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abstract

HenscHke, M., st. szczepaniak and e. WojciecHoWska, 2015. The effect of osmocote fertilisers on 
growth and nutrient status of Anemanthele lessoniana (steud). Veldkamp. and Bouteloua gracilis (kunth). Lag. 
ex Griffiths. Bulg. J. Agric. Sci., 21: 605–610

The increasing importance of ornamental grasses in horticultural cultures results in the need to determine their cultivation 
requirements. A particularly essential role is played by the selection of fertilisers and specification of nutrient requirements. 
an experiment on the effect of osmocote fertilisers on growth and nutrient status of Anemanthele lessoniana (steud). Veld-
kamp. and Bouteloua gracilis (kunth). Lag. ex Griffiths was conducted in the years 2008 – 2009. The differentiating factors 
included the type of fertiliser, i.e. osmocote exact standard 16:11:11 and osmocote exact High start 11:11:19, and fertiliser 
doses of 2 and 4 g·dm-3. in the culture of Anemanthele lessoniana and Bouteloua gracilis it is recommended to apply osmo-
cote 11:11:19 at a dose of 4 g·dm-3. The best quality plants in their aboveground parts contained the following amounts of ma-
cronutrients and sodium [%]: Anemanthele lessoniana – n - 1.54, p – 0.35, k – 2.10, ca – 0.61, Mg – 0.14, na – 0.10, while in 
Bouteloua gracilis it was – n – 1.75, p – 0.59, k – 2.31, ca – 0.91, Mg – 0.36 and na – 0.05, respectively.
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introduction

Grasses are increasingly often used in green areas as or-
namental plants (Dana, 2002; Henschke, 2013). They are 
planted in both perennial planting arrangements and on sea-
sonal flower beds. Anemanthele lessoniana originates from 
new zealand, where it grows in the UsDa Hardiness zones 
6-8. in poland it is planted as an annual or perennial plant, 
ornamental thanks to leaves colored orange towards the end 
of summer. it was awarded the title of Herbaceous perennial 
of the year 2004 by the Royal Horticultural society and the 
award of Garden Merit (Meyer, 2013). Bouteloua gracilis is 
an herbaceous perennial growing in UsDa Hardiness zone 
4, with showy inflorescences and attractive narrow leaves. 
Thanks to easy propagation of both species by sowing kernels 
these grasses may also supplement the assortment of balcony 
plants (armitage, 1997; pilon, 2006; Hanke 2008). since they 
are species only recently introduced to horticultural produc-

tion, cultivation recommendations need to be developed for 
them. studies conducted to date concerned the occurrence 
of Anemanthele lessoniana in new zealand (Head and Give, 
2001) and use of Bouteloua gracilis as a fodder crop (joern 
and Mole, 2005). so far there are no fertilizer recommenda-
tions for the cultivation of these grass species in containers. 

Fertilisation is an important treatment in horticultural cul-
tivation. slow-release fertilizers, particularly osmocote, are 
typically used in basal fertilisation in pot cultures (szczepa-
niak and kozik, 2004; korszun and zalewska, 2004; shaviv, 
2006). Depending on the requirements of individual species 
and varieties various types and application rates of this fertil-
izer may be used. slow-release fertilizers are divided in terms 
of their release time and mineral contents. They may signifi-
cantly affect plant growth. slow-release nitrogen fertilizers 
cause abundant vegetative growth of the aboveground parts 
(Bosiacki, 2008), which is not always desirable in pot culture. 
plants to be sold in pots should be well-tillered, compact and 
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decorative. in grass growing the selection of fertilizer may 
be of great importance, since some species are capable of 
running c4 photosynthesis (Waller and Lewis, 1979). These 
plants are characterized by a greater efficiency of photosyn-
thesis and greater biomass yield. 

