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Introduction 

During the pa3t few years several new formulations of fertilizers 

for home use have been placed on the market. Among these are liquid 

fertilizers prepared especially for spraying on lawns. Oil dealers, 

who have idle equipment during 1116 summer months, have endeavored to 

sell a liquid fertilizer lawn application service to home owners. In¬ 

quiries about such service by dealers and home owners revealed a lack 

of information on the effects of liquid fertilizers on turf grass. As 

a result this investigation was initiated in the spring of 1955, to 

evaluate these materials. In addition, questions of changes in botani¬ 

cal composition and of response to foliar application of nutrients were 

considered. 

Four objectives for the investigation were as follows: 

1) To determine the effects of application of liquid fertilizers 

to turf at rates higher than, the same as, and lower than those 

recommended by the manufacturer. 

2) To compare the effects of solid versus liquid fertilizer 

applications on well established and on poor turf. 

3) To ascertain changes in turf communities as a result of 

fertilizer applications. 

4) To make a preliminary comparison between root feeding and 

foliar feeding in fin© turf species. 
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Literature Review 

Several experiments concerning growth responses of grasses to 
1 

environmental factors have been conducted, Sprague et al (39) felt 

their results indicated that the characteristic good growth of grass 

in spring was due to the accumulation of moisture during the winter, 

and that the reduced growth usually experienced in July and August was 

due to chronic moisture deficiency during this period. Brown (6) found 

that even with Irrigation, growth of bluegrass was reduced during this 

period, though not as much as bluegrass in non-irrigated swards. In 

his investigation. Brown found that the growth rate of bluegrass was 

closely related to soil temperature at the one-half inch depth. No 

growth occurred until the soil at this depth had warmed to 50°F. Maximum 

growth occurred at 60-64°F and minimum growth at #Q-82°F. With irrigation* 

growth reached a second maximum at 74°F. As the grass matured, N content 

declined even when the sod was closely clipped. When new growth started 

in August, nitrogen content increased slightly. Phosphorous content 

increased with increasing temperature and was not affected by moderate 

moisture deficits, though severe drought lowered phosphorous content. 

Evans and Watkins (17) concluded from their work that heavy spring growth 

was the result of long days while short fall days reduced grass growth, 

Juhren et al (26), studying grass response to variations in light inten¬ 

sity, found Kentucky bluegrass had optimum growth at #00 foot candles 

(the test included an intensity range of 400 to 12,000 foot candles); an 

eight hour day was detrimental to bluegrass. Studies by Heisey (23) 
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showed that bluegrass produced more growth at daytime temperatures 

of 23°C and night temperatures of 6°C than at 20 or 30°C in daytime 

or 1G-14 or lT^C at night, though grass grew well at 17°C night 

temperatures and 20 to 30°C day temperatures. Brown (4), also working 

on bluegrass temperature responses, foi nd that crude protein content 
- i < *'" > ' v > J T '%  . %  % � *• ii-* ‘ *•’ •% *.< y V * v •, .-t ; * 

. . 

declined with a temperature rise from 40°F to an optimum growth temp rature 

of 60°F, and then increased as temperatures rose above 60°F. High 

daytime temperatures appeared to be counter-balanced by low night temper- 

- % � • % � 

attires in their effect on bluegrass chemical composition, Harrison (20) 
% � 

found that at 60°F less foliage was produced during the first few 

clippings than at 80°F, but this response was reversed as clipping con¬ 

tinued. At 100°F, there was little growth and severe damage to bluegrass. 
% � % � . 

^ x t \9. , -sfr • . ; . . ?• 

Long bright days reduced production of leaf shoots, but accelerated rhi- 

zome production. Tyson (42) found that calcium content of Kentucky 
* . V if' -i> ' *% * * *>j v .-**%  •: ? .' * . '-'r . • "v •. ’jV >* 7 

bluegrass increased from spring to August, but phosphorous content was 

highest in spring and loi^est during mid-season when growth was inhibited 

by hot weather. 

Juska et al (27) seeded Merion bluegrass with red-top, fescue and 

domestic ryegrass individually and imposed two levels of nitrogen ferti¬ 

lization and two levels of clipping height on the turf. When large amounts 

of nitrogen were applied and the turf cut at two inches, the highest yield 

was obtained, but when cut closely and supplied with large amounts of ni- 

trogen, root and rhizome development were inhibited. Merion dominated 

red fescue at high nitrogen levels though the reverse was true at low 

levels of nitrogen. Heyletti and Theron (22) found a significant inter¬ 

action between superphosphate and large ammonium sulfate application in 
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affecting the yield of Rhodes grass and Pasmlum dilata turn. Ammonium 

sulfate increased protein content of the forage from 4*99/6 to 8.35% 

through superphosphate did not have a similar effect. The soil pH 

was reduced significantly by application of ammonium sulfate. Hartwell 

and Damon (21) found that the acid conditions produced by ammonium 

sulfate favored bent and fescue over bluegrass, though bent was more 

productive in mildly acid than in very acid soils. Sprague*s (38) 

work indicated that top-growth of bluegrai'c was retarded when roots 

accumulated in upper soil becasue of low soil pH. Birch (4) concluded 

from his work on base exchange status and phosphorous uptake by grasses 

that the percent saturation of the base exchange complex was better 

correlated with phosphorous content than the amount of exchangeable 

bases or acid-soluble phosphorous present. He felt that no response 

to phosphorous applications should be expected if the phosphorous content 

of the grass were in excess of 0,33%* Kitzler (29) in Germany, found 

that P and K applications increased forage yield up to 80% and recommended 

P and K applications in the fall, to be followed in spring by nitrogen 

fertilizers. He recommended liquid nitrogen sources or Ca (11)3)2, adding 

that liquid sources should be fortified with phosphorous to prevent 

invasion by Umbelliferous weeds. Armiger (2) reported that under California 

conditions, the synthetic organic nitrogen source, ureaforraaldehyde, is 

equal to soluble nitrogen materials during the first 30-50 days after 

application and superior thereafter. He found that this material produced 

uniform growth for a period of six months, but, to be effective, it required 

warm and moist weather. 
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In regrad to the fertilization of turf, Musser (32) said that 
% � % . 

grasses should be fertilized according to specific requirements of each 

species, and recommended one pound of nitrogen per 1000 sp. ft. for each 

month of growing season except July and August; 60-80 pounds of phosphate 

annually, to correct the phosphate deficiency found in most soils; and 

no potash except in light, sandy soils or mucks. In these low potassium 

soils, soil tests should guide potash applications. A pH of 6,2 to 6,5 

is said by Musser to be desirable, especially as phosphorous is more 

available within this range than outside it. (in Massachusetts, this 

recommendation would bo equivalent to a total of about 1000 pounds of 16- 

8-4 per acre.) Musser (31) also recommends organic N sources to obtain 

lasting effects and inorganic sources for fast results; organic phosphates, 

such as steamed bonemeal, to avoid burning, and muriate of phosphate as 

fertilizer components. He gave as the optimum pH range for Kentucky 

bluegrass 6.0-7.6, for red fescue 5.4-7.5, for bentgrass 5.4-7.5 and 

for red-top 5.1-7.5. He states that bluegrass required more phosphate 

than bermuda grass, creeping bent or red fescue; that bermuda grass and 

bent require liberal nitrogen supply, while fescue does well on relatively 

small nitrogen supplies. He said that Kentucky bluegrass does not persist 

on acid soil, and is more seriously damaged by drought under such conditions 

than in soil about pH 6.0, 

From Rhode Island work, DeFrance (12) advocates the use of organic 

sources to supply about a third of the nitrogen for turf. Good results 

were obtained with a 10-6-4, 10-5-0 or similar analysis, one with little 
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or no potassium. For putting greens the use of such analyses at rates 

which supply about fifteen pounds of fertilizer per 1000 sq. ft. in 

April, ten pounds in May, five pounds per month during the summer and 

a ten pound application in September was satisfactory (13). For home 

laxms (14), a fall application of 15-20 pounds of this type of ferti¬ 

lizer per 1000 sq. ft. to be applied after frost to avoid encouraging 

crabgrass was suggested. He recommended a pH of 6.0, DeFrance and 

Hart (15) found that applications of ammonium sulfate would control 

clover in turf by burning the clover and stimulating the grasses. 

In discussing turf fertilization practices in Florida, Volk (43) 

said that the special requirements of different species in regard to pH 

and fertility should be accomodated, that P and K should be applied in 

spring to start summer grasses, and that insoluble N sources are perfer- 

able to soluble sources in producing uniform growth, especially under 

conditions of high moisture supply. 

For English turf, Bates (3) recommended an anual application of 

1500 pounds per acre of a 2.25-4-1.25 fertiliser. Qhlrogge (33) pointed 

out that because a ton of dry grass contains 20-£0 pounds of nitrogen, 

4-10 pounds of phosphate and 20-60 pounds of potash, and because only 

50# of the nitrogen and potash and 14# of the phosphate applied as 

fertilizer are recovered by grasses, turf should be fertilized with 

500 pounds of 16-4-12 fertilizer per acre for each ton of dry grass 

produced. 
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Experimental Procedure - Field Tests 

Three groups of filed plots were set out; one (hereafter called 

Area A) was used to study the effects of high rates of liquid fertile, 4 

lizer application, while the other two (hereafter called Area B and 

Area C) were used to compare the effects of liquid and solid fertilizers 

ap lied by various rates. 

Site Description and Treatments Applied - Area A 

This site was located on the campus lawn of the University of 

Massachusetts on the west slope of a drumlin just below a glacial 

beachline. The soil was a well drained sandy loam. Previous to this 

experiment, a turf variety test was on the location and strips of three 

species j fescue, bluegrass and bent, were still discemable at the time 

the project reported here was started. As part of the variety tests, 

half of the area had been limed, so that the soil was at pH 4.6 on one 

half and about pH 5.5 on the other. 

A set of four plots, each 6 x 40 feet, was set out on each half 

of the former turf garden and perpendicular to the species strips 

(Figure 1). The limed half was limed once again to pH 6.5 at the rate 

of two tons of dolomitic limestone per acre. Four application rates of 

12-8-4 fertilizer were applied to each half of the area (Table 1). All 

of the rates were higher than the manufacturer's recommendation. 

Area B 

Adjacent to Area A on a slightly more level portion of the campus 
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lawn and on the same soil type, an experiment with a randomized block 

design of seven treatments was laid out In three replications. Each 

plot was 6x6 feet. The soil pH was 6.0 and the entire area was limed 

to pH 6*5 prior to the application of the treatments. The seven treat¬ 

ments included a check and three levels each of solid and of liquid 

fertilizer (Table 2). 

Area C 

At the Brown Farm Agronomy Experimental Area, the treatments of 

Area B were repeated except that the soil was not limed. The location 

was above a glacial beaohline, the soil was a gravely sand to sandy 

loam of pH 4*5* The area had previously been a pasture which had 

begun to revert to woodland, as indicated by the presence of juniper, 

red ceder, white pine and steeplejack* The vegetation on the plots 

prior to the application of fertilizers, was mainly Agrostis species 

and also included Panicum lanuginosum. SJpirea and Polytrichum commune. 

No bluegrass was noted. Before the treatments were applied, the native 

growth was clipped with a siokle bar mower and raked off; the remaining 

stubble could be mowed with a hand mower. 

General Procedure 

Fertilizer Materials and Methods 

The liquid fertilizer used was of a 12-8-4 ratio containing urea, 

ammonium nitrate, diammonium phosphate, potassium chloride and a detergent 
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spreader, th. nitrogen sources supplied 40**.4fewA 2*. respectively 

of the applied nitrogen. A solid fertilizer of the same analysis was 

made up from the sane materials except that superphosphate was used for 

the phosphate source and a»onium sulphate substituted for the asaonium 

of di-ausaonim phosphate. 

Two methods were used to apply the liquid fertilizers; in Area A 

a thirty gallon sprayer was used. In Areas B and C, a compressed air 

tank sprayer was used. Solid fertilizers were applied only to Areas 

B and C. The fertilizer was measured in a calibrated beaker and then 

spread by hand. Dates of fertilizer application for all the treatments 

are given in Table 3&f� 

rtf Treatment Effect 

Observation and determination of color, height, botanical compo¬ 

sition were made. Color comparisons between the plots were made on 

the basis of relative quality as compared with check plots. As the 

color of the check plots varied through the season, there was no ab¬ 

solute color reference, notations were made of discoloration due to 

diseases, fertilizer bum and unfavorable weather conditions. Height 

determinations were noted as an average height estimate from three | 

readings. £ Area A, where there were strips of three different species 

Hlthin one plot, height measurements were taken for each species. Read¬ 

ings for Areas B and C represented the average height of all species 

within a plot. ...vk ' ,* : 
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To obtain an estimate of species compostion of the field plots, 

a point quadrat device was constructed after that of Tinney et al (40)..v 
% � • % � •'' 

(Essentially, point quadrating utilizes the concept of a point being the 

limit of a plane, or area, so that each sample point is considered to be 

a unit area.) The device had ten needles which were run into the turf 

at an angle of 45°, one at a time, until the points hit a part of the 

turf or the soil surface. After a hit in the turf, the species was 

noted. When a needle point reached the soil surface without a hit in 

the turf, a blank was recorded. Thus, after each of the ten needles 
> 

had been run into the turf, ten unit areas were sampled. Ten needle 

samples were considered to be one replication. Cainfs (9) species 

area curve was employed to determine the number of replications required. 

In the rather uniform turf of Areas A and B, three replications sufficed, 

while in the heterogeneous sward of Area C, five replications were required. 

Areas A, B and C were sampled in early summer, 1955, and again in spring 

1956. 

PVom the quadrating data, three values were obtained; density, 

frequency and cover. Density was calculated as the percentage of times t 

a species was hit during the total sampling of one plot, according to 

the formula below. 

Density s (Total counts of species per plot) x 100 
(Total counts per plot "»• ' 
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Density is an estimate of the contribution of a particular species to 

the cover of a plot* Frequency, an indication of uniformity of distribu¬ 

tion of a species in a plot area, was calculated as the percentage of 

replicates in which a species secured. Thusi U':. 

(Number of replicates in which a species / 
Frequency a occurred per plot) x 100 .v. 

(Number of replicates per plot) 

An estimate of the percentage of total turf cover was calculated using 

the following relationship! 

(Total number of needle samples per plot-total 
« soil hits ner plot) x 100 •. ^- 
. (Total number of needle samples per plot) 

(100 m % cover is an estimate of hare surface.) v 

Grass samples where collected after mowing a buffer strip eighteen 

inches wide along the inner edges of each plot. In Area A the sampled 

area was 111 square feet and in Areas B and C, 9 square feet. Clippings 

were made according to the condition of the turf* This management 

usually meant that the turf growing most vigorously vm* about three 

inches high at each harvest. Yields are reported as mean dally pro¬ 

duction, calculated by dividing each clipping weight by the number of 

days in the interval between harvests* The dried samples from all 

areas were ground through a 60-mesh screen in a Wiley micro-mill. 

