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Abstract. ‘Miniverde’ bermudagrass [Cynodon dactylon (L.) Pers. · C. transvaalensis
(Burtt-Davy)] and ‘Diamond’ zoysiagrass [Zoysia matrella (L.) Merr.] are becoming
more widely used on putting greens in the transition zone. Field studies were conducted
from June through Aug. 2008 and 2009 in Raleigh, NC, and in Jackson Springs, NC,
respectively. The objective was to determine the influence of granular fertilizer programs
consisting of various nitrogen (N) sources and rates on the establishment of ‘Miniverde’
and ‘Diamond’ from sprigs. In 2008, the experimental area consisted of a putting green
built to U.S. Golf Association (USGA) recommendations [85 sand:15 peat (v/v)]. A native
sandy-soil putting green was used in 2009. Fertilizer programs consisting of stabilized urea,
polymer-coated urea, and a combination of stabilized urea and activated sewage sludge
were initiated 1 week after planting (WAP). Nitrogen rates ranged from 12 to 48 kg�ha–1/
week. Nitrogen source and rate differentially influenced turf color and establishment. The
combination program increased color of both grasses to an acceptable level earlier than
other programs. Coverage rates of both grasses under the combination program were
significantly higher than other programs across both years. Despite having the most total N
applied, the polymer-coated urea program did not significantly enhance bermudagrass
and zoysiagrass color or establishment compared with other programs. Increasing the N
rate of stabilized urea from 12 to 24 kg�ha–1/week did not increase establishment for either
grass. This research indicates that ‘Miniverde’ bermudagrass and ‘Diamond’ zoysiagrass
planted in the summer can be completely established from sprigs in the transition zone
using granular fertilizer. However, turfgrass color and coverage may vary depending on N
sources and rates within the fertilizer program.

Providing adequate fertility during turf
establishment from sprigs on sand-based put-
ting greens is necessary because the soil is
typically nutrient-deficient (Rodriguez et al.,
2001). Furthermore, differences in fertility re-
quirements between grass species may influ-
ence the rate and source of nutrients that are
applied. Recently, ultradwarf bermudagrasses
[Cynodon dactylon (L.) Pers. · C. transvaalensis
(Burtt-Davy)] have become more widely
used on golf course putting greens in the
southeastern United States. The ultradwarfs
have finer leaf texture and higher shoot density
compared with dwarf bermudagrasses (McCarty
and Miller, 2002).

The ultradwarf cultivar Miniverde was
developed in the late 1990s (Guertal and White,
1998). It originated as an off-type mutation
from one of the dwarf bermudagrass cultivars
(McCarty and Canegallo, 2005) and is cur-
rently one of the most popular cultivars used on
putting greens. White (1999) found ‘Mini-
verde’ provided the highest turf quality of any
ultradwarf when annual N rates were above
290 kg�ha–1. However, there is limited infor-
mation regarding ultradwarf bermudagrass
establishment from sprigs.

The literature varies in terms of N rates
needed to maximize establishment of ultra-
dwarf cultivars. Establishment of nine ber-
mudagrasses increased with N rate up to
48 kg�ha–1/month (Dudeck et al., 1985).
However, increasing the rate to 62 kg�ha–1/
month reduced establishment. In comparison,
Trenholm et al. (1997) found that maximum
coverage of ‘Floradwarf’ was achieved at an
N rate of 91 kg�ha–1/month. Guertal and Evans
(2006) reported that N rates of 36 to 43 kg�ha–1/
week were needed to maximize the dry weight
of ‘Tifeagle’ stolons, rhizomes, and roots

during establishment. Their results suggest
increasing N rates applied weekly may be
necessary for rapid establishment of the
ultradwarfs from sprigs.

Poor shade tolerance can limit ultradwarf
use on shaded putting greens (Bunnell et al.,
2005). The use of ‘Diamond’ [Zoysia matrella
(L.) Merr.], a fine textured zoysiagrass, has
been evaluated for shaded putting greens. ‘Di-
amond’ has superior shade tolerance compared
with bermudagrass (Engelke et al., 2002).
However, zoysiagrass has been shown to
establish more slowly than bermudagrass
(Busey and Myers, 1979; Patton et al., 2004).
Busey and Myers (1979) found that the cover-
age rate of ‘Tifgreen’ bermudagrass [Cynodon
dactylon (L.) Pers. · C. transvaalensis] was
greater than that of Japanese zoysiagrass
(Zoysia japonica Steud.). Furthermore,
‘Mirage’ bermudagrass [Cynodon dactylon
var. dactylon (L.) Pers.] reached 100% cover-
age 24 d earlier than ‘Zenith’ zoysiagrass
(Zoysia japonica Steud.) (Patton et al., 2004).
The slow establishment rate is perceived to be
a major limitation to the use of zoysiagrass as
a putting green turfgrass.

