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INTRODUCTION 

The effects of nitrogen fertilization on forage grasses are of 

major concern and have been studied by many investigators. Maximum 

production of high quality forage with adapted grasses throughout the 

growing season cannot be attained without an adequate supply of nitro

gen. Oklahoma soils, in general, are deficient in organic matter and 

the problem of soil nitrogen is directly related to the status of soil 

organic matter. 

Warm season grasses differ in their response to application of 

nitrogen fertilizer. Four strains of Bermudagrass, particularly 

adapted to Oklahoma conditions, were selected for this study. Bermuda

grass has the capability to produce high yields of good quality forage 

and also has good soil binding properties. In 1906, John Fields , (15)* 

an early director of the Oklahoma Agricultural Experiment Station, 

stated, "Of all the grasses tried on the station farm, Bermudagrass 

alone has shown the qualities whi ch must be possessed by a pasture 

grass in Oklahoma." 

The purpose of this study was t o obtain additional information on 

the effect of different rates of nitrogen fertilizer on the f orage pro

duction, chemical composition, and efficiency of nitrogen utilization 

of four strains of Bermudagrass. 

* Figures in parenthesis refer to literature cited. 
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REVIEW OF LITERATURE 

Nitrogen Rates 

Woodhouse, Chamblee, and Dobson (37) reported that Coastal Ber-

mudagrass fertilized with 100 pounds of nitrogen per acre produced 

9,208 pounds of dry forage per acre while the check plots produced 

3,597 pounds. Burton and Devane (6) found annual hay yields of Ber-

mudagrass ranged from one ton of hay per acre without nitrogen to 

eight tons where 400 pounds of nitrogen were used. They stated that 

100 pounds of nitrogen per acre produced the most economical yield of 

hay. In another experiment by Burton, Southwell, and Johnson, (7) it 

was found that yields of Coastal Bermudagrass hay increased with added 

increments of nitrogen up to 600-900 pounds per acre and t hen decreased. 

They concluded that the heavy rates affected growth adversely. 

Smith and Kapp, (33) who worked with Coastal Bermuda.grass, found 
- , ..,_,..,.11,f-.- • .......... . 

that applications of nitrogen fertilizer produced highly significant 

increases in yields of forage. They found that combinations of phos -

phorus and potassium, when used with nitrogen, further increased yields. 

Prophet (27) concluded in his study on Coastal Bermudagr ass that in-- ··-·-- ~-.. -·~ 
creased rates of nitrogen fertilizer did not result in corresponding 

increases in yields of forage. Holt, Potts, and Fudge (18) found 

proper fertilization would greatly increase yields of Bermudagrass. 

They stated that the lack of nitrogen is most often the factor limiting 

plant growth. 

2 
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Elder, (12) who used Midland Bermudagrass, reported hay yields of 1·.--~ 
3,759, 6,448, 1:356, and.8,580 pounds of' dry forage per acre when ferti-

lized with o, 50, 100, and 200 pounds of' nitrogen per acre, respectively. 

McCloud (21} found that Coastal Bermudagrass forage fertilized with ------~ ' .. - -- ~ 

540 pounds of nitrogen per acre contained 16 percent protein while the 

plots that did not receive the nitrogen fertilizer contained only 7.0 

percent protein. Burton ( 4) .!?~~!h!;!:;.,,_Qq,astal Bermudagrass hay con

tained 7.0 percent protein when no nitrogen fertilizer was applied, and 

800 pounds of nitrogen per acre produced hay containing 16.o percent 

protein. In other studies, Burton (7) ~l~j'Otein content of' 

Coastal Bermudagrass hay increased with increasing increments of nitro-

gen up to 1,500 pounds per acre. Coastal Bermudagrass grown under this 

high nitrogen rate contained 25.5 percent protein. Burton and Devane 

(6) concluded that nitrogen applications had no significant effect upon 
~~-;;.::-~~..;~.::.?~}~!'lii'f~;'i"<.<.~:{w§..;;;;$'.i-'8),:5,<;-,t_r, 

the fat, calcium, phosphorus, and potassium content of Coastal Bermuda

grass hay. Coastal Bermudagrass hay contained 0.28 to 0.32 percent 

phospkl.orus, and o.84 to 1.02 percent potassium. 

Brown and Munsell (3) found that yields from timothy were in-
·<-":.,;-=~:.:C..j~~:,.,1,·-_";,.·hC·\·:'fl-vi:;s&?'.* 

creased markedly by annual applications o:f' 28 to 56 pou.nds of nitrogen 

per acre. Russell, Bourg, and Rhoades (30) noted that Lincoln brome-

grass declined in percentage of all elements throughout the growth 

period. Nitrogen percentage in the forage was higher for fertilized 

bromegrass than the non-fertilized. Data reported by Eheart and Ellett 

(11) showed that 100 to 200 pounds of nitrogen per acre applied on blue-

grass sod increased the protein and had no effect upon the phosphorus. 

Brown (2) reported that 56 pounds of nitrogen per acre decreased the 
~Sc""<''".·«:::;:-;;rB 

potassium but had no effect upon the phosphorus content of pasture 

grasses. Data obtained from an experiment conducted on bluegrass sod 
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(22) ~creases in the amount of' nitrogen fertilizer gave 

a corresponding increase in the yield of protein. 

An average recovery of 23.0 percent of the nitrogen applied was 

obtained on tw bluegrass pastures in West Virginia. This experiment 

was conducted over a seven-year period by Robinaon and Pier:re'.(2$). · In 

1929, Welton and Salter (36) reported on efficiencies of nitrogeri utili-
... -1 ll.~.~~ 

zation from timothy hay. They used sodium nitrate as the nitrogen 

carrier and reported efficiencies of 7.0, 48.7, 33.9, att.d 39.0 percent 

when timothy plots were fertilized with 50, 100, 200, and 400 pounds of 

sodium nitrate per acre., respectively. 

Ni~rogen Carriers 

Eheart and Ellett (ll) concluded that sodium nitrate was superior 

as a nitrogen carrier over ammonium sulfate and urea on Kentucky blue-

grass sod. 

McClure, (22) who used nine nitrogen carriers, reported that only 

cyanamide caused a decrease in yield on Kentucky bluegrass. In his 

observations he noted that the decrease in yield was caused by the toxic 

effect of this material on the grass. Burton and Devane (6) found rela

tive yields of' 100., 102, 86., and 77 from Coastal Bermudag:ra.ss when fer-

tilized with nitrate of soda, ammonium nitrate, cyanamide., and uramon., 

respectively. They stated that sodium nitrate and ammonium nitrate 

produced hay that contained significantly more protein than ura.mon and 

eyanam.ide. 

Time and Number of Nitrogen Applications 

Dodd, (9) who worked with Kentucky bluegrass., concluded that nitro-

gen fertilizer applied early in the spring increased the production not 

.. 



only in the early spring but throughout the growing season. The 

increased production late in the season was very small and inadequate 

to meet the mid-summer pasture shortage. Brown and Munsell (3) found 

that the most uniform seasonal distribution of pasturage was obtained 

by adding nitrogen only in the summer, but the returns per unit of 

nitrogen were about one-half of those from the spring treatments. 

Robinson and Pierre (28) reported that summer applications of nitrogen 

did not produce satisfactory increases in yield unless soil moisture 

was adequate. Burton and Devane (6) found that splitting the applica

tions of nitrogen in wet seasons significantly increased yields from 

Bermudagrass but had no effect in a season of average rainfall. 

5 

Munsell and Brown (23) reported that the greatest recovery of nitro

gen from bluegrass and bentgrass was obtained on plots receiving nitrogen 

in April. Nitrogen applied in August was the least efficient. Burton 

and Devane (6) found that the recovery of sodium nitrate nitrogen applied 

in four split applications was 42.4, 60.2, 65.7, and 64.4 percent for 

rates of 50, 100, 200, and 400 pounds of nitrogen, respectively. 

Varietal Response 

Elder (13) found that Greenfield produced more forage on the low

fertility, medium to fine-textured soils than Midland Bermudagrass. 

Langford and Evans (20) concluded that Coastal Berm.udagrass was more 

responsive to high rates of nitrogen and more productive at all levels 

of nitrogen than comm.on Bermudagrass and Pensacola Bahiagrass. Woodhouse, 

Chamblee, and Dobson (37) reported that Coastal Bermudagrass produced 

9,258 pounds of dry forage per acre and common Bermudagrass produced 3,444 

pounds. Workers in Texas (18) found that yields of dry forage were greater 

with Coastal than that of common Bermudagrass. Harlan, Burton, and Elder 
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(17) concluded that Midland is two to four times as productive as unse

lected common Berrn.udagrasses on medium to high fertility soils. They 

noted that Midland was no more productive than common Bermudagrass on low 

fertility soils. In tests conducted at Stillwater, Oklahoma, Midland pro

duced higher yields of forage than Coastal and common Bermudagrass. They 

found the percent protein to be lower in Midland than in Oklahoma common 

Berrn.udagrass. 

Nitrogen recovery was calculated by Enlow and Coleman (14) on Bahia, 

centipede, and carpetgrass. These grasses received four applications of 

ammonium sulfate at the rate of 16.16 pounds per acre. Nitrogen recovery 

for Bahia, centipede and carpetgrass was 32.1, 22.3, and 48.3 percent, 

respectively. 

Devane, Stelly, and Burt9n (8) conclude~ that the effect of Bermuda

grass strains in altering the soil organic matter was not significant 

although one of the strains tended to produce a higher organic matter con

tent between the different nitrogen treatments. Organic matter tended to 

be higher under Berrn.udagrass and Bahiagrass than in adjacent cultivated 

fields. 