The aim of this study was to determine growth intensity 
of Anemanthele lessoniana (steud). Veldkamp. and Boutel-
oua gracilis (kunth). Lag. ex Griffiths grown in pots apply-
ing two types of osmocote fertilisers at two different rates.  

materials and methods

The greenhouse experiments were conducted in the 
years 2008 and 2009 to assess the effect of osmocote fer-
tilizers on growth and nutrient status of Anemanthele les-
soniana and Bouteloua gracilis. The experimental factors 
included the type of fertilizer (osmocote exact standard 
16:11:11 and osmocote exact High start 11:11:19) and fer-
tilizer application rate (2g and 4g per 1 dm3). each of the 
four combinations in the first 9 weeks of culture comprised 
5 replications - 5 pots with plants, while in the next 9 weeks 
of culture there were 4 replications - 5 pots with plants. Re-
sults (means from the two years of the experiments) were 
analyzed statistically separately for each species, for 9 and 
18 weeks of culture separately, using the analysis of vari-
ance for the two-factorial experiment. The newman–keuls 
test at the significance level α = 0.05 was applied to verify 
the detailed hypotheses.

plant material comprised seedlings produced by syngenta 
sp. z o.o. in multi-trays of 250 cells. one multitray cell con-
tained 10 seedlings of Anemanthele lessoniana and 6 seed-
lings of Bouteloua gracilis with mean leaf length in 2008 of 
18.5 and 17.5 cm, while in 2009 mean leaf length was 16.5 
and 15.5 cm, respectively. in both years of the study on May 
20th seedlings were transplanted directly from multitrays 
to pots of 0.5 dm3. plants were grown for 9 weeks and next 
on july 20th they were transplanted to pots of 1.0 dm3 and 

they were grown for the next 9 weeks until september 20th. 
culture lasted for 18 weeks. The substrate used in culture 
was TS2 peat substrate by Klasmann, developed specifically 
to grow herbaceous perennials. This substrate with pH 5.8 
(H2o) contains peat fraction of 0 - 25 mm, 40 g·dm-3 R.H.p. 
perlite and 1.5 g·dm-3 pG Mix all-in-one fertilizer (14:16:18). 
plants were grown using two osmocote fertilizers with a 
3 – 4-month nutrient release time, one with nitrogen as the 
main component, osmocote exact standard 16:11:11, and the 
other with potassium as the main component, osmocote ex-
act High start 11:11:19. each of the fertilizers was applied at 
doses of 2 and 4 g·dm-3. The fertilizers were applied as top-
dressing, during stage i with a 0.5% solution (50 cm3 per pot) 
and in stage ii with a 0.1% solution (100 cm3 per pot). Fertil-
izer kristalon 20:5:10 was applied as top-dressing for plants 
grown with osmocote exact standard, while for those fertil-
ized with osmocote exact High start top-dressing was ap-
plied using peters professional special 15:11:29. at each stage 
of culture starting from week 4 top-dressing was applied 5 
times at weekly intervals. amounts of nutrients supplied at 
individual stages of culture are given in Table 1. 

plants were measured in weeks 9 and 18 of culture in 2008 
and 2009. The following measurements were recorded: leaf 
length (cm) – on three fully developed leaves on randomly 
selected shoots; tussock diameter (cm) measured at the plant 
base, immediately above the substrate surface; the number 
of inflorescence culms in Bouteloua gracilis; fresh weight of 
aboveground parts (g) cut immediately above the substrate 
surface in five randomly selected plants from each combi-
nation. in week 18 of culture additionally bulk samples of 
aboveground parts were collected from plants for analyses 
of macronutrient and sodium contents. samples were dried 
at 50°c, then homogenized and after wet mineralization the 
following were determined: n content according to kjeldahl, 
p content by colorimetric using ammonium molybdate, con-
tents of k, ca, na by photometry, and Mg content by atomic 
absorption.

