 

0.000 

0.019 

0.137 

0.016 

0.009 

0.008 

0.003 

0.030 

0.203 

0.0021 

0.0050 

0.0000 

0.0014 

0.0080 

0.0045 

0.0040 

0.0015 

0.0005 

3.5 7ns 

< 1.00ns 

16.00** 

9.00** 

8.00** 

3.00ns 

ns = not significant, * = significant at the 5% probability 

level, ** = significant at the 1% probability level. 

s. 
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Appendix E. 3. Results of Duncan's Multiple Range Tests 

on data for phosphorus percent of dry Midland bermuda

grass forage as affected by clipping date and date 

interactions with irrigation water source and ferti

lizer treatment. 

Source of Variation Means 

Clipping Date 

6/11/68 0.224 a* 

7/22/68 0.202 b 

8/22/68 0.233 a 

Clipping Date x Water Source 

6/11/68-S 0.243 a 

6/11/68-W 0.206 b 

7/22/68-S 0.233 a 

7/22/68-W 0.171 c 

8/22/68-S 0.275 d 

8/22/68-W 0.190 e 

Clipping Date x Fertilizer Treatment 

6/11/68-0 0.241 a 

6/11/68-450 0.208 b 

7/22/68-0 0.213 be 

7/22/68-450 0.191 d 

8/22/68-0 0.228 ac 

8/22/68-450 0.238 a 

* Numbers follov/ed by the same letter are not significantly 

different at the 5% probability level. Those not followed 

by the same letter are significantly different at the 5% 
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Appendix F. 1. Percent potassium in Midland bermudagrass 

forage as affected by irrigation water source. Data 

is shown for each water source, fertility treatment, 

clipping date, and replication combination. 

1 2 3 4 5 6 7 8 

W 0 

450 

S 0 

1 . 3 4 

2 . 0 8 

1 . 3 2 

1 . 3 6 

2 . 2 4 

1 . 3 4 

1 . 3 0 

1 . 9 4 

1 . 2 7 

1 . 1 2 

2 . 0 4 

1 . 2 6 

1 . 4 4 

2 . 0 9 

1 . 4 1 

1 . 3 6 

2 . 1 8 

1 . 3 8 

1 . 1 6 

1 .80 

1 . 2 4 

1 . 3 5 

2 . 0 4 

1 .70 

450 2.16 2.16 1.95 2.12 2.36 2.48 2.12 2.19 

II W 0 0.90 0.81 0.80 0.78 0.78 0.89 0.79 0.69 

450 2.06 2.32 2.24 2.36 1.98 2.00 2.17 2.00 

S 0 0.96 1.05 1.03 0.96 1.16 0.94 1.35 1.50 

450 2.50 2.52 2.33 2.44 2.42 2.55 2.38 2.44 

III W 0 0.96 0.86 0.65 0.76 0.69 1.01 0.58 0.80 

450 1.42 2.12 1.85 2.06 1.94 2.03 1.78 1.74 

S 0 1.10 1.00 0.98 1.04 1.06 1.17 1.20 1.33 

450 2.40 2.31 2.28 2.50 1.94 2.00 2.29 2.34 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = July 22, 1968 clipping, W = Well water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre, 1, 2,...8 = Replication numbers. 
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Appendix F. 2. Analysis of Variance Table for potassium 

percent in Midland bermudagrass forage. Water sources 

were sewage effluent and well water, fertilizer treat

ments were no nitrogen and 450 pounds of nitrogen per 

acre, and clipping dates were June 11, July 22, and 

August 22. 

Source of 
Variation 

1 

Replications 

Water Source 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

df 

7 

1 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

Sum of 
Squares 

0.190 

1.568 

0.312 

2.070 

27.875 

0.014 

0.470 

30.429 

0.793 

0.294 

1.203 

0.008 

0.972 

33.699 

Mean 
Squares 

0.0271 

1.5680 

0.0446 

27.8350 

0.0540 

0.0336 

0.3965 

0.1470 

0.6020 

0.0040 

0.0174 

F-Value 

1.00ns 

35.16** 

828.40** 

1,61ns 

22.79** 

8.45** 

34.60** 

1.00ns 

ns = not significant, * = significant at the 5% probability 

level, ** = significant at the 1% probability level. 