Burton (4) noted that Coastal Bermuda.grass tended to produce a sod 

containing fewer weeds than from sods of comm.on Bermudagrass. 

Prophet (27) reported that the application of high rates of nitro~ 

gen did not greatly influence the need for additional soil moisture. 

Burton (5) concluded from studies that an acre of plants used about the 

same amount of water regardless of the amount of fertilizer applied. 

Kimbrough., Wise., and McGuire (19) found that irrigation did not produce 

economical increases in yields from Coastal Berm.udagrass. Fisher and 

Caldwell (16) suggested that 800 pounds of nitrogen per acre were not 

enough to produce maximum yields from irrigated Coastal Bermudagrass. 



SOILS USED IN GREENHOUSE AND FIELD STUDIES 

Stephenville Loamy Fine Sand 

The Stephenville series (35) occurs principally in the West Cross 

Timber section of the state and is developed from weathered residue of 

sandstone~ Topography is rolling hills (2 to 10% slopes) with occa

sional flat areas. Surface and internal drainage is moderate. Native 

vegetation is chiefly post oak, with hickory and other trees. This 

soil is low in inherent fertility but is productive with good soil 

management practices. 

A soil sample of this series was taken from a field, NW 1/4, section 

14, township 46, range lW located on the Noble Foundation Lone Grove 

Farm in Carter County, Oklahoma. 

Kirkland Fine Sandy Loam 

The Kirkland series (35) are Reddish Prairie soils developed from 

beds of red calcareous clay. Topography is relatively smooth, flat lands 

with slopes mostly less than 2%. Surface drainage is slow to moderate 

and internal drainage is very slow. The native vegetation is chiefly 

tall prairie grasses. 

A soil sample of this series was taken from a field, NW 1/4, section 

27, township 4s, range 2E located on the Noble Foundation Headquarters 

Farm in Carter County, Oklahoma. 

7 



EXPERIMENTAL PROCEDURES 

Greenhouse Studies 

The objectives of this study were to obtain information on the 

effe_q_:t_o~_different rates of nitrogen fertilization on the forage pro-
·----~--- ·- -- - --

~':1~t1on., chemical composition., and efficiency of nitrogen u1;,ilization 

·_on four strains of Berm.udagrass. 
--. . - . --·- - -. --.--- - - -- --~-

The physical and che~ical properties ot the Stephenville soil are 

presented in Table I. 

A uniform application of monocalcium phosphate., potassium chloride., 

and ES-MIN-EL (a trace element mixture marketed by the Tenne,see Corpo-
/ ~ -- . . ~- - . . .. - .. - - ,- .. ---~-- --~----

.rat.ion)., was used that enabled the potted soils to be fertilized at the 

rates equivalent to 690 pounds of P205, 360 pounds of K20, and 50 pounds 

of ES-Mm-EL calculated on an acre basis. . Ammonium nitrate was applied 

at rates equivalent too., 50., 100., 200, and 400 pounds of elemental 

nitrogen per acre. The nitrogen was applied in increments supplying 

l/4 of ·the.total rate used on each of the f'olloWing dates: August 2., 

September 14, November 2., 1955 and April 2., 1956. 

NitrQgen fertilizer treatments on the four strains of Bermudagrass --- -...... - --- . -

were as follows: 

NH4~03 applied., lbs. of' nitrogen/a.ere 

(1) Check (no treatment) 
(2) 50-0-0 
(3) 100-0-0 
(4) 200-0-0 
(5) 400-0-0 

8 



9 

TABLE I. 

SOME PHYSICAL AND CHEMCCAL CHARACTERISTICS OF SOIL MATERIALS USED IN THE 
GREENHOUSE AND FIELD EXPERIMENTS. 

Sand 
Silt 
Clay 

pH 

Organic 
Matter 

Total 
Exchange 
Capacity 

Total nitrogen 

Available phosphorus 

Exchangeable potassium. 

Stephenville 
Loamy Fine Sand 

86.50% 
8.75% 
4.75% 
6.4 

2.89 m.eq./100 grams 

4 lbs./acre 

60 lbs • / acre 

Kirkland 
Fine Sandy Loam. 

62.25% 
28.25% 
9.29% 
6.7 

5.96 m.eq./100 gratns 

.045% 

23 lbs. / acre 

246 lbs. /acre 
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Nine thousand five hundred grams of air-dry soil were placed in each 

of a sufficient number of two-gallon glazed, earthenware pots to enable 

all treatments to be made in quadruplicate. 

On April 21, 1955, rhizomes from Midland, Coastal, Greenfield, and 

a local common Bermudagrass were sprigged in their respective pots. The 

sprigs in each pot were selected so as to contain forty nodes. 

The design of the experiment was a ij~lit plot, randomized block de-
-----~- f 

sign with four replications. Four strains of Bermudagrass were used as 

main plots and five rates of nitrogen as sub-plots. 

The soil in each pot was watered with demineralized water and the 

soil moisture was kept at a high level and as uniform as possible be-

tween all pots. 
A' 

On August 1, 1955, the above ground portion of the plants was har-

vested. This harvest of Bermudagrass was discarded and the first incre-

ment of nitrogen was applied August 2, 1955. The nitrogen fertilization 

was delayed until this date so that the Bermudagrass strains would become 

established and absorb available soil nitrogen that was present at the 

time of sprigging. Five additional harvests were ma.de and the relative 

growth is indicated by oven-dry weight as presented in Tables II and XIX. 

The results of the nitrogen, phosphorus, potassium analyses on the 

Bermudagrass harvested forage are presented in Tables V, :XX, XXI, and 

XXII. 

The efficiency of nitrogen utilization was calculated and is pre-

sented in Table VI. 

Composite soil samples were taken from each of the four replications 
' 

at the termination of the experiment. The results of the analyses for 

pH, organic matter, available phosphorus, and exchangeable potassium are 

presented in Table VII. 
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After the soil samples had been taken, the Bermudagrass roots were 

washed free of soil and dried in an oven. Oven-dry weights were taken 

and the roots were analyzed for nitrogen, phosphorus, and potassium. 

These results are presented in Table VIII. 

Field Studies 

An experiment was set up on the Noble Foundation Headquarters farm 

to study the effects of rate of nitrogen fertilization on the forage 

production, chemical composition, and efficiency of nitrogen utilization 

on four strains of Bermudagrass under field conditions. 

A site with uniform soil conditions and slope was selected from the 

field. The soil occupying this location is classified as Kirkland fine 

sandy loam. The physical and chemical properties are presented in Table I. 

Previous to sprigging, the entire area received a uniform. application 

of triple superphosphate and potassium chloride equivalent to 106 pounds 

of P205 and 60 pounds of ~O per acre. These fertilizers were applied 

with a Gandy hand fertilizer spreader. Ammonium nitrate was applied by 

hand at rates equivalent to o, 50.v 100, 2001 and 4,00 pounds of' elemental 

nitroge~ per acre. 

The nitrogen fertilizer was applied in two equal applications, one

half May 18., and one-hal.:f' July 2, 1956. The designation of' the nitrogen 

fertilizer treatments is the same as described in the greenhouse experi

ment. 

On April ll, 1956, Midland, Coastal, Greenfield, and a local comm.on 

Bermudagrass were sprigged at random on 12.5 by 20-foot plots with four 

replications. The plots were marked off into one-foot squares and the 

sprigs were planted on one-foot centers. 

After the Berm.udagrass strains had become establi'shed, the 12. 5 by 
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20-foot plots were subdivided into 5 by 12.5-foot plots. The first in

crements of nitrogen fertilizer were applied to these 5 by 12.5-foot 

plots May 18, 1956. 

The design of the experiment was a latin square split plot including 

four strains of Bermudagrass, five levels of nitrogen with four replica

tions. 

The Berm.udagrass forage was harvested with a rotary-type mower set 

to cut two inches above the ground. The first harvest was made July 2, 

1956 and the second and last harvest was made August 16, 1956. A 3.5 

by 11-foot strip was harvested from each plot. The oven dry forage con

verted to pounds per acre is reported in Tables IX and XXIII. 

Analyses of the Bermudagrass forage for nitrogen, phosphorus, and 

potassium are presented in Tables XIII, XXIV, XXV, and XXVI. 

The efficiency of nitrogen utilization was calculated and is pre

sented in Tables XIV and XXVII. 

The Berm.udagrass plots received a total of 18.75 inches of water 

from April 10 to July 27, 1956. Rainfall contributed 8.60 inches and 

10.15 inches of water were applied by sprinkler irrigation. The fifty

year average rainfall at Ardmore, Oklahoma du.ring this period is 20.65 

inches. The last irrigation was applied July 27, 1956. 

Percent of weeds and foreign grasses was estimated on the plots 

June 29, 1956. The results of this estimation are reported in Table 

XVII. 

Composite soil samples were taken August 20, 1956. Analyses of 

the soil samples for pH, organic matter, available phosphorus, and ex

changeable :potassium are presented in Table XVII. 
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Analysis of Soil 

Samples from each of the soils used in the greenhouse and field 

studies were taken into the laboratory and prepared for analysis by 

crushing with a wooden roller and sieving through a twenty-mesh screen. 

The results of the physical and chemical properties are reported in 

Table I. 

The soil texture was determined by the method of Bouyoucos (1). 

The pH determinations were made essentially by the method described by 

Peech and English (26). Soil organic matter was determined by the 

method of Schollenberger (31). The exchange capacity was determined 

by the method described by Russel (29). 