Table 1 
The amount of various ingredients provided at different stages of cultivation in each pot

Fertlizer Dosages
g dm-3

ingredient dose mg per pot
n p k

stage stage sum stage stage sum stage stage sum
i ii i + ii i ii i + ii i ii i + ii

osmocote 2 290 365 655 104 112.2 216.2 213.8 244.9 458.7
16:11:11 4 450 525 975 152.4 160.6 313 305.1 336.2 641.3
osmocote 2 233.8 290 523.8 104 112.2 216.5 299.9 390.2 690.1
11:11:29 4 343.8 400 743.8 152.4 160.6 313 457.6 547.9 1005.5
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results

Leaf length in A. lessoniana at week 9 of culture ranged from 
59.0 cm to 60.6 cm and at week 18 it ranged from 67.8 cm to 71.8 
cm, while tussock diameter ranged from 6.2 cm to 6.7 cm and 
from 10.2 cm to 12.1 cm. Fresh weight of the aboveground parts 
in plants at week 9 of culture fell within the range from 11.8 g 
to 13.8 g, whereas at week 18 it was from 31.3 g to 39.0 g. Leaf 
length in B. gracilis at week 9 of culture ranged from 59.7 cm 
to 63.1 cm and in week 18 - from 62.0 cm to 64.1 cm, tussock 
diameter ranged from 8.4 cm to 8.8 cm and from 9.5 cm to 12.4 
cm, respectively, while fresh weight of aboveground parts in 
plants at week 9 of culture fell within the range from 7.3 g to 8.7 
g and at week 18 - from 15.4 g to 19.8 g. 

The type of applied fertilizer and its dose had a signifi-
cant effect on the analyzed traits in A. lessoniana (Table 2). 
Significantly longer leaves and a greater fresh weight at both 
measurement dates were recorded for plants grown follow-
ing the application of osmocote 16:11:11. in turn, the fertil-
izer with higher potassium content had a positive effect on 
plant diameter. at week 18 of culture, irrespective of the ap-
plication rate, plants fertilized with osmocote 11:11:19 had a 
greater tussock diameter. 

at stage i of culture, irrespective of the type of fertilizer, 
an increase in its dose did not have a significant effect on 
the investigated traits of plants. at week 18 of culture longer 
leaves were observed in plants grown using a lower appli-
cation rate of fertilizers (2 g·dm-3 substrate), while tussocks 
with a significantly greater diameter and greater fresh weight 

of aboveground parts in A. lessoniana were obtained at a 
higher fertilizer dose (4 g·dm-3 substrate). 

When analyzing factor interactions it was found that 
both the dose and type of fertilizer had a significant effect 
on fresh weight in A. lessoniana. Following the application 
of the higher dose of osmocote 16:11:11 fresh weight of the 
aboveground parts of plants was greater by 24.6% in relation 
to plants with the lowest fresh weight, grown using osmocote 
11:11:19 applied at 2 g·dm-3 substrate. 

analysis of variance showed that the type of fertilizer and 
its dose had an effect on the analyzed traits in B. gracilis at 
both stages of culture (Table 3). The use of osmocote 16:11:11 
at both stages of culture resulted in a significantly greater 
fresh weight of plants, while at the first stage it influenced the 
number of inflorescences. In turn, following the application of 
Osmocote 11:11:19 tussocks of plants were of a significantly 
greater diameter throughout the entire experiment and they 
had longer leaves at stage ii. irrespective of the type of osmo-
cote fertilizers their application at 4 g·dm-3 substrate had a sig-
nificant effect on an increase in fresh weight of aboveground 
parts and the number of inflorescences at both stages of culture 
and a greater tussock diameter at stage ii than it was the case 
for the dose of 2 g·dm-3 substrate. in terms of factor interac-
tion it was found that the longest leaves both at weeks 9 and 
18 of culture were found in plants grown in the substrate with 
osmocote11:11:19 applied at 2 g·dm-3. This fertilizer used at the 
higher dose resulted in the production of plants with a greater 
tussock diameter and a greater number of inflorescences, but 
it was only at week 18 of the experiment. Those plants had a 

Table 2 
Influence of two types of Osmocote fertilizers used in different dosages on length of the leaves, circumference 
of clumps and the fresh matter of the aboveground part of Anemanthele lessoniana; the average for the four 
combinations and the combination of boundary

Fertilizer Dosages g·dm-3 Mean Fertilizer Dosages g·dm-3 Mean
2 4 2 4

9t
h 

w
ee

k

Length of the leaves (cm)