1 

65 

Appendix F, 3. Results of Duncan's Multiple Range Tests 

on data for potassium percent of dry Midland bermuda

grass forage as affected by clipping date and date 

interactions with irrigation water source and fer

tilizer treatment. 

Source of Means 
Variation (Expressed as percent) 

Clipping Date 

6/11/68 1.728 a* 

7/22/68 1.628 b 

8/22/68 1.506 c 

Clipping Date x Water Source 

6/11/68-S 1.779 a 

6/11/68-W 1.678 b 

7/22/68-S 1.783 a 

7/22/68-W 1.473 c 

8/22/68-S 1.684 ab 

8/22/68-W 1.328 d 

Clipping Date x Fertilization 

6/11/68-0 1.334 a 

6/11/68-450 2.122 b 

7/22/68-0 0.962 c 

7/22/68-450 2.294 d 

8/22/68-0 0.949 c 

8/22/68-450 2.063 a 

* Numbers not followed by the same letter are signifi 

cantly different at the 5% probability level. 
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Appendix G. 1. Percent calcium in Midland bermudagrass 

forage as affected by irrigation water source. Data 

is shov/n for each water source, fertility treatment, 

clipping date, and replication combination. 

Replica
tions 

I W 0 

450 

S 0 

450 

II W 0 

450 

S 0 

1 

.432 

.488 

I437 

.491 

.347 

.380 

.332 

2 

.450 

.467 

.453 

.464 

.378 

.382 

.356 

3 

.439 

.490 

.448 

.510 

.301 

.344 

.382 

4 

.477 

.407 

.621 

.518 

.330 

.304 

.394 

5 

.455 

.438 

.391 

.481 

.346 

.432 

.366 

6 

.433 

.502 

.363 

.471 

.361 

.376 

.372 

7 

.39 3 

.520 

.532 

.552 

.315 

.308 

.452 

8 

.436 

.517 

.522 

.498 

.280 

.420 

.388 

450 .416 ,444 .430 .452 ,404 .408 .462 .436 

III W 0 1.700 .414 .349 ,396 ,300 ,432 .370 ,407 

450 ,455 .522 .405 .473 .464 .463 ,437 .504 

S 0 ,389 .377 .423 .439 .467 .476 .461 .453 

450 .469 .442 .538 .503 .537 .523 .531 .503 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = Well water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 
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Appendix G. 2. Analysis of Variance Table for calcium^per

cent in Midland bermudagrass forage. Water resources 

were sewage effluent and well water, fertilizer 

treatments were no nitrogen and 450 pounds of nitrogen 

per acre, and clipping dates were June 11, July 22, 

and August 22. 

Source of 
Variation df 

Sum of 
Souare 

Mean 
Squares F-Values 

Rep l i ca t ions 

Water Source 

0.1001 

0.0057 

0.0143 

0.0057 

< 1.00ns 

< 1.00ns 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

0.2099 

0.3157 

0.0137 

0.0158 

0.2699 

0.6151 

0.2259 

0.0341 

0.0084 

0.0325 

1.0854 

2.0014 

0.0300 

0.0137 

0.0158 

0.0193 

0.1130 

0.0171 

0.0042 

0.0163 

0.0194 

< 

< 

< 

< 

< 

1.00ns 

1.00ns 

5.83** 

1.00ns 

1.00ns 

1.00ns 

ns=:not significant, * = significant at the 5% probability 

level, ** = significant at the 1% probability level. 
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Appendix G. 3. Results of Duncan's Multiple Range Tests 

on data for calcium percent of dry Midland bermuda

grass forage as affected by clipping date. 