Similar to bermudagrass, increasing N rates
and application frequencies have been used
with limited success to maximize zoysiagrass
establishment from sprigs. Carroll et al. (1997)
found that applying N at 48 kg�ha–1/month to
‘Meyer’ zoysiagrass (Zoysia japonica Steud.)
only increased coverage up to 5% compared
with sprigs receiving only N at planting. These
results agree with those of Richardson and
Boyd (2001), who concluded N rates of 13 to
50 kg�ha–1/month had little to no effect on
the establishment of ‘Meyer’. Furthermore,
Stiglbauer et al. (2009) found that neither N
source nor rate influenced the establishment
rate of ‘Diamond’ zoysiagrass from sprigs.

Fertilizer programs consisting of various
N sources and rates are often recommended
for the establishment of putting greens. This
requires turfgrass managers to make weekly
fertilization decisions during the establishment
period. Furthermore, information on granular
fertilizer programs for the establishment of
ultradwarf bermudagrass and fine-textured
zoysiagrass is limited. Therefore, the objective
of the study was to evaluate the influence of N
source and rate on ‘Miniverde’ bermudagrass
and ‘Diamond’ zoysiagrass establishment in
the transition zone.

Materials and Methods

This study was established in June 2008
and June 2009. The 2008 trial was conducted
at the Lake Wheeler Field Laboratory located
in Raleigh, NC. The experimental area was
constructed as a golf course putting green
using an 85 sand:15 peat (v/v) root zone
to meet USGA recommendations (USGA
Green Section Staff, 1993). The soil had a
pH of 5.5 and a phosphorus (P) and potassium
(K) content of 14 kg�ha–1 and 35 kg�ha–1,
respectively. The 2009 trial was conducted
on a native soil at the Sandhills Research
Station located in Jackson Springs, NC. The
soil was a Candor sand (Sandy, kaolinitic,
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thermic Grossarenic Kandiudults) (USDA-
NRCS Soil Survey Division, 2008) with a pH
of 5.8, 59 kg�ha–1 P, and 25 kg�ha–1 K.

‘Diamond’ zoysiagrass [Zoysia matrella
(L.) Merr.] sprigs provided by New Life Turf
(Norway, SC) were planted on 29 May 2008
and 2 June 2009 at a rate of 133 m3�ha–1 (35
bushels/1000 ft2). ‘Miniverde’ bermudagrass
sprigs provided by Modern Turf (Rembert,
SC) were planted on 30 May 2008 and 28
May 2009 a rate of 76 m3�ha–1 (20 bushels/
1000 ft2). ‘Diamond’ was sprigged at a higher
rate than ‘Miniverde’ because zoysiagrass has
been shown to have a slower establishment rate
than bermudagrass. To increase sprig to soil
contact, a tractor-mounted cultipacker was
used to punch the sprigs into the soil.

Five granular fertilizer programs were ini-
tiated 5 June 2008 and 9 June 2009 (Table 1).
Three programs consisted of stabilized urea
(Uflexx; Agrotain Intl., St. Louis, MO) applied
at an N rate of 12 to 24 kg�ha–1/week, the fourth
program consisted of polymer-coated urea
applied at an N rate of 96 kg�ha–1/month, and
the fifth was stabilized urea applied at an N
rate of 12 kg�ha–1/week coupled with acti-
vated sewage sludge at an N rate of 48 kg�ha–1

every 3 weeks. Uflexx contains N-(nbutyl)
thiophosphoric triamide (urease inhibitor) and
dicyandiamide (a nitrification inhibitor), which
act to slow the rate of urea hydrolysis and slow
the conversion of ammonium to nitrate, re-
spectively. Uflexx was used for these programs
to minimize leaching and denitrification
because the turf was established during the
warmer months and under irrigated conditions
to keep moisture level high.

Weekly N accumulation of the five pro-
grams is detailed in Table 2. Both studies
were arranged in a randomized complete
block with four replications on each grass.
Weekly fertilizer applications were made for
12 consecutive weeks using shaker bottles. In
addition to the scheduled N fertilizer, P was
applied as triple superphosphate (0N–20.1P–
0K) at a rate of 11 kg�ha–1 and K as potassium
chloride (0N–0P–51.5K) at a rate of 40 kg�ha–1

1, 5, and 9 WAP using a rotary spreader.
Irrigation was applied as needed to main-

tain high soil moisture (avoid stress) through-
out the establishment periods. Mowing was
initiated on 21 July 2008 and 22 July 2009
at a height of 12.7 mm using a walk-behind
reel mower. Starting 28 July 2008 and 4 Aug.
2009, plots were mowed at 6.4 mm three
times per week for the remainder of the
study. Typical putting green mowing heights
(�3.2 mm) were never implemented as a result
of low zoysiagrass coverage and to avoid
scalping the bermudagrass.

Daily maximum and minimum tempera-
tures were collected for both locations during
the establishment periods (Fig. 1). Visual turf-
grass color and coverage ratings were collected
weekly from 5 to 13 WAP. Color and coverage
were evaluated following the National Turfgrass
Evaluation guidelines (Morris and Shearman,
2008). Turfgrass color was measured on a
1 to 9 scale in which 1 = brown turf, 6 =
acceptable green color, 9 = dark green color.
Visual turfgrass coverage was measured on a

0 to 100% scale (0% = no cover and 100% =
full coverage).

Weekly photographs were taken directly
overhead each plot with a digital camera
attached to a 46-cm horizontal arm mounted
90� to the vertical axis of a 91-cm tripod. The
images were batch analyzed using a turf anal-
ysis macro (Karcher and Richardson, 2005) for
SigmaScan Pro software (Version 5.0; SPSS

Science Marketing Dep., Chicago, IL) to de-
termine percent green pixels in each photo. A
weighted-mean coverage rate was calculated
by dividing percent coverage by days after
planting.

All statistical analyses were performed
using Statistical Analysis System (Version
9.1; SAS Inst., Cary, NC). The main and in-
teraction effects were examined with analysis

Table 1. Fertilizer program name, fertilizer(s) used, N rates, N–P–K ratios, and application weeks used for
the establishment of ‘Miniverde’ bermudagrass and ‘Diamond’ zoysiagrass June through Aug. 2008 in
Raleigh, NC, and June through Aug. 2009 in Jackson Springs, NC.z

Program name Fertilizery N rate (kg�ha–1) N–P–K ratio App. wk (WAP)

SU – 1.2 Stabilized urea
(46N–0P–0K)

12 4.4:1:3.6 1–12

SU – 2.4 Stabilized urea 24 8.8:1:3.6 1–12
SU Progressive Stabilized urea 12 6.6:1:3.6 1–4

Stabilized urea 18 5–8
Stabilized urea 24 9–12

PCU Polymer-coated urea 96 11.6:1:3.6 1,5,9,12
(43N–0P–0K)

SU – 1.2 + O Stabilized urea 12 5.6:1:2 1–12
Activated

sewage sludge
48 1,4,7,10

(6N–0.9P–0K)
zThe five granular fertilizer programs were initiated 5 June 2008 and 9 June 2009.
yIn addition to the scheduled fertilizer that was applied each week, P was applied as triple superphosphate
(0N–20.1P–0K) at a rate of 11 kg�ha–1 and K as potassium chloride (0N–0P–51.5K) at a rate of 40 kg�ha–1

1, 5, and 9 weeks after planting (WAP).
N= nitrogen; P = phosphorus; K = potassium; PCU = polymer-coated urea.

Table 2. Weekly N accumulation of five granular fertilizer programs applied to ‘Miniverde’ bermudagrass
and ‘Diamond’ zoysiagrass during the 2008 and 2009 establishment periods.

Program name

Weeks after planting

1 2 3 4 5 6 7 8 9 10 11 12

N accumulation (kg�ha–1)

SUz – 1.2 12 24 36 48 60 72 84 96 108 120 132 144
SU – 2.4 24 48 72 96 120 144 168 192 216 240 264 288
SU Progressive 12 24 36 48 66 84 102 120 144 168 192 216
PCUy 96 96 96 96 192 192 192 192 288 288 288 384
SU – 1.2 + Ox 60 72 84 144 156 168 180 240 252 264 324 336
zSU = stabilized urea.
yPCU = poly-coated urea.
xO = organic (activated sewage sludge).
N= nitrogen.

Fig. 1. Daily maximum and minimum air temperatures (�C) recorded 25 May to 30 Aug. 2008 at Lake
Wheeler Field Laboratory in Raleigh, NC, and 25 May to 30 Aug. 2009 at Sandhills Research Station in
Jackson Springs, NC.
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of variance. Fisher’s least significant difference
test was used to separate treatment means. The
data from each grass were separated by year
resulting from an interaction between fertil-
izer program and year (Table 3). Further-
more, the data were separated by WAP as a
result of an interaction between week and
fertilizer program.

Results and Discussion

Turfgrass color. The program that incor-
porated a combination of stabilized urea and
organic fertilizer (SU – 1.2 + O) followed by
the SU – 2.4 (24 kg N/ha/week) fertilizer
programs generally provided the greatest in-
crease in bermudagrass and zoysiagrass color
over the establishment period (Fig. 2). The
SU – 1.2 + O consistently provided accept-
able bermudagrass and zoysiagrass color 7 to
13 WAP. Guertal and Evans (2006) found
that turf color of the ultradwarf bermudagrass
‘Tifeagle’ was maximized at N rates from 33
to 48 kg�ha–1/week. These rates were higher
than this study. However, SU – 2.4 did pro-
vide acceptable bermudagrass and zoysia-
grass 8 to 13 WAP. Progressively increasing
the N rate had little effect on turf color of
either grass compared with applying N at
12 kg�ha–1/week. The only significant turf
color difference between the two programs
occurred on zoysiagrass in the later weeks of
2008.

Although N was applied at 384 kg�ha–1

during the poly-coated urea (PCU) program,
turf color of both grasses was not signifi-
cantly higher than all other programs any
WAP in any year. These results are likely the

result of the slow release of N by the polymer-
coated urea prills. Stiglbauer et al. (2009)
evaluated three quick-release N sources and
found no difference in ‘Diamond’ zoysiagrass
color during establishment when the same
N rate was applied. PCU was the only slow-
release N source used in our study as a stand-
alone program. Therefore, further research
is needed to determine the influence of va-
rious slow-release N sources on ‘Miniverde’
bermudagrass and ‘Diamond’ zoysiagrass
color during establishment.

Turfgrass coverage. Visual evaluation and
digital image analysis were used to determine
percent coverage during the establishment
period. Bermudagrass correlation coefficients
between visual coverage ratings and percent
coverage calculated by digital image analysis
were 0.90 (P # 0.0001) in 2008 and 0.82 (P #
0.0001) in 2009. Zoysiagrass correlation co-
efficients were 0.86 (P # 0.0001) and 0.87
(P # 0.0001) in 2008 and 2009, respectively.
Only the visual data are presented because
percent coverage calculated by the image anal-
yses was affected by algae growth that occurred
during the first 6 weeks after planting in both
years.

The combination program, SU – 1.2 + O,
established turf the quickest over both years
(Fig. 3). Bermudagrass and zoysiagrass under
this program were 75% established 2 weeks
earlier than other programs. However, there
was more total P applied during SU – 1.2 + O
than with any other program. Rodriguez et al.
(2001) found that fertilizers containing P
maximized the establishment of three ultra-
dwarfs, even on soils with a high P content.
Total N applied during the SU – 1.2 + O
program was only 48 kg�ha–1 more than
during SU – 2.4. Thus, the additional P in
SU – 1.2 + O might have attributed to
increased establishment. Further research is
needed to determine optimum P rates for the
establishment of ‘Miniverde’ bermudagrass
and ‘Diamond’ zoysiagrass.

With the exception of SU – 1.2 + O,
increasing the N rate had little to no effect on
the establishment of both grasses in both
years. The establishment of turf under PCU
was no different from under any other pro-
gram despite receiving the most total N. This
response was similar to the turf color results
and this is likely the result of the slow-release
properties of the fertilizer. Increasing the N
rate from 12 to 24 kg�ha–1/week did not reduce
time to 75% establishment for either grass,
although the average coverage rate was greater
for bermudagrass in both years and zoysiagrass
in 2008 (Table 4). Previous zoysiagrass estab-
lishment studies have found that higher N rates
do not always benefit coverage rates (Richardson
and Boyd, 2001; Stiglbauer et al., 2009).