18
th

 w
ee

k

osmocote 16:11:11 60.6 b* 60.5 b 60.5 b osmocote 16:11:11 71.8 c 69.9 b 70.8 b
osmocote 11:11:19 60.0ab 59.0 a 59.5 a osmocote 11:11:19 68.4 a 67.8 a 68.1 a
Mean 60.3 a 59.7 a Mean 70.1 b 68.8 a
circumference of clumps (cm)
osmocote 16:11:11 6.5 b 6.2 a 6.3 a osmocote 16:11:11 10.2 a 10.2 a 10.2 a
osmocote 11:11:19 6.2 a 6.7 c 6.4 a osmocote 11:11:19 11.0 b 12.1 c 11.5 b
Mean 6.3 a 6.4 a Mean 10.6 a 11.1 b
Fresh matter of the aboveground part of the plant (g)
osmocote 16:11:11 13.6 ab 13.8 b 13.7 b osmocote 16:11:11 37.0 b 39.0 c 38.0 b
osmocote 11:11:19 11.8 a 12.6ab 12.2 a osmocote 11:11:19 31.3 a 36.1 b 33.7 a
Mean 12.7 a 13.2 a Mean 34.1 a 37.6 b

* Average marked with at least one same letter are not significantly different at the level of α = 0.05
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diameter greater by 30% in relation to the smallest (in plants 
fertilized with osmocote 16:11:11 applied at 2 g·dm-3 substrate), 
while the number of inflorescences was greater by approx. 
21%. At week 9 of culture the greatest number of inflores-
cences was recorded for plants fertilized with the greater dose 
of osmocote 16:11:11. The fertilizer with nitrogen as the main 
component had a significant effect also on the fresh weight of 
aboveground parts. When applied at the higher dose it resulted 
in the production of the greatest fresh weight of aboveground 
parts at both stages of culture. 

after 18 weeks of culture nitrogen content in the aboveg-
round parts of A. lessoniana ranged from 1.50 to 1.77%, with 
the higher values recorded following the application of os-
mocote 16:11:11. in turn, k content ranged from 1.94 to 2.16% 
and did not depend on the type of applied fertilizer, but it 
was greater following the treatment with higher application 
rates of the fertilizers (Table 4). contents of p, Mg and na in 
aboveground parts of A. lessoniana were similar in all the 
combinations. The lowest calcium content was recorded in 
plants grown in the substrate with osmocote 11:11:19 applied 
at 2 g·dm-3 substrate. in the aboveground parts of B. gracilis 
nitrogen content ranged from 1.63 to 1.87% and - similarly 
as in A. lessoniana -greater values were found following the 
application of osmocote 16:11:11, and after the treatment at 
higher doses. Fertilizer Osmocote 16:11:11 also influenced 

the higher contents of ca and Mg in plants. The content of 
k ranged from 1.99 to 2.31%, and similarly as in A. lesso-
niana it did not depend on the type of fertilizer and it was 
greater following the treatment with the higher application 
rates. contents of p and na in aboveground parts of B. graci-
lis were similar in all the combinations.

discussion

In this experiment growth of plants significantly depend-
ed on the type and dose of applied fertilizer. in the culture 
of Anemanthele lessoniana the fertilizer with nitrogen as the 
main component (osmocote 16:11:11) resulted in the produc-
tion of plants with longer leaves and a greater fresh weight 
of aboveground parts, while that with potassium as the main 
component (Osmocote 11:11:19) influenced tussock diameter. 
in the culture of Bouteloua gracilis the fertilizer with potas-
sium as the main component had an advantageous effect on 
leaf length and tussock diameter. after the application of the 
fertilizer with nitrogen as the main component plants pro-
duced a greater fresh weight, while at week 9 they also devel-
oped a greater number of inflorescences. An advantageous 
effect of increased nitrogen doses in the range from 0 to 6 
g·m-2 on the increase in biomass in B. gracilis as the fodder 
crop was reported by joern and Mole (2005). 