The available phosphorus was determined by the method of Olsen., 

Cole, Watanabe, and Dean (24). Exchangeable potassium was determined 

by the method of Peech, Dean, and Reed (25) and readings were made on 

model 52c, Perkin Elmer flame photometer • 

.Analysis of Forage 

Forage samples from the greenhouse and field studies were dried in 

an oven at 180° F. and ground to pass a twenty-mesh screen. 

Total nitrogen was determined by the method described by Russel (29) 

and modified for se·mi micro analysis. Phosphorus was determined by the 

method of Shelton and Harper (32). Potassium was determined by digestion, 

as described by Shelton and Harper, and:,:readtgg on:.the MOdel_ 529, lPerkiin 

Elmer ·flame photometer. 

Statistical Analysis 

Forage yields were analyzed statistically. Analysis of variance for 

significant differences and coefficients of variations was, determined by 
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metllo~ ou~line!!, by S;nedecor ( 34). Duncan's ( 10) multiple range test 

WSiS U$ed as an aid in inte:r;-preting the d,a.ta wben significant values were 

obtaine~ by the analysis of variance. 

\ _..\ 



RESULTS AND DISCUSSION 

Greenhouse Studies 

The results reported from the greenhouse experiment are concerned 

primarily with the forage yields, chemical com.position, efficiency of 

nitrogen utilization, chemical characteristics of the Stephenville soil, 

yields, and chemical composition of Bermuda.grass roots as affected by 

various nitrogen fertilizer treatments. 

Forage Yields 

Forage yields and analyses of variance data are reported in Tables 

II and XIX. Multiple range test results are presented in Tables III 

and IV. Mean yields for Bermuda.grass strains obtained by averaging the 

five nitrogen treatments are: Midland, 32.71; Coastal, 36.83; Greenfield, 

31.51; and common Bermuda.grass 33.40 grams, respectively. Forage yields 

were significantly different at the 5 percent level. 

Forage yields increased with additional increments of nitrogen 

(Figure 1). Mean yields (grams) for nitrogen treatments obtained by 

averaging the tour Bermudagrass strains are: check (no fertilizer)*, 

18.00; 50-0-0, 28.50; 100-0-0, 37.52; 200-0-0, 41.81; and 400-0-0, 42.25 

grams. Response to rates of nitrogen fertilization was significantly 

different at the one percent level. 

The multiple range tests indicate that there was a significant differ

ence between Coastal mean yield and the other three Bermuda.grass strains. 

15 



*Check (no fertilizer) 
50-0-0, 50 lbs. per acre of elemental nitrogen 
100-0-0, 100 lbs. per acre of elemental nitrogen 
200-0-0, 200 lbs. per acre of elemental nitrogen 
400-0-0, 400 lbs. per acre of elemental nitrogen 
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TABLE II. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON FORAGE YIELDS OF MIDLAND, COASTAL, GREENFIELD AND COMMON BERMUDA
GRABS, STEPBENVILLE LOAMY FINE SAND, GREENHOUSE.EXPERIMENT, ARDMORE, 1955. 

Treatment (lbs./acre) 

Check {no nitrogen) 
50-0-0 . 
100-0-0 
200-0-0 
400-0-0 

X 

Oven-dry forage, grams per pot 
Midland Coastal Greenfield Common X 

16.o4 19.25 17.22 19.49 18.00 
28.80 31.94 25.74 27.52 28.50 
38.ll 40.97 34.50 36.49 37.52 
41.46 45.85 38.94 41.00 41.81 
39.16 46.16 41.17 42.~0 42.25 
32.71 36.83 31.51 33. o 33.61 

All pots received the equivalent of' 690 lbs. P205, 360-lbs~ K20, and 50 lbs. ES-MIN-EL per acre. 
Each yield figure represents the mean of' accumulated total of five clippings and four replications. 

Source 

Replications 
Strains 
Reps. X Strains 
Nitrogen 
Strains X Nitrogen 
Error 
Total 

c. v. 8.40% 

Analysis of variance of yield data 

DF ss 

3 56.51 
3 316.31 
9 154.63 
-4 6831.70 

l2 93.85 
48 382.37 
79_. 7835. 31 

* Denotes significance at the 5 percent probability level. ** Denotes significance at the l percent probability level. 

MS 

18.84 
105.44 
17.18 

1707.92 
7.82 
7.97 

F 

1.10 
6.14* 

214.29** 
.98 

~ 
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TABLE III. 

MJLTIPLE RANGE TEST SHOWING AVERAGE FOBAGE YIELDS (GRAMS) OF BERMUDA.
GRASS STRAINS GROWN WITH FIVE RATES OF NITROGEN·FERrILIZER, STEPHENVILLE 
LOAMI FINE SAND, GREENHOUSE EXPERIMENT, ARDMORE, 1955. (SEE TABLE II FOR 

YIELD .AND A.o.v. DATA.) 
Sm = .630 (5% p. level) · 

Greenfield. 
31.51 

Midland 
32.71 

TABLE IV. 

Common 
33.40 

Coastal 
36.83 

MJLTIPLE RANGE TEST SHOWING AVERAGE FORAGE YIELDS (GRAMS) FROM VARIOUS 
NITROGEN TREATMENTS ON FOUR STRAINS OF BERMUDAGIW3S, STEPHENVILLE LOAMY 
FINE SAND, GREENHOUSE EXPERIMl!JNT., ARDMORE, 195;. (SEE TABLE II FOR YIELD 

AND A.o.v. DATA.) 
Sm= .707 (lip. level) 

Check 
18.00 

50-0-0 
28.50 

100-0-0 
37.52 

I 

200-0-0 
4l.8l 

400-0-0 
42.25 

Note: Any two means not underscored by the same line are significantly 
di:f':f'erent. 

Any two means underscored by the same line are not significantly 
different. 

. I''. 
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Forage yield of common Bermudagrass was significantly different from 

Greenfield, but there was no significant difference between Midland and 

Greenfield. All levels of nitrogen treatments were significantly differ

ent from the check. There was no significant difference between the 

200-0-0 and 400-0-0. Nitrogen levels of 200-0-0 and 400-0-0 were signifi

cantly different from the 50-0-0 and 100-0-0. There was a significant 

difference between the 50-0-0 and 100-0-0. There was no significant 

difference between the interaction of Bermudagrass strains times rates of 

nitrogen fertilizer. Coefficient of variation for these data was 8.40%. 

Chemical Composition 

Nitrogen composition: 

Chemical composition data are presented in Tables V, XX, XXI, and 

XXII. Increased rates of nitrogen fertilizer increased the percent nitro

gen in the forage of Bermudagrass strains, with the exception of 50-0-0, 

applied to Midland and Coastal •. Percent nitrogen means for Bermudagrass 

strains obtained by averaging the five nitrogen treatments are: Midland, 

1.63%; Coastal, 1.72%; Greenfield, 1.76%; and common Bermudagrass, 1.61%. 

Percent nitrogen means in the forage were highest early in the growing 

season and then declined with each successive clipping, Table :XX. 

Phosphorus composition: 

Percent phosphorus increased with higher rates of nitrogen fertilizer, 

Tables V and XXI. Percent phosphorus mean for Greenfield was the highest 

of the four Berm.udagrass strains. Percent phosphorus means for the nitro

gen treatments are: check, .32%; 50nO•O, .30%; 100-0-0, .33%, 200-0-0, 

.39%; and 400-0-0, .42%. 
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TABLE V. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON THE PERCENT NITROGEN, PHOSPHORUS, 
.AND POTASSIUM IN MIDLAND, COASTAL, GREENFIELD, .AND COMMON BERMUDAGRASS 

FORAGE, STEPHENVILLE LO.AMY FINE SAND, GREENHOUSE EXPERIMENT, ARDMORE, 1952,:,. 

Treatment (lbs./acre) 

Check (no nitrogen) 
50-0-0 
100-0-0 
200-0-0 
400-0-0 

X 

Check (no nitrogen) 
50-0-0 
100-0-0 
200-0-0 
400-0-0 

X 

Check (no nitrogen) 
50-0-0 
100-0-0 
200-0-0 
400-0-0 

Midland 

1.12 
1.11 
1.27 
1.88 
2.g7 
1. 3 

.35 

.31 

.33 

.40 

.45 

.37 

1.25 
1.40 
1.49 
1.83 
1.99 
1.59 

Coastal 

1.27 
1.11 
1.66 
2.05 
2.52 
1.72 

.27 

.27 

.31 

.33 

.36 

.31 

1.25 
1.13 
1.43 
1.68 
1.67 

Greenfield 

Nitrogen 
1.18 
1.32 
1.74 
2.15 
2.44 

Phosphorus 
.33 
.32 
.36 
.44 
.44 

Potassium 
1.41 
l.1+8 
1.76 
1.89 
1.82 

Common 

1.08 
1.09 
1.35 
l.97 
2.g6 
1. 1 

.33 

.32 

.34 

.41 

.>+2 

1.29 
1.32 
1.48 
1.78 
1.69 
1.51 

X 

1.16 
1.16 
1.50 
2.01 

~11-1. 8 

.32 

.30 

.33 

.39 

.42 

· l.30 
1.33 
1.54 
1.79 
1.81 
1.55 

Each figure represents the mean of duplicate analysis on composite 
samples obtained by combining five clippings and four replications. 



Potassium composition: 

The potassium trend in the Bermuda.grass forage was somewhat like 

the nitrogen and phosphorus in that it tended to be higher with in

~reased rates of nitrogen fertilizer. Potassium content of the forage 

was progressively lower with each harvest, with the exception of the 

fifth harvest, as shown in Table XXII. 

Ni.trogen Utilization 
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Percent nitrogen utilization is presented :i.n Table VI. The percent 

nitrogen utilization was calculated by this method: (Plots that received 

nitrogen) first clipping yields times percent nitrogen plus second clip

ping yields times percent nitrogen minus (Check plots) first clipping 

yields times percent nitrogen plus second clipping yields ti.mes percent 

nitrogen divided by nitrogen applied times 100 equals percent n:i.t:rogen 

utilization. Greenfield fertilized with 100-0~0 had the highest percent 

of nitrogen utilization. Percent nitrogen utilization means for Bermuda.

grass strains obtained by averaging the five nitrogen treatments are: 

55.33%.,. 51.42%., 51.50%., and 47 .39% for Midland, Coastal, Green:f'ield, and 

common Bermudagrass respectively. Percent nitrogen utilization means 

for nitrogen treatments obtained by averaging the four Berm.udagrass 

strains are: 50-0-0, 43.48%; 100-0-0.,. 60.58%; 200-0-0., 58.57%, and 400=0=0., 

43.00%. The highest percent of nitrogen utilization for Midland., Coastal., 

and Greenfield was with the 1.00-0-0, while 200-0-0 was the highest with 

common Bermudagrass. 

Soil Chemical Composition 

The g:reen.hou.se experiment soil chemical characteristics are shown 

in Table VII. 
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Soil acidity apparently increased with inc~eased rates of nitrogen 

fertilizer for all Bermudagrass strains. Available phosphorus did not 

change appreciably with varying :rates of' nitrogen fertilizer. Exchange

able potassium decreased with increased rates of nitrogen fertilizer. 

Soil organic matter increased when fertilized with successive higher rates 

of nitrogen fertilizer. 

Percent organic matter mean for the soil taken from pots containing 

Greenfield fertilized with all levels of nitrogen was .88% and was the 

highest of the four Berm.udagrass strains. 



TABLE VI. 

EFF'ECT OF VARIOUS NITROGEN TREATMENTS ON TEE PERCENT OF NITROGEN 
UTILIZATION OF MIDLAND, COASTAL, GREENFIELD., AND COMMON BERMUDA.GRASS., 

STEPHENVILLE LOAMY FINE SAND, GREENHOUSE EXP.E~, ARDMORE, 1955. 
. . . - .. . . . - . - ... -·. C - • .. . .. . . ... . .. - .. ·- ._..., 

Treatm.en~ (lbs. /acre) Midland Coastal Greenfield Common 

Check (no nitrogen) 
50-0-0 56.88 36.12 45.98 34.95 
100-0-0 60.02 64.14 65.39 52.78 
200-0-0 58.90 61.71 55.48 58.19 
400-0-0 45.51 4~·12 J9.14 43.64 x 55.33 51. 2 51.50 47.39 

Each figure represents the mean of five clippings and :f'~ur 
replic~tions. 

x 

43.48 
60.58 
58.57 
43.00 
51.41 
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TABLE VII. 

SOIL :pH, AVAILABLE PHOSPHORUS, EXCHANGEABLE POTASSIUM, AND PERCENT 
ORGANIC MATTER, STEPHENVILLE SOIL FOLLOWING MIDLA.ND, COASTAL, GREEN.FIELD, 

AND COMMON BERMUDAGRASS, GREENHOUSE ~RIME.NT, ARDMORE, 1955. 
Avail. p E..~c. K 

Treatment (lbs. /acre) pH lbs./acre lbs./acre 

Midland 
Check (no nitrogen) 6.2 83 200 
50-0-0 6.2 67 150 
100-0 .. 0 6.o 77 120 
200-0-0 5.9 68 120 
400-0-0 5.:z 6Lc 100 

X 72 138 

Coastal 
Check (no nitrogen) 6. 1. 84 200 
50-0-0 6.l 76 170 
1.00 .. 0000 6.o 68 1.40 
200-0-0 5.8 68 1.10 
400-0-0 5.5 7:3 lJO x " 

73 150 

Greenf'iela. 
Check (no nitrogen) b.2 -S7 210 
50-0-0 6.1 76 170 
100-0--0 5.9 68 1.40 
200000-0 5.7 68 120 
400-0-0 2·2 67 120 

X 73 154 

Common 
Check (no nitrogen) b.2 So 180 
50000-0 6.1 76 150 
100-0-0 6.1 81 140 
200..,-0 ... 0 6.o 90 120 
400-0-0 5.7 72 100 

X 80 138 

Each figure represents tb.e mean of duplicate <f~hemfoa.1 analysis 
on composite samples obtained by combining four replications. 

% 
O.M. 

.65 

.73 
0 75 
.90 
.90 
.79 

.78 

.73 

.80 

.85 

.88 

.80 

83 . ~ 
.90 
.88 
0 93 
.88 
."8U"'" 

.B3 

.90 

.83 

.90 

:§~-
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Root Yields 

Yield of roots and chemical compositi.cm data is presented in Table 

VIII. Mean yields in grams per pot for Be:rmudagrass roots obtained by 

averaging the five nitrogen treatments are MidlandJ 28.41; Coastal» 36.60, 

Greenfield, 26.58; and common Bermudagrass, 30.24 grams. Coastal pro

duced the highest yield of roots and Greenfiel1i had the lowest yield. 

Chemical Composition 

Nitrogen composition.: 

In general~ increasing rates of nitrogen fertilizer increased the 

percent nitrogen in the roots of Bexmudagrass strains. Percent nitrogen 

means for Bermudagrass strains obtained by averaging the five nitrogen 

treatments are: Midland, .91%; Coastal, .72%1 GreenfieldJ .88%, and 

common Bermudagrass, .97%. 

Phosphorus composition: 

Percent phosphorus in the roots of the Berm.udagrass strains was not 

affected appreciably by various rates of nitrogen fert:tlizer. Percent 

phosphorus means for Be::rmudagrass strains obtained by averaging the five 

nitrogen treatments are Midland, .2T1/o; Coastal, .25%; Greeri.fi.eld, .33%; 

and common Bermudagrass, .29%. 

Potassium composition: 

In general, increasing rates of nitrogen fertili.zer decreased the 

percent potassium in the roots o:f the four Bermuda.grass strains. 

Percent potassium means for Bermuda.grass strains are: Midland» .47%; 

Coastal., .44%; Greenfield, .69%; and common Berm.udag:rasi~.~ .49%. 



~ 
( 

TABLE VIII. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON OVEN-DRY WEIGHT, PERCENT NITROGEN, 
.... PHOSPHORUS, AND POTASSIUM IN MIDLAND, COASTAL I GREENFIELD, A.ND COMMON 

BERMODAGRASS ROOTS, STEPHl!)NVILLE LOAMY FINE SAND, GREENHOUSE EXPERIMENT, 
.ARDMORE, 19!?5· 

Treatment ( lbs. /acre) 
. Oven-ary weight 

Yield in grams /pot N p 

Midland 
Check (no fertilizer) 17.93 .55 .29 
50-0-0 27.18 .55 .26 
100-0-0 33.25 .59 .26 
200-0-0 36.70 .98 .26 
400-0-0 26.r 1.86 .28 

X 28. 1 .91 .27 

Coastal 
Check (no fertilizer) 23.31 .51 .24 
50-0-0 28.62 .57 .26 
100-0-0 35.97 .57 .26 
200-0-0 44.79 .64 .27 
400-0-0 ~~ 1.32 .24 

X 3 • O .72 .25 

Greenfield 
Check (no fertilizer) 20.25 .56 .34 
50-0-0 24.oo .50 .30 
100-0-0 30.62 .52 .32 
200-0-0 28.43 1.01 .37 
400-0-0 2~.60 1.7§ .34 

X 2 .5-g' .8 .33 

Common 
Check (no fertiliber) 20.48 .62 .32 
50-0-0 32.87 .62 .26 
100-0-0 31.72 .61 .28 
200-0-0 33.80 1.05 .28 
400-0-0 32.34 L97 .31 

X 30.24 .97 .29 

Each yield figure represents the mean of four replications. 
The nitrogen, phosphorus, and potassium figures represent 
the mean o:f' duplicate analysis on composite samples obtained 
by combining four replications. 

K 

.66 

.50 

.46 

.40 

.~4 

. 7 

.52 

.48 

.52 

.40 

.~o .<4 

.80 

.72 

.82 

.70 
J+2 
.69 

.70 

.52 

.50 

.40 

.34 

.49 
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Field Studies 

The results reported in the field studies are concerned pri~ily 

with the forage yields, chemical com,POsition, and efficiency of nitrogen 

utilization. Chemical characteristics of Kirkland soil and an estimation 

of weeds and foreign grasses of Bermudagrass strains as affected by•var

ious nitrogen fertilizer treatments are also reported. 

Forage Yields 

Forage yields and analysis of variance data are reported in Tables 

IX and XXIII. f.fu.ltiple range test results are presented in Tables X, XI, 

and XII. Mean yields, oven-dry forage pounds per acre, for Bermudagrass 

strains obtained by averaging the five nitrogen treatments are: Midland, 

5314; Coastal, 5704; Greenfield, 2641; and common Berm.udagrass, 2293 

pounds per acre, respectively, and ~re significantly different at the 

one percent level. Midland and Coastal with all levels of nitrogen fer

tilizer produced more than twice as much forage as did Greenfield and 

common. The mean yields of Midland and Coastal indicate that these two 

strains were similar in yield response to nitrogen fertilization. 

Mean yields for nitrogen treatments obtained by averaging the four 

Bermudagrass strains are: check (no fertilizer), 2138; 50-0-0, 3312; 

100-0-0, 4102; 200-0-0., 5264; and 400-0-0, 5079 pounds of forage per acre. 

Yield differences were significantly different at the one percent level. 

Mean yields for nitrogen treatments increased markedly wit~ higher rates 

of nitrogen fertilizer, (Figure 2), with the exception of the 400~0-0 

when compared with the 200-0-0. The 400-0-0 rate of nitrogen affected 

growth adversely (7). Mean yields for the check (no fertilizer) plots 

produced about one-half as much forage as the 100-0-0 with all Bermuda

grass strains. 



TABLE IX. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON FOBAGE YIELDS OF MIDLAND, COASTAL, GREENFIELD, AND COMMON BERMUDA
GRASS, KIRKLAND FINE SANDY LOAM, FIELD_EXPERIMENT, ARDMORE, 1956. 

Treatment (lbs./acre) 

Check (no nitrogen) 
50-0-0 
100-0-0 
200-0-0 
400-0-0 x 

Oven-dry forage, pounds per acre 
Midland Coastal Greenfield Common X 

2908 3445 1310 1069 2183 
4797 5154 1533- 1762 3312 
5683 5635 2769 2322 4102 
6172 7476 3731 3680 5265 
7012 6808 3861 2633 sm 
5314 5704 2641 2293 39 

All plots received the equivalent of +o6 lbs. P205 and 60 lbs. K20 per acre. Each yield figure 
represents the mean of accumulated to~al of two clippings and four replications. 

Source 

Columns 
Rows 
Strains 
Reps. X Strains 
Nitrogen 
Strains X Nitrogen 
Error 
Total 

e. v. 16.81% 

Analysis of variance of yield data 

DF ss 

3 27823814~00 
3 7760278.00 
3 ~87781845.00 
6 8068848.oo 
4 1o4775763.oo 

12 11602109.00 
48 21300154.oo 
13 369112811.00 

* Denotes significance at the 5 percent probability level ** Denotes significance at the l percent probability level 

MS 

9274604.66 
2586759.33 

62593948.30 
1344808.00 

26193940.70 
966842.42 
443753.21 

F 

6.90 
1.92 

46.54** 

59.03** 
2.18* 

ro 
CX> 



TABLE X. 

MULTIPLE RANGE TEST SHOWING AVERAGE OVEN-DRY FORAGE )'.'.IELDS OF BERMUDA.GRASS STRAINS GROWN WITH FIVE RATES 
OF NITROGEN F,ERTILIZER., KI~ F,I~ SANDY LOAM., __ FIElJ) EXPEBIMENT., ARDMORE., 1956. (SEE TABLE IX FOR 

YIELD AND.A.O.V~ DATA}. 
Sm = 148. 95 --- --r-1~ levell 

Common 
2223 

Greenfield 
2641 

Midland Coastal 
5314 5704 

TABLE XI. 

MULTIPLE RANGE TEST SHOWING AVERAGE FORAGE YIELDS FROM VARIOUS NITROGEN TREATMENTS ON FOUR STRAINS OF 
BERMUDAGRASS., KIRKLAND FINlj: SANDY LOAM., rIELD EXPERIMENT., ARDMORE., 1956. (SEE TABLE IX FOR nELD·AND 

A.o.v. DATA}. 
Sm= 166.54~------- --- ------ ----~~--~-----~-,i~p. level) 

Check 
2183 

50-0-0 
Jl1g 

100-0-0 
4102 

400-0-0 
2!ll2 

Note: Any two means not underscored by the sa:m.e line are significantly different. 
Any two means underscored by the same line are not significantly different. 

200-0-0 
~ 

I\) 

"' 



TABLE XII. 

MULTIPLE RANGE TEST SHOWING INTERACTION OF BERMUDAGRASS STRAINS WITH VARIOUS RATES. OF NITROGEN FERTILIZER 
ON FORAGE YIELDS, KIRKLAND FIN!l SANDI LO.AM, ~IELD EXPERIMil.NT, ARDMORE, 1956. 

. AND A.O. V. DATA). 
(SEE TABLE IX.FOR YIELD· 

(~~ p. level.) 

0 :s: (') i! ~ 0 0 i! f Q 0 0 i! f 0 (') 0 w ti) a 
0 .... 0 0 0 :il 0 0 0 0 0 Ii 0 
SD p, SD p, p, SD SD p, ft s» p. I g I (I) (I) g fl) Ii;' I'll g g Dl m m 

(I) (I) Ol g l Cl) Cl) 
c+ c+ c+ c+ ~ ~ c+ i; i; s» i::s I» SD I» i::s SD i::s i::s i::s i::s 
I-' p. I-' p, p, I-' I-' p, .... .... I-' p, .... .... .... 

Cl) Cl) ro Cl) -i::- b \J1 Cl) (I) 0 
I\) +="' -i::- ro I-' I-' \J1 VI I-' ~ 0 0 0 li: 0 0 I-' I-' p" 
0 0 0 0 0 0 0 0 p, 0 p" p" 0 0 I p. p, Cl) 
0 0 0 0 0 0 I I I ll) CD I a 0 0 
I I I I I I 0 0 -i::- ro 0 0 () I-' 0 0 I \J1 0 w 

0 0 0 0 0 0 I I 0 0 I ~ w 0 I I 0 0 p" .. 
I I I I I I 0 0 0 0 0 .. .. 0 0 0 .. I CD 

0 0 0 0 0 0 "' ... I I ... I ... ... 0 0 I-' ... "' ... "' ... "'· 0 0 w I\) 0 ~ I w 0 
\J1 ~ I I w :~ \0 I ro l'I) 0 .. 0\ 

.....::i .....::i 0\ 0\ \J1 \J1 I-' 0 0 0\ 0 0 0\ w 0\ ... \0 

~ 0 O> ~ 0\ 0\ \J1 ~ 
... .... O> VI O> ... w ro ro t;:; I-' 0 & w +="' 0 w ro I-' 

0\ ro O'.> l'I) \J1 w w ro \J1 I-' 
O> .....::i .....::i w 0 
0\ w 0\ w 
I-' I-' \0 

Note: Any two means not underscor-ed by the same line are significantly different. 
Any two means underscored by the same line are not significantly different. 

w 
0 
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Mean yields for Bermudagrass strains X rates of nitrogen fertilizer 

interaction were significantly different at the 5 percent level. Green

field and comm.on fertilized with 200-0-0 produced slightly higher yields 

than did Coastal with no nitrogen fertilizer. Coastal produced the 

highest forage yield and this yield was obtained with the 200-0-0 rates 

of nitrogen. Coefficient of variation for these data was 16.81%. 

The multiple range test indicates that significant difference between 

mean yields existed when comparing Midland and Coastal with Greenfield 

and comm.on at the various rates of nitrogen. There was no significant 

difference between Green.field and comm.on. This was also true with Midland 

and Coastal. All rates of nitrogen fertilizer were significantly diff~rent 

from the check. Rate of 400-0-0 was significantly lower than the 200-0-0. 

There was a significant interaction between Bermudagrass strains and 

rates of nitrogen fertilizer, Table XII. Coastal fertilized with 200-0-0, 

Midland fertilized with 400-0-0, and Coastal fertilized with 400-0-0, all 

were significantly different from all other rates of nitrogen fertilizer 

applied to those respective strains. Midland and Coastal fertilized with 

50-0-0 gave significantly higher yields of forage than Greenfield and 

common Bermudagrass fertilized with 400-0-0. 

Chemical Composition 

Nitrogen composition: 

Increased rates of nitrogen fertilizer increased the percent nitrogen 

in the forage of Bermudagrass strains, Tables XIII and ·x.xrv. Percent 

nitrogen means for Bermudagrass strains with all nitrogen fertility levels 

are: Midland, 1.80%; Coastal, 1.82%; Greenfield, 2.03%; and common Bermuda

grass, 2.06%, respectively. Nitrogen percent, in general, was lower in the 

second harvest up to and including the 100-0-0 than in the first harvest. 
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TABLE XIII. 

EFFECT aF VARIOUS NITROGEN TREATMENTS ON THE PERCENT NITROGEN, PHOSPHORUS, 
AND POTASSIUM IN MIDLAND, COASTAL., GREENFIELD, AND COMMON BERMUDA.GRASS 

___ P'~~Ez KIRKLAND FINE SANDY LOAM,2 FIELD ~ 1 ABDMOREz 1226. 

Treatment (lbs./acre) Midland Coastal Greenfield Common X 

1.46 
Nitrosen 

1.47 Check (no nitrogen) 1.35 1.55 1.52 
50.;.o-o 1.53 1.66 1.62 1.81 1.65 
100-0-0 1.67 1.73 1.90 2.05 1.84 
200·0-0 2.10 1.95 2.38 2.27 2.17 
400-0-0 2.f 2.28 2.10 2.; 2.20 

i 1. 0 1.82 2.03 2. 1.93 

.18 
Phos12horus 

.18 .18 Cheek (m nitrogen) .17 .18 
50-0-0 .18 .16 .18 .18 .17 
100-0-0 .18 .17 .18 .. 18 .18 
200-0-0 .18 .16 .18 .18 .17 
400-0-0 .20 .11 • l~ .l~ .l~ i .18 .17 .1 ·.1 .1 

Potassium 
Check (no nitrogen) 1.23 1.31 1.21 L35 1.27 
50-0-0 1.44 1.41 1.31 1.53 1.42 
100-0-0 1.52 1.52 1.54 1.77 1.59 
200-0-0 1.56 1.63 1.66 1.82 1.67 
400-0-0 1.14 1~:r.2 '1.6~ 1.*o 1.16 x 1.50 1.52 1.4 1. 8 l.54 

Each figure represents the mean of duplicate analysis on co?Q.Posite 
samples obtained by combining two clippings and four replicttions. 
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Midland and Coastal were comparable in nitrogen percent as were Greenfield 

and comm.on. Greenfield and common were higher in percent nitrogen than 

Midland and Coastal. 

Phosphorus compQsition: 

Phosphorus composition data are presented in Tables XIII and XXV. 

Nitrogen fertility rates did not affect the phosphorus content appreciably 

in the Bermuda.grass strains. All Bermud.agrass strains contained approxi~ 

mately the same percent phosphorus. 

Potassium composition: 

Percent potassium increased in all Bermuda.grass strains with increased 

rates of nitrogen fertilization. Percent potassium means were: Midland, 

1.50%; Coastal, 1.52%; Greenfield, 1.48%; and common Berm.ud.agrass, 1.68%. 

Percent potassium was higher in the second harvest than the first, Table 

XXVI. 

Nitrogen Utilization 

Percent nitrogen utilized by the plants is presented in Tables XIV 

and XXVII. ?>fu.ltiple range test results are shown in Tables XV and XVI. 

Percent nitrogen utilization means for Bermud.agra.ss strains obtained by 

averaging the four nitrogen treatments are: Midland., 49.10%; Coastal., 

47.78%; Greenfield, 23.78%; and common Bermudagrass, 25.80%, and were 

significantly different at the 5 percent level. Percent nitrogen utili

zation means for nitrogen treatments obtained by averaging the four Bermuda• 

grass strains are: 50-0-0., 44.55%; 100-0-0, 41.09%; 200-0-0, 38.77%; and 

400-0-0, 22.05%, and were significantly different at the l percent.level. 

There was no significant difference between the interaction of Bermuda

grass strains X rates of nitrogen. Coastal had the highest percent of 
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TABLE XIV. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON THE PERCENT OF NITROGEN UTILIZA-
TION OF MIDLAND, COASTAL, GREENFIELD, AND COMMON BERMUDAGRASS, KIRKLAND 

FINE SANDY LOAM,1 FIELD EXPERIMENT1 ARDMORE 1 1226. 

Treatment (lbs.Lacre) Midland Coastal Greenfield Common 

Check (no nitrogen) 
50-0-0 68.oo 72.45 8.75 29.00 
100-0-0 55.55 47.58 32.80 28.43 
200-0-0 42.36 46.03 33.16 33.54 
400-0-0 tto.20 22.o6 20.42 12.23 

X 9.10 47.78 23.78 25.80 

Each figure represents the mean for two clippings and four 
replications. 

Source DF ss MS 

Columns 3 4320.92 1440.31 
Rows 3 1465.31 488.44 

.F 

X 

44.55 
41.09 
38.77 
22.02 
36.61 

Strains 3 
Reps. X Strains 6 
Nitrogen 3 
Strains X Nitrogen 9 

8994.76 
3697.64 
4795.85 
5548.72 

2998.25 
616.27 

1598.62 
616.52 

4.87* 

5.23** 
2.02 

Error 36 11012.70 305.91 
Total 63 29835.90 

c.v. 47.76'1, 
* Denotes significance at the 5 percent probability level. 

** Denotes significance at the l percent probability level. 



TABLE XV. 

MULTIPLE RANGE TEST SHOWING AVERAGE PERCENT OF' NITROGEN UTILIZATION OF' 
BERMUDAGRASS STRAINS WITH FIVE RATES OF lUTROGEN FERTILIZER, KIRKLAND 

FINE SANDY LOAM, FIELD EXPERIMENT, ARDMORE, 1956. (SEE TABLE XIV FOR 
PERCENT NITROGEN UTILIZATION AND A.o.v. DATA). 

Sm~ 4.372 (5% p. level 

Greenfield 
23.78 

Common 
25.80 

TABLE XVI. 

Coastal 
h,78 

Midland 
49.10 
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MULTIPLE RANGE TEST SHOWING AVERAGE PERCENT OF NITROGEN UTILIZATION FROM 
VARIOUS NITROGEN. TREATMENTS ON FOUR STRAINS OF BERMUDAGRASS, KIRKLAND 
FINE SANDY 0LOAM, FIELD EXPERIMENT, ARUMORE, 1956. (SEE TABLE XIV FOR 

Sm.= .• 372 

400-0-0 
22.05 

PERCENT NITROGEN UTILIZATION AND A.O.V. DATA. 
1 o p. level 

200-0-0 
38.77 

100-0-0 
04];.0,2 " 

50-0-0 
44.55 

Note: Any two means not underscored by the same line are s:1.gnificantly 
different. 

Any two means underscored by the same 1:1.ne are not significantly 
different. 



nitrogen utilization with the 50-0-0 rate and Greenfield had the lowest 

percent with 50-0-0 rate. 

The highest percent of nitrogen utilization was obtained with 50-0-0 

for Midland and Coastal, while the 200-0-0 was the highest for .. Greenfield 

and common Bermudagrass. · Coefficient of variation for these data was 47.76%. 

The multiple range test indicates that the only significant difference 

between percent nitrogen utilization mean for Bermuda.grass strains existed 

in comparing only Midland and Coastal. means with Green.field and. common. 

The multiple range test for rates of nitrogen effects on nitrogen utiliza

tion indicates that the only significant difference existed in comparing 

only the 400-0-0 treatment mean with the means from the other three nitro

gen fertility levels. 

Soil Chemica.l Composition 

The field experiment soil chemical characteristics are shown in 

Table XVII. Soil acidity increased with increased rates of nitrogen 

fertilizer for all Bermudagrass strains. Available phosphorus was vari

able with no apparent relation to Bermuda.grass strain or nitrogen treat

ment. Exchangeable potassium increased with higher rates of nitrogen 

fertilizer but was -lower ·in al.l.:.;pl.orbs·:t~tthe ,oirig:l;ne;l1.unt:trefl.;ted .. soiill. 

Nitrogen rates did not affect the organic matter content of the Kirkland 

soil appreciably. Soil samples ta.ken from the Midland plots tended to 

be higher in organic matter percent than the other three strains. 

Weeds a.nd Foreign Grasses 

Percent weeds and foreign grass means for Bermuda.grass strains with 

all levels of nitrogen were: Midland, 10.0%; Coastal, 7.2%; Greenfield, 

15.0%; and common, 13.0%, Table XVIII. 
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TABLE XVIIo 

SOIL pH,AVAILABI.$ PHOSPHORUS., EXCHANGEABLE POTASSIUM, AND PERCENT ORGANIC 
MATTER·ON.KIRKLAND FINE SANDY LOAM GROWING MIDLAND, COASTAL, GREENFIELD, 

AND COMMON BERMUDAGRASS 1 FIELD EXPERIMENT1 ARDMORE.t 1226. 

Avail. p Exe. K <fo 
Treatment (lbs. /acre) ~H lbs./ac:re lbs. /acre O.M. 

Midland 
Check (no nitrogen) 7,3 14.3 155 .94 
50-0-0 7.2 22.6 150 1.12 
100-0-0 7.0 23.0 140 1.12 
200-0-0 7.0 20.0 125 .94 
400-0-0 6.4 12,2 1~8 .88 

X 19.0 l 2 1.00 

Coastal 
Check (no nitrogen) 7,3 13.5 125 .83 
50-0-0 7.3 ll.3 125 .88 
100-0-0 7.0 11.3 125 .94 
200-0-0 6.6 13.5 145 .88 
400-0-0 6.~ 10.2 lJ2 .86 

X 12.l 131 .88 

Greenfield 
Check (no nitrogen) 7.4 20.~- 165 .91 
50-0-0 7.3 17.4 140 .94 
100-0-0 7.2 15.2 155 LOl 
200-0-0 6.9 12.2 150 .94 
400-0-0 6.4 10.4 140 .86 

X 15.2 150 .93 

Common 
Check (no nitrogen) 7.3 15.7 210 • 8tJ 
50-0-0 7.2 15.2 170 1.04 
100-0-0 7.1 11.3 200 .91 
200-0-0 6.6 13.0 175 .91 
400-0-0 6.4 ll.J 180 ·21" 

X 13.3 187 .93 

Each figure represents the mean of duplicate analysis on composite 
samples obtained by combining four replications. 
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TABLE XVIII. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON TEE PERCENT OF WEEDS AND FOREIGN 
GRASSES IN MIDLAND, CO.AST.AL, GREEN.FIELD, AND COMMON BERMUDA.GRASS PLOTS, 

KIBKLAND FINE SANDY LOAM, FIELD EXPERIMENT, .ARDMORE, 1956. 

Treatment (lbs. /acre) Midland Coastal Greenfield Common 

Check (no nitrogen) 11.4 8.7 11.4 11.4 
50-0-0 11.4 7.5 16.3 11.4 
100-0-0 8.7 8.7 17.5 13.7 
200-0-0 11.4 5.0 15.0 15.0 
400-0-0 J:.5 6.~ 15.0 l~.J: 

X 10.0 7.2 15.0 13.0 

Each figure represents the mean of four replicatioijs. 
Weeds and foreign grass count was made cm June 29, 1956. 

x 

10.7 
11.6 
12.l 
11.6 
10.6 .. 
11.3 



SUMMARY AND CONCLUSIONS 

The objectives of this study were to obtain information on the 

effect of different rates of nitrogen fertilization on the forage pro

duction, chemical composition, and efficiency of nitrogen utilization 

on four Bermudagrass strains. 

Midland, Coastal, Greenfield, and common Bermudagrass were grown 

in the greenhouse and field experiments. Stephenville loamy fine sand 

was used in the greenhouse study and the field study was conducted on 

Kirkland fine sandy loam. A uniform application of phosphorus and 

potassium was applied to pots and plots in the greenhouse and field 

experiments. Ammonium nitrate was appl.1ed at rates equivalent too, 50, 

100, 200, and 400 pounds of elemental nitrogen per a.ere. 

The following conclusions were based on results and statistical 

analyses on the data obtained from these experiments. 

Greenhouse Studies 

l. Coastal Bermudagrass gave significantly higher yields than 

Midland, Greenfield, and common Bermudagrass. 

2. All rates of nitrogen fertilizer gave significantly higher 

yields than the check treatment. 

3. Increasing rates of nitrogen fertilizer increased the percent 

nitrogen in the forage of all the Bermudagrass strains. 
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4. ln general, percent phosphorus and potassium increased with 

increasing rates of nitrogen fertilization in all strains of 

Bermuda.grass. 

5. Nitrogen, phosphorus, and potassium content of Greenfield 

Bermudagrass was higher than the other three Bermudagrass 

strains. 
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6. Midland apparently had the highest percent of nitrogen utiliza

tion. 

Field Studies 

1. Coastal and Midland produced significantly higher yields than 

Greenfield and common. 

2. All rates of nitrogen fertilizer were significantly different 

in forage production from the check treatment. 

3. Coastal fertilized with 200-0-0, Midland fertilized with 400-0-0, 

and Coastal fertilized with 400-0-0, were significantly different 

from all other rates of nitrogen fertilizer. 

4. Increasing rates of nitrogen fertilizer increased the percent 

nitrogen in the forage of all the Bermuda.grass strains. 

5. Nitrogen fertility rates did not affect the phosphorus content 

appreciably in the Bermuda.grass strains. 

6. Increasing rates of nitrogen fertilizer increased the potassium 

percent in the forage of all the Bermuda.grass strains. 

7. Percent nitrogen utilization for Midland and Coastal was signifi

cantly different from Greenfield and comm.on Bermuda.grass. 

8. All levels of nitrogen treatments were significantly different 

from the 400-0-0 in percent nitrogen utilization. 
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TABLE XIX. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON FORAGE YIELDS OF MIDLAND I COASTAL I GREENFIELD I AND COMMON BERMUDA
GRASS, STEPHENVILLE LOAMY·•. FINE SAND I GREENHOUSE .... EXPERIMENT, ARDMORE, 1955. 

Treatment {lbs./acre) Reps. 

Check (no nitrogen) 

50-0-0 

100-0-0 

200-0-0 

400-0-0 

X 

1 
2 
3 
4 

1 
2 
3 
4 

l 
2 
3 
4 

l 
2 
3 
4 

1 
2 
3 
4 

Midland 

16.03 
17.54 
13.92 
16.66 

Oven-~~tggt J~ __ grams 
Coastal Greenfield Common 

20.64 16.56 21.09 
18.28 17.05 20.73 
18.49 15.69 18.42 
19.58 ·19.58 17.71 

29~54 33.11 25.14 31.17 
27.32 34.25 28.46 26.01 
29.27 33.05 22.04 27.19 

X 

18.00 

29.05 27.33 27.33 25.72 28~0 

43.67 39.34 35.14 39.34 
38.69 45.36 34.16 36.68 
35.05 40.65 34.20 34.14 
35.01 38.52 34.53 35.81 37.52 

50.09 42.15 37.84 42.34 
38.36 44.16 37.60 44.92 
34.37 48.96 41.97 38.67 
43.02 48.14 38.35 38.06 41.81 

39.82 43.13 36.29 47.71 
37.53 43.96 46.36 42.39 
36.69 45.51 37.61 38.99 
42.58 52.03 44.43 40.92 42.25 
32.71 30.83 -~--~31.51-- 33.40~·- 33--:-61 

All pots received the equivalent of 690 lbs. P205, 360 lbs. K20, and 50 lbs. -ES-MIN-EL per acre. 
Each yield figure represents the accumulated total from five clippings. .i::

VI 



46 

T.AJ3LE XX. 

EFFECT OF VARIOUS NITROGEN 'rREA'I'MENTS ON THE PERCEN1I1 NITROGEN IN MIDLAND, 
COASTAL, GREENFIELD, AND COMMON BERMUDAGRA.SS FORAGE, STEPHENVILLE LO.AMY 

FINE SAND ,2 GREENHOUSE EXPE.RIMENT ,2 ARDMORE ,2 1222. 

Treatment (lbs./acre) Midland Coastal Greenf'ield Common X 

First Harvest 
Check (no nitrogen) 1.18 2.25 1.86 1.48 l.b9 
50-0-0 1.45 1. 73 2.26 1.53 1.74 
100-0-0 1.69 2.66 2.46 1.91 2.17 
200-0-0 2.35 2.55 2.62 2.55 2.52 
400-0-0 2.20 2.6~ 2.26 2,21 2.6:z 

X 1.91 2.3 2.34 2.00 2.15 

Second Harvest 
Check (no nitrogen) 1.41 1.37 1.47 1.12 1.34 
50-0-0 1.56 1.56 1.80 1.48 1.60 
100-0-0 1.85 2.36 2.71 1.75 2.17 
200-0-0 2.60 3.03 3.00 2.82 2.86 
400-0-0 ~.12 2.16 2,82 ~.04 ~.04 

X 2.11 2.30 2.37 2.04 2.20 

Third Harvest 
Check (no nitrogen) 1.45 1.45 1.35 1.43 1.42 
50-0-0 1.39 1.22 1.51 l.35 1.37 
100-0-0 1.52 2.16 2.37 1.69 1.93 
200-0-0 2.19 2.58 2.66 2.37 2.45 
400-0-0 ~.14 ~. l~ J.04 J.02 ~.10 

X 1.94 2.11 2.19 1.99 2.05 

Fourth Harvest 
Check (no nitrogen) .90 .71 .68 .76 
50-0-0 .56 .53 .54 .55 
100-0-0 . 76 .63 .70 .'74 
200-0-0 1.58 1.43 1.74 1.56 
400-0-0 2.87 2.00 2.11 2. 8 

X 1.33 1.06 1.15 

Fifth Harvest 
Check (no nitrogen) 

~ .66 ~ .5€5 .156 .59 .53 
50-0-0 .58 .49 .49 • 5>+ .53 
100-0-0 .52 .48 .48 .52 .50 
200-0-0 .68 .65 .73 .62 .67 
400-0-0 1.8~ 1.70 1.64 1.62 1.71 

X .S5 .78 .77 .79 .80 

Each figure represents the mean of duplicate analysis on composite 
samples obtained by combining four replications. 
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TABLE XXIo 

Eli'l!'ECT OF VARIOUS NITROGEN TREATMENTS ON TEE PERCENT PHOSPHORUS IN MIDLAND, 
COASTAL, GREENFIELD, AND COMMON BERMUDAGRASS FORAGE, STEPHENVILLE LOAMY 

FINE SAND2 GREENHOUSE EXPERIMENT2 ARDMORE1 1222• 

Treatment (lbs./acre) Midland Coastal Greenfield Common x 
First Harvest 

Check (no nitrogen) .24 .2S .33 .25 .27 
50-0-0 .27 .2'7 .33 .27 .28 
100-0-0 .29 .32 .35 .28 .31 
200-0-0 .34 .31 .36 .33 .33 
400-0-0 •J6 .Jl .J4 • JJ .JJ x .30 .30 .34 .29 .31 

Second Harv-est 
Check (no nitrogen) .32 .28 .36 .26 .30 
50-0-0 .34 .28 .37 .33 .33 
100-0 ... 0 .38 .34 .41 .34 .37 
200-0-0 .45 .37 .41 .41 .41 
400-0-0 .4:z ·J2 .41 .4J .42 x .39 .33 .39 .35 .36 

Third Harvest 
Check (no nitrogen) .32 .27 .33 .31 .31 
50-0-0 .26 .26 .32 .29 .28 
100-0-0 .30 .33 .42 .31 .34 
200-0-0 .37 .37 .44 .38 .39 
400-0-0 .J:z .40 .44 .40 .40 

X .32 .33 0 39 .34 .34 

Fourth Harvest 
Check (no nitrogen) .43 .28 .36 .46 .38 
50-0 ... 0 .31 .26 .30 .36 .31 
100-0-0 .34 .27 .33 .43 ~34 
200-0 .. 0 .44 .33 .49 .53 .45 
400-0-0 .,2 .30 .44 .46 .4~ - .38 .45 X • l .29 .3 

Fifth Harvest 
Check (no nitrogen) .39 .26 .29 .37 .32 
50-0-0 .36 .28 .28 .37 .30 
100-0-0 .33 .29 .27 .36 .31 
200-0-0 .42 .29 .49 .42 .38 
400-0-0 •iJ .jf •24 .~o :~~ x • 1 .30 .37 • 0 

Each figure represents the mean of duplicate analysis on composite 
samples obtained by combining four replications. 
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TABLE XXII. 