Stiglbauer et al. (2009) did find establish-
ment differences in ‘Diamond’ zoysiagrass
when sprigging rate was increased from 91 to
182 m3�ha–1. The higher sprigging rate pro-
vided two times the turf coverage as the lower
sprigging rate at 3 weeks after sprigging. With
the higher sprigging rate, they were able to ac-
hieve 100% zoysiagrass establishment in 77 d.
The establishment rate results using the high

sprigging rate is comparable with ours. How-
ever, our sprigging rate was 49 m3�ha–1 less and
total P applied was 31 kg�ha–1 more (SU – 1.2 +
O program). These data suggest that a rapid
establishment may be achieved through the
applied fertility program and not require the
additional planting material. The addition of P
during ‘Diamond’ zoysiagrass establishment
may have contributed to more rapid establish-
ment with the reduced sprigging rate.

Guertal and Evans (2006) reported that
ultradwarf bermudagrass required 34 to
43 kg�ha–1 per week to produce the most rapid
establishment. Their study used constant N rate
applications over the course of the study. The
treatments SU – Prog. and SU – 12 + O in this
study used variable rates over the establishment
weeks making it difficult to compare across all
our treatments to previously reported data. In
addition, the bermudagrass establishment re-
sult differences in this study compared with
previous reports are possibly the result of the N
source used. Guertal and Evans (2006) used
soluble N sources without urease or nitrifica-
tion inhibitors. Although the stabilized urea
used in our programs was soluble, its inhibiting
properties possibly disguised N rate differences
between SU treatments. No research was found
that used stabilized N for establishing turf-
grasses, although Waddington et al. (1989)
previously reported that stabilized N had no
appreciable effect on turfgrass growth or color.

Bermudagrass and zoysiagrass coverage rate
was calculated during the establishment period
of each year (Table 4). Bermudagrass rates
ranged from 1.13% to 1.44% per day in 2008
and 1.02 to 1.49% per day in 2009. Zoysiagrass
rates ranged from 0.86% to 1.3% per day in
2008 and 0.51 to 0.79% per day in 2009. It was
not fully understood why the zoysiagrass estab-
lished so much slower in 2009 than 2008.
One possible explanation may be the result of
temperature variation between years.

The average maximum temperatures dur-
ing the week before 2, 3, 5, and 6 WAP were
higher in 2008 than 2009. Unruh et al. (1996)
found that decreasing the temperature from 30
to 25 �C decreased the growth rate of ‘Meyer’
zoysiagrass �3 mm�d–1. Thus, cooler air tem-
peratures early in the 2009 growing season
likely slowed the growth of the zoysiagrass in
our study. The bermudagrass reached 100%
coverage �2 weeks earlier in 2009 than 2008,
but at 5 WAP (Fig. 3), all bermudagrass
treatments were 5% to 20% less established in
2009 than 2008. This response coincides with
the lower temperatures for the first few weeks
after planting. The zoysiagrass at 5 WAP was
near 5% established across all treatments in
2009 compared with nearly 40% in 2008. The
combination of reduced coverage rate at the
start of the season and the overall slow growth
of zoysiagrass in general lead to the much
slower establishment in 2009.

Adding an organic fertilizer to a stabilized
urea program had a significant effect on
establishment, likely as a result of increased
N and/or P applied. Grasses fertilized with
the SU – 1.2 + O had the highest growth rate
across both years. There were little to no
coverage rate differences among the three

Table 3. Mean squares from combined analyses of
variance for turf color and turf coverage of
‘Miniverde’ bermudagrass and ‘Diamond’ zoy-
siagrass from the 2008 and 2009 establishment
periods.

Source of variationz Df

Mean square

Color Coverage

Bermudagrass
Program (P) 4 44.3** 3556.4**
Year (Y) 1 15.6** 196.0*
WAP (W) 9 79.2** 28660.7**
Repetition (R) 3 0.5 333.2**
P · Y 4 4.8** 289.6**
P · W 36 0.5** 176.3**
W (Y) 9 8.7** 1925.9**
Error 333 88.1 42.6
CV % 7.8 8.9
Mean 6.6 73.3

Zoysiagrass
Program (P) 4 24.8** 4923.2**
Year (Y) 1 162.7** 43143.0**
WAP (W) 8 83.2** 18390.7**
Repetition (R) 3 0.4* 35.4
P · Y 4 5.8** 543.3**
P · W 32 0.3** 38.6
W (Y) 8 22.1** 1328.6**
Error 299 0.1 37.5
CV % 5.6 11.6
Mean 6.6 52.9

*,**Significance at 0.05 and 0.01 level, respectively.
zP = fertilization programs; Y = year (2008 and
2009); WAP = weeks after planting.
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Fig. 2. Turf color of ‘Miniverde’ bermudagrass and ‘Diamond’ zoysiagrass during the 2008 and 2009 establishment periods. Mean separation between years and
weeks after planting for each grass. Values with the same letter are not statistically different according to Fisher’s least significant difference test at P # 0.05.

Fig. 3. Percent coverage of ‘Miniverde’ bermudagrass and ‘Diamond’ zoysiagrass during the 2008 and 2009 establishment periods. Mean separation between
years and weeks after planting for each grass by Fisher’s least significant difference test at P # 0.05. An asterisk indicates a significant difference from all other
treatments at that specific date.
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stabilized urea programs across either year
for both grasses. The results from these
studies suggest that ‘Miniverde’ bermu-
dagrass and ‘Diamond’ zoysiagrass establish-
ment can vary considerably based on the N
sources used in granular fertilizer programs.

Conclusions

‘Miniverde’ bermudagrass and ‘Dia-
mond’ zoysiagrass can be established in the
transition zone during the summer season (June
to August) using granular fertilizer. ‘Miniverde’
achieved 100% coverage earlier than ‘Dia-
mond’ during both years, 7 d in 2008 and 35 d
in 2009. The large difference between years was
the result of cooler temperatures during the early
stages of growth in 2009. This slowed zoysia-
grass growth to the point where coverage was
10% or less on the first rating date.

The program SU – 1.2 + O increased
bermudagrass and zoysiagrass turf color above
the acceptable level earlier in the establishment
period. Although the PCU program had the most
total N applied, it did not enhance turf color
significantly compared with the other programs.
Progressively increasing the N rate every month
had little to no effect on turf color. However, the
color of the bermudagrass and zoysiagrass under
SU – 2.4 reached an acceptable level in less time
than the color of the grasses under SU – 1.2.

Increasing the N rate from 12 to 24
kg�ha–1/week in the stabilized urea programs
had little to no effect on the establishment of
either grass. This is consistent with the zoy-
siagrass literature but in contrast to bermuda-
grass literature. It is possible that the stabilized
urea used in the programs provided N over
a period of time overshadowing any N rate

differences. The combination program, SU –
1.2 + O, increased bermudagrass and zoysia-
grass establishment during both years. Our
results suggest a ‘Diamond’ zoysiagrass sprig-
ging rate of 133 m3�ha–1 can be used when
total P applied is at least 60 kg�ha–1.

It is essential to develop an adequate
fertilizer program when establishing putting
greens. Nutrient sources and rates need to be
optimized for each situation so nutrition will
not compromise plant health during establish-
ment. Fertilizer programs that include a combi-
nation of stabilized urea and activated sewage
sludge appear to enhance color and establish-
ment of ‘Miniverde’ bermudagrass and ‘Di-
amond’ zoysiagrass more than programs with
stabilized urea only. However, further research
should investigate other programs that incorpo-
rate a combination of N source and different N
and P rates. Making this information available
would benefit turfgrass managers undergoing
a grow-in with either one of these grasses.
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Table 4. Coverage rate of ‘Miniverde’ bermudagrass and ‘Diamond’ zoysiagrass during the 2008 and 2009
establishment periods.

Program name

Coveragez (percent/day)

2008 2009

Bermudagrass Zoysiagrass Bermudagrass Zoysiagrass

SUy – 1.2 1.18 cd 0.86 c 1.02 c 0.59 b
SU – 2.4 1.26 b 1.03 b 1.22 b 0.55 b
SU Progressive 1.13 d 1.00 b 1.15 bc 0.55 b
PCUx 1.20 bc 0.91 c 1.04 c 0.51 b
SU – 1.2 + Ow 1.44 a 1.30 a 1.49 a 0.79 a
LSD (0.05) 0.07 0.06 0.17 0.13
CV % 12.6 13.1 32.3 46.5
zValues with the same letter within each column are not statistically different according to Fisher’s LSD test
at P # 0.05.
ySU = stabilized urea.
xPCU = poly-coated urea.
wO = organic (activated sewage sludge).
LSD = least significant difference.
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