Table 3 
Influence of two types of Osmocote fertilizers used in different dosages on length of the leaves, circumference of 
clumps, number of inflorescence and the fresh matter of the aboveground part of Bouteloua gracilis; the average for 
the four combinations and the combination of boundary

Fertilizer Dosages, g·dm-3 Mean Fertilizer Dosages g·dm-3 Mean
2 4 2 4

9t
h 

w
ee

k

Length of the leaves (cm)

18
th

 w
ee

k

osmocote 16:11:11 60.6 a* 60.3 a 60.4 a osmocote 16:11:11 62.0 a 62.0 a 62.0 a
osmocote 11:11:19 63.1 b 59.7 a 61.4 a osmocote 11:11:19 64.1 b 62.1 a 63.1 b
Mean 61.8 b 60.0 a Mean 63.1 a 62.0 a
circumference of clumps (cm)
osmocote 16:11:11 8.4 a 8.5 ab 8.5 ab osmocote 16:11:11 9.5 a 10.4 b 9.9 a
osmocote 11:11:19 8.7 bc 8.8 c 8.7 b osmocote 11:11:19 11.0 c 12.4 d 11.7 b
Mean 8.5 a 8.6 a Mean 10.2 a 11.4 b
Number of inflorescence 
osmocote 16:11:11 1.6 a 2.8 b 2.2 b osmocote 16:11:11 4.7 a 5.1 a 4.9 a
osmocote 11:11:19 1.4 a 1.6 a 1.5 a osmocote 11:11:19 4.7 a 5.7 b 5.2 a
Mean 1.5 a 2.2 b Mean 4.7 a 5.4 b
Fresh matter of the aboveground part of the plant (g)
osmocote 16:11:11 7.3 a 8.7 b 8.0 b osmocote 16:11:11 18.2bc 19.8 c 19.0 b
osmocote 11:11:19 6.8 a 7.4 a 7.1 a osmocote 11:11:19 15.4 a 17.5 b 16.4 a
Mean 7.0 a 8.0 b Mean 16.8 a 18.7 b

* Average marked with at least one same letter are not significantly different at the level of α = 0.05
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Bouteloua gracilis is a grass with c4 photosynthesis 
(Lecain et al., 2003). ercoli et al. (1999) are of an opinion 
that these grasses, e.g. Miscanthus x gigantheus, as a rule 
require higher nitrogen fertilization rates. This is confirmed 
by a study of Gillen and Berg (1998), which showed a better 
ground cover by B. gracilis used as a fodder crop in locations 
of its natural occurrence. 

similarly, A. lessoniana, which is probably a grass with 
c3 photosynthesis (literature sources give no information on 
the subject, but such photosynthesis type is suggested by its 
provenance), responded positively to nitrogen fertilization. in 
grasses grown in containers the fresh weight of plants is not a 
measure of their ornamental value. This is determined by their 
tillering and flowering. Plants should form a large number of 
shoots and not necessarily reach great dimensions. since the 
aboveground parts of the analyzed ornamental grasses are 
composed of unbranched, leaved culms collected into dense 
tussocks, it is very difficult to determine their number. In this 
experiment the number of culms is indicated by the tussock 
diameter measured immediately above the substrate surface. 
Both grasses had the greatest diameters after the application 
of osmocote 11:11:19. 

The dose of fertilizers in this experiment also had a signifi-
cant effect on plant growth. The application of the higher dose (4 
g·dm-3 substrate), irrespective of fertilizer type, in A. lessoniana 
and B. gracilis resulted in the production of plants with greater 
tussock diameters and fresh weight of their aboveground parts. 
in B. gracilis more abundant flowering was also observed. In 
turn, Henschke et al. (2014) in Carex comans grown in pots ob-
tained longer leaves, greater diameters and fresh weight of the 
aboveground parts following the application of slow-release fer-
tilizer at a lower dose (2g·dm-3 substrate). 

analysis of interactions between the factors in this ex-
periment indicates a significant increase in tussock diameter 
in both grass species following the application of osmocote 
11:11:19 at 4 g·dm-3 substrate. at the same dose of osmