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THE EFFECTS OF MOWING HEIGHT AND NITROGEN FERTILIZATION OF ANNUAL 
RYEGRASS ON THE SPRING RECOVERY OF BERMUDAGRASS TURF 

Gordon V. Johnson 

Annual ryegrass is commonly used in the fall to overseed bermudagrass. The 
overseeding usually results in the rapid establishment of a good quality turf 
for the winter months. While the fall transition from bermudagrass to ryegrass 
can be accomplished to maintain continual good quality turf, the quality during 
the transition from ryegrass to bermudagrass in the early summer is seldom as 
good. The common observance during the latter transition has been that of com
petitive inhibition of the bermudagrass by the ryegrass during the early part of 
the bermudagrass season. As temperatures continue to increase during early and 
mid-summer, the ryegrass finally dies, but the bermudagrass growth and coverage 
is often spotty and the resulting turf unsightly (Folkner 1964). 

Since ryegrass overseedings often produce a very dense turf, it was believed 
that sunlight might be the main growth factor limiting bermudagrass recovery in 
the spring and early summer. This study was undertaken to determine if removal 
of the ryegrass cover in the spring would enhance bermudagrass recovery and if 
the effect were influenced by nitrogen fertilization. 

Procedures 

Treatments consisted of mowing established ryegrass at heights of one inch 
(scalped) and two and three sixteenths inches (normal). Ammonium sulfate was 
added at a rate of two pounds of nitrogen per 1000 ft 2 to one half of the plots 
with no added nitrogen to the remaining plots. The four treatments were each 
replicated six times. The treatment mowing heights were maintained from 5/19/70 
to 7/15/70. Fertilizer treatments were reapplied at monthly intervals. The 
plots were mowed twice each week. 

The effect of the treatments on regrowth of bermudagrass was evaluated by 
comparisons of the average turfgrass color production index values for each 
treatment. These index values were obtained by multiplying the clipping yield 
from an individual mowing times the absorbance at 660 mµ wavelength of methanol 
extracts of the ovendry clippings. The extraction procedure was a modifica
tion of a procedure reported elsewhere (Madison and Andersen 1963). It is 
believed that the index values were a quantitative measure of some parameters 
of turfgrass quality since their magnitude is dependent on the amount of green 
color, growth, and to some extent density or cover of the turfgrass. 

As a final evaluation of treatments, turfgrass density (mg turfgrass/cm3 
of turfgrass) was measured. These density values were obtained by first mowing 
the plots at 5/16 inch higher than normal and removing the clippings. Theplots 
were then mowed at the normal height and the clippings dried and weighed. This 
weight was then divided by the volume (height times area) of the turfgrass mowed 
the second time. 



Results and Discussion 

Differences in turfgrass color production values between the normal and 
scalped mowing treatments were generally not significant when no nitrogen was 
applied (Table 1). From the beginning of the ·study in May until the first of 
July, the turfgrass mowed at the normal height tended to be associated with 
higher index values than that which had been scalped. After July 1 the turf
grass which had been scalped appeared to be associated with higher index 
values than that which had been mowed normally. 

When nitrogen was applied, color production values were significantly 
greater for the normally mowed turfgrass than that which had been scalped for 
the first three weeks of the study. The fourth and fifth weeks there were no 
significant differences between the two mowing treatments and from the sixth 
week (July 1) to the end of the study the scalped turfgrass was significantly 
better. 

The initial scalping treatment generally resulted in killing of about 50% 
of the ryegrass. The remaining ryegrass gradually died with continued low mow
ing and warming temperatures. Regrowth of bermudagrass was hastened signifi
cantly by the scalping treatments. The transition from ryegrass to bermudagrass 
turf occurred about July 20 on the scalped plots and about a month later on the 
normally mowed plots. In both cases the transition was much later than normal 
because of unusually cool early summer weather. 

Turfgrass density measurements taken August 5, 1970 ranged from 2.68 to 
4.99 mg/cm3 • Plots receiving nitrogen had significantly greater turfgrass den
sity than those not fertilized. At the same level of nitrogen there were no 
significant differences in densities due to previous mowing height treatments 
although the highest densities were associated with the previous scalping 
treatments. 

Conclusions 

Scalping (close mowing) ryegrass turf in May enhanced regrowth of common 
bermudagrass, The effect of scalping was significant only when accompanied with 
nitrogen fertilization. The scalping treatment with nitrogen resulted in a pre
dominantly bermudagrass turf at least one month earlier (about June 20) than 
when the turf was mowed at a normal height. 

Literature Cited 
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Table 1. The effects of mowing height and nitrogen fertilization on 

the color production of annual ryegrass-bermudagrass turf. 

Nitrogen Date 
Source 5/27 6/3 6/10 6/17 6/24 7/1 7/8 7/15 Average 

Color Index Value 

No Nitrogen 

scalped 710 153 312 260 337 383 425 314 360 

normal mowing 1142 718 720 342 408 345 219 247 510 

2 lb N/1000 

scalped 1474 580 1310 984 1767 2334 4139 2107 1800 

normal mowing 3434 2483 2284 1029 1437 1030 1700 1450 1900 

------------------------------------------------------------------------------
LSD* 866 261 449 364 408 312 1448 283 

*LSD = value which must be exceeded in order for differences to be significant 
at the five percent level. 
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EVALUATION OF NITROGEN FERTILI'ZERS FOR RYEGRASS 

Gordon V. Johnson 

Ammonium nitrate, ammonium sulfate, urea, and sulfur-coated urea were 
evaluated as nitrogen fertilizers for annual ryegrass. The four fertilizers 
were each applied at rates of one and two pounds of nitrogen per 1000 ft 2 • The 
applications were made on an established ryegrass overseeding of bermudagrass 
at the Casa Grande Highway Farm, University of Arizona. 