EFFECT OF VARIOUS NITROGEN TREATMEl'lTS ON THE PERCENT POTASSIUM IN MIDLAND., 
COASTAL.,; G~IELD 1 : AND COMMON BERMUDAGPJ\SS FORAGE, STEPHENVILLE LOAMY 

FINE SAND;2 GREENHOUSE EXPERIMENT,, ARDMORE1 122~· 

Treatment ~lbs.Lacre) Midland Coastal Greenfield Common x 
First Harvest 

Check (no nitrogen) 1.70 2.15 ··2.:25 2.15 .. 2.06 
50-0-0 · 2.25 1.80 2.25 2.33 2.15 
100-0-0 2.30 2.30 2.30 2.60 2.37 
200-0-0 2.75 2.25 2.25 2.80 2.51 
400-0-0 2.20 2.~o 2.JO 2.20 2.60 

X 2.38 2.16 2.29 2.55 2 .J!i'. 
Second Harvest 

Check (no nitrogen) 1.30 1.27 1.40 1.25 l.30 
50-0-0 l.75 1.10 1.75 1.37 1.49 
100-0-0 1.95 2.00 2.30 1.70 1.99 
200-0-0 2.20 2.42 2.32 2.45 2.35 
400-0-0 2.42 2.00 2.22 2.40 2.2~ 

X 1.93 1.76 2.00 l.83 1.S 

Third Harvest 
Check (no nitrogen) 1.10 LOE:; .1.30 1.10 1.14 
50-0-0 1.10 1.05 l.30 l.15 1.15 
100-0-0 1.30 1.33 2.14 1.25 l.50 
200-0-0 1.93 1.85 2.40 1.64 l.93 
400-0-0 1.84 2.20 . 2.2J 1.20 1.8:r x 1.45 1.50 1.87 1.27 1.52 

Fourth H.arvest .. 
Check (no nitrogen) =.78 - .80 .84 .90 .90 
50-0-0 .79 .72 .90 .65 .76 
100-0-0 .90 .60 .90 .85 .81 
200-0-0 1.10 .83 1.00 .85 .94 
400-0-0 1.40 ·12 1.10 .Bo l.01 

X 1.02 0 73 .96 .79 .87 

Fifth Harvest , 
Check (no nitrogen) 1.2b 1.00 1.20 1.15 1.15 
50 ... 0-0 1.09 .98 1.18 1.09 1.08 
100-0-0 1.00 .93 l.14 1.00 1.02 
200-0-0 1.16 1.05 l.49 1.16 1.21 
400-0-0 1.36 1.10 1.55 1.17 1.2,2 

x Tl.01 
. 

1.17 l.31 1.11 1.15 

Each figure represents the mean o:f' duplicate analysi.a on composite 
samples obtained by combining four replications. 



TABLE XXIII. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON FORAGE YIELDS OF MIDLAND, COASTAL, GREENFIELD, AND COMMON BERMUDA"' 
. GRABS, KIRKWD FINE SANDY l;,OAM, FIELD EXPERIMENT, ARDMORE, ~6. 

Oven°dry weight yield in :pounds per acre ~ ~ 

Treatment ~bs./acre) Reps. Midland Coastal Gree:n:f'ield Common X 

Check (no nitrogen 

50-0-0 

100-0-0 

200 ... 0-0 

400-0=0 

X 

1 
2 
3 
4 

l 
2 
3 
4 

1 
2 
3 
4 

4163 5261 1867 928 
2489 3168 984 860 
3688 2523 . 1437 1425 
1290 2829 950 1063 2183 

6178 
3723 
4628 
4662 

6902 1822 962 
5872 1290 1652 
3281 1686 1788 
4560 1335 2648 3312 

7784 7196 3689 1064 
4311 7208 1924 3191 
6166 3870 2817 2331 
4469 4265 2641 2104 4102 

l 8067 8259 4300 2422 
2 4605 7716 2874 4107 
3 6744 5861 4096 3937 
~ 5273 8068 3655 4254 5265 

1 6619 7037 3745 2104 
2 6370 7264 2557 2229 
3 7264 5853 4277 2203 
4 77~ 708n 4865 2998 507§ 

531 570 2641 2293 398 

All plots received the equivalent of 106 lbs. P905 and 60 lbs. ~O per aer~. 
Each yield figure represents the aecumula:ted to~a1 of two clipp~ngs •. '5 



50 

TABLE XXIV. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON THE PERCENT NITROGEN IN MIDLAND, 
COASTAL, GREENFIEIJ)1 AND COMMON BERMUDAGRASS FORAGE, KIRKLAND FINE S.Al'IDY 

LOAM, FIELD EXPERIMENT, ARDMORE, 1956. 

Treatment (lbs./ acre) Midland Coastal Greenfield Common X 

First Harvest 
Check (no nitrogen) 1.43 1.48 1.65 1.70 1.56 
50-0-0 1.69 1.69 1.73 1.92 1.76 
100-0-0 1.74 1.74 1.96 2.01 1.86 
200-0-0 2.00 1.92 2.28 2.16 2.09 
400-0-0 2.26 2.1~ 2.12 2.40 2.38 

X i".82 1.79 2.07 2.04 1.93 

Second Harvest 
Check (no nitrogen) 1.26 1.43 1.44 1.34 1.37 
50•0w,Q 1.37 1.63 1.51 1.70 1.55 
100-0-0 1.59 1.71 1.84 2.o8 1.80 
200-0-0 2.20 1.98 2.48 2.37 2.25 
400-0-0 2.48 2.42 2.67 2.20 2.62 

X 1.78 -~- l.tb 1.99 2.08 1.92 

Each figure represents the mean of duplicate analysis on composite 
samples obtained by combining four replications. 
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TABLE XXV. 

EFFECT OF VARIOUS NITROGEN TBEATMENTS ON THE PERCENT PHOSPHORUS IN MIDLAND, 
COASTAL, GREENFIELD, AND COMMON BERMUDAGRASS, KIRKLAND FINE SANDY LOAM, 

FIELD EXPERIMENT,. ARDMORE,i 1226. . 

Treatment (lbs./acre) Midland Coastal Green:f'ield Common x 
First Harvest 

Check (no nitrogen) .).8 .17 ··.19 .19 .18 
50-0-0 .18 .16 .19 .19 .18 
100-0-0 .17 .17 .19 .18 .18 
200-0-0 .17 .16 .18 .18 .17 
400-0-0 .18 .16 .12 .18 .18 

X .18 .16 .19 .18 .18 

Second Harvest 
Check (no nitrogen) .18 .16 .16 .17 .17 
50:-0-0 .18 .16 .16 .16 .16 
100-0-0 .18 .16 .16 .18 .17 
200-0-0 .19 .16 .18 .18 .18 
400-0 ... 0 .21 .lt .18 .20 .12 

i .19 .l .17 .1$ .17 

Ea.ch figure represents the mean of duplicate analysis on composite 
samples obtained by combining four replications. 



TABLE XXVI. 

EFFECT OF VARIOUS NITROGEN TREATMElNTS ON THE PERCENT POTASSIUM IN MIDLAND, 
CO.AST.AL, GREENFIELD, AND COMMON BERMUDAGRASS1 KIRKLAND FINE SANDY LOAM 

FIELD EKPERIME.NTa ARDMORE.! 1226. 

Treatment (lbs./acre) Midland Coastal Greenfield Common. X 

First Harvest . 
Check (no nitrogen) 1.20 1.32 1.20 1.40 1.2S 
50-0-0 1.44 1.40 1.28 l.52 l.41 
100-0-0 1.44 1.48 1.48 l.64 1.51 
200-0-0 1.48 1.56 1.56 1.64 1.56 
400-0 ... 0 1.68 1.12 1.64 1.64 1.6:z x 1.45 1.50 1.43 1.57 1.49 

Second Harvest 
Check (no nitrogen) 1.2b 1.30 1.22 l.30 1.27 
50-0-0 1.44 1.42 1.34 1.54 1.43 
100-0-0 1.60 1.56 1.60 1.90 1.66 
200-0-0 l.64 1.70 1.76 2.00 1.77 
400-0-0 1.80 1.72 l.70 2.16 1.87 

< 

1.54 1.78 1.60 X 1.55 1.52 

Each figure re:presents the mean of duplicate analysis on com:posite 
sam:ples obtained by combining four repli.cations. 



TABLE XXVII. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON THE PERCENT OF NITROGEN UTILIZATION OF MIDLAND, COASTAL, GREENFIELD, 
AND COMMON BERMODAGRASS,. KIRKLAND FINE. s.Am>:Y LOAM, FIELD EXPERIMENT, ARDMORE, 1956. 

Treatment (lbs./ acre) Reps. Midland Coastal Greenfield· Common x 
50-0-0 

100-0-0 

200-0.,.0 

400 .. 0-0 

x 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

87.60 79.20 00.00 8.60 
42.60 136.20 13.80 30.60 

.28.40 2-6.80 10.00 16.20 
113.40 · 47.60 ll.20 60.60 44.55 

93.80 46.70 . 51.60 7.70 
37.50 89.50 18.80 50.10 
43.20 30.60 31.10 24.60 
47.70 23.50 29.70 31.30 4l.Q9 

51.35 · 32.70 36.85 21.00 
33.20 55.90 25.65 45.60 
41.10 44.80 37.30 32.25 
43.80 ·. 50.70 32.85 35.30 38.77 

1 23.03 16.83 17.18 9.58 
2 29.52 28.15 13.23 10.58 
3 31.10 25.57 23.90 15.43 
4 ~a.;,4 . 29.6~ 27.3A 13.~ 22.05 

9.10 47.7 23.7 25. o 36.61 

Each figure represents the mean of two clippings. 
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Figur e l. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON GROWTH OF MIDLAND, COASTAL, GREEN
FIELD, AND COMMON BERMUDAGRASS, STEPHENVILLE LOAMY FINE SAND, GREENHOUSE 
EXPERIMENT, ARDMORE, 1955. (SEE PAGE 8 FOR TREATMENT DETAILS AND TABLES 

II AND XIX FOR YIELD DATA. 
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FIGURE 2. 

EFFECT OF VARIOUS NITROGEN TREATMENTS ON GROW'J.1H OF MIDLAND., COASTAL., GREEN
FIELD., AND COMMON BERMUDAGRASS., KIRKLAND FINE SANDY LOAM., FIELD EXPERIMENT., 
ARDMORE., 1956. (SEE PAGE 11 FOR TREATMENT DETAILS .AND TABLES IX AND XXIII 

FOR YIELD DATA. ) 
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