Source of " Means " 
Variation (Expressed as percent) 

Clipping Date 

6/11/68 0.472 a* 

7/22/68 0.378 b 

8/22/68 0.488 a 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. 
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Appendix H. 1. Percent magnesium in Midland bermudagrass 

forage as affected by irrigation water source. Data 

is shown for each water source, fertilizer treatment, 

clipping date, and replication combination. 

Replica
tions 8 

1 W 0 .252 .234 .230 .226 .245 .218 .214 .218 

450 .283 .264 .240 .221 .282 .288 .221 .230 

S 0 '.195 .195 ,191 .200 .205 .191 .216 .225 

450 .266 ,253 .234 ,261 ,273 .283 .280 .264 

II W 0 .212 .197 ,188 .188 .198 .182 .186 .187 

450 .217 .207 .211 .199 .225 .238 .207 .192 

S 0 .198 .193 .205 .193 .204 .194 .192 .186 

450 .260 .267 .261 .256 .249 .252 .260 .227 

III W 0 .195 .203 .178 .187 .163 .217 .177 .195 

450 

S 0 

. 2 4 7 

. 1 9 8 

. 2 7 5 

. 1 8 6 

. 2 1 8 

. 1 8 9 

. 2 1 8 

. 1 8 0 

. 2 6 4 

. 1 9 8 

. 2 2 8 

. 1 9 1 

. 2 1 8 

. 1 9 3 

. 2 0 4 

. 2 0 1 

450 .253 .240 .284 .271 .267 .261 .266 .234 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = Well water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 



ir 

70 

Appendix H. 2. Analysis of Variance Table for magnesium 

percent in Midland bermudagrass forage. Water sources 

were sewage effluent and well water, fertilizer treat

ments were no nitrogen and 450 pounds of nitrogen per 

acre, and clipping dates were June 11, July 22, and 

August 22. 

Source of 
Variation df 

Sum of 
Scfuares 

Mean 
Square F-Value 

Replications 

Water Source 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

0.0039 

0.0023 

0.0039 

0.0101 

0.0504 

0.0067 

0.00 39 

0.0711 

0.0103 

0.0041 

0.0011 

0.0004 

0.0096 

0.0966 

0.00056 

0.00230 

0.00056 

0.05040 

0.00670 

0.00028 

0.00515 

0.00205 

0.00055 

0.00020 

0.00017 

1.00ns 

4.11ns 

180.00** 

23.93** 

30.29** 

12.06** 

3.24* 

1.18ns 

ns =not significant, *=significant at the 5% probability 

level, ** = significant at the 1% probability level. 
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Appendix H. 3. Results of Duncan's Multiple Range Tests 

on data for magnesium percent of Midland bermudagrass 

forage as affected by clipping date, date interac

tions with water source and fertilizer treatment, 

and water source x fertilizer treatment interaction. 

Source of Means 
Variation (Expressed as percent) 

Water Source x Fertilization 

Sewage-0 nitrogen 0.1966 a* 

Sewage-450 pounds N 0.259 3 b 

Well-0 nitrogen 0.2038 a 

Well-450 pounds N 0.2328 c 

Clipping Date 

6/11/68 0.2374 a 

7/22/68 0.2135 b 

8/22/68 0.2184 b 

Clipping Date x Water Source 

6/11/68-S 0.2333 ab 

6/11/68-W 0.2416 a 

7/22/68~S 0.2248 b 

7/22/68-W 0.2021 c 

8/22/68-S 0.2258 b 

8/22/68-W 0.2110 c 
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Appendix H. 3. Continued. 

Source of Means 
Variation (Expressed as percent) 

Clipping Date x Fertilization 

6/11/68-0 0.2159 a 

6/11/68-450 0.2589 b 

7/22/68-0 0.1939 c 

7/22/68-450 0.2330 d 

8/22/68-0 0.1907 c 

8/22/68-450 0.2461 e 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. S = Sewage 

effluent, W = Well water, 0 = No nigrogen added, 450 = 

450 pounds of nitrogen added per acre. 
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Appendix I. 1. Parts per million copper in Midland bermuda

grass forage as affected by irrigation water source. 

Data is shown for each water source, fertilizer 

treatment, clipping date, and replication combination. 

R e p l i c a 
t i o n s 1 2 3 4 5 6 7 8 

^ ^ 0 6 . 5 5 . 5 5 . 8 5 . 0 6 . 5 6 . 5 4 , 0 6 . 0 

450 1 0 , 5 1 0 . 0 1 0 . 5 1 1 , 0 1 0 . 5 1 0 . 5 8 . 0 8 . 0 

S 0 6 . 5 6 . 5 6 . 5 7 . 0 7 . 0 6 . 0 4 . 0 7 . 0 

450 1 0 . 5 9 . 5 9 . 0 9 . 5 8 . 0 8 . 0 9 . 0 9 . 1 

W 0 

450 

S 0 

5 . 0 

9 . 5 

7 . 0 

6 . 0 

1 1 . 0 

5 . 5 

7 . 0 

9 . 0 

6 . 0 

4 . 0 

1 0 . 5 

5 . 0 

3 .0 

9 . 0 

7 . 0 

6 . 0 

9 . 5 

8 . 0 

6 . 0 

1 3 . 0 

7 . 0 

2 . 5 

9 . 0 

6 . 5 

450 1 0 . 5 1 1 . 0 9 . 0 1 0 . 0 5 . 5 1 1 . 5 9 . 0 1 0 . 0 

W 0 

450 

S 0 

5 . 0 

9 . 0 

5 . 5 

6 . 5 

1 1 . 0 

7 . 0 

5 . 0 

1 0 . 5 

7 . 0 

6 . 5 

1 0 . 5 

6 . 5 

4 . 0 

1 1 . 0 

6 . 5 

5 . 0 

9 . 0 

7 . 0 

5 . 0 

1 0 . 5 

7 . 0 

5 . 0 

9 . 5 

6 . 5 

450 1 1 . 0 1 1 . 0 1 1 . 0 1 1 . 5 9 . 0 9 . 5 1 0 . 5 8 . 0 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = Well water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 
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Appendix I. 2. Analysis of Variance Table for copper con-

tent (in parts per million) in Midland bermudagrass 

forage. Water sources were sewage effluent and well 

water, fertilizer treatments were no nitrogen and 

450 pounds of nitrogen per acre, and clipping dates 

were June 11, July 22, and August 22. 

Source of 
Variation df 

Replications 

Water Source 

Sum of 
Squares 

13.85 

3 . 4 8 

Mean 
Scfuare 

1.98 

3,48 

F-Value 

2,91ns 

5,12ns 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

4.74 

22.07 

369.34 

15.13 

21.57 

428.11 

1.80 

3.01 

2.68 

0.67 

71.71 

507.98 

0.68 

369.34 

15.13 

1.54 

0.90 

1.51 

1.34 

0.34 

1,28 

239.83** 

9.82** 

< 1.00ns 

l.lBns 

1.05ns 

< 1.00ns 

ns =not significant, *=significant at the 5% probability 

level, ** = significant at the 1% probability level. 
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Appendix I. 3. Results of Duncan's Multiple Range Tests 

on data for copper content (in ppm.) of Midland 

bermudagrass forage as affected by water source x 

fertilizer treatment interaction. 

Source of Means 
Variation (Expressed in ppm) 

Water Source x Fertilization 

Sewage-0 N 6.58 a* 

Sewage-450 pounds N 9.61 b 

Well-0 N 5.30 c 

Well-450 pounds N 10.02 b 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. 
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Appendix J. 1. Parts per million iron in Midland bermuda

grass forage as affected by irrigation water source. 

Data is shown for each water source, fertilizer 

treatment, clipping date, and replication combination 

R e p l i c a 
t i o n s ^ ^ 1 2 3 4 5 6 7 8 

W 0 

450 

S 0 

360 

615 

' 217 

450 

537 

368 

366 

349 

309 

473 

400 

455 

372 

39 3 

388 

345 

483 

365 

227 

350 

502 

332 

338 

485 

450 295 337 384 445 305 411 495 382 

W 0 

450 

S 0 

317 

565 

347 

336 

296 

252 

353 

288 

369 

393 

277 

338 

264 

39 3 

238 

333 

328 

216 

325 

304 

349 

200 

323 

360 

450 461 368 667 759 257 288 384 295 

W 0 

450 

S 0 

29 3 

237 

205 

252 

265 

213 

382 

208 

273 

319 

208 

286 

202 

245 

211 

272 

216 

201 

480 

246 

239 

235 

199 

264 

450 206 208 345 305 272 231 256 238 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = Well water, S := Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 
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Appendix J. 2. Analysis of Variance Table for iron content 

(in ppm) in Midland bermudagrass forage. Water sources 

were sewage effluent and well water, fertilizer treat

ments were no nitrogen and 450 pounds of nitrogen per 

acre, and clipping dates were June 11, July 22, and 

August 22. 

Source of 
Variation 

t 

Replications 

Water Source 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plot 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

df 

7 

1 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

Sum of 
Squares 

83,451 

104 

113,600 

197,155 

18,316 

9,640 

124,768 

349,879 

307,522 

18,054 

45,608 

37,612 

324,725 

1,083,400 

Mean 
Square 

11,922 

104 

16,229 

18,316 

9,640 

8,912 

153,761 

9,027 

22,804 

18,806 

5,799 

F-Value 

< 1.00ns 

< 1.00ns 

2.06ns 

1.08ns 

26.52** 

1.56ns 

3.93* 

3.24* 

ns =not significant, *=significant at the S% probability 

level, ** = significant at the 1% probability level. 
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Appendix J. 3. Results of Duncan's Multiple Range Tests 

on data for iron content (in ppm) of Midland bermuda

grass forage as affected by clipping date, date 

interaction with fertilizer treatment, and date x 

water source x fertilizer treatment interaction. 

Source of Means 
Variation (Expressed in ppm) 

Clipping Date x Water Source 

X Fertilization 

6/11/68-S-O 386.13 ab* 

6/11/68-S-450 381.75 ab 

6/11/68-W-0 365.6 3 ab 

6/11/68-W-450 433.13 a 

7/22/68-S-O 308.63 bed 

7/22/68-S-450 434.88 a 

7/22/68-W-O 315.13 be 

7/22/68-W-450 346.75 b 

8/22/68-S-O 236.50 cd 

8/22/68-S-450 257.63 cd 

8/22/68-W-O 304.38 bed 

8/22/68-W-.450 228.00 d 

Clipping Date 

6/11/68 391.66 a 

7/22/68 351.34 a 

8/22/68 256.63 b 
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Appendix J. 3. Continued. 

Source of 
Variation 

Clipping Date x Fertilization 

6/11/68-0 

6/11/68-450 

7/22/68-0 

7/22/68-450 

8/22/68-0 

8/22/68-450 

Means 
(Expressed in ppm) 

375.88 a 

407.44 a 

311.88 b 

390.81 a 

270.44 be 

242.81 c 

79 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. S = Sewage 

effluent, V7 = Well water, 0 = No nitrogen, 450 = 450 

pounds of nitrogen per acre. 

• fc.-t 
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Appendix K. 1. Parts per million manganese in Midland 

bermudagrass forage as affected by irrigation water 

source. Data is shown for each water source, ferti

lizer treatment, clipping date, and replication 

combination. 