The trial area had been used in past years in a study on the effects of 
various phosphate fertilization rates on bermudagrass and consequently the 
levels of available phosphate and nitrate were extremely variable. Average soil 
test values for phosphate and nitrate were 15 and 25 ppm respectively and ranged 
from 9 to 34 and 15 to 46 ppm when treatments were applied (2/12/70). B-ecause 
of the variability in soil fertility of the trial area, response data were not 
taken until March 21, 1970, when observations suggested variability had dimin
ished. A second application of treatments was made April 9, 1970. 

Treatment affects were determined from periodic measures of yield and color 
of the turfgrass clippings. The plots were mowed twice a week. The clipping 
yields were obtained three days after the previous mowings and therefore were 
believed to represent both the growth and density of the turfgrass. The concen
tration of green color in the clipping was determined using a modification of a 
method reported elsewhere (Madison and Andersen, 1963) by measuring the absorb
ance at a wavelength of 660 mµ of methanol extracts of the ovendry clippings. 
These absorbance values were then multiplied times the clipping yield/1000 ft 2 

and the product used as a measure of color production. 

Results and Discussion 

There were no significant differences among the effects of the four 
fertilizers applied at the one pound per 1000 ft 2 rate on color production of 
annual ryegrass except on the April 11 evaluation date (Table 1). On this date, 
which was two days after the second application of the treatments, color pro
duction was significantly greater on the urea treated plots than on the S-urea 
treated plots. At the two pound per 1000 ft 2 rate, fertilizer performance was 
similar to that at the lower rate. 

The lack of consistent significant differences among the effects of the 
different treatments on color production suggests that the effectiveness of the 
fertilizers to supply nitrogen to ryegrass is similar. Color production values 
averaged for the study period indicate that response was greater to ammonium 
sulfate than to the other fertilizers applied at the low rate. At the two 
pounds of nitrogen per 1000 ft 2 rate S-urea was slightly better than ammonium 
sulfate or urea. Response to ammonium nitrate was less than for the other fer
tilizers at the higher rate. 
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Differences in response between the low and high rate were not significant 
for either ammonium nitrate or ammonium sulfate. This was a result of consist
ently poor response to ammonium nitrate and good response to ammonium sulfate 
at both rates. Response at the high rate was significantly greater than the low 
rate for urea early in the study period and for S-urea late in the growing 
season. This response pattern for S-urea may be related to its acid producing 
properties. The elemental sulfur present is oxidized to sulfuric acid by soil 
microorganisms. The process is slow and temperature dependent but may possibly 
create a more favorable soil pH in calcareous soils. The results suggest that 
this effect may have occurred at the high rate of application after temperatures 
became favorable for microbial oxidation late in the growing season. 

Conclusions 

The response of annual ryegrass turf to nitrogen fertilization was not 
significantly different among ammonium nitrate, ammonium sulfate, urea, and 
sulfur-coated urea when applied at the same rate. 

Trends in the data suggest that color production of ryegrass may be 
enhanced more by ammonium sulfate than the other fertilizers especially when a 
low application rate is used. Sulfur-coated urea tended to be as effective as 
urea or ammonium sulfate at a high application rate but was the least effective 
at the low rate. 

The trend for greater response to the sulfur containing fertilizers may be 
related more to their greater acidifying potential than to their nitrogen 
supplying properties. 

Literature Cited 
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Table 1. The effect of nitrogen source and rate on color 
production index values of annual ryegrass. 

Date 
Treatment 3/21 4/4 4/11 4/18 4/25 5/9 5/16 

1 lb N/1000 

ammonium nitrate 399 520 719 1371 1310 75 123 

ammonium sulfate 464 567 789 1374 1448 144 180 

urea 408 567 856 1174 964 188 236 

S-urea 412 535 646 1112 1198 92 150 

2 lb N/1000 

ammonium nitrate 499 572 761 1631 1688 247 305 

ammonium sulfate 619 751 833 1746 1735 226 322 

urea 629 706 1066 1357 1649 287 467 

S-urea* 575 639 784 1774 2083 253 257 

LSD (.05)** 190 191 179 481 574 143 407 

*S-urea is urea coated with powdered elemental sulfur, 

**LSD= value which must be exceeded in order for differences to be 
significant at the five percent level. 
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COMPONENTS OF GROWTH IN BERMUDAGRASS VARIETIES 
UNDER VARYING NITROGEN REGIMES 

William R. Kneebone 

Experience in the Tucson area has shown that excellent general purpose 
bermudagrass turf can be maintained with fertilization rates of one pound of 
nitrogen per 1000 ft 2 per month through the growing season and that ammonium 
sulphate gives results equivalent to other sources (Stroehlein, 1964; Kneebone 
and Seitz, 1969). To investigate varietal differentials in response to nitro
gen and to characterize long-term effects of differing nitrogen treatments, 
three tests were initiated in Tucson in 1970, each involving combinations of a 
non-fertilized check, one pound of nitrogen per 1000 ft 2 per month and two 
pounds of nitrogen per 1000 ft 2 per month applied in ammonium sulphate. 
Nitrogen treatments in test one were applied across plots of 22 bermudagrass 
varieties planted in three replicates in 1965 and maintained as general purpose 
turfgrass since that time. Six treatments were used: O, one, and two pounds 
of nitrogen per month applied monthly with plots treated at each level mowed 
weekly at two heights, 5/8 inch and 1 inch. The six treatments were randomized 
differently in each replicate of the variety test. 

Test two was applied to a uniform area of seeded Arizona bermudagrass in 
Del Norte Park. Eight treatments were used, in two replicates. Treatments 
were: 0, one pound of nitrogen per one month, two pounds of nitrogen per month 
applied monthly and one pound of nitrogen applied every two weeks with plots of 
each treatment mowed weekly at two heights, 5/8 inch and 1 inch. 

Test three was applied to a bermudagrass variety trial established in 1968 
with ten varieties in three replicates. Five treatments were applied across 
the variety plots with a different randomization for each replicate of the 
varieties. Treatments were: 0, one pound of nitrogen per month, two pounds of 
nitrogen per month applied monthly, one-half pound of nitrogen applied every 
second week and one pound of nitrogen applied every two weeks. 

Clippings collected from all varieties in test one from four mowings 
following fertilizer application in July show an expected increased growth from 
added nitrogen (Table 1). Reduced yields on August 5th reflect summer chloro
sis associated with the rainy period. Although yields were slightly higher 
from the 5/8-inch mowing than the one-inch mowing, the difference was not sta
tistically significant. Color ratings made at each clipping averaged 6.2, 7.2, 
and 8.4, respectively (on a 1-9 scale with 9 best) for the three nitrogen 
treatments with no difference from mowing heights. Color differences between 
nitrogen treatments and also color losses due to chlorosis in August are 
reflected in chlorophyll contents of RC141, a dark blue green selection, and 
Tifgreen, a light green type (Table 2). Chlorophyll measurements were based 
upon fresh clippings extracted for 48 hours in methanol with the optical densi
ties of the extracts read at 660 angstrom units in a Beckmann Spectrophotometer. 
Selection RC141 consistently had more chlorophyll than Tifgreen but the two 
varieties gave similar responses to nitrogen fertilization •. 
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Growth rate increases associated with nitrogen treatments are illustrated 
in another way by the average dry matter percentages in the clippings. These 
were 38.0 for the check, 36.5 for the one-pound rate, and 33.3 for the two
pound rate. Percentages were consistent for all clippings and did not differ 
significantly between mowing heights. Clipping yields were based upon mower 
swathes cut across all varieties so that possible varietal response differen
tials to nitrogen were masked. However, no significant differentials were 
observable. 

After regular mowing had ceased and the bermudagrass was largely dormant 
there appeared to be less dormancy in the nitrogen-treated plots than in the 
check. 

In late November, a series of four-inch diameter plugs were taken with a 
cup cutter from five of the varieties in the test. As a measure of growth and 
of thatch accumulation, height from ground level was measured in nnn and the top 
growth was clipped to ground level with hand shears. The remainder of the plant 
material was washed free of soil and the two fractions "tops" and "roots" were 
oven-dried before weighing. During the clipping process, stem counts were made 
along a diametric line across each plug. Values per plug are given in Table 3. 
There were fewer roots and more top growth with increasing nitrogen levels, al
though the only statistically significant differences were in height. "Height" 
differences included growth subsequent to the last mowing plus accumulated 
thatch which caused a higher mowing height on the fertilized plots than on the 
check plots even though mower settings were the same on all. Top weights, stem 
counts and height were similar or essentially the same for both one- and two
pound rates. 

Decreasing root weights between one- and two-pound nitrogen levels were 
also found in test 2 (Table 4). The area became heavily infested with cupgrass 
(Eriochola gracilis (Fourn.) Hitchc.) in August and September and was under 
heavy playground traffic. Plugs were taken in October and the entire sample 
washed and oven-dried since it was impossible to separately measure tops or 
measurably separate bermudagrass and annual grasses. Density of the plots 
treated with two pounds of nitrogen was such that they could be distinguished 
from the others because of fewer annual grasses, and one might speculate that 
"total weight" differences were due to more annual grass in the other treatments. 
The state of wear at sampling time, however, was such that differences in "tops" 
were not visually apparent, and the significantly lower total weight from plugs 
under the two-pound nitrogen rate reflects visually apparent lower root weights. 

Increased "top" and decreased "root" with increasing nitrogen rates were
also found in test three, although differences were not statistically signifi
cant (Table 5). 

There were differences in varietal means for root and top weights per plug 
in tests one and three (Tables 6 and 7). Although there were varietal differ
ences and apparent trends related to nitrogen treatments, in neither test was 
the variety by nitrogen interaction significant. 
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Table 1. Clipping yields in pounds of ovendry material per 
acre, summer 1970, from 22 bermudagrass varieties 
treated monthly with indicated amounts of nitrogen 
per 1000 ft 2 and mowed at two heights. 1 

1 lb 2 lb 
No nitrogen ni~_rogen nitrogen 

Mowing date 5/8" 1" 5/8" 1" 5/8" 1" 

July 15 145 120 284 275 426 412 

July 22 205 162 327 362 630 623 

July 29 210 184 368 364 639 620 

Aug. 5 188 168 254 270 437 418 

Total 748 634 1233 1271 2132 2073 

1These data were obtained as part of a student research problem conducted by 
Raymond C. Kasprack. 
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Table 2. Total chlorophyll content (mg/g fresh weight) summer 1970 in clippings from two color 7on
trasting bermudagrass treated monthly with indicated amounts of nitrogen per 1000 ft 2.1. 

No nitrogen 1 lb nitrogen 2 lb nitrogen Average 
Mowing date* RC141** Tifgreen*** RC141 Tifgreen RC141 Tifgreen RC141 Tifgreen 

July 15 3.34 2.86 4.08 3.52 4.98 5.27 4.13 3.88 

July 22 2.22 2.21 2.60 2.63 3.21 2.85 2.68 2.56 

July 29 3.02 2.90 3.43 3.15 4.01 3.51 3.48 3.19 

Aug. 5 2.73 2.57 2 .92 2.89 3.19 3.11 2.95 2.86 

Average 2.83 2.64 3.26 3.05 3.85 3.68 3.31 3.15 

* Last nitrogen applied July 1. 

** Sister selection to, Santa Ana; dark, blue green color. 

*** Green color 

];./ These data were obtained as part of a student research problem by Raymond C. Kasprack. 



Table 3. Stem counts, root weights, top weights, and height from soil sur
face for samples taken in November from five berrnudagrass varieties 
tested at three nitrogen levels at Tucson, Arizona in 1970. Data 
are averages per four-inch plug from thirty samples. 

Pounds of 
nitrogen/1000 ft 2 
monthly (May-Oct.) 

0 

1 

2 

Sterns 
inch2 (g 

36.5 a* 

39.3 a 

40.4 a 

Roots Tops Height 
ovendry) (g ovendry) mm 

9.0 a 12.0 a 49.3 a 

9.8 a 13.4 a 62.9 b 

8.4 a 13.6 a 64.2 b 

* Values in a column not followed by a common letter differ at the 5% level 
of significance. 

Table 4. Combined ovendry top and root weights in grams from 
Arizona bermudagrass plots in Del Norte Park, Tucson, 
to which nitrogen had been applied at indicated rates 
from May-August, 1970. Values are averages from 16 
samples, taken in October, 1970, each a plug four 
inches in diameter and six inches deep. 

Nitrogen Levels* 

1 lb/1000 ft
2 1 lb/1000 ft

2 2 lb/1000 ft
2 

None per month per 2 weeks per month 

13.6 a 13.1 a 12.6 a 10.2 b 

* Values which do not have a letter in common differ at the 5% 
level of significance. 
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Table 5. Stem counts, root weights and top weights for samples taken 
in December from six bermudagrass varieties tested und~r five 
nitrogen treatments at Tucson, Arizona in 1970. Data are 
averages per four-inch plug, from 18 plugs. 

Stems 
Nitrogen treatment per Roots Tops 

lbs/1000 ft 2 Interval inch2 (g ovendry) (g ovendry) 

0 22.2 a* 11.2 a 6.0 a 

1 monthly 21.8 a 11.0 a 6.6 a 

2 monthly 22.4 a 10.6 a 6.9 a 

1/2 biweekly 20.8 a 12.6 a 8.8 a 

1 biweekly 20.4 a 8.9 a 6.3 a 

* Values in a column not followed by a common letter differ at the 5% 
level of significance. 

Table 6. Stem counts, root weights, top weight and height from soil surface 
for samples taken in November from five bermudagrass varieties 
tested at three nitrogen levels at Tucson, Arizona in 1970. Values 
are averaged from 18 four-inch plugs, six inches deep. 

Stems Roots Tops Height 
per inch2 Variety (g ovendry) (g ovendry) in mm 

Tifway 44.1 a* 11.2 a 10.0 C 54. 7 a 

Tifgreen 41.1 a 8.8 ab 17.7 a 17.6 ab 

H19 39.4 a 9.4 ab 15.2 ab 18.8 ab 

Santa Ana 37.9 a 10.0 ab 12.5 be 20.0 ab 

Certified Arizona 31.1 b 6.0 C 9.5 C 12.0 C 

*Values in a column not followed by a letter in common differ at the 5% level of 
significance. 
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Table 7. Averages for below and above ground plant materials 
sampled from six bermudagrass varieties grown June
September under five nitrogen treatments and mowed 
at one inch until November, 1970. Samples were 
four-inch plugs, six inches deep, taken in January, 
1971. 

Roots Tops 
Variety (g ovendry) (g ovendry) 

Sunset 10 12.08 ab* 11.17 a 

Hl9 8.79 b 8.04 b 

Santa Ana 11.35 ab 7 .92 b 

Tifgreen 9.76 b 6.75 be 

Seeded Arizona 8.94 b 5.34 C 

Tifdwarf 15.09 a 2.31 d 

*values in a column not followed by a letter in common differ 
at the 5% level of significance. 
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PROGRESS REPORT ON 
TIIE RINCON VISTA TURFGRASS RESEARCH AREA 

William R. Kneebone and Gordon V. Johnson 

The Rincon Vista area in Tucson is a former housing area which the University 
of Arizona acquired and is currently developing for use in programs of the De
partment of Health, Physical Education and Recreation. It consists of approxi
mately 22 acres, divided by existing paved streets into four major blocks, the 
first, second and fourth of which have been established with bermudagrass and 
are in use as playing fields. The third block has five buildings remaining on 
it and had no grass prior to construction of experimental greens in 1970. 

A combination of needs, turf grass research facilities on one hand and 
practice greens for use by the golf team and by golf classes on the other, led 
to discussions among representatives of the Departments of Agronomy; Agricultural 
Chemistry and Soils; Health, Physical Education and Recreation and the Physical 
Resources Division of the University Administration in early 1970. From these 
discussions, it was decided that the third block would be set aside for the golf 
program and serve as a center for turfgrass research activities. Plans included 
construction of two experimental greens, use of playing fields for turfgrass 
management studies, development of one structure as a caretaker's house and use 
of another as a storage and service structure for the turfgrass research program. 
Before construction could proceed, the immediate area had to be fenced and in 
September 1970 approximately 2/3 of the block was enclosed in a seven-foot 
chain link fence with funds provided by the University Administration. A map of 
the greens area and installations is given in Figure 1. 

Greens construction was begun in October on raised bases of river run fill 
previously compacted and graded level. Over the fill was placed a four-inch 
layer of 3/8-inch washed pea gravel. Over this was placed a four-inch layer of 
washed concrete sand and over this layer was placed a final seven-inch layer of 
mix. The east half of each green has a 3:1 mix of washed mortar sand and Loamite. 1 

The west half of each green is pure washed mortar sand, with no additives or top 
dressing. 

Each green was further divided by mixing 0:45:0 fertilizer into the top 
four inches of the south half with a rototiller at the rate of one-half pound 
P20s per 1000 square feet. The playing surface of each green was designed as a 
square, 60 feet to a side. Surfaces were sloped with two-inches fall from south 
to north and one-inch fall from the center dividing line between mixes to the 
east and west edge, respectively. 

Each green, raised from 24-30 inches above the surrounding surface, was 
enclosed with topsoil to form aprons meeting the ground surface at approximately 

1 A product processed from wood by the Loamite Corporation, Santa Rosa, 
California. 

-17-



20°. Because the topsoil available was high in clay, mortar sand was worked 
into the top four inches of the apron area to improve water intake levels. 
Particle size distributions and chemical analysis data on the materials used 
are given in Tables 1 and 2. 

The eastern green was fumigated with methyl bromide at the rate of two lbs. 
per 100 ft 2 • Three days after fumigation was complete, in mid-December, it was 
seeded with Penncross bentgrass at a rate of two lbs. per 1000 ft 2 • A severe 
cold spell the week of January 4, 1971 reduced the young stand and an additional 
half lb. of seed per 1000 ft 2 was seeded in mid-January. The western green was 
seeded to perennial ryegrass in early February and will be fumigated with methyl 
bromide in May prior to hydrosprigging with Tifgreen bermudagrass. 

A nursery area was constructed with four sections 10' x 12', representing 
the four grass-mix combinations on the two greens. Each section is separated 
from the next by a one-inch redwood barrier. 

Acknowledgments in Greens Construction to Date 

Loamite Corporation 
Santa Rosa, California 

Turf Irrigation and Water Works Supply 
Phoenix (Leonard W. Dean, Jr.) 

Hansons Copper State Water Works Supply 
Tucson (Don Price) 

Cactus and Pine Golf Course 
Superintendents Association 

Grounds and Labor Department 
University of Arizona (Charles Raetzman) 

Tucson Country Club 
Tucson (Bob Sanders) 

Northrup King and Company 
Minneapolis, Minn. (Howard Kaerwer) 

200 bags Loamite 

Materials and installation 
of irrigation system 

Materials and installation 
of irrigation system 

Money gift to Department 
of Agronomy 

Use of equipment and crews 
for mixing 

Use of front loader 

Ryegrass seed 

Funding for the greens to date has been from the Departments of Agronomy, 
Agricultural Chemistry and Soils, Horticulture, and the Department of Health, 
Physical Education and Welfare with the funds for construction of the fence 
from the University Administration. 
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Table 1. Particle size distribution of materials used in construction of experimental golf greens, 
Rincon Vista Turfgrass Research Area, University of Arizona, Tucson. 

Particle size in mm 
Material . 05 .05-.10 .11-. 25 .26-.50 . 51-1.00 1.01-2 .oo 2.00 

percentage 

Concrete sand* .48 1.8 10.4 20.3 24.0 19.8 23.2 

Mortar sand* .2 2.0 17.5 34.0 28.8 14.4 2.8 

Apron fill** clay silt sand 

Normal 29 17 54 

Normal plus sand 20 12 68 

* determined by dry sieving. 

** determined by hydrometer method. 



Table 2. Chemical analyses of materials used in construction 
of experimental golf greens, Rincon Vista Turfgrass 
Research Area, University of Arizona, Tucson. 

Material pH (paste) P0 4* K* 

ppm ppm 

Apron Fill 

Normal 7.7 3.75 105 

Normal plus sand 7.8 4.00 87 

Mortar Sand 8.2 1. 75 8.7 

* CO2 extractable 
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CONTROL OF GRANULATE CUTWORMS IN DICHONDRA LAWNS 

George P. Wene 

The granulate cutworm, FeZtia subterranea, is the most destructive insect 
found in dichondra lawns in and around Tucson and Phoenix, Arizona. Since it 
is a night feeder many people are unaware of its presence and blame the bare 
spots in their lawn to adverse soil conditions. During 1969 Wene and Sexton 
obtained good control with sprays of GardonaR, toxaphene and diazinon granules. 
In 1970 this insect was doing severe damage to lawns as early as May 25 in the 
Tucson area. Because of requests for information on the control of this insect 
additional studies were conducted in a number of Tucson lawns. 

Procedure 

Since cutworms are nocturnal feeders, it was necessary in making counts to 
bring them up from the soil without injuring the dichondra sod. This was done 
by letting water run slowly out of a hose until a small area was well soaked and 
in a flooded condition which forced the cutworms onto the surface of the dichon
dra leaves. Populations before and after treatments were determined by counting 
five such flooded one-square foot areas. 

Because of the small size of most dichondra lawns it was possible to obtain 
only two or three plots from 300 to 500 square feet each in individual yards. 
Partial replication was obtained by applying similar treatments in different 
yards. 

A garden hose sprayer was used in applying the sprays 
Table 1. The diazinon granules were spread over the plots 
punching small holes in the bottom of a pound coffee can. 
plots were watered. 

Discussion 

at the rates shown in 
with a shaker made by 
After treatment, all 

The data in Table 1 show that AktonR, toxaphene and methomyl gave the best 
control of this cutworm. Slightly less effective, but still satisfactory, were 
the controls obtained with 2 percent diazinon granules, the higher rate of car
baryl spray, and the spray mixture of trichlorfon with pyrethrins. The spray 
mixture of carbaryl with Meta-Systox R (MSR) did not control the granulate 
cutworm. 

Toxaphene and AktonR were still controlling cutworms a month after treatment 
application. A mixture of trichlorfon and pyrethrins gave excellent control for 
seven days but in the first test 19 cutworms per square foot were found 29 days 
after treatment. Diazinon granules and carbaryl sprays started to lose their 
effectiveness two weeks after application. 
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Within 10 minutes after application and before the plots were watered, 
paralyzed cutworms were seen in the plots treated with methomyl and with the 
mixture of trichlorfon and pyrethrins. Live cutworms were also seen crawling 
around in the plots treated with AktonR and carbaryl. This indicated that 20 
gallons of spray per 1000 square feet were suf~icient to penetrate the soil and 
affect the cutworms. 

In the toxaphene (spray) and diazinon (granules) plots, dead worms were 
found on the soil surface 24 hours after application. 

Birds fed on the dead cutworms early in the morning, so it was impossible 
to obtain an accurate count of dead cutworms. No dead birds were seen in or 
near any of the plots. In the second Akton treated plot, the-first diazinon 
plot, and the carbaryl plot, over 40 dead cutworms per square foot were observed 
24 hours after treatment. 

Within 20 days after the better treatments new dichondra growth had filled 
in from 25 to 50 percent of the bare areas. 

All the insecticides except toxaphene and methomyl are recommended for use 
in yards. 

Literature Cited 

Wene, George P., and Paul Sexton. 1969. Control of three insect pests of 
dichondra lawns. 1969 Rept. Turfgrass Res.: 9-12. 
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Table 1. Effectiveness of various insecticide treatments in controlling the 
granulate cutworm in dichondra lawns. 

Amount per 1000 sq. ft. No. larvae/sq. ft. 
days after treatment 

Insecticide Test No. Dosage gal. water 0 2 7 14 29 

AktonY, 2 lbs. EC 1 200 ml 20 4 0 0 
2 240 ml 24 19 0 0 
3 100 ml 10 1 0.2 0 
4 300 ml 30 6 0 

Toxaphene, 8 lbs. EC 1 200 ml 20 1 0 0 
2 160 ml 16 3 0.3 0 
3 300 ml 30 2 0 
4 300 ml 30 5 0.1 

Methomyl, 2 lbs. EC 1 300 ml 30 7 0 
2 300 ml 30 3 0 

Diazinon, 2% G 1 10 lbs. 20 0 1 
2 10 lbs. 6 2 3 

Carbary!, 2.6 lb. EC 1 600 ml 20 7 0.2 1 

Carbary! 5% + MSRQ/ 7% 
+ Kelthane 2% Eccl 1 500 ml 30 3 2 

Trichlorfon 12.8% + 
Pyrethrins 0.12% EC 1 570 ml 30 3 1 19 

2 800 ml 30 7 0 

!I Akton, 0-(2-chloro-1-(2,5-dichlorophenyl) vinyl) 0,0-diethyl phosphorothiate 
(MP 27°C). 

El MSR; Meta-Systox R, also called oxydemetonmethyl. 

!:l Mixture is sold under trade name of 11Isotox11
• 
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CONTROL OF GREEN JUNE BEETLE LARVAE 

George P. Wene 

Green June beetle larvae, Cotinis mutabilis, were found destroying a small 
portion of a bermudagrass lawn in Tucson on November 23, 1969. The destruction 
was confined to a 1000 foot square area surrounding two fruitless mulberry trees. 
No injury was observed in the turf under two other nearby mulberry trees. 

This localized infestation of green June beetle larvae followed a heavy 
application of manure on the soil surface for the control of root rot on two of 
the mulberry trees. The manure application was made during the first week of 
July, and attracted green June beetle adults, since they prefer to lay their 
eggs in manure or decaying organic matter. There were neither green June beetle 
larvae nor damage in the remainder of the yard which had not been treated 
with manure. 

In October, when the damage was first noticed, the homeowner applied 7 
pounds of 1.5% dieldrin granules over the entire area and by November 23, green 
June larvae had destroyed 75% of the turf under the north tree and only 25% 
under the south tree. 

Under the north tree in an area of 500 square feet 10% carbofuran 
granules were spread on the soil surface at the rate of 1 pound per hundred 
square feet. Aldicarb 10% granules were scattered over the soil su')'.'face at 
0. 5 pound per 100 square feet in the other area, also 500 square feet in size. 
Shortly after treatment the grass was sprinkler irrigated for several hours. 

Results 

The plots were examined 24 and 48 hours after treatment. Both treatments 
caused the larvae to emerge from the soil. The larvae were lying on the ground 
either dead or paralyzed. 

On the carbofuran treated plot, which had the greatest turf damage, 85 
larvae were counted after the first day and 27 after the second, a total of 112. 
In the lightly damaged area treated with aldicarb 25 larvae were counted on the 
first day and 4 on the second, making a total of 29. Since this area had approx
imately one-third the turf damage of the carbofuran treated plot one might assume 
that the population was also about one-third as large. If this assumption is 
correct then both insecticides gave effective control of the green June beetle 
larvae. 

Both carbofuran and aldicarb are highly toxic to warm-blooded animals and 
are at the present date not recommended for use on lawns. 
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GROUND PEARL CONTROL - PROGRESS REPORT FOR 1970 

George P. Wene and Lowell F. True 

The ground pearl, Margarodes meridonaZis, is still a major turf problem in 
Arizona even though its destructiveness is confined to Tifgreen and other fine 
strains of bermudagrass in Maricopa County. In the Tempe and Scottsdale areas 
ground pearls have destroyed numerous lawns. 

Life History Observations 

In 1969 seasonal populations records were taken on a severely damaged green 
of Tifgreen bermudagrass in Encanto Park. Method of sampling was described by 
Wene et al (1969). Approximately 50% of the turf had died out in July 1969 
whereas in July 1970 over 75% of the Tifgreen was dead by mid-July. Because of 
the severe damage in 1969 the green had been abandoned in September and the 
green received about the same irrigations that the fairways were given, which 
may have contributed to the rapid demise of the turf. In 1969, ground pearl 
populations were about equal at the beginning and the end of the Tifgreen grow
ing season (Table 1). At the start of the 1970 growing season, the population 
was approximately 60% lower, which was probably caused by the destruction of 
Tifgreen plants from the feeding of immature ground pearls. During the 1970 
season the population also declined further. This decline in population was 
probably due to the turf destruction because in a healthy untreated turf the 
population increased tenfold during the same time period (Table 2). 

Adult females, called crawlers, were first observed both years around June 1. 
Few crawlers were observed on July 1. In both years very minute ground pearls 
were observed by June 17. The August reading of both years did not show any 
mature ground pearls, indicating that the life cycle of ground pearls is one 
year. 

Since ground pearls appear in small localized areas and infestations 
appear to spread slowly through a turf an experiment was conducted to determine 
the rate of spread of ground pearls. Flats, 30 by 30 inches, containing 4 inches 
of soil were planted with nine uninfested cultivars of bermudagrass. Then plugs, 
3.5 inches in diameter, and 3 inches in depth were taken from an infested Tif
green turf and planted in the center of each flat. A year and a half later four 
samples two inches long, one inch wide were taken at 1-2 inches, 3-4 inches and 
5-6 inches away from the infested plug. Ground pearls had migrated 3-4 inches 
from the initial infested plug into the bermudagrass. Twelve ground pearls were 
1-2 inches from the initial infestation and 5 were found 4-5 inches away. Only 
3 out of 715 pearls were found 5-6 inches away. Ground pearls spread through a 
turf very slowly. 

In April 1970, ground pearls were found on grape roots in the Chandler 
Heights area. 
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Water as a Factor in the Abundance of Ground Pearls 

Since it is possible to control soil moisture levels in Arizona, an 
experiment was conducted to determine if various moisture levels applied during 
the pre-pearl and small pearl stages would influence ground pearl populations. 

Plugs, 3.5 inches in diameter and 4 inches in depth, were taken from a 
severe ground pearl damaged turf on May 16. Mature ground pearls were observed 
on the bottom of every plug. These plugs were planted in 8-inch pots and placed 
in a greenhouse. These pots were kept moist until May 22 when the treatments 
started and continued until September 1 when normal watering was resumed. 

The water treatments were as follows: high, 0.5 pint daily, which kept the 
soil in a continuous muddy state; medium, 0.75 pint twice a week; and low, lpint 
at weekly intervals. Twenty-four pots were subjected to each treatment. 

The grass, Tifgreen, grew well on both the medium and high water treatments. 
In the low water treatments the grass wilted between applications and had a dry 
appearance within a month after the treatments started. 

Around June 1 adult crawlers leave the mature ground pearls. In a few days 
eggs are laid which hatch into nymphs. These nymphs attach themselves to grass 
roots and small pearls are evident by June 15. 

Between November 15 and December 5, the initial plugs were taken out of the 
pots and the populations of ground pearls in each plug determined. An average 
of 67. 5 ground pearls were found in the low water treatments; 77. 7 in the medium 
treatment plots; and only 31. 2 in the high or excessive treatments. Using the 
t-test as a method of analysis, populations were significantly higher in the 
medium or low level groups. 

Therefore, watering practices would influence the rate of destruction caused 
by ground pearls. Homeowners seldom over-irrigate and destruction has been quite 
rapid. Greens and fairways are often excessively irrigated and, compared to 
lawns, ground pearl destructiveness has been slower. 

Control Experiments 

Experiments for the control of ground pearls were conducted on a golf course 
in Phoenix, in two yards in the Phoenix area and in a greenhouse in Tucson. 

The experiment on the golf course was conducted on the temporary greens, 
each green had an area of 1000 square feet. All but the severely injured green 
were divided into two plots. The treatments are shown in Table 2. The plots 
receiving a single application were treated on May 15. Those plots receiving 
four applications of granules were treated on May 15, June 1, June 17, and July 1. 
A pound coffee can, with small holes in the bottom, was used to spread the 
granules on the plots. Shortly after treatment application the plots were irri
gated with a rotary sprinkler. 

In the yard experiments the first yard was divided into four areas whereas 
the second was divided into three. The treatments, shown in Table 4, were 
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applied with the conventional hose sprayer. The dates of treatment applications 
are shown in a footnote in the Table. 

In the greenhouse experiment plugs 3. 5 x 4 inches were taken from an 
infested turf. These plugs were planted in gallon containers. Each container 
was considered as a plot. Each of the treatments shown in Table 3 were repli
cated ten times. 

In the large scale plots conducted on the golf greens, data were taken 
between May 1 and 6 prior to treatment applications and again on October 16 and 
17. This consisted of taking 25 one-half inch cores to a depth of four inches. 
In the yard experiments it was only possible to take ten one-half inch cores in 
each plot on October 18. In the greenhouse experiments it was impossible to 
obtain population counts prior to the treatments without destroying the plugs. 
So, before placing the plugs in the containers, only those showing ground pearls 
on the bottom were used. Between October 24 and November 10 the original plugs 
were taken out and the ground pearl population of the entire plug counted. The 
data obtained from the large scale plots conducted on the golf greens and the 
greenhouse experiments were analyzed by Dr. James Gebert in the statistical 
laboratory. 

Results 

In the golf green experiment four applications of 1.6 pounds of 15% Di-Syston 
(disulfoton) granules per 1000 square feet were used as the standard for comparing 
the effectiveness of insecticides used in controlling ground pearls (Table 2). 
This treatment significantly reduced the ground pearl population. The single 
application of 4.6 pounds of Di-Syston was conducted on a plot which had the 
same treatment in 1969. In 1970 this treatment again reduced the population, 
but not significantly. Phorate (ThimetR) applied as 10% granules either as a 
single or multiple application also reduced populations. Aldicarb (TemekR) 
also reduced the population significantly. A new compound Bay 68138, Ethyl4-
(methyl thio-m-tolyl isoprophylphosphoramidate), also shows promise as a control. 
In 1969, 14% diazinon granules failed to controi ground pearls. The 1970 rate 
was double and a significant reduction was obtained. 

In the greenhouse experiments the insecticides were applied as soil drenches. 
The concentrations of the various drenches used are shown in Table 3. The drenches 
were used at a rate of 1 pint per plot, which was equal to 2. 84 pints per square 
foot. In the first experiment, AzodrinR (Dimethyl phosphate of 3-hydroxy-N
methyl cis-crotonamide), Ethion and AktonR (0-(2-chloro-1-(2,5-dichlorophenyl) 
vinyl) 0 ,O-diethyl phosphorothiate), effectively reduced groung pearl populations. 
In the second experiment drenches of toxaphene had no effect whereas AzodrinR 
did give a significant reduction. AzodrinR at concentrations of 2. 50 pounds 
per 100 gallons of water injured the grass when applied at weekly intervals. No 
injury was noticed on the lower concentration of AzodrinR. 

In the yard experiments the sprays or drenches were applied at the rate of 
0.4 pint per square foot, which was approximately one-seventh of that used in the 
greenhouse experiments. The control obtained was not satisfactory. 

The population of ground pearls decreased during the season on the severely 
injured plot on the golf greens. On the untreated green which had received a 

-31-



Di-Syston treatment in 1969, and had an excellent turf, the population increased 
tenfold, indicating no carry-over of the insecticide. 

Literature Cited 

Wene, George P., Lowell F. True and Paul Sexton. 1969. Ground pearl control -
progress report for 1969. Ariz. Agr. Expt. Sta. Rept. 257. 
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Table 1. Seasonal growth of ground pearls in a severely injured green during 1969-70. 
Phoenix. 

Date of 
Sampling 

May 1 

June 3 

June 10 

June 17 

July 1 

August 1 

September 6 

October 3 

November 6 

May 1 

June 1 

June 15 

July 1 

August 3 

September 1 

October 152 

Ave" no. 
Pearls 

35.3 

24.5 

12.0 

12.8 

14.8 

29.4 

32.6 

28.0 

34.4 

13.0 

5.2 

3.1 

7.5 

9.6 

12.8 

7.6 

per 0.5 inch core!/ 
Crawlers Total 

0 

14.7 

1.3 

3.8 

1.3 

0 

0 

0 

0 

0 

16.4 

6.8 

2.2 

0 

0 

0 

1969 

35.3 

39.6 

13.3 

16.6 

16.1 

29.4 

32.6 

28.0 

34.4 

1970 

13.0 

21.6 

9.9 

9.7 

9.6 

12.8 

7.6 

Relative size of pearls 

All ground pearls matured 

All ground pearls matured 

All ground pearls very small 

All ground pearls small, Less 
than 1/ 4 grown 

All ground pearls small, Less 
than 1/2 grown 

50% less 1/4 grown, remainder 
1/2 grown 

Approximately 50% less than 
1/2 grown, remainder between 
1/2 and 2/3 grown 

Same as September 

75% 2/3 grown, remainder less 
than 1/2 grown 

95% mature 

All pearls fully developed 

All pearls very small, some 
barely visible 

All pearls less than 1/3 grown, 
some barely visible 

) 
Few pearls 1/3 grown, 
remainder small 

20% half grown, remainder 
smaller 

All pearls were half grown or 
larger in size 

------------------------- ----------
lJ Average of 25 core samples. 

Y Green had been abandoned in October 1969 because most of the grass had died. 

-33-



Table 2. Effect of various granular insecticides on ground pearl populations. 
Phoenix, 1970. 

No. ground pearls 
AJ2elications in 25 0.5 X 4 in. 

No. Lbs./1000 soil cores 
Insecticides sq. ft. Before After t-values 

Phorate, 10% 4 2.3 405 148 2.25* 

4 2.3 667 259 2.34* 

1 6.9 621 67 4.42** 

Di-Syston, 15% 4 1.6 515 27 2.98** 

1 4.6 87 43 1.43 

Bay 68138, 15% 4 1.6 857 39 6. 95** 

1 4.6 626 216 2.43* 

Aldicarb, 10% 4 2.3 859 11 5.01** 

Diazinon, 14% 4 4.6 711 311 2.52* 

Untreated (treated in 
1969 with Di-Syston).a./ 11 110 2. 71 * 

Untreated (severely 
injured plot) 415 188 2.77* 

Y Healthy growing turf. ,, 
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Table 3. Effect of soil drenches on ground pearl populations conducted in the 
greenhouse. Tucson, 1970. 

Applications 
Drenches (358 gal./1000 sg. ft.) Intervals 
Insecticides ·Lbs . / 100 gal . days 

Experiment 

Azodrin 1. 25 7 

1.25 14 

2.50 7 

Ethion 1.00 7 

Akton 0.5 7 

0.5 14 

Untreated 

Experiment 

Toxaphene 2.0 7 

4.0 7 

Azodrin 2.5 7 

Untreated 

~ Applications started on May 22. 

'pj Applications started on June 12. 

lg} 

2'Q/ 

No. 

7 

4 

7 

7 

4 

7 

7 

7 

7 

Ave. no. ground pearls 
per 3. 5 x 4 inch soil core 

2. 2b£i 

6.0b 

1.6b 

4 .3b 

4.9b 

4.9b 

15.7a 

31. sad! 

12.7a 

3.7b 

18.4a 

E:f Significant difference between a and b determined by Newman Keul multiple 
comparison test. 

Ef Significant difference between a and b determined by Kolmogorov Smirnov test. 
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Table 4. Effectiveness of sprays in controll~ng ground pearls in two yards. 
Phoenix, 1970. 

No. ground pearls 
Quarts per Square feet Gallons in 10 0.5 x 4 in. 

Insecticide 100 gallons sprayed spray used soil cores 

Experiment 1~, 

Eth ion 4-lbs. 1 250 15 

Azodrin 5-lbs. 1 250 15 

Diazinon 2-lbs. 2 250 15 

Untreated 250 

Experiment 2's}../ 

Eth ion 4-lbs. 1 600 30 

Azodrin 5-lbs. 1 600 30 

Diazinon 2-lbs. 2 600 30 

~/ Treatments applied on 5-15, 5-22, 5-30, 6-2, 6-9 and 6-16. 

}l./ Treatments applied on 5-15, 6-1, 6-16 and 7-1. 
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38 

56 

61 

35 

18 

46 
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