Samples of grass not treated since the last dipping were analysed 

for nitrogen, phosphorous and potassium content by the following % � 



methods: (l) nitrogen; the modified nicro-KeJldahl procedure of the 

AOAC (1) were used, weighing out about 30 mg. of sample on cigarette 

paper for each determination. The paper and reagents were calibrated 
• ’ * i j ' 

for N content and a micro-burette with precision of plus or mimic 0.01 

ml was used for the HC1 vs NH^^H titration; (2) phosphorous and potassium; 

’* *•* 1* r „ % ' ’* •; '.*2. . • • *v •" • ’•> , • V* g. \ ' ’*'• *• %º� ’’ ££> • % � . . ;* •», 

a vet ashing procedure, employing nitric and perchloric acids and heat 

was used to bring the sample into solution. Prior to bringing the sample 

solution to volume, a solution of lithium chloride was added. Aliquots 

were then extracted for phosphorous determination. These were made by 

the Sherman (36) method in conduction with an Evelyn colorimeter. The 
' 'Vv • 

rest of the solution was available for potassium determinations which 

utilized a Perkin-Elmer Model 51 Flame Photometer and lithium as an , 

internal standard. The results of chemical analyses are presented 
' • ' . -% � 

both as percentage of dry weight and as the actual amount of N, P 

and K per yield sample. 
1“vv’. ‘* * 1* % ' . t > v' v ' ’ • ' . • % * 5: ' V; ' •. ,% � - 
v J? y.i* % . -* u»; ; ; \ f. , • %&" 

Standard analysis of variance, F and ''ft1*-' tests were used to 

evaluate the data from the replicated experiments on Areas B and C. 

In addition, an analysis of co-variance and multiple regression was 

made to obtain a detailed view of macro-nutrient effect on yield from 
t r \ ‘ . : %  V :' is % � .s!.i '•-*.V. •: ‘$..2 • • ' .r-- ‘ ’ s;-: ; \ ; 

v ». * •~i .« .. '*» ;>• • 1’ fP . * ’ * . ' . ’* • ^ ' .*’* • • • > • 

Area B. 

The trend of rainfall, temperature, relative humidity and daily 
. -‘I % � 

hours of sunlight for the 1955 growing season are given in figures 

11, 12, 13 and 14, respectively. 
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Table 1 - liquid Fertiliser Trea tments Applied to Are* A* 
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Results from Area A 

Color 

Foliar burn was noted after the first fertilizer application of 

all but the lowest rate, and was still noticable two weeks after 

spraying* After two weeks the damaged turf had recovered sufficiently 

especially on the acid portions to present a much greener appearance 

than turf sprayed at the lowest rate. Two and a half weeks after the 

first treatment, a color gradient of increasing greeness due to in¬ 

creasing the level of fertilization was observed. This condition 

continued until the second application of fertilizer, made six weeks 

after the first, though color response faded during the interval between 

fertilizer applications. 

The second application of fertilizer, sprayed in late June, bumod 

the turf in all plots, though severe burning was only observed on the 

acid plots wh4ch received the three higher rates. The fertilization 

produced an equal and marked greening on all the treated plots. Two 

weeks after the second application the color response was still marked 

and bum damage was disappearing. One month later, color response had 

faded and bums were not completely healed. 

Only Treatments one and two were applied in the third spraying, 

made in late July. This application produced very severe burning and 

only a slight color response developed. One week after this treatment/*, 

75* of the bum damage had disappeared. During this period Treatments 

three and four still showed bum from the second application and the turf 

• 4;'. * -r- j % � ..** ’*•. v 1 v' ' . ft „.* >' . 1try- v r »% � a.' 

•' •; . ' • ' ! »:\v 

* % � • ’ . 1 - *' 
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in these plots declined in quality. This accompanied by increase 

ing evidence of drought damage. Three and a half weeks after the third 

application there was no noticabie color response on any plot. 

All plots were fertilized again in late August* Thought all the 

plots were burned after this spraying* the limed portion suffered more 

damage than the acid; Treatment two in both the acid and limed portion 

suffered the greatest damage. No greening of the turf was produced by ' s 

the August application; the turf in the treated plots was less green 

than in the check area, V 

After an application of chelated iron spray^ in mid-September* a 

dark green coloring was observed in all treated areas, and also in the 

aheok. This response deepened to a purplish color during the week 

following this spray and lasted for more than a month. There was no 

difference in response to Fe spray due to level of fertilizer application 

or liming, . 

Fescue* bluegrass and bent did not show a uniform greening in resDonse 
-.3 • \ A.. j if ’ *V yy. . ‘ • t9" •’ I-’ * .‘A*! v'? v: #'• •'? • .«» ;•\V>*v : *% � ' j 

to the first application of fertilizer. Fescue was generally dark green* 

bluegrass a bluegreen* and bent a light green, with the approach of 

mid-summer and continued tret tirient bent began to lose color, though 

fescue and bluegrass continued to show a positive color response to 

1/ Perma Green Iron 135• Refined Products Corporation. Recommended 
applications made, 



treatment* During the latter portion of the summer until September, 

the bent strip continued to have abnormally light color where fertilizer 

had been applied; the limed portion had lighter color than the acid bent 

strip. Bluegrass in the acid plot receiving Treatment four was chlorotic 

in August, though not as much so as bent. Limed bluegrass had more 

positive color response to fertilization than bluegrass in the acid 

portion. Fescue developed no chlorosis during the summer and its color 

was unaffected by liming. 
'j -7*' -i.' \\ '-Jr .. .-•*•*!** ' . ; . /. Jib.f * • •> f*. * «• ., t • , «•. 

Each application of liquid fertilizer caused burn damage in the 

three species. Bent was the most severely damaged and was completely 
% � *• * . , j. ' . •» ii ’ - . * *• J Vj, j.. _ , -4 'S. ‘ i 

brown after the August application. The bent turf recovered quickly from 

severe damage though evidence of burning at times remained for more than 

three weeks. When burned by spray, the entire blade of bent turned brown, 

while only the tip of bluegrass and fescue was damaged. 

During mid-summer all of the species suffered from disease. Fescue 

in early season was attacked by Helminthisporium ssp, as was bluegrass 
i 

in late June and July. Bent was attacked by little and large brown 

patch. Both incidence of disease and burn increased with the level of 

fertilization. 
% •in.'#' V' - fife '*. J. /,v*. ** '*•. -jV 'k **. * :•] • to.ty ' * % <» v •* . % � yyA‘.y V-v *“* • 

The application of chelated Fe spray in mid-September reduced the 

marked chlorosis observed in bent and produced a very dark gre-n color 

in bluegrass. Fescue also darkened after Fe treatment. Crabgrass : 

was severely damaged by the Fe apray in addition to suffering from 

a normal seasonal decline in vigor. This species became very dark in 

color and did not resuem normal growth or color after the Fe spraying. 
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Height 

Acid turf was on the average only 2.7 inches high as compared to 

2.9 inches for limed turf at time of clipping* There was little 

difference in height between plots treated with different rates of 

fertilizer (Table 4)* On the average, bluegress was 3*0 inches at 

clipping time as compared to 2.8 inches and 2*5 inches, the average 

height of fescue and bent, respectively* It was observed that all 

three species had less height response to fertilization than to rain¬ 

fall or other climatic variables* 

All species declined in average daily growth after June, but 

fescue declined more than bluegrass or bent (Table 5)* The seasonal 

decline in growth of fescue was least under Treatment four and greatest 

under Treatment one. Fescue height was reduced by increases in the rate 

of fertilizer application at the beginning of the season and increased in 

height by increased rates after the May-June period* On the average, 

the two median application rates resulted in lower height at clipping, 

2*7 inches, than the two extreme treatments under which average height 

was 3*0 inches* 

After the first increment in fertilizer rate, bluegrass showed no 

dally growth response to increased rate of fertilization* The response 

to the first increment continued up to the September period* Though av¬ 

erage height at dipping data show some bluegrass response to lime, 

growth data indicate that the response occurred in early season only. 

Seasonal deoline in bluegrass growth was not marked after June* 
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Bent growth and height data indicate little response to either 

increases in fertilisation or to liming. Seasonal variation in growth 

was less in bent than bluegrass or fescue. After a 50% decline in growth 

rate after the May-June period, bentgrass average growth rate remained 

at a plateau. % % Mi.. • '' ' * 

«,:* '% � * v. % � . i % . »* ' * v* . y. " t % % � % � ' 

Chemical Analysis 
• ’ * '* .‘i , : % . v*jl* % “ ' %  .. *' *. * * , - * * - •. ' * 

In Spring 1955, the average percentage of nitrogen in samples 

from Area A (Table 6) had a range of 4.^N to 5*7flU By mid-season the 

range of nitrogen percentage had fallen to 3*9%N to 4#3$N in the acid plots 

samples and 3m5% to 3*6% in the limed plots samples. In late summer, 
• % � 

there was a rise in nitrogen content, followed by a slight decline in 

late September. The seasonal fluctuation of nitrogen in samples from 

the acid and limed plots was similar in that (l) the percentage of 

nitrogen was proportional to the amount of fertilizer applied; (2) 

the decline in nitrogen at the beginning of the summer was of the same 

order for all treatments; and (3), except for samples from the acid plot 
- 

receiving Treatment one, the rise in nitrogen content which accompanied 

cooler weather was also of the same order for all treatments. 

Increasing the fertilizer applied increased the nitrogen content 

of acid and limed samples until July. From this time until late August 

samples from the plots receiving Treatment two had the highest nitrogen ; 

percentage. In September, the nitrogen percentage of acid plot samples 

increased linearly with increasing level of fertilization. Increasing 

the rate of fertilization did not increase the nitrogen content of the 

lime plots samples in this manner. 
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Phosphorous content of all samples from Area A was very high in 

spring, but the level of phosphorus declined in July. In mid-August 

phosphorus content increased until late September when it declined 

slightly. At the beginning of the season limed plots samples had 

higher phosphorus content than acid, but by the end of the season 

acid samples were higher in phosphorus. During the warmest part of 

the season increases in fertilizer rates resulted in decreases in 

phosphorus content, but in cooler weather increasing the rate of appli¬ 

cation resulted in higher phosphorus content. 

The amount of potassium in Area A samples was high in the spring, 

declined until after mid-summer and increased again in late season. 

During most of the season the percentage of potassium in samples from 

acid and limed plots receiving Treatment two was lowest relative to 

other treatments. The heaviest rate of fertilization generally pro¬ 

duced the highest potassium content in limed plots samples. In the 

limed plots under Treatment one the level of potassium declined 

rapidly after the spring maximum and then was constant during the late 

July and early August months. Under Treatment two the level of potassium 

in samples from the limed plots declined more slowly but by early August 

had reached the same minimum of about 2.2% K. Up to mid-season, the 

lowest rate produced the highest potassium content in the acid plots 

samples. This level was maintained during the hot weather while that of 

the samples from plots under Treatment three declined. 

The liming of plots in Area A, slightly increased the uptake of 

nitrogen, phosphorous and potassium, 3.556, 7.956 and 2.0J6, respectively. 
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oyer that of the acid plots (Table 7). The higher uptake of nitrogen, 

phosphorous and potassium occurred in early season, though in mid and 

late season the turf on the acid plots took up more of these nutrients, 

especially K. Increasing the rate of fertilizer application increased 

nitrogen uptake up to 24.5% (Table 6), phosphorous up to 20.056 and 

potassium up to 2556 though Treatment two samples had 7.6% less potassium 
j. v % � 

than Treatment one. Higher application rates resulted in greater in- 

crease in uptake of nitrogen from the acid plots than from the limed, 

30% and 20% in the acid and limed plots, respectively; greater in¬ 

crease in phosphorous uptake; 25% and 16% in acid and limed plots, 

respectively. No reduction in potassium uptake was found in limed 

plots as a result of raising the level of fertilization but in acid 

plots under Treatment two K uptake was reduced 14% in comparison to 

Treatment one. The application of Treatment two and Treatment four to 

acid plots resulted in 1% and 14% increases, respectively, in K up¬ 

take as compaired to Treatment one# 

Uptake of N, P and K was highest in spring and lowest in mid¬ 

summer in most plots. In mid-summer increase in the level of fer¬ 

tilization tended to reduce nutrient uptake. 

Yield 

Three periods of high daily production (Table 8) were found in 

the limed portion in 19551 early June, mid-July and early September. 

After a rise in daily production in mid-August, there was a second 
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and more rapid decline in production* The first three applications of 

fertilizer to the limed portion in M»y, June and July were followed by 

reduced yield; the fourth application in August was followed by a rise 

in yield (Figure 2). During June and July, increased rate of application 

was accompanied by relative increases in yield, but after July this trend 

was reversed and smaller yield differences were found* The application 
•.: . % * . % � -> • . % � • •. .• 

of Fe spray in September was accompanied by a rapid decline in production 

The effect on total yield of increasing the amount of fertilizer applied 

to the limed plots is obscured by missing data, but lower yields wero /J" 

found from limed plots under Treatment one and Treatment two (four 

applications each) than from those under Treatment three and Treatment^ 

four (three applications each). Treatment one resulted in lower yields 

than Treatment two and Treatment three resulted in lower yield than 

Treatment four. 

In the acid portion four periods of high production were noted; 

early June, mid-July, later July and late August (Figure 3). The acid. 

plots generally declined in production after treatments made in June 

and early JUly, but they responded positively to treatment applied in 

late JUly and in August. Though the range in production from acid 

plots W8s usually small, the lesser two rates of treatment were of 

the same order of yield or higher in yield than the higher two rates* 

Increasing the amount of fertilizer applied reduced total yield, though 

Treatment four resulted in yield only slightly Issb than that from 

Treatment one plots. Applying the fertilizer in four applications gave 

higher yield than three applications. 
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Botanical Composition 

Fescue density was lover in the fertilized area than in the check in 

both years* Differences in the level of fertilizer application did not 

result in appreciable differences in fescue density (Table 9). When fescue 

was fertilized it vas restricted almost entirely to the fescue strip, where¬ 

as in the unfertilized check areas fescue was found throughout. Though 

fescue frequency was unaffected by liming (Table 10) fescue density vas 

reduced from 23$ to 18$ by liming. Within the fescue strip, fescue density 

was reduced by application of fertilizer and lime, but not by fertilizer 

alone exoept where bent or bluegrass made a solid invasion as in the plots 

receiving the Treatment one and two rates. Cover of the fescue strip was 

not noticably affected by treatment except in the limed plot under Treat¬ 

ment four. Here cover was 75$ as compared to an average of 94£ for the 

rest of the fescue strip. 

Bluegrass density was increased by fertilization from 23$ in 

the check areas to an average of 34$ in the fertilized plots. Where 

the Treatment one was applied, bluegrass density was 39$, but only 32$ 

where Treatment four was applied. Liming increased bluegrass density 

from 26$ in the acid portion to 37$ in the limed portion. Frequency 

of bluegrass vas highest, 89$, in the plots under Treatment one and 

frequency in other fertilized plots varied but little from the 72$ 

found in the oheok plots. Liming increased bluegrass frequency from 

66$ found in the acid portion to 87& in the limed portion. Variations 
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In cover were found (Table 10), but these were erratic. 

In plots fertilized four times, bent grass density was the same as 

in the check areas, but three applications of fertilizer resulted in 

an increase of density from 24% to 33%. Liming reduced bentgrass 

density from 33% to 23% and frequency from 60% to 50%. Bentgrass was 

less frequent in plots fertilized four times than in check plots. 

Applying fertilizer three times did not affect bentgrass frequency. 

White clover density was reduced from 11% in the check areas to 

3% in the fertilized plots, but liming did not affect clover density. 

White clover frequency was reduced from 61% in the check to 17% in the 

fertilized plots. White clover was found in 31% of the treated limed 

area as compared to 23% of the acid. 

Dandelion density and frequency were slightly higher in the plots 

under Treatment one than in the check area, but increasing the level of 

fertilization above Treatment one resulted in density and frequency 

values which were lower than the check. Chickweed responded to 

treatment in much the same manner as dandelion, being quite low in 

density and frequency at the higher rates of fertilization. Though 

in the tables crabgrass is indicated as being little affected by 
V *• !- ; * . ; * ‘ > •’ ’ •*' ,-! • £> \ r> V y 

fertilization and liming, there was a severe Infestation of crabgrass 

in the fescue strip, more moderate in the bluegrass strip and light in 

the bent strip (Table 13). Liming and higher rates of fertilization 

favored crabgrass. The lack of evidence for such an infestation is due 
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Table 6A - percentage of Nitrogen in Area A Samples - 1955 

• *,! • .i '-1 • >% � t . r “ ^ Y- .• • i > •»' i' Trea tanent# 
Harvest f *. , ( % JNV* ; Acid Lime 

Date 25.0 31.2 37.5 Mean 25.0 31.2 33.3 37.5 Mean 

10 June 5.0 5.4 5.1 5.7 5.3 4.8 5.4 5.3 5.7 5.3 

21 June 4*1 4.5 4.4 4.6 4*4 4.1 4.5 4.4 4.6 4*4 

21 July 4.0 4.8 4.5 5.0 4.6 4.8 4*4 4.0 4.4 4.4 

4 Aug ; 4.1 4.4 4.8 4.3 4*4 4.6 4.4 4.7 3.6 4.3 

22 Aug ; , , ” «*.' *% � 5 V ;.';3.9 4.3 4.3 4.0 4.1 3.7 3.6 4.3 3.5 3.8 

11 Sept 4.2 5.4 5.1 5.6 5.1 4.8 5.4 5.0 5.2 5.1 

25 Sept 4.6 
l* ’ *f .v 

5.2 5.0 5.3 5.0 4.5 4.4 4.8 4.8 4.6 

Meanr-3f; 
V'lt- . ' li- •' i.'frx 

0 4.8 4.8 4.9 4.7 4.6 4.6 4.6 4.5 4.6 

% � % � 1 .. f J*- \t, . 'w 2 .v . • • 

Table 6l|S Percentage of Phosphorous in Area A Samples 
JF *>. '-fo'*’ . V. r'’ • •>.* % *iy" ' v w\ ’:~4 ‘ . . v t* -*V» 

-1955 

? • • ( 
— % � j.* < Treatment* 

Harvest Acid T4-WQ 
Date 25.0 31.2 33.3 37.5 Mean 22<£ 21t2 ZL2 37.5 Mean 

10 June v - , fc-‘ ,1 , * * 0.57 0.61 0.57 0.60 0.59 0.62 0.62 0.60 0.63 0.62 

21 June % � 0.57 0.52 0.51 0.51 
.VV \ r 

0.53 0.63 0.52 0.57 0.55 0.57 

21 July 0.52 0.45 0.42 0.42 0.45 0.58 
. * 

0.48 0,47 0.47 0.50 

4 Aug 
'.v ».*•> 

0.5° 0*46 0.46 0.43 0.46 0.38 0.46 0.43 0.44 0.43 

22 Aug 
i 1 t ; , 

0.45 0.48 0.49 0.50 0.48 0.50 0.46 0.46 0.47 0.47 

11 Sept ^ 
% � . i'l- • tZ! i. % � 

0.46 0.57 0.55 0.59 0.54 0.49 0.47 0.50 O.48 0.49 

25 Sept 0.22 0.54 0.58 0.56 0.47 0.45 0.43 0.45 0.45 0.45 

Mean; 0.47 0.52 0.51 0.52 0.50 0.52 0.49 0.50 0.50 0.50 

>'* *» % � * * 1 •• ‘ . <* • 

* Pounds of 12-8-4 applied per 1000 sq ft per season 



Table 6C - Percentage of Potassium in Area A Samples - 1955 

Treatment* 

Harvest Acid 
Date 25.0 31.2 33.3 37.5 Mean 25fO 31.2 33.3 37.5 Mean 

10 June 3.4 3.5 3.2 3.5 3.4 3.3 3.7 3.2 3.8 3.4 

21 June 2.9 2.8 2.6 2.8 2.8 2.6 2,8 2.4 3.1 2.7 

21 July 2.7 2.5 2.2 2.8 2,5 2.2 2.6 2.0 2.9 2.4 

4 4ug 2.8 2.4 2.3 2.7 2.6. 2.2 2.2 2.0 2,5 2.2 
' ’. ’C' » , 

22 Aug 2.7 2.7 2.6 2.9 2.7 2.5 2.5 2.2 2.7 2.5 

11 Sept 2.4 2.7 2.7 3.1 2.7 2.0 2,7 2.3 2.7 2.4 

25 Sept 2.7 2.8 2.6 3.0 2,8 2.2 2.4 2.1 2.4 2.3 

Mean: 2.8 2.8 2.6 3.0 2.8 2.4 2.7 2.3 2.8 2.3 

* Pounds Of 12-8-4 applied per 1000 sq ft per season 
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Table 9 - Botanical Composition of Area A Plots as Influenced by Liming 
and Different Levels of LLquid Fertilizer, 1955-1956 Average 

Treatment 
Species £L 25*o 31*2 33-3 Hal lArce Msaq 
Cover (%) 93 96 91 94 88 93 94 
Fescue 26 15 19 19 16 23 15 
Bluegrass 23 39 34 31 32 26 37 

Red Top .5 2 •5 f-'-jp V.:0 1 .5 
Bent ' ' 24 24 26 34 32 33 23 

Dandelion 3 5 * 2 3 1 1 4 
White Clover 11 4 3 3 2 4 5 
Crabgrass 2 3 3 3 3 2 4 
Chickveed 3 3 1 0 0 1 3 . /% ; 
Meadow Fescue 2 2 3 '•! 1 2 .5 2*5 . 

Table 10 - Frequency of Speoies in Area A as Influenced by Level of 
Fertilization and Liming (Means of 1955 end 1956 Samplings) 

Treatment 
Species JL 25*0 31*2 31*1 32*5 Acid Lime . 

Fescue 56 33 36 42 28 38 39 ; 
Bluegrass 72 89 78 70 72 66 87 

Red Top 6 11 6 0 3 9 3 

Bent 58 47 47 61 58 60 50 

Dandelion 22 28 U 25 5 9 30 

White Clover 61 19 22 19 I 8 23 31 

Crabgrass 11 17 H U 19 U 18 

Chickveed 6 19 * 0 3 9 6 

Meadow Fescue 8 8 11 6 8 5 11 
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Table 13 - Density and Frequency of Species Within Species Strips of 
Area A as Influenced by Liming - Means of 1955 and 1956 Data 

_Treatment_ 
ACtb "%  LIME 

Species Strips : Fescue Bluegrass Bent Fescue Bluegrass Bent 
Species D* * F#» D F D F D F D F D jf 

Fescue 63 100 5 16 0 0 39 87 6 23 1 7 

Bluegrass 11 50 44 97 12 50 26 83 58 97 28 74 

Red Top 1 7 2 10 3 1 6 4 3 0 0 

Bent 9 30 17 50 75 100 4 26 4 23 56 100 

Dandelion 1 6 2 16 •» 3 5 57 7 43 2 10 

White Clover 3 13 5 27 6 30 4 30 8 40 3 23 

Crabgrass 6 27 2 6 1 10 7 40 3 16 1 6 

Chlckveed 4 3 3 20 &f� 3 0 
/ k<! 

0 2 13 &f� 3 

Meadow Fescue 1 6 2 10 0 0 6 23 2 10 0 0 

Cover (#) 94 95 94 93 92 94 V J xY; 

* Density in % 

*# Frequency in % 
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SKkSCmi TfcRUTIONS IN 1UID& PER DAI ON LlMJj3) PLOi'S 
«-:V HIGH RATE LIQUID fr£tf?Xl.X?.j3R TRST& - AKKA A 

CLIPPING DATES 

v Figure 2 
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SEASONAL VARIATIONS IN YIELDS PER DAI ON ACID PIAJTS 
HIGH RATE LIQUID FERTILIZER TESTS - AREA A 

a 

CLIPPING DATES 

Figure 3 
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to sampling prior to the "crabgrass season” in both years. Red-top and 

meadow fescue were also components of the turf in Area A, the latter 

being found in the limed portion and only in 1956. The occurance of 

red-top in the area was sporadic. In 1956, the fertilized plots were 

much less weedy than in 1955, and clover, an important component in 

1955, was virtually absent from all but the check areas in 1956. Cover 

was also reduced from an average of 9P% in 1955, to an average of $9? 

in 1956. 

Discussion of Area A Results 

In May and June, heavy applications of liquid fertilizer resulted 

in rapid growth, excellent color and high nutrient content, though 

these effects were accompanied by fertilizer burning. Before the first 

fertilizer application, the species composition of the turf was quite 

heterogeneous, but weed and extraneous species except crabgrass were 

suppressed by the vigorous growth of fescue, bluegrass and bent after 

treatment. The species strips were more homogeneous as the treatment 

tended to produce solid areas of one species rather than a mixture. 

The management change in mowing height from approximately 3/4 w to 

1 1/2" may have been a factor, for the species strips in the check areas 

also became more homogeneous. 

In early season, liming resulted in greater yield increase than 

that found in the acid plots, less damage from burn, higher nutrient 
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levels and greater dominance of bluegrass. With the drought conditions 
,r ... • ^ •» « • \i, r .. _ • i f. . •- * ‘ 

which occured in July, the response to fertilization and liming diminish¬ 

ed and burning damage increased. Acid plots then yielded more, had 

higher nutrient levels and were burned less ( though severely) than 

limed plots. P and K levels in particular were higher in the acid 

plots at this time. Good color v/as not noted, however, in either acid 

or limed plots from July to the end of the test period in late October. 

The factors related to better quality and higher yield of acid plots 

after mid-season are not clear. Brown (5) has indicated the importance 

of the relationship between food reserves and high temperatures. The 

heavy applications of fertilizer with a descending ratio of N-P-K may 

. 

have depleted food reserves by producing very rapid growth in early 

season with little surplus for the adverse July conditions. The imbalance 
• i’j : :.v v^-C’ r'r’V’ •••• ••.cn-v y* ;xf •;’• •£* ^ ’V* •* v v •" 

of N, P and K in the fertilizer when applied at high rates may have resulted 

in nutrient imbalance in the plant preventing full utilization of N after 

a period of heavy growth and phosphorous use. The seasonal trend of 
"> • j. ' • t >• *> V. ’ 1 % •. \V •; * is ' • • V » •’ . • .v ti " . > i,' \ r >» r 

phosphate uptake with a sharp drop in mid-season tends to support this 

hypothesis. Both of the above factors, low food reserves and nutrient 

imbalance, may be part Of an undefined metabolic complex which results 

in summer dormancy. 
% 1 % � , W 

Increasing the rate of fertilizer application did not always 

increase and at times decreased yield. Increasingly heavy burning of 

the turf was found at the heavier rates. Burn damage, while it lasted, 

restricted growth by reducing the area of healthy leaf surface. Bent 
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grasses were burned through the entire leaf blade and did not respond 

in height to increased fertilizer rates. Observation of the bent strip 

indicated that more than damage to chlorophyllic tissue alone was done, 

as normal color did not develop after the brown burn color disappeared; 

the bent remained chlorotic even for a period after the Fe spray applica¬ 

tion which turned all other species dark green. It may be that any 
’ 

benefit to growth and appearance due to higher nutrient availability 

at higher treatment rates was more than counter-balanced by bum damage 

to leaf tissue, 3- 

Summary of Area A Experiment 

Liming proved advantageous only in early season. Data after July 
. V*/• * . * T- * 'Vl- '' * .. . v • i,' •* : • VV „ 

*•*• ' % � ”L. -V*' % � 4**". % ' i' ‘ '/*/•.*'.' » ?.* . ,,**• *' .r • ' ' ~ 

indicatod that lower pH resulted in better quality turf. Three dis¬ 

advantages were noted in using high rates of liquid fertilizer! (l) 

the fertilizer application resulted in bums lasting from one to two 

weeks, (2) heavy infestations of crabgrass resulted, especially in 

fescue and more on limed than acid plots, (3) there was no benefit 

noted after mid-July in terms of color response. One advantage noted 

was the increased dominance of fine turf species. A second advantage was 

increased green color in early season, though satisfactory green color 

was obtained at lower rates. 



Results from Area B 

Color 

In early June, solid fertilizer produced more color response than 

liquid (Table 14)* At the third clipping no response to fertilizer was 

noted. From the fourth to the seventh clippings liquid fertilizer produced 

more color response than the solid. From this time to the end of the season 

there was no color response to fertilizer at a»y level or with either mat¬ 

erial. 

Increase in rate of application of either liquid or solid material 

increased color response. After the fifth clippings there was no response 

noted to the two lower application rates of solid fertilizer, though 

all levels of liquid and the highest level of solid fertilization pro¬ 

duced color response up to the eighth clippings in early August. 

It was thought that iron deficiency might be responsible for the 

lack of response despite continued application of fertilizer. For 

this reason, a chelated iron spray was applied in September. This spray 

produced an immediate and uniform dark green response on all plots. 

Crabgrass was particularly affected by the iron spray, turning very dark 

and apparently suffering an unspecified metabolic disturbance. The 

iron response was noticable for about three weeks after application. 

Average values for the season show a 168% increase in color rat¬ 

ing due to fertilization. Increasing the rate of application from none 

to low to median to high levels resulted in increases in color ratings 



of IOC#, 13256, and 272$, respectively, when the mean of each ferti¬ 

lizer level is compared to the check. Using liquid rather than solid 

fertilizer resulted in an increase of l?Sj6 higher rating than the check 

as compared to an increase of V&% resulting from use of solid fertilizer. 

. > V I • * % � . ’’ •*'•»*' *1 '' ,, *• * • . k, ; .u ’%  . V g 

Height 
Ti, 

j • , j - ’ S r % � 
5 % � * ,• * * «' / ' .. '4I .3 V ' % � . * ' *, j 4 » , 1 . 1 lV " 

In early and late season there were greater height differences 

between treatments than in mid-season. These differences were linearly 

related to rate of fertilization, and in June to the greater amount of 

solid material applied. 

The means for the season indicate little difference in height re¬ 

sponse between the low and median levels of fertilization (Figure 6). 
% � 

Though usually higher than the check, turf in these plots showed a 
, . *•' . ’ . *5 v • - - - •"/ * , % � *• . ' -• . •, • 1 * . * '/ ;/ vfi: '* •• .. . * 

linear response only in Miy, June and September. Applications at the 

highest rate produced a response greater than the low and median levels • 

during the entire season, except for harvest twelve in mid-September, 

immediately after the iron spray was applied. 
'ti* *v V >•- ' .'*%••• " , : % * .%  v • . «.*, *• % -» . •. «*•'.. *. '* . - • * 

% � 

There appeared to be no difference in height response due to a 

difference in material except in relation to the amount of liquid or 
' V % � '^Vi*.»xv V" - iv '.'1 ' '%  ,V' , r * 

solid fertilizer applied up to the time of harvest (Figure 5)* Thus 

the plots treated with solid fertilizer had received from one-third to 

one-half of the total amount for the season prior to harvest one, in 

June while the liquid treatments had received only one-quarter to one- 

eighth of the total application. In June grass treated with solid 
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fertilizer was higher than that treated with liquid regardless of the 

level of application. In mid-sea son the height of liquid treated turf 

tended to be higher than solid* By this time the accumulated amount 

of liquid became equal and more recent in application than the solid# 

In September the mid-season trend of higher turf in liquid treated plots 

was reversed* This may be related to the second (and third) application 

of solid fertilizer in August. The mean height response of turf for the 

season to liquid and solid fertilizer was not different# 

Chemical Analysis 

Nitrogen percentages were high in Jhne and early July, (Table 15), 

low in late July and August and high in September, though not as high 

as in spring* Mid-June samples had the hi nest average percentage of 

N, 4’5/£N, mid-August samples had the lowest average values, 3»2$N, and 

also the lowest individual values for all treatments* The time of 

highest nitrogen values for each treatment varied between the second 

and third harvest* The third harvest N values were the season»s highest 

for the check and the low level of liquid and solid treatments while 

the second harvest N values were highest for the median and high treat¬ 

ment levels* The check and lowest rate of liquid fertilization did not 

differ significantly in nitrogen percentage; though all other treatments 

produced levels of nitrogen significantly higher than the check* In¬ 

creasing the rate of fertilization resulted in significant nitrogen 
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percentage differences only between the lowest rate of liquid and solid 

application and the heaviest rate of solid application. The heaviest solid 

application resulted in nitrogen levels which were 20% higher than the 

lowest rate. 

Average percentages of nitrogen for solid and liquid treatments 

were essentially the same, 4.1$N and 4.0$N, respectively. Both in the 

seasonal average and for each harvest solid fertilization tended to re¬ 

sult in a more linear response to fertilizer increments, than liquid fer¬ 

tilization. The median and high liquid applications resulted in very 

similar nitrogen values in all but the earliest sampling dates, while the 

solid treatments showed a linear nitrogen response to fertilization all 
% % � % � 

during the season. The difference in percentage of nitrogen between low 

and median applications of both forms was similar. 

The actual amounts of nitrogen found in samples (% N x Sample Wt.) 

was closely related to the rate of fertilizer application (Table 16)* 

An average of 64$ more nitrogen was found in samples from fertilized 
' 

than from unfertilized plots. The range of increase was from at 

low rate to 120# at the high rate. An average of almost four times as 
. 

much nitrogen was found in June samples as in August. September samples 

contained only half as much nitrogen as June samples. The average amount 

of nitrogen removed was the same for both liquid and solid fertilizer 

treatments, 1.0 gm N per harvest. 

Fertilization of turf in Area B had no significant effect on the 

percentage of phosphorus in the turf samples. Highly significant 
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differences between percentage of phosphorous found for individual 

harvests were noted. Hid-June values were especially high, 0,54$P 

(Table 17) in comparison to 0.47$P for early June and 0,43$P in late 

September, 

While turf fertilized at the heaviest rate took up approximately 

30$ more phosphorus than other fertilized turf there was little differ¬ 

ence in phosphate uptake between the lowest and median rates of applica¬ 

tion, Plots which received no fertilizer took up less phosphorus than 

any others. 

Phosphorus uptake was highest at early season, as compared to the 

rest of the test period (Table 18), The low point of phosphorous uptake 

was found in early September, Though plots fertilized with liquid ferti¬ 

lizer were lower in phosphorous uptake than solid in early season, they 

maintained higher rates of uptake during the summer. The uptake of 

phosphorus at Hie end of the season was relate to the amount of ferti¬ 

lizer applied and not to the type of fertilizer. 

Potassium content of Area B turf samples fluctuated within a range 

of 1.9$K to 2.9$K, having a mean of 2.3$K (Table 19), The early June 

potassium levels, 2,6$K, was significantly higher than that of any other 

period analysed. late June and late September potassium values were in 

one statistical category, and were significantly higher than the mid¬ 

summer and early fall values. late August and early September potassium 

levels (2.3$ and 2.3$K, respectively) were in the one category. 
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Mid-summor values were in a category significantly lower in percentage 

of potassium than any other period. These values were 2.156K for early 

July and 2.0pK for mid-August. Though some treatments produced peak 

potassium levels at a period other than early June, (Table 18), for 

instance, high solid treatments produced highest potassium in September, 

there was no significant interaction of treatment and harvest. This 

indicates no difference between any treatments in the seasonal trend of 

potassium level. The highest rate of application resulted in a signifi¬ 

cantly higher potassium percentage than the low rate of liquid application 

and the check, though not the low rat© of solid application. The potas¬ 

sium levels resulting from application of both forms at the low rates 

formed a group superior to the check, though the low level of liquid 

application did not result in a percentage of potassium significantly dif¬ 

ferent from that found in the check, A very highly significant linear 

relation in potassium values was found between rate of fertilization and 

percentage of potassium in the samples. A significant quadratic response 

was also found as a result of the non-lineality of the potassium response 

curve at the high rate of application. No significance between potassium 
% � 

values resulting from liquid and solid fertilization was found. 

Potassium uptake did not differ between the two lower rates of 

application though both resulted in higher uptake than the check (Table 20) 

The high rate of application resulted in highest potassium uptake. Po¬ 

tassium uptake was high in spring, low in mid-summer and increased again 

5 
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in fall. In rdd-summer only the heaviest liquid application pro¬ 

duced potassium uptake higher than that of the check; in spring and 

fall uptake was related to rate of fertilization having a range of 

0.6 - 1.6 gm K per harvest in spring aid 0*3 V ,0.8 gm K per harvest in 

fall. 

Yield 

An average of J$% more yield was produced by fertilized than un¬ 

fertilized turf. Each increment in rate of fertilization except the 

second (from low to median level) produced a significant increase in 

daily yield. The lack of significant yield difference between the low 

and median levels accounts for a significant departure from lineality 

found in the statistical analysis. No difference in lineality or 

curvature was found between the liquid and solid yield curves. Turf 

fertilized with liquids outyielded that fertilized with solid at all 

three application rates, though only the difference at the median and 

high rates was significant. 

The greatest percentage increase in dally production due to ferti¬ 

lization was found at periods of decreasing production in the check plots; 

i. e. in early July, early August, mid-September and October. Though 

curves of fertilized plots followed that of the check, the time of great¬ 

est response was not during the peak production periods of mid-June, 

mid-July, late August and late September. In early June, solid ferti- 
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lizer produced more yield response than liquid, but from July through 

the rest of the season the reverse was true. Median and lew levels 

of solid fertilizer were particualarly ineffective during the latter 

period, while the corresponding liquid fertilized plots produced signif¬ 

icantly more grass than the check during most of the season. 

Botanical Composition 

Changing the clipping height from the close clipping (3/4" to lw) 

which was part of the maintenance program in Area B before this pro- • 

ject was begun to a cutting height of 1 1/2" may have influenced the 

species composition of turf. This is indicated by the large increase 

(1$ to 23*) in fescue density in check plots from 1955 to 1956, White 

clover and weed densities in check plots decreased during the same 

period (Table 22), Bluegrass density also increased from 20-23* ^ 

in the check plots, but bent grass density was the same in both years. 

Except for bluegrass, the frequency of a species in the check plots 

tended to change with its density? bluegrass frequency decreased with 

increasing density. Though the turf species increased in density, * 

cover of the check plots decreased from 94* in 1955 to 81* in 1956, 

Fescue, though responding to fertilizer In terms of density and 

frequency in the first year (1955), was actually reduced in density 
f ' .>% ' ; ‘l % ' : ’’V . ,j ' 

relative to the check plots by fertilization by 1956, Fescue density and 

frequency were reduced less by solid than by liquid fertilizer. Statis- 
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tical analysis revealed a significant quadratic-material effect of 

fertilizer on fescue density, mainly a positive response to solid 

fertilizer application at the median rate. The interaction indicates 

a significant difference in the curvature of the response of fescue 

to increasing rates of liquid and solid fertilizer. 

Bentgrass, which did not appear to be affected by the change in 

management at the beginning of the experiment, was increased in density 

in 1955 only hy the lowest rate of fertilization. This was accompanied 

by a slight decrease in frequency. By 1956, bentgrass density had been 

increased by all rates of fertilizer, though more at the lowest than at 

the highest. There was no difference in the effect of the two materials 

on bentgrass values. 

A linear increase in bluegrass density due to increasing the rate 

of fertilization was found in both 1955 and 1956. This appears to be 

related to a probable (though unmeasured) interaction between manage¬ 

ment and level of fertilization. This is indicated by the decreasing 

difference between 1955 and 1956 bluegrass density as the fertilizer 

rate was increased; i.e., In the check, 20^ density in 1955 and 2&% 

in 1956; at the heaviest rate %% density in 1955 and yj% in 1956. 

White clover was a major component of the turf in 1955, occupying 

33^ of the check plot area. Fertilization reduced the clover pop¬ 

ulation by one-third by the time of the first sampling in 1955. This 

effect of fertilizer was noted in 1956 also. Management and other 
< % � ... 

factors (drought) reduced the clover population by 13% in 1956 an com- 
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pared to the 1955 density. 

Hie seasonal nature of crabgrass infestation is not indicated by 

the two botanieal samplings, but an indication of the effect of ferti¬ 

lization and especially of liquid fertilization was noted in the 1955 

data. There was little difference in frequency of crabgrass between 

the check and fertilized plots, but the density of crabgrass was higher 

in fertilized than in check plots. Plots fertilized with liquid fer¬ 

tilizer had both higher density and frequency of orabgrass than did plots 

treated with solid fertilizer. In September, 1955, there was a vexy 

evident difference between materials relative to the amount of crab¬ 

grass* Plots receiving the highest rate of liquid application were much 

more heavily infested than the corresponding plots treated with solid 

fertilizer, (Differences due to materials actually may be due to dif¬ 

ferences in number and time of application.) The 1956 sampling was 

made before crabgrass had fully geminated. Other weed populations 

were reduced in frequency and density by fertilization, as indicated 

by 1955 data, and by management, indicated by 1956 data. There was 

little difference between solid and liquid material in this regard. 

In 1955, there was little difference in oover between the check and 

treated plots. Ey 1956, there was a decrease in cover, all plots in 

comparison to 1955, but the check plots deolined more than others, and 

a significant difference in cover was found between treated and un- 

treated plots in 1956, 
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Table 14 - Color Response* of Turf Fertilized with Liquid and Solid 
Fertilizer, Each at Three Rates - Area B, 1955 

Treatment** 
Harvest 
Date 

No Ferti¬ 
lizer 

Liquid 
8,3 

Solid 
8.3 

Liquid 
16.7 

Solid 
16.7 

Liquid 
33.3 

Solid 
33.3 

2 June 0 37 74 74 93 63 100 

13 June 0 40 70 60 73 100 100 

21 June 0 0 0 0 0 0 0 

7 JUly 5 53 5 82 34 100 82 

14 July 0 41 0 59 0 88 100 

21 July 0 30 0 0 0 100 100 

29 July 0 67 0 77 0 100 90 

4 Aug 0 0 0 0 0 0 0 

15 Aug 0 ; 0 0 0 0 0 0 

22 Aug 0 0 0 0 0 0 0 

1 Sept 0 0 0 0 0 0 0 

11 Sept c •v 0 f-yi 0 0 0 0 0 

23 Sept 100 100 100 100 100 100 100 

23 Oct 100 100 100 100 100 100 100 

Mean: 14.6 33.4 24.9 39.4 28.6 53.6 55.1 

* Basis - 100 equals best color when rated,0 equals no response 
** Pounds of 12-8-4 applied per 1000 ft^ per season 
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Table 15 - Percentage of Nitrogen* in Turf Samples as Influenced by 
Fertilizer Treatment - Area B - 1955 

Treatment** 
Harvest 

Date 
No Ferti¬ 

lizer 
Liquid 

8,3 
Solid 
8,3 

Liquid 
16.7 

Solid 
16.7 

Liquid 
33.3 

Solid 
33,3 

Mean 
(Harvest) 

13 June 4.1 4.3 4.4 4.6 4.6 4.9 4.8 4.5 

21 June 4.2 4.3 4*4 4.5 4.5 4.5 4.6 4*4 

21 July 4.0 4.0 4.2 4.2 4.1 3.9 4.5 ft? 4.1 
4 Aug 3.3 3.6 3.3 3.5 3.3 3.5 3.6 4 

22 Aug 3.0 3.1 3.2 3.3 3.2 3.4 3.4 3.2 

11 Sept 3.3 3.6 3.9 4.3 
~ % f <• • •* 

4*4 4.3 4.9 4.1 

23 Sept 3.3 3.9 3.9 4.4 4.2 4*4 4.6 4.1 

Mean* 3.6 3.9 3.9 4.1 4.1 4.1 4.3 

* Does not include nitrate N 
** Pounds of 12-8-4 applied per 1000 sq ft per season 

t * j| • . Vpjt* • '% •+**.- "ft * ' . </.."*£*£ f , .rc~ . t* .% % % *•'' 4 ’ ,* i'^ *», , ' *• ’ O y * • V ’ 
I ’ _ *T. ’f ^ .•*< 

Table It - Nitrogen Uptake* as Influenced by Fertilization - Area B - 1955 

Treatment »* 
Harvest No Ferti- Liquid Solid Liquid Solid Liquid Solid Mean 

Date lizer 8.3 8.3 16.7 16.7 33.3 33.3 (Harvest) 

13 June 1.0 1.4 1.9 2.0 2.0 2.5 2.7 1.9 

21 June 0.8 1.1 0.9 ' l*3:fe 1.4 1.6 ;'3a 
21 Jbly 0.6 0.8 0.5 0.6 0.6 1.0 1.0 0.7 

4 Aug 0.3 0.6 0.4 0.4 0.3 1.0 0.6 0.5 

22 Aug 0.5 0.8 0.6 0.8 0.6 0.9 0.7 0.7 

11 Sept 0.3 0.4 0.6 0.8 0.6 0.7 0.8 0.6 

23 Sept 0.5 0.7 0.8 1.0 0.8 1.2 1.2 0,9 

Mean: 0.6 ;*f f 0.8 0.8 0.9 0.9 1.2 1.2 

* As grams of actual N in harvested sample 
* Pounds of 12—8—4 applied per 1000 sq ft per season 
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Table 17 - Percentage of Phosphorous in Turf Samples as influenced by 
Fertilization - Area B - 1955 

Harvest 
Date 

, ;'vy.A >*r.: ^ Treatment* 
No Ferti¬ 

lizer 
Liquid 

8.3 
Solid 
8.3 

Liquid 
16.7 

Solid 
16.7 

Liquid Solid 
33.3 

Mean 
(Harvest) 

13 June ii .44 .46 i .50 .43 .51 .48 .49 .47 

21 June .53 .54 .54 .57 .56 .55 .53 .54 

21 July .50 .49 .47 .47 .48 .47 .38 .47 

4 Aug .46 .49 .45 .44 .46 .46 .43 .46 

22 Aug •46 .45 .48 .44 .45 *44 .45 .45 

11 Sept .45 •42 .46 .46 .46 .44 .48 .45 

23 Sept .43 .44 .43 •44 .42 .43 .45 .43 

Meant .47 •4?A: .47 .46 .48 .47 '% J%46 4 * *v>.' • Sf4» ^ 

Table 18 - Phosphorous Uptake (gins x 10~^ per plot per harvest) as 
Influenced by Fertilization - Area B - 1955 

.• • • • •:‘,Sr3 *V • ••' 4 ' v'.'. .. ' V %,\k '% � \ v-'r. % � • *•. 7* • 

--- -Ji=r=r=Lzr rrr-1 'l—j. 
.  Treatment* 

Harvest No Ferti- Liquid Solid Liquid Solid Liquid Solid Mean 
Date & lizer 8.3 8.3 16.7 16.7 33.3 33.3 (Harvest) 

13 June 1.1 1**V 2.2 1.8 2.2 2.4 2.7 2.0 

21 June 0.9 ; 1.0 1.3 1.2 1.6 1.7 1.9 1.4 

21 July 0.8 0.8 0.6 0.7 0.7 1.2 0.9 0.8 

4 Aug 0.5 0.8 , 0,5 0.5 0.4 1.2 0.8 0.7 

22 Aug 0.9 1.1 0.9 1.1 0.9 1.2 0.9 1.0 

11 Sept 0.4 0.5 0.7 0.8 0.7 0.7 0.8 0.7 

23 Sept 0.7 0.8 0.8 1.0 

CO . 
0

 1.1 1.2 0.9 

Mean: 0.7 0.9 1.0 i 1.0 1.0 1.4 1.3 

* Pounds of 12-8-4 applied per 1000 sq ft per season 

4
*
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Table 19 - Percentage of Potassium as Influenced by Fertilization 
Area B - 1955 . 

Harvest No Ferti- Liquid Solid Liquid Solid Liquid Solid Mean 
Date lizer 8.3 8.3 16.7 16.7 33.3 33.3 (Harvest) 

13 June 2*3 2.4 2.6 2.5 2.6 2.9 2.9 2.6 

21 June 2.2 2.3 2.4 2.4 2.4 2.8 2.5 2.4 

21 July 1.9 2.0 2.0 2.0 2.0 2.4 2.2 ^ 2.1 

4 Aug 2.0 2.0 1.9 2.1 2.0 2.2 2.1 2.0 

22 Aug 2.2 2.2 2.3 2.3 2.1 2.4 2.4 2.3 

11 Sept 1.9 2.0 2.2 2.3 2.4 2.4 2.9 2.3 

23 Sept 2.0 2.3 2.3 2.5 2.4 2.6 2.8 2.4 

Mean: 2.1 2.2 2.2 2*3 2.3 2.6 2.5 

* 

Table 20 - Potassium Uptake (grams per plot per harvest) as Influenced 
by Fertilization - Area B - 1955 

Treatment* 
Harvest 

Date 
No Ferti¬ 

lizer 
Liquid 

8,3 
Solid 
8.3 

Liquid 
16.7 

Solid 
16.7 

Liquid 
133.3 : 

Solid 
33.3 

Mean 
(Harvest) 

13 June 0.6 0.8 1.1 i.*y 1.1 1.5 1.6 1.1 

21 June 0.4 0.4 0.6 0.5 0.7 0.9 0.9 0.6 

21 July 0.3 4^ 0.3 0.2 0.3 0.3 0.6 0.5 0.4 

4 Aug 0,2 0.3 0.2 0.2 0.6 0.4 0.3 

22 Aug $.4 0.5 0.4 0.6 0.4 0.6 0.5 0.5 

11 Sept 0.2 0.2 0.3 0.4 0.4 0.4 0.5 0.3 

23 Sept 0.3 0.4 0.4 0.6 0.5 0.7 0.7 0.5 

Kean: 0.3 0.4 0.5 0.5 0.5 0.8 0.7 

* Pounds of 12-8-4 applied per 1000 sq ft per season 
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Table 21 - Yield (grams per plot per day) of Turf as Influenced by 
Application of Three Rates of Liquid and Solid Fertiliser - 
Area B - 1955 

Treatment* 
Harvest 

Date 
No Ferti¬ 

lizer 
Liquid 

8.3. 
Solid 
.8.3 

Liquid 
16.7 

Solid 
16.7 

Liquid 
-33.3 

Solid 
33.3 

Mean 
(Harvest) 

2 June IM 2.57 3.71 3.09 3.56 5.94 4.29 3.13 

13 June 2.23 2.95 3.99 3.82 3.94 
• r.‘. 

4.59 5.09 3.80 

21 June 2.16 2.40 3.08 2.57 3.56 3.99 4.45 3.17 

2 July 1.36 1.64 1.20 2.46 1.51 3.25 2.73 2.02 

14 July 2.29 2.87 2.35 3.15 2.34 3.98 3.95 2.99 

21 July 2.14 2.30 1.82 1.78 1.96 3.74 3.22 2.42 

29 July 2.14 2.79 1.71 2.60 2.13 4.22 3.05 2.66 

4 Aug 1.68 2.66 1.86 2.03 1.64 4.50 2.93 2.47 

15 Aug 2.40 3.50 2.30 3.05 2.24 4.67 3.56 3.10 

22 Aug 2.71 3.48 2.84 3.51 2.73 3.81 2.91 3.14 

1 Sept 1.73 f 2.19 2.43 2.88 2.21 2.59 2.33 2.33 

11 Sept 0.81 1.23 1.47 1.80 1.45 1.60 1.63 1.43 

23 Sept 1.34 1.60 1.65 1.97 1.65 2.19 2.17 1.80 

Oct 0.40 0.53 0.63 0.86 0.62 1.05 0.96 0.76 

Mean: 1.79 2.34 2.22 2.54 2.25 3.37 3.09 

&fPounds of 12-8-4 applied per 1000 sq ft per season 
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SEASONAL DISTRIBUTION OF HEIGHT RESPONSE TO 

TREATMENT LEVEL - AREA B 
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SEASONAL HEIGHT RESPONSE TO LIQUID AND SOLID MATERIALS 

AREA B '% 

CLIPPING DATE 

Figure 5 
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SEASONAL MEAN OF HEIGHT RESPONSE TO LEVEL OF 
FERTILIZATION AND KIND CF MATERIAL - 

(check) 

Figure 6 
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Color ratings of unfertilized turf in Area C were only one fourth 
‘ 

those of fertilized plots, on the average (Tabel 23). Turf fertilized 

with liquid material had a slightly higher average rating than turf 
• ' &f� V. ' . * -!S, % � .. > *rWV % � ' 

% � 

treated with solid fertilizer. Increasing the rate of fertilization 

gave increases from 7.9 on unfertilized turf, to 40.1 in turf fertilized 

at the highest rate an increase of almost 50(#. At the beginning of the 

season responses did not develope until three weeks after fertilizer 
* . " >- * • v s. 

treatments had been applied. After this time the plots receiving the 

low rate of liquid fertiliser were greener than those to which the 

lowest solid was applied, but median and high levels of solid ferti- 
vv- fi \ 

•* > 4,: V • "*•'* *„ - . ? ' . , . r/s~ *. -/ f p . .*•'_.VV' *•' _ * V 

lizer were greener than corresponding liquid fertilized plots. During 

,t**r 

the severe drought in the summer, no certain color response could be 

determined because of uneven drought damage to the plots. In fall, 
•. % � ’. ' % � % � ’ 

recovery of color In Area C turf was more related to the particular 

species present in a plot than to the treatment applied. 

Height 
% % % • ' . ' s • % � . ., .r- ; i- f 

% � . 

% � 

Fertilizing Area C turf resulted in an average height increase of 
.* * *'• % ’ » 1’.'v j * i* ’' s/* • * ' ,< " .4- v • ' “*>: '-v*.1 /*• v *7 , »’ .*-•*« .'t \'i', » v \ ' I .?'*% ' ;*V*-‘ *V£’* 'fr.i!?.' 

.43” or 22.8$ higher than unfertilized turf (Table 24). Use of the 

higher two rates of solid fertilizer resulted in 0.17” greater height 

at harvest than corresponding liquid treatments. The lowest rate of 



solid fertilizer, however, resulted in lower turf at harvest than the 

corresponding liquid treatment or the check. Though increasing the 
. 

rate of fertilization gave corresponding increases in height at harvest, 

the increase was currilinear, as the heaviest application of solid feiw 

tilizer had resulted in especially high turf by July. Plots receiving 

this treatment had also received greater amounts of fertilizer at this 

time than any other plots. Fertilization of Area C turf increased 
l '. . , I.Vj >'• , , *Jv* •. j- •. -u- '• >% ’ / . '• *•' >% ? i v ' ' t.' .. *: % , 

nitrogen content of clippings by an average of 25$ in mid-June and 15% 

in early July. 7-7 
V % ; . . 

% � •'.•7 •' 7 ' • * 4-V'* - , " ’ • • * . /'• '< ’ 

Chemical Analysis 

• % � ' ' .(? % � • =* * * . ', .« 'v'*.• :r. • ' •• „ r * ‘-y 

In early season turf fertilized with solid fertilizer was 14.3$ 

higher in nitrogen than liquid fertilized turf (Table 25). By early 

July, however, turf receiving liquid fertilizer was 5% higher in ni- 
' 

trogen than that fertilized with solid fertilizer. Though the first 

increment of fertilizer had little effect on nitrogen level, the second 

two increments produced linear increases in nitrogen content. 

Fertilized turf was 13.9$ higher in phosphorous content than un- 

fertilized turf in early season and 33.5$ higher by late July (Table 25) 

The actual percentage of phosphorus was lower, however, in July than 

early season in both fertilized and untreated turf. Though in early 

season solid fertilizer applications resulted in slightly higher 

phosphorus content than liquid applications by late July liquid appli- 

cation resulted in phosphorous content 11.2$ higher than that from solid 
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I applications, Incroasing the rate of fertilisation resulted in 29? 
tv 

, T f_ ’* . ? ^ * * •• .. -v 

higher phosphorous content in the most heavily fertilized turf than in 

the check at early season$ by raid-season the percentage of phosphorus 
• 3 - :*'?&% : v'- '•' 

in highest rate samples was 5<# higher than the percentage found in the 
g§ |&||| iMM * f ; ^, '" * 1 ‘ ' 1 * '%  1 i yv- 

- * -* ' 

!. v>' 
• * )V. a. r * •'«% <* *f 

*f ^.V‘. 

>[% ->.rp; 

t£>^ In early season there wan only a slight difference in potash content 
,.••.4 •• ... 

' . % � % � • . 
Chech* 

.•• ' . • % � - % :. . *: k •' • * l: *»;' ' i. '• ?v> & *' 
J' ; ^ *s :2 

The increase in potash content due to fertilisation was greater 
% � - \<&i "'V. r,::.i,:Z- -k %  .'''•<*'?* •£ :/ •..-: k 

in early than in mid-season, i,e. 12# as compared to ?% in raid-season. 

•” i -.W '*• 

•ff 
; :-V« y-i 

due to the type of material used and no difference by TTdd-seoson (Table 25). 
is % � 

Though there was little difference between levels of potash due to 
f' A'i . 
* u ‘ Sw&fc 

> * $>?%*; 'r : - ' v - . W fT ./ .. . • 4. % � V.itt. 

1 * V '> % � /•? « . -.f.: a f i- 

rs^ 1 • • -'«• : , \\ V: i? 

increase in rste of fertilization the most heavily fertilized turf had 
* . '�� >.% »: .. r i % � , V" - ^ !i r •• « S % ’ P 

27S more potash than the check in early season, but only 20# more pot- !"� 
• * » . 'V > 

A, 
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(Table 26) were found when (l) the liqfuid median application and the 

.<% . .••< • i :. •% c..% ’ 

' 

check and liquid and solid lower ti*eatmonts were 
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treatments. These differences were greatest in the third harvest. 

Yield from the solid median treatment was found to be significantly 
% � • ' -v-. 

higher than from the dieck and low applications at the 5% level# No 
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statistical significance was noted in differences in yeild from plots 
• % � 

fertilized with liquid as compared to solid fertilizers. 
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Table 23 - Color Ratings* of Turf Fertilized with Liquid and Solid 
Fertilizer, Each at Three Rates - Area C - 1955 

Treatment** 
Sample 

Interval 
No Ferti¬ 

lizer 
liquid 

8,3 
Solid 
8,3. 

liquid 
16.7 

Solid 
16.7 

liquid 
33.3 

Solid 

24 May - 
2 June 0 66 43 77 90 100 100 

15 June 0 33 60 63 87 87 100 

6 July 0 30 17 83 43 • 77 • 

100 

21 JUly 0 33 15 66 26 96 100 

1 Sept 0 60 0 0 0 0 0 

12 Sept 10 60 40 93 83 v 100 73 

23 Sept 0 23 57 73 100 90 100 

22 Oct 100 " V; 83 66 17 
S-U? f -C, rl'i'.i 

ov •! 0 . , 7o % � 

Mean: 7.9 23.4 21.3 33.7 30.6 39.3 40.9 

* Rating scale: 100 equals best color at time grating, 0 equals 
no response 

** Pounds of 12-8-4 applied per 1000 sq ft per season 
C. 1 '" ^ V & ' ! ' * % � \V*-. * if ~" r; * • l'- 

?v’-. • • & r ’;; V : J"V v . .<* -v^v • */.-% > -'.'•% JXr ; tu.V'"'- % » ; 
c-* • . ,r.f >* % � i ' ?. « ' » , a •t'*. --tf n*. V «#r" . • '•*. v »’•’*!. •. ;Vs% •••*'.^ r;y *« • •' ., 7; * 

Table 24 - Heights of Turf at Clipping as Influenced by Application 
of Liquid and Solid Fertilizers at Three Rates - Area C 
1955 

Treatment** 
Harvest No Ferti- liquid Solid > liquid Solid Liquid Solid 

Date lizer 8.3 8.3 16.7 16.7 33.3 ?2-2 

2 June 2.2 2.5 2.5 2.8 3.0 2.8 3.2 

15 June 2.8 2.5 2.0 2.5 3.0 2.8 3.0 

6 July 2.0 2.2 1.8 2.2 2.2 2.5 4.0 

21 July 1.5 2.2 1.8 2.0 1.8 2.5-; 3.5 

1 Sept :V' 2.0 1.8 1.5 2.2 1.8 2.2 

23 Sept 1.2 1.8 2.0 2.5 2.8 2.8 2.8 

22 Oct 1.8 1.2 1.5f;4 1.8 2.0 2.0 

Mean: 1.9 2.1 1.9 2.1 2.4 2.4 3.0 

* Inches 
** Pounds of 12-8-4 applied per 1000 sq ft per season 
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those treated with solid. However, under the heaviest rate, liquid 

treated plots were more dense than solid* 

During the period f*om 1955 to 1956 weed density, especially 

Danthonia, moss and cinquefoil was reduced. Bent density increased 

in all plots. The fertilized plots became more dense while unferti¬ 

lized plots declined in cover. 

Discussion of Results from Areas B and C 

lack of rainfall (Fig* 12) and high temperature (Fig. 11) in July, 

1955, produced a severe drought condition which was a primary influence 

in turf growth and response to fertilization. Before and after this 

drought climatic conditions were favorable for turf gorwth. In May, 

Jhne and early July fertilization resulted in positive color, height, 

chemical composition and yield responses which were proportional to 

the accumlated amount of fertilizer applied prior to sampling, thou^i 

not affected by the kind of material used* This was indicated by 

the greater response to solid fertilizer in all categories of analysis 

at the start of the season and then greater response to liquid fertilizer 

in mid-season. Solid fertilizer was applied in larger amounts at one 

time than the corresponding liquid treatments and therefore two or 

more applications of liquid fertilizer were required before a correspond¬ 

ing level of liquid and dry treatments became equal in actual amounts 
- ‘ 1 r*s ** % � , .. 1 .r. /#'*•* * V. . \ • . -X, 7 ’>• * •' *• % ' l -**' f-i ! * '*% � ’'-.x % � . 

applied* When a point of equality was reached a second factor came 

into operation; frequency of application. This was especially inw 

portant as all dippings were removed preventing maximum aocumlatlon 



(and utilization) of fertilizer, (Response was maximum at one harvest 

and lasted usually not more than three harvests.) This combination 

of factors inherent in the experimental procedure confounded the com¬ 

parison of sources. However, it may be that the difference in frequency 

of application was counter-balanced by the difference in amount applied 

at each fertilization; that is, though liquid applications were more 

frequent, the amount applied each time was less than the solid. The 

results of early season sampling and analysis bear out this view. 

The average results for the early period indicate no differences in 

response due to the type of material used which cannot be attributed 

to amount and time of application. 

When drought conditions prevailed in late July and early August, 

response to fertilization in all categories was greatly diminished. 

In Area C, growth essentially ceased. On this site, a hitherto un¬ 

suspected non-uniform soil moisture condition was found at the onset 

of moisture stress. Results after this period are thus thought to be 

unreliable. Even after a record rainfall (Hurricane Connie) and a 

subsequent period of adequate moisture and moderate temperature, the 

drought damaged turf did not resume normal growth. 

On Area B, the pattern of response to liquid and solid ferti¬ 

lizer noted above oontlnued into late July, but with smaller differences 

between treatment responses. After the hurricane, growth of the check 

resumed and growth response to fertilizer again was proportional to the 

time and amount of fertilizer application. Chemical analysis also 
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shoved that N and K levels were Increased at this time by fertilisation. 

However, no color response was noted. Adequate percentages of nitrogen 

were noted during the period, liming Area B with dolomitic limestone 

had supplied Hg at adequate levels (Table 35)• Environmental factors 

did not appear to limit growth as there was adequate moisture, mild 

temperature and normal sunlight during late August, September and 

October (Fig. 13)* An indication of disturbed nitrogen metabolism was 

found in a multiple regression analysis where the relation: 

'I = 3.261 K | 13.41 P - 1.071 N - 6.801 

was calcutated. P and K correlation with yield were highly significant, 

but the N ooeffeolent was not correlated, despite the more usually 

found highly correlated relation of nitrogen and yield. 

There were large differences in the soil fertility levels of 

Areas B and C (Table 35) though these were not affected by treatment. 

Area C had an average of pH 4*5 and low initial fertility, while Area 

B, had an average of 6.4 and higher fertility than Area C. These 

differences, which were in addition to soil moisture differences 

and site exposure, may account for the very low N, P and K analyses 

associated with the check at Area C and the delay in oolor and growth 

response at this area when compared to Area B. 

In addition to differences in initial soil fertility levels, the 

turf speoies composition of the two areas was not the same. The 

changes due to treatment at Area C produced a trend toward the dominiance 

of bentgrass with few, if any, competitors in the sward. In Area B 



more turf species were found initially and the trend in change of 

composition due to treatment was toward a shared dominance of blue- 

grass, fescue and bentgrass. That bluegrass was important at Area B 

and virtually absent in Area C may be due to the higher pH at Area B. 

Bentgrass is said to thrive at either low or moderate pH levels and 

responds to fertilization, though it does not require the high levels 

required by bluegrass. Fescue was seeded only in Area B and not found 

initially or later in Area C. 

In Area B there was strong indication that management alone 

improved turf quality and density. The increase in fine turf species 

density apparently did not occupy all available space as cover was 

reduced. Shading may have been a factor in reducing cover of check 

plots as the difference between 1955 and 1956 was one of management 

and weather. Another causative factor may have been the effect of 

liming the soil to pH 6,5 in Spring 1955, also causing a reduction in 

density of weeds, thou gh this effect would be contrary to that re orted 

by somo authors (15), This was not as marked in Area C, Fertilization 

in addition to the management change appeared to reduce the number of 

weed species present in both areas. 

Summary of Experiment on Areas B and C 

1, There was no essential difference in the response of turf to 

liquid and solid fertilizer. Greater frequency of liquid fer- 
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tilizer did, however, seem to iraporve fertilizer efficiency in 

producing better quality turf in mid-summer, 

2, Increasing the rate of fertilization increased the response of 

turf in all categories analysed except phophorus, Increasing 

the rate did not, however, greatly increase the period of re¬ 

sponse • :-L' v/:4. 

3* Frequent and heavy applications of liquid fertilizer sometimes 

resulted in burning of turf; the August application of the 

heaviest rate of solid fertilizer also burned the turf. Clover 

was damaged by these liquid applications while crabgrass invasion 

was greatly enhanced, 

4« Fertilization increased denslly of desirable species and aided 

In suppression of weeds except crabgrass. Bents tended to dominate 

in fertilizer plots of low fertility and pH sites. Bent, bluegrass 

and fescue were all imporved at pH 6*4, though fescue did not respond 

to the highest level of fertility, 

5* Fertilization, and good weather conditions did not result;in color 

j 
response after a period of drought. Application of Fe spray green- 

j 
ed all areas uniformly. During the period after the drought ni¬ 

trogen content was not correlated with yield, indicating a possible 

upset in nitrogen metabolism after a period of hot-weather dormancy. 
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Greenhouse Experiment 

As part of this investigation a greenhouse experiment was designed 

to compare root and leaf application of plant nutrients. Turf grown 

by nutrient culture techniques was supplied with root and/or foliar nu¬ 

trient solutions, to determine nutrient content, yield, rate of growth 

and color of vegetation* 

. . y.' ' 'C.H;. •' ; "... •£ V ’% � . >,*% £. .t : '* ,/%,« •• * T' ‘ 

" •: **-\f r 

literature Review 

A direct relationship has been noted between suceptibility to injury 

and rate of utilization of some foliar materials, particularly urea, (24). 

By measurement of C3^ release after application of labelled urea, an 

Indication of urease activity, cucumber was found to decompose urea more 

rapidly than bean, tomato, corn, celery or potato, in that order. This 

was also found to be the order of increasing urea injury and response 

to urea. Some grasses have been found very resistant to urea injury 

even when almost saturated solutions were applied (10). With alfalfa, y 
» . . 

large spray droplets produced heavy injury at application rates of 

twenty pounds per acre, while small droplets produced only slight in- 

jury at this application rate. 

Nitrogen sprays applied to sugarcane were found superior in im¬ 

mediate effect to soil application, though the foliar response was brl|f| 

(25). Response to supplies of foliar nitrogen was noted shortly after 

application; higher nitrogen levels were produced by foliar nitrogen 
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than by soil nitrogen fertilization (18, 19)* Peach, however, was not 
> • *% � 

responsive to nitrogen sprays except at high concentration (7). Low 

concentrations of urea produced leaf injury and a nitrogen response with 

grape (30). 

used in studies on apple was absorbed rapidly and transported 

to terminal meristems of branches especially, and to cores, seeds and 

subepidermal tissue of fruit (16). Two to three percent of the phos- 

phorus in the tree was supplied by phosphate sprays; one-half of this 

amount went to the roots. The half-time, or time required for half of 

the phosphorus applied foliarly to be absorbed, has been determined to 

by fifteen days for sugarcane (8). This period corresponds to that 

found in apple where phosphorus entered the plant over a thirty-day 

interval (16), and that found in tomato, com, bean and squash, where 

five to six percent of applied phosphorus entered the plant in a forty- 

eight hour period (37). In the latter work, less than three pounds of 

from phosphoric acid applied to the leaves of tomato gave greater 

early yields than one hundred thirty-five pounds of superphosphate 

applied to the soil. Foliarly applied P^2 was absorbed rapidly and 

translocated to root tips and other meristems. 

Studies on the morphology of the apple leaf (34) revealed that the 

layer of cutin exterior to the epidermis is not continuous, but is inter¬ 

rupted by intrusions of pectlc material penetrating the epidermis. It 

was demonstrated that iron could enter the leaf interior via these pectic 

pathways. Cook and Boynton (11) reported lower surfaces of apple leaves 
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absorbed more urea than upper surfaces,vhile Rodney (35) reported equal 

absorption through both surfaces. In Cook and Boynton’s work, absorption 

over a short period of time was more intense in lower surfaces than in %• 

upper. Tobacco was reported to absorb urea through upper and lower 

surfaces equally (44)* When tobacco leaf surfaces were brushed, break¬ 

ing the epidermal hairs, urea intake was increased ten-fold. Kaindl 

(28), working with potato, wheat and Calinsoga naryjflora. found a 

difference between upper and lower surfaces of the loaf in uptake of 

di-potassium phosphate. He found stomates of little importance in the 

, \ ' % v M 
absorption of foliarly applied nutrients. Tukey (41) states that radio- 

,, % � 

graphic experiments with foliarly applied nutrients showed that nitrogen, 

phosphorus, potassium and rubidium were absorbed and translocated by 
/ 

many plants. The results indicated that transport occured aero- and 

basi-petally and at rates comparable to root absorption. The phosphorous 

and potassium translocation patterns were said to be duplicated without 

exception in many crop plants. According to Tukey, there is a possibi¬ 

lity of nutrient initially entering the leaf through a charged colloidal 

system. This system may be analogous to that found in roots in that 

cation exchange phenomenon are presumed to occur, a pectinaceous surface 

is involved (34) and a difference in absorptive behavior between species 

is found (37). V. • 

Experimental Materials and Methods 

.4 ,* v-V ‘ ' *- . '.>***• ”41*'. *V 4 * ‘ V * * " m v. % *, % 
•. * •* l * ... v // —- » ; ' ' ~ K - a 

Normal greenhouse solution culture techniques are not adequate for 

turf study because of the large number of individual grass plants per 
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unit area or per culture. This is in contrast to one of few plants 

per culture of corn, tomato, small grains or other crops frequently- 

grown in nutrient solution. The technique described below was devised 

for growing turf in nutrient solution culture to provide adequate 

space and support for turf and allow adjustment of root and/or foliar 

nutrient applications. 

One-half inch holes were drilled in plywood discs which were large 

enough to cover a five-quart glazed crock. The holes provided space for 

shoot and leaf growth and access for the roots to the nutrient solution. 

The discs were waterproofed with paraffin. Glass wool discs, one-sixteenth 

of an inch thick when wet, and cut to fit the plywood, were put against 

the bottom of the plywood and held in place by plastic screening strips 

tacked onto the wood. Seeds of colonial bent, Kentucky bluegrass and 

red fescue were placed in the holes of the assembled discs, at a rate 

of thirty seeds per square inch. They were germinated in the dark while 

in contact with moistened paper towels. After a short post-germination 

period, the turf discs were placed on crocks in the greenhouse. The 

crocks were filled with a complete nutrient solution (Table 23) and 

continuously aerated by bubbles from capillary tubes opening at the bottom 

of each crock. Air pressure was maintained by a small electric pump. Six 

cultures of each of the three species were prepared. 

After installation, the pots were washed and filled with fresh solution 

each week. The solution level in the pots was maintained at one inch be¬ 

low the rim by frequent additions of water. Prior to gathering data, the 



turf on all discs was clipped when three inches high to a height of two ; 

inches. The clipping was continued for two and one-half months at which 

time the turf had become stabilised in development and had thickened 
* ' * • " ' T ‘V ill -;U &f’ . - \ *;'• ” \ V / »'• ‘ * •„ 

*• % • . . • * v** - • • • -SJ.' , .* .•} - ft f %  < . * 4 %º. . 

through tillering and lateral leaf growth. During this period, the salt 
*5 f% -V . . % � ? ; v V ' 

-e :r-'' A- v • ; -r :% % � •• ' . r.• 
concentrations in the nutrient solution were adjusted to minimize preci- ? 

pitation and to stimulate optimum growth. The placement of crocks on ) 
/*' ' . *' * ? v*: ' . •*. '% � % � , - ‘ . Jf' %  • jjjj ••: ?' r %  Vjv^V W'-rsj*-•% k »*1 ;*5^1**' •* ••’’tV vj^ 

the greenhouse bench was altered until reasonably unifrom growth was : 
i y*. *. % . . 

, % � , . . , • * *•. * -1' ‘ ... • 1-. i' j • " • 

obtained. Before completing the preliminary adjustments, a change was 

% � h:- 
made from di-ionized to distilled water. The change wa& made necessary 

v ir . 

by the accumulation of Eisenbacter^a and Chlorella. around the roots and 

edge of the turf. Contamination was reduced by the use of distilled water, 
* .v • . •. • h ' < ? i. * ’•-? ^ * ’ ’ T'i 

Six unreplicated treatments were imposed on the turf (Table 28) f = 

1. Complete root solution ' •*:: 

2. Nitrogen supplied foliarly; all other nutrients through roots. 

% � v. . ' ' -a 

3* All nutrients supplied foliarly. 

4. Phosphorus and potassium supplied foliarly; all other nutrients 
• :w 4 ' >v-t • ' * 

.1 -4' ' -V %º� 

' through roots. 'V 
. •'* '-‘•TSS •*»'’,.• X-* "V • V’! ' • • • ijr*'»•*' < 

5. Minor elements (Ou, Zn, Mo, Wa, B and Fe) supplied foliarly; 

all other nutrients through ropts. 

6. No nutrients supplied through either root or leaf. 

One milliliter of a solution of DuPont's Triton B (four drops per liter 

of stock) was added to ten milliliters of each foliar solution. The spray 
% � ' a-.’^% ?, 

was applied by an oral sprayer held at a distance of six inches from the 

turf. Each application equalled 15.3 gal* of liquid per 1000 sq. ft. 

v. » " 

V ,• 

V" 1 \ ?% � 
‘ v«f ~ 1 -r.»v J ’ <j' 



This amount was sufficient to thoroughly wet the turf but not enou$i to 
„ . 

cause drainage into the root solution. The sprays were applied immediately 

after each clipping. 

Clippings were made every three or four days or when the turf under 
' 

complete root solution treatment was three inches high, Hie cultures 

v/ere clipped to two inches with shears. Color, weight and height data 

were taken at each harvest. The samples for chemical analysis were taken 

from the last three harvests and composited. It wes felt that the sprays 

produced a minimum of contamination of samples for chemical analysis 

as they were applied only on freshly clipped turf and did not drain into 

the root nutrient solution. These samples were dried for twenty-four 

hours at 160°F and then ground through a 60-mesh screen of a Wiley micro¬ 

mill. They were analysed for nitrogen, phosphorus and potassium by \he 

methods described in the experimental methods section of the field e*«* 
' - 

periments. 

Results 

Nine harvests were made before the data run, or data collection 

period, was begun. Prior to the data run, bluegrass and fescue cultures 

grew well and had normal turf color (Fig, 1 & 2), However, fungus in¬ 

vaded the bent cultures, weakening the turf despite use of fungicides. 

As a result, the bent cultures were abandoned. 

Very shortly after treatment was begun, color differences became 

apparent (Fig* 3 A 4)* (Table 29)* Though the turf supplied through the 
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roots with all nutrients maintained normal color during the data, run, 

the turf receiving foliar nitrogen did not; turf receiving complete 

foliar spray maintained only slight color; that receiving minor elements 

foliarly did not maintain constant or normal color over the entire data 

run, but did have normal color over most of this period; and turf re¬ 

ceiving no nutrients (hereafter called the "check") maintained only a 

pale .green color. The fescue cultures receiving either complete foliar 

solution or no nutrients had better color than bluegrass under these treat- 

ments. Otherwise, there was little color difference between the species. 

At the start of the data run all of the fescue and bluegrass cultures 

were growing vigorously. Growth of the turf was immediately affected 
•*' / •. . .• As*? w" '*'*'*- . /•*’ •'T' • ’."Jv "/•* *•„ ,r-* '% � • V ' -p • >.* * K* '• •' . " V 

6y removal of the complete root solution and application of the foliar 

and check treatments. The effects noted at the start remained constant 

over the data run period (Table 30), Turf grown with complete root so¬ 

lution and that with the minor element spray maintained normal growth. 

Of the macro-nutrient foliar treatments, di-potassium phosphate was the 

most effective in promoting growth, though none were as effective as the 

complete root solution. Turf receiving nitrogen alone on foliage did 

not grow as rapidly as that sprayed with di-potassium phosphate, but 

did grow more rapidly than turf under the complete foliar and check 

treatments. The latter two treatments were about equal in growth. 

Fescue cultures grew faster than bluegrass when both were grown under 

the foliar minor element treatment, Bluegrass grew more rapidly when the 

cultures were treated with foliar nitrogen and with the root and foliar 
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oomplete nutrient solutions. In the check culture, there was little 

difference between species in growth rate. 

The yield of grass (Table 31) fl*om cultures supplied with a complete 

nutrient solution through the roots and with a foliar spray of minor 

elements was about equal. These yields were superior to those fjom 

other cultures. The yield from the other cultures was highest when 

sprayed with di-potassium phosphate alone. The check and complete fol¬ 

iar spray treatments produced about equal amounts of grass and also the 

least amount of any of the cultures. Foliar nitrogen cultures were only 

slightly superior in yield to the check and complete foliar cultures. 

Generally, the bluegrass cultures produced more turf than the fescues. 

Bluegrass supplied with complete nutrient root solution yielded more than 

bluegrass sprayed with minor elements; the reverse was true of fescue. 

Turf under treatments in which nitrogen was supplied through the 

root solution contained a high percentage of nitrogen (Table 32), while 

turf supplied with nitrogen by foliar spray and the check culture had 

a low level of nitrogen. The foliar minor elements treatment reduced 

nitrogen levels relative to the complete root and di-potassium phosphate 

treatments. Though nitrogen content of bluegrass supplied with complete 

root solution was higher than fescue under this treatment, it was lower 

in bluegrass than in fescue when both were under di-potassium phosphate 

treatment. Bluegrass samples had a higher nitrogen content than fescue 

samples taken from cultures receiving complete foliear nitrogen or check 

treatments. The fescue check samples were higher in nitrogen than the 
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fescue complete foliar and nitrogen foliar samples. However, the 

bluegrass complete foliar samples were higher in nitrogen than the blue- 

grass chech and foliar nitrogen samples. 

Spraying di-potassium phosphate resulted in the maintenance of low- 

er percentages of phosphorus than other treatments. Foliar application 

of this compound alone resulted in lower percentages of phosphorus than 

its foliar application in the complete foliar treatment, Bluegraes 

and fescue camples had a similar percentage of phosphorus when the potash- 

phosphate spray was used; but blue grass was higher than fescue in all 

other treatments # Bluegrass was especially high in phosphorus when ni¬ 

trogen was sprayed and phosphorus supplied through the roots. With 

fescue, phosphorous percentages were highest in samples from the foliar 

minor element cultures. 

The potassium content of the turf samples ires lowest when potassium 

was applied foliarly with phosphorus only. When potassium was applied 

in the complete foliar spray, the percentage of potassium was about the 

same as in samples from the check cultures. Fescue samples from turf 

supplied with potassium through the roots had high potassium content, but 

bluegraes samples contained more potassium when all nutrients were sup¬ 

plied through the roots than under the foliar nitrogen or minor element 
'^V v j-' •j** j\l • t w f v-’ V. *&•,»% •***/ *% - ,-fv %  r '•^ * *% ’% � y *% � ,• ., ... - oj - * „ 

treatment. 

When nitrogen, phosphorus or potassium was supplied foliarly, the 

actual amounts of these elements in the sample was small (Table 33) but 

slightly more than the amounts found in check samples. Foliar nitrogen 



79 

culture samples had somewhat more phosphorus snd potassium than those 

from the complete foliar cultures, but still had only small amounts of 

nitrogen. When the macro-nutrients were supplied through the roots, 

the amounts found in the samples were relatively high. Macro-nutrient 

content in fescue samples was higher when micro-nutrients were applied 

foliarly than when these were applied through the roots. Just the reverse 

condition was found in bluegrass. The blue grass which was treated with 

either the complete foliar spray or the check was slightly higher in 

nitrogen, phosphorus and potssslum than fescue under these treatments. 

When the analysis of nitrogen, phosphorus and potassium were cal¬ 

culated as ratios of P and K to N (Table 34), it was seen that KsN were 

always higher than PjN, The value of N:N was higher than that of KjN 

when nitrogen was supplied through the roots; but the value of K;N was 

higher than NjN when nitrogen was supplied foliarly, regardless of the 

method of applying potassium, Ifelues of PjN were also relatively high¬ 

er for treatments where nitrogen was applied foliarly. When potassium 

and phosphorus were applied foliarly and nitrogen through the roots, 

the values of PjN and K}N were very low. 

Where nitrogen, phosphorus and potassium were applied through the 

roots, the values of P:N were relatively low and K:N values were median 

in relation to the foliar nitrogen, complete foliar and check treatments 

values. The highest K:N values of this latter group and for both species 

were found for the nitrogen foliar treatment, A difference between species 

was found in the KjN ratios for the complete foliar treatment; the blue- 



gr*. ss value was high, 1.73, while the fescue value was only 1.12. K:fF 

values for the check culture were median for fescue, 1.22 and lowest in 

tills group of foliar treatments for bluegrass, 1.2£. 

To summarize the results, the complete root solution cultures had 

normal color, rapid growth (as indicated by height and weight data), and 

high percentages and amount of nitrogen, phosphorus and potassium. The 

nitrogen foliar,cultures had poor color, poor growth, low nitrogen con-f- 

tent and percentages, but median to high phosphorous and potassium levels.. 

Cultures under the complete foliar treatment had poor to noticable color 

in the fescue and good to noticable color in the bluegrass, pbdr growth, 

low nitrogen and potassium levels (though higher than check), and median 

phosphorous level and content. During the data run, the di-potassium 

phosphate foliar cultures developed a darb*green color, had intermediate 

to good growth and high nitrogen levels. Potassium and phosphorous 

percentages were low in samples from these cultures. Minor element 

foliar cultures maintained intermediate to normal green color, good growth 

(best of all fescues, though in bluegrass the complete root culture was 

superior to the minor element foliar treatment), and high levels of 

nitrogen, phosphorus and potassium. The check cultures were poor in all 

respects, though they did remain alive during and after the data run. 

* Discussion 

The turf disc culture techniques provided a useful means of compar¬ 

ing nutrient sources. The turf developed and matured rapidly in the two 
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Table 29 - Color Rating*of Creeping Red Feeoue and Kentuoky Bluegraaa 
Turf Cultures as Influenced by Foliar Sprays. ' 

n"— —   Treatment 

SSgggg “X? gg jjjj gg gg °F 
u - 
15 
16 : 
17 : - 
18 

Bluegrass 
13 
14 
15 
16 : 
17 
18 

Gheok 

3 
3 
3 
3 
3 
3 

1 
1 
i 
i 
l 
i 

3 
3 
3 
3 
2 
2 

4 
4 
4 
4 
4 
4 

1 
1 
3 
2 
3 
3 

3 
3 
3 
3 
3 
3 

1 
1 
1 
1 
1 
1 

1 
1 
2 
2 
2 
2 

4 
4 
4 
4 
4 
4 

3 
3 
3 
3 
3 
2 

> ‘•win,’ «... 

%'=%•; 

3 
1 
1 
2 
2 
2 

3 
1 
1 
1 
1 
1 

- ^JS^oUcable color £ 

SS„T1r^n.tl.£„TS,:; iSS k*r°" "”!"* «% � 
• •;* 

Table 30 - 
Grasa Height* Attained Between Haryeata of Creeping *d F.aoi 
and Kentucky BluesrrsHfl Turf rso ~ __ _ B 
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Table 31 - Yields* from Creeping Red Fescue and Kentucky Bluegrass 
Cultures Under Greenhouse Foliar Feeding Tests 

Treatment 

Harvest Complete 
Root 

Nitrogen 
Foliar 

Complete 
Foliar 

PK Foliar Minor Ele¬ 
ment Fol. Check 

Fescue 
13 0.77 0.37 0.11 0.46 0.68 0.18 
14 0.76 0.27 0.26 0.69 0.84 0.29 
15 0.73 0.30 0.17 0,52 0.69 0.10 
16 0.93 0.30 0.26 0.84 1.07 0.19 
17 0.51 0.06 0.06 0.36 0.66 0.05 
18 0.58 0.23 0.14 0.39 0.73 0.12 

Mean: 0.69 0.26 0.18 0.54 0.75 0.17 

Bluegrass 
13 

r 

0.58 0.29 0.42 0.67 0.54 0,29 
14 0.92 0.43 0.31 0.55 0.76 0.20 
15 0.77 0.39 0.28 0.63 0.76 « 0.35 
16 1.16 0.35 0.34 ^ 0.72 1.01 0.33 
17 0.69 0.24 0.22 , 0.48 0.49 0.17 
18 1.05 0.24 0.20 0.58 0.64 0.12 

Mean: 0.82 0.34 0.29 0.59 0.70 0.26 

* Grams dry matter per culture per harvest 

Table 32 - Nitrogen, Phosphorous and Potassium Percentage, Mean Yield, 
Mean Height, and Mean Color Rating for Harvests 16, 17 and 
18 from Greenhouse Feeding Tests* on Fescue and Bluegrass 
Cultures '' 

Treatment % « % v t K Yield Height Color 
Fescue 
Complete Root 4.9 0.38 4*2 0.67 1.4 3 
Nitrogen Foliar 2.2 0.34 4.3 0.30 0.6 1 
Complete Foliar 2.3 0.30 2.9 0.23 0.3 2 
PK Foliar 4.9 0.17 2.0 0.53 1.0 4 
Minor Element Foliar 4.7 0.42 4.5 0.82 1.7 3 
Check 2.4 0.30 3.0 0.12 0.3 2 

Bluegrass 
Complete Root 5.4 0.47 4.2 0.97 2.0 3 
Nitrogen Foliar 2.5 0.55 3.8 0.28 0.8 1 
Complete Foliar 2.7 0.38 3.1 0.25 0.5 2 
PK Foliar 4.7 0.18 2.1 0.59 1.4 4 
Minor Element Foliar 4.6 0,47 3.8 0.71 1.4 2 
Cheok 2.6 0.41 3.1 0.21 0.4 1 

*Percentage of N, P and K in oven dry sample; Grams per pot per harvest; 
Inches per harvest interval less two inches (height of clipping); Color 
Ratings were (1) Straw color to pale green, (2) Pale green to light 
green, (3) "Normal" green, (4) Dark green to purple green. 



Table 33 - Milligrams of Nutrient Contained in Samples from 
Harvests 16, 17 and 18* 

Treatment N P K Total 
Fescue 

Complete Root 32.8 2.57 28.3 64 
Nitrogen Foliar 6.7 1.03 12.8 21 
Complete Foliar 5.2 0.69 9.0 15 
PK Foliar 25.8 0.92 10.3 37 
Minor Element Foliar 38.2 3.40 26.8 78 
Check 2.8 0.36 3.6 

r • ; .• y ' "> k % •'V. • 

7 

Bluegrass 
Complete Root 52.1 4.56 

% � '. < Sy * 

40.8 97 
Nitrogen Foliar 7.0 1.55 10.6 20 
Complete Foliar 6.8 0.96 7.9 16 
PK Foliar 27.5 1.05 1.26 41 
Minor Element Foliar 32.7 3.32 26.8 63 
Check 5.4 0.85 6.6 13 

* Calculated as percent nutrient x weight of mean harvest 
(grams) from harvest 16, 17 and 18 

Table 34 - Ratio of N-P-K in Turf Samples from Greenhouse Cultures 
Under Foliar Feeding Tests* 'M 

Treatments 
Bluegrass 

Species 
Fescue 

N 

Complete Root 

Nitrogen Foliar 

Complete Foliar 

PK Foliar 

1 : 0.09 : 0.78 

1 s 0.22 : 1.51 

1 8 0.14 * 1.12 

1 t 0.04 : 0.50 

Minor Element Foliar 1 t 0.10 : 0.82 

1 * 0.08 j 0.85 

1 : 0.15 : 1.91 

1 : 0.13 8 1.73 

1 8 0.04 J 0.40 

1 8 0.09 8 0.96 

Check 1 s 0.16 8 1.22 1 8 0.13 8 1.28 

*"13aloula ted "a SHTTi“N/$7“P" is P/N7"a£a'k' U'W vEef elfTF ^ 
and K are % N, P and K found on analysis of turf sample 
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and one-half month period prior to the data run. Though these were 

greenhouse cultures, tillering and a basal leaf development pattern 

presented an appearance very similar to that of turf grown in the field. 

However, the turf in the center of the discs was small-leaved and over- 

orowded, perhaps due to too high a seeding rate. The roots were well 

developed and copiously branched at the beginning of the data run, though 

root hairs did not develops. (Though no measurements were made of root 

weights after the data run, there did appear to be a difference in root 

developement due to treatment.) The technique of applying the foliar 

treatments appeared to reduce chemical contamination to a minimum, for 

the amount applied was enough for good coverage, but not enough to cause 

run-off into the root solution. Also, spraying just after harvest reduced 

danger of contaminating new growth. 

After adjustment of the nutrient concentrations to obtain minimum 

precipitation and good growth, the turf was able to assimulate root- 

supplied nutrients effectively. However, foliarly applied nutrients 

were not effectively utilized, for the yield, nutrient content, hight 

and color of the turf were all adversely affected by this method of nutrient 

supply. That some foliarly applied nutrients were asSimulated was indi¬ 

cated by the higher content of nitrogen, phosphorus and potassium in the 

complete foliar samples as compared to the check samples. 

Shortly after the data run was begun, deficiency symptoms were noted. 

These were not confined to color, but were also expressed as reduced height, 

yield and chemical content. Low nitrogen levels were associated with pale 
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color and slow growth, while low levels of phosphorus and potassium in 

association with high nitrogen levels resulted in a dark green turf 

and reduced growth. The dark green color was thought to be the result 

of anthrocyanln accumulation - a common phosphorous deficiency symptom. 

(Red plus green gives a purple; if there is more green than red, the combi¬ 

nation produces a dark green.) 

Though the ratio method of reporting nitrogen, phosphorous and 

potassium data may obscure other comparisons, such as those above, this 

method reduced the chemical analysis data to a set in which the balance 

of the macro-nutrients may be more easily observed. Based on nitrogen 

content as 1, the P/N and K/N ratios, when small as compared to corres¬ 

ponding values from the complete root (or standard) treatment, indicate 

a deficiency of the element in the numerator, i. e., phosphorous or 

potassium; and where large, indicate a deficiency of the element in the 

denominator, specifically,nitrogen. The P:N and K:N values for the com¬ 

plete root solution were considered to be normal and satisfactory for 

this experiment. Deviations from these values were found to be consistent¬ 

ly associated with symptoms of abnormal growth, such as poor color, or 

low 3ample weight. 

As P:N and XtN values for foliar nitrogen and complete foliar treat¬ 

ments were higher than for other treatments, notrogen was thought to be 

the limiting growth factor in these cultures. The nitrogen defificency 

was associated with pale color and slow growth. In the di-potassium 

phosphate foliar treatment, the P:N and KsN values were at the minimum 

for the experiment, indicating that a deficiency of potassium or phosphorus 
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or both was limiting turf growth. In this case, the potassium and 

phosphorous contents were comparable to those in the foliar nitrogen 

samples, and the nitrogen content was rather high (4.7* and 4*9# for 

bluegrass and fescue, respectively.) The high nitrogen content may 

indicate a nutrient imbalance rather than deficiency of phosphorus 

or potassium, though the very dark color mentioned above points to 

phosphate deficiency. In the no-nutrient cultures, N:P and NtK values 

were relatively high, suggesting again a deficiency of nitrogen as the 

limiting growth factor. 

The deficiency effect of foliar sprays may have been affected by 

the nature of the heavy turf cuticle. Injury from the ability to utilize 

foliarly applied nutrients appear to be directly related (8), suggesting 

that a delicate cuticle may enhance the entxy of foliar spray salts. As 

the turf grasses tested were not injured by the sprays used, and these 

grasses possess heavy cuticles, the sprayed nutrients may not have been 

able to penetrate into the metabolic system, and the deficiencies noted 

above developed. This condition may be an expression of a general case 

where maximum utilization of available plant nutrients is limited by 

the essential element whose quantity is farthest from optimum and, futher, 

where maximum utilization of this element may be prevented by inbalance 

of other nutrients in the plant. It is felt that such limiting condi¬ 

tions did occur in the turf cultures as a result of the use of foliar 

sources of nutrient elements. ’ 
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Figure 6 - Kentucky Bluegrass Turf Discs Prior to Treatment 

Bottom Loft* Complete Root, Middles Check, Rights Foliar Minor 
Elements, Top Lefts Nitrogen Foliar, Middle: Complete Foliar, 
Right: P K Foliar* Note that all discs have similar color and 
height. 
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General Summary 

1. Liquid fertilizer was not absorbed by turf leaves. Thus the 

response of turf to liquid fertilizer was produced by physiological 

processes the same or similar to those producing a response to 

solid fertilizer. 

2. Liquid fertilizer applied at high rates produced burning, though 

damage to turf color was not permanent except within bentgrassas. 

3. . Color, yield and nutrient levels were maintained with most 

economy by frequent applications of fertilizer at the median rates 

in Area B, and the highest rate at Area C, 

4# Liming improved turf response to fertilization, but also encouraged 

weediness, Bluegrass performance wa3 enhanced by liming, though 

bent and fescue were more vigorous at sites with relatively low 

pH. 

5# Drouth conditions in mid-summer restricted turf growth and response 

to fertilization. After drouth, good moisture and favorable 

temperatures were not always accompanied by good turf color, even 

in fertilized plots. 
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Table 35 - Soil Test Results (Sampled Hay 1955 and June 1956) 

pH, Nutrient (1956 only) 

Treatment# 1955 1956 . ««4. NO3 ; p k He Ca 

Area A 
Acid 

0.0 V 
4.6 

5.3 L M VL % % � m VL 
25.0 5.3 L VL ’ M VL • V • nh : L 
31.2 4.6 L VL M VL M • VL 
33.3 4.6 L i? VL H > VL . * M VL 
37.5 4.5 L VL h VL M VL 

Line 
0.0 

5.6 
5.4 L % � VL 3--M* J v VL * H •;. L 

. 25.0 5.7 L VL M VL H L 
31.2 5.7 L VL m ;'%% � VL VL 
33.3 5.6 t • VL M: VL MB „ M 
37.5 5.6 L VL ; M VL ; h ; L 

Area B 
0.0 

6.5 
6.4 L •V VL "4 M Jr V L % ’H -: % � MH 

8.3 6.3 L 1 VL M VL H '#'% � MH 
8.3 ^ 6.2 L VL M VL H M 

16.7 6.2 L c VL M VL V H L 
16.7 6.2 L VL M VL H M 
33.3 6.4 V t VL M VL : H H 
33.3 5.9 L VL m VL H M 

At— C 
0.0 

4.8 
4.7 L VL H VL M VL 

8.3 4.6 t VL L VL L VL 
8.3 4.5 L VL L VL L VL 

16.7 4.6 . i» '< - VL Vi L VL L VL 
16.7 4.5 L VL l VL L VL 
33.3 4.6 L VL L VL L VL 
33.3| 4.5 L VL L VL . L VL 

* Pounds of 12-8-4 applied per 1000 aq ft per season 
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MAXIMUM, MINIMUM AND MEAN TEMPERATURES BETWEEN CLIPPINGS 

CLIPPING DATE 

Figure 11 
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INCHES OF RAINFALL IN HARVEST INTERVAL 

CLIPPING DATE 

Figure 12 
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MEAN DAILY SUNLIGHT (HOURS) IN HARVEST INTERVAL 
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MEAN REIATIVE HUMID3TI IN HARVEST INTERVAL 

CVOrHC- C*\ ,-t O' sO H rH CM 
f*4c3 HWCV rHCM H <V C\i 

CLIPPING DATS 

Figure 14 
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Table 36 - Statistical Analysis of Area B Yield Data (grams per 
plot per day) 

Analysis of Variance 
Source df 88 ms F 

Replicates 2 1.1462 0.5731 NS 
Treatments 6 74.3576 12.3929 39.0327** 

Fertilised vs not V ^ 1 25.44% 25.4496 80.1562** 
Liquid vs Solid 1 3.2777 3.2777 10.3242** 
Average Linear Effect 1 38.1428 38.1428 120.1348** 
Average Quadratic Effect 1 7.1262 7.1262 22.4447** 
Average Linear Effect 1 0.2522 0.2522 NS 
vs (Liquid vs Solid) 

Average Quadratic Effect 1 0.1089 0.1089 NS 
vs (Liquid vs Solid) 

Error (a) 12 3.8104 0.3175 — 

Harvests 13 181.6118 13.9701 
na* -jfjj. "4 . * %.* .. 

54.6774** 
Treatments vs Harvests 78 55.5059 0.7116 2.785 ** 
Error (b) 182 46.5150 0.2555 — 

Total 293 362.9469 

Least Significant Differences 

0.05 (a) 0.268 (b) 0.306 (c) 0.809 (d) 0.801 
0.01 0.376 0.402 1.06 1.06 
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Table 37 - Statistical Analysis of Area B Percentage of Nitrogen 
Data 

Analysis of Variance 
Source df 88 ms F 

Replicates 2 rV 0.6821 0.3411 NS 
Treatments > - 6 7.3035 1.2173 8.536** 

Control vs Fertilised 1 4.0666 4.0666 28.5175 
liquid vs Solid ..m- 0.1866 0.1866 NS 
Average Linear Effect i 2.6288 2.6288 18.4348** 
Average Quadratic Effect i 0.0470 0.0470 NS 
Average Linear Effect i 0.0686 0.0686 NS 
vs (liquid vs Solid) 

Average Quadratic Effect i 0.3059 0.3059 NS 
vs (liquid vs Solid) 

Error (a) 12 1.7110 0.1426 — 

Harvests 6 29.8973 4.8162 133.338** 
Replicates vs Harvests 12 0.4391 0.0366 NS 
Treatments vs Harvests 36 4.4220 0.1228 3.389** 
Error (b) 72 2.6086; 0.03523 — 

Total - : 47.0636 

Least Significant Differences!/ 

0.01 (a) 0.36 (b) 0.16 (0) 0.46 (d) 1.23 
0.05 V0i»;*v 0.14 0.42 1.11 

(a) Comparison between two treatments; (b) Comparison between 
two harvests; (c) Comparison between two treatments at one 
harvest; (d) Comparison between two harvests at one treatment 
level. 
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Table 38 - Statistical Analysis of Area B Phosphorus Data 

Analysis of Variance 
Source df S3 ms F 

Replicates 2 0.000977 0.000489 NS 
Treatments 6 0.004314. 0.000719 NS 
Error (a) 12 0.021789 0.001812 

Harvests 6 0.156037 0.026006 28.329 
Treatments vs Harvests 36 0.061813 0.001717 NS 
Replicates vs Harvests 12 0.013571 0.001131 NS 
Error (b) 72 0.06.6127 0.000918 

Total 0.324578 

least Significant Differences 
Comparison Between Harvests Oily 

0,05 0.025 
0.01 0.027 
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Table 39 - Statistical Analysis of Area B PotassJ-um Data 

Analysis of Variance 
Source df 

Replicates W. ^ 
Treatments 6 

Control vs Fertilized % :{% 1 
Liquid vs Solid 1 
Average Linear Effect 1 
Average Quadratic Effect 1 
Average Linear Effect 1 
vs (Liquid vs Solid) 

Average Quadratic Effect 1 
vs (Liquid vs Solid) 

Error (a) 12 

Harvests 6 
Replicates vs Harvests 12 
Treatments vs Harvests 36 
Error (b) ^ ^ 72 

Total W. 146 

88 ms 

0.0298 
3.7524 
1.2317 
0.0035 
2.2968 
0.1540 
0.0500 

5.3877 
0.3199 
0.9806 
2.9411 

13.7472 

0.0149 
0.6254 
1.2317 
0.0035 
2.2968 
0,1540 
0.0500 

0.0160 0.0160 

0.3357 0.02798 

0.8980 
0.0267 
0.0272 
0.0408 

NS 
22.352** 
44*021** 

NS 
82.087** 
5.504* 

NS 

NS 

22.010 
NS 
NS 

0.G1 
0.05 

Least Significant Differences!/ 

(a) 0.16 (b) 0.16 (c) 0.25 (d) 0.42 
0.11 0.12 0.19 0.32 

!/ (a) Comparison between two treatments; (b) Comparison between 
two harvests; (c) Comparison between two harvests at same 
treatment level; (d) Comparison between two treatments within 
same harvest. % rr; • :' \1-“ 
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Table 40 - Statistical Analysis of Area C Yield Data!/ 

Analysis of Variance for First Three Harvests 
Source df SB ms F 

Replicates 2 .* 168.63 84.32 4.56* 
Treatments 6 5256.77 876.13 82.9S** 

Liquid vs Solid 1 78.96 78.96 4.27NS 
Fertilized vs not 1 1105.18 1105.18 59.82** 
Between Liquid Levels 2 898.22 U9.ll 24.31** 
Between Solid Levels % � a % > - 3198.01 1599.01 86.55** 

Error (a) 12 221.72 18.476 

Harvests 2 6568.37 3284.19 167.71** 
Treatments vs Harvests 12 5118.19 436.52 21.78** 
Replicates vs Harvests 4 8.90 2.23 NS ‘ 
Error (b) 15 293.74 19.583 —- 

Total V % � 63 17636.32 

lsd2/ 
0.01 {«) 6.19 (b) 4.03 (c)10.65 (d)10.54 
0.05 .4.41 2.91 2.91 7.63 

Analysis of Variance for Last Four Harvests 
Souroe df ss me F 

Replicates 2 26.02 13.01 NS 
Treatments 6 2422.23 403.70 4.06* 

Liquid vs Solid 1 9.10 S 9.10 NS 
Fertilized vs not 1 443.90 443.90 NS 
Between liquid Levels 2 439.97 219.99 NS 
Between Solid Levels 2 1529.24 764.62 7.68** 

Error (a) 12 1194.88 99.57 — 

Harvests 3 644.94 2U.98 25.20** 
Treatments vs Harvests 18 39.16 6.53 NS 
Replicates vs Harvests 6 1781.48 98.97 11.60** 
Error (b) 36 307.05 8.529 — 

Total S3 6415.76 

isn2/ 
0.01 (a )12.45 (b) 7.34 (0) 6.14 (<1)13.04 
0.05 8.88 5.59 4.67 9.41 

Analysis divided into two sections because of very different 
climatic situations* See "Results - Area Cn for details. 

£/ (a) Comparison between two treatments; (b) Comparison between two 
harvests; (o) Comparison between two harvests at one treatment 
level; (d) Comparison between two treatments id thin one harvest. 
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Table 41 - Statistical Analysis of Area C Nitrogen Data 

Harvest of 15 June, 1955 

Analysis of Variance 
Source df ss ms F 

Replicates 2 0.0512 0.0256 NS 
Treatments 6 7.9733 1.3288 34.159** 
Error 12 0.4472 0.03&9 -- 

Total 20 8.4717 

ISD 0.05 0.351 
0.01 0.492 

Harvest of 6 July, 1955 

Analysis of Variance 
Source df ss ms F 

Replicates 2 0.0259 0.0130 NS 
Treatments 6 4.4278 0.7380 23.65** 
Error 12 0.3728 0.0312 

Total 20 4.8265 

ISD 0.05 0.314 
0.01 0.441 



Appendix 108 

Table 42 - Statistical Analysis of Area C Phosphorous Data 

Harvest of 15, June, 1955 

Analysis of Variance 
Source df ,. 88 ms F 

Replicates 2 0.002768 0.001384 4*34* 
Treatments 6 0.021535 0.003589 - 11.25** 
Error 12 0.003832 0.000319 -- 

Total 20 0.028135 

LSD 0.05 0.032 
0.01 0.045 

Harvest of 6 July, 1955 

Analysis of Variance 
Source as ms r 

Replicates 2 0.003493 0.001747 NS 
Treatments 6 - / 0.054332 0.009055 NS 
Error 12 0.040093 0.003333 -- 

Total 20 0.097918 
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Table 43 - Statistics! Analysis of Area C Potassium Data 

Harvest of 15 June, 1955 

Analysis of Variance 
Source df , y. 88 ' ms Til. F 

Replicates 2 0.2021 0.1010 NS 
Treatments 6 1.4661 0*2443 6.882** 
Error 12 0.4264 0.0355 — 

Total 20 2.0146 

LSD 0.05 0*33 
0.01 0.47 

Harvest of 6 Jily, 1955 

Analysis of Variance 
Source df S6 ms F 

Replicates * 2 4 0.2115 0.1058 NS 
Treatments 6 1.0952 0.3189 NS 
Error 12 1.9565 0.1630 -*. 

Total 20 3.0517 
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Table 44 - continued 

_Analysis of Variance for Regression_ : , 
Source df ss ms F 

Linear Regression 3 91.4329 30.4776 42.752** 
Diviation from Regression 144 102.6509 ' 0.7129 

Total 147 194.0S3S 

Regression Coefficient: K « 0.6S637** 

Standard Partial Regression Coefficients 

b*y 1.23 s -(0.5302) 

b*y 2.13 * 0.54*4 4 

b*y 3.12 = 0.8680 

Regression Equation 

£ - 3.261 (#C) + 13.410 (S’) - 1.071 (50?) - 6.801 
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