Replica
tions 1 2 3 4 5 6 7 8 

I W 0 74 82 73 76 70 72 62 77 

450 101 103 69 88 100 80 72 75 

S 0 59 80 59 67 61 78 72 76 

450 94 80 81 94 88 98 118 93 

W 0 

450 

S 0 

75 

69 

63 

80 

82 

78 

71 

60 

78 

82 

172 

89 

87 

84 

67 

79 

82 

78 

62 

94 

78 

68 

93 

80 

450 84 86 64 92 86 103 70 80 

W 0 

450 

S 0 

71 

59 

55 

84 

70 

70 

70 

55 

64 

76 

95 

77 

53 

70 

63 

62 

57 

67 

68 

54 

78 

79 

69 

76 

450 65 80 72 86 86 117 57 85 

I = June 11, 1968 clipping, II = July 22, 1968 clipping, 

III = August 22, 1968 clipping, V7 = V7ell water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 
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Appendix K. 2. Analysis of Variance Table for manganese 

content (in ppm) in Midland bermudagrass forage. 

Water sources were sewage effluent and well water, 

fertilizer treatments were no nitrogen and 450 pounds 

of nitrogen per acre, and clipping dates were June 11, 

July 22, and August 22. 

Source of 
Variation df 

Sum of 
Squares 

Mean 
Souare F-Value 

Replications 

Water Source 

4.167 

45 

595 

45 

1.99ns 

< 1.00ns 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

2,091 

6,303 

3,105 

223 

3,311 

12,942 

1,956 

452 

842 

776 

8,39 7 

25,365 

299 

3,105 

223 

237 

9 78 

226 

421 

388 

150 

11.50** 

1.00ns 

6.52** 

1.51ns 

2.81ns 

2.59ns 

ns =not significant, * = significant at the 5% probability 

level, ** = significant at the 1% probability level. 
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Appendix K. 3. Results of Duncan's Multiple Range Tests 

on data for manganese content (in ppm) of Midland 

bermudagrass forage as affected by clipping date. 

_ _ _ _ _ _ Means 

Variation (Expressed in ppm) 

Clipping Date 

6/11/68 81.38 a* 

7/22/68 81.75 a 

8/22/68 71,56 b 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. 
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Appendix L. 1. Parts per million zinc in Midland bermuda

grass forage as affected by irrigation water source. 

Data is shown for each water source, fertilizer 

treatment, clipping date, and replication combination 

Replica
tions 

I W 0 

450 

S 0 

450 

II W 0 

450 

S 0 

450 

III W 0 

1 

38 

34 

32 

23 

35 

44 

33 

32 

23 

2 

35 

31 

42 

26 

32 

37 

35 

30 

28 

3 

36 

29 

37 

28 

38 

51 

35 

34 

31 

4 

37 

40 

25 

28 

41 

38 

33 

46 

18 

5 

36 

33 

35 

29 

31 

38 

44 

35 

24 

6 

40 

31 

36 

34 

41 

39 

39 

36 

30 

7 

32 

26 

25 

30 

29 

48 

48 

38 

26 

8 

36 

31 

32 

28 

30 

43 

46 

34 

21 

450 36 29 35 31 29 28 36 45 

S 0 73 30 31 31 31 31 32 33 

450 32 34 42 38 31 30 64 22 

I = June 11, 1968 clipping, II == July 22, 1968 clipping, 

III = August 22, 1968 clipping, W = Well water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 
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Appendix L. 2. Analysis of Variance Table for zinc con

tent (in ppm) in Midland bermudagrass forage. Water 

sources were sewage effluent and well water, ferti

lizer treatments v/ere no nitrogen and 450 pounds of 

nitrogen per acre, and clipping dates were June 11, 

July 22, and August 22. 

Source of 
Variation df 

Replications 

Water Source 

Sum of 
Squares 

182 

19 

Mean 
Square 

26.00 

19.00 

F-Value 

1,02ns 

< 1,00ns 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

2 

2 

2 

2 

56 

95 

178 

379 

9 

263 

984 

1635 

594 

498 

340 

125 

2887 

6079 

25.43 

9.00 

263.00 

70.29 

297,00 

249.00 

170.00 

62.50 

51.55 

< 1.00ns 

3,74ns 

5.76** 

4.83* 

3.30* 

1.21ns 

ns = not significant, * = significant at the 5% rjrobabili ty 

level, ** = significant at the 1% probability level. 
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Appendix L. 3. Results of Duncan's Multiple Range Tests 

on data for zinc content (in ppm) of Midland bermuda

grass forage as affected by clipping date, and date 

interactions with water source and fertilizer 

treatment. 

Source of Means 
Variation (Expressed as percent) 

' Clipping Date 

6/11/68 32.34 a* 

7/22/68 37.91 b 

8/22/68 32.97 a 

Clipping Date x Water Source 

6/11/68-Sewage 30.63 a 

6/11/68-Well 34.06 ab 

7/22/68-Sewage 37.38 b 

7/22/68-Well 38.44 b 

8/22/68-Sewage 36.56 b 

8/22/68-Well 29.38 a 
Clipping Date x Fertilization 

6/11/68-0 N 34.63 ab 

6/11/68-450 pounds N 30.06 a 

7/22/68-0 N 36.88 b 

7/22/68-450 pounds N 38.94 b 

8/22/68-0 N 30.81 a 

8/22/68-450 pounds N 35.13 ab 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. 
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Appendix M. 1. Parts per million boron* in Midland ber

mudagrass forage as affected by irrigation water 

source. Data is shown for each water source, fer

tilizer treatment, clipping date, and replication 

combination. 

R e p l i c a -

t i o n s 1 2 3 4 5 6 7 8 

I W 0 15.6 13.6 14.2 14.4 14.8 16.0 10.6 14.6 

450 14.2 13.8 13.2 13.3 15.6 8.0 14.8 13.3 

S 0 14.8 14.2 12,8 16.0 15.8 13.2 15.8 13.8 

450 13.8 13.4 13.5 13.2 12.5 12.2 15.2 13.4 

II W 0 12 14 10 10 8 10 10 9 
450 10 7 8 7 7 9 6 10 

S 0 9 9 9 9 7 7 8 

450 5 6 7 7 8 5 5 

* Insufficient plant material for analysis of the July 

22, 1968 clipping. I = June 11, 1968 clipping, II = 

August 22, 1968 clipping, W = VZell water, S = Sewage 

effluent, 0 = No nitrogen, 450 = 450 pounds of nitrogen 

per acre. 
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Appendix M. 2. Analysis of Variance Table for boron con

tent (in ppm) in Midland bermudagrass forage. Water 

sources were sewage effluent and well water, ferti

lizer treatments were no nitrogen and 450 pounds of 

nitrogen per acre, and clipping dates were June 11, 

July 22, and August 22. 

Source of 
Variation df 

Sum of 
Squares 

Mean 
Square F-Value 

Replications 

Water Source 

14.67 

12.60 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

1 

1 

1 

1 

28 

63 

12.92 

40.19 

40.32 

0.10 

23.67 

104.28 

515.29 

19.81 

4.62 

10.48 

67.32 

721.80 

2.10 

12.60 

1.85 

40.32 

0.10 

1.69 

515.29 

19.81 

4.62 

10.48 

2.40 

1.00ns 

6.81* 

23.86** 

< 1.00ns 

214.70** 

8.25** 

1.93ns 

4.37* 

ns=not significant, * = significant at the 5% prob:ability 

level, ** = significant at the 1% probability level. 
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Appendix M. 3. Results of Duncan's Multiple Range Tests 

on data for boron content (in ppm) of Midland ber

mudagrass forage as affected by clipping date, date 

X water source interaction, and date x water source 

X fertilizer treatment interaction. 

Source of Means 
Variation (Expressed in ppm) 

Clipping Date x Water Source 

6/11/68-Sewage 13.98 a* 

6/11/68-Well 13.75 a 

8/22/68-Sewage 7.19 b 

8/22/68-Well __̂  9.19 c 

Clipping Date 

6/11/68 13.86 a 

8/22/68 8.19 b 
Clipping Date x V7ater Source 
X Fertilization 

6/11/68-S-O 14.55 a 

6/11/68-S-450 13.40 a 

6/11/68-W-O 14.23 a 

6/11/68-W-450 13.28 a 

8/22/68-S-O 8.13 b 

8/22/68-S-450 6.25 c 

8/22/68-W-O 10.38 d 

8/22/68-VJ-450 8.00 b 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. S =Sewage 

effluent, W =Well water, 0 =No nitrogen, 450=450 pounds 

nitrogen per acre. 
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Appendix N. 1. Percent sulfur* in Midland bermudagrass 

forage as affected by irrigation water source. 

Data is shown for each water source, fertilizer 

treatment, clipping date, and replication combination. 

R e p l i c a -
t i o n s 1 2 3 4 5 6 7 8 

W 0 

450 

S 0 

. 3 3 8 

. 3 0 0 

. 2 8 3 

. 3 0 4 

. 4 4 6 

. 2 9 4 

. 2 9 7 

. 3 0 6 

. 3 5 4 

. 3 0 1 

. 4 3 2 

. 2 9 2 

. 3 3 1 

. 4 2 3 

. 2 8 9 

. 2 9 0 

. 5 0 0 

. 2 5 4 

. 1 8 8 

. 3 3 2 

. 2 4 1 

. 3 2 6 

. 3 9 1 

. 3 4 2 

450 .526 .549 .570 .418 .304 .333 .357 .437 

II W 0 .228 .224 .159 .208 .113 .205 .127 .212 

450 .427 .482 .360 .386 .420 .427 .415 .381 

S 0 .208 .242 .221 .268 .295 .272 .327 .328 

450 .523 .535 .589 .573 .478 .441 .616 .395 

* Insufficient plant material for analysis of the July 22, 

1968 clipping. I = June 11, 1968 clipping, II = August 

22, 1968 clipping, W = Well water, S =r Sewage effluent, 

0 = No nitrogen, 450 ^ 450 pounds of nitrogen per acre. 



W- \ ff 

90 

Appendix N. 2. Analysis of Varian.ce Table for sulfur 

percentage in Midland bermudagrass forage. Water 

sources were sewage effluent and well water, ferti

lizer treatments were no nitrogen and 450 pounds of 

nitrogen per acre, and clipping dates were June 11, 

July 22, and August 22. 

Source of 
Variation df 

Sum of 
Scfuares 

Mean 
Scpjare F-Value 

Replications 

Water Source 

Error A 

Main Plots 

Fertility 

W X F 

Error B 

Sub Plots 

Date 

D X W 

D X F 

D X W X F 

Error C 

Total 

7 

15 

1 

1 

14 

31 

1 

1 

1 

1 

28 

63 

0.0191 

0.0549 

0.0451 

0.1191 

0.5096 

0.0049 

0.0711 

0.7047 

0.0011 

0.0225 

0.0571 

0.0007 

0.0798 

0.8659 

0.00272 

0.05490 

0.00640 

0.50960 

0.00490 

0.00510 

0.00110 

0.02250 

0.05710 

0.00070 

0.00290 

< l.OOns 

8.58* 

99.92** 

< l.OOns 

< l.OOns 

7.76** 

19.69** 

< l.OOns 

ns=not significant, * = significant at the 5% probability 

level, ** = significant at the 1% probability level. 
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Appendix N. 3. Results of Duncan's Multiple Range Tests 

on data for sulfur percentage of Midland bermudagrass 

forage as affected by clipping date interactions with 

water source and fertilizer treatment. 

Source of 
Variation 

Means 
(Expressed as percent) 

Clipping Date x V7ater Source 

6/11/68-Sewage 

6/11/68-Well 

8/22/68-Sewage 

8/22/68-V7ell 

Clipping Date x Fertilization 

6/11/68-0 N 

6/11/68-450 pounds N 

8/22/68-0 N 

8/22/68-450 pounds N 

0.3652 ab* 

0.3440 a 

0.3944 b 

0.2984 c 

0.2703 a 

0.4140 b 

0.2273 c 

0.4655 d 

* Numbers not followed by the same letter are signifi

cantly different at the 5% probability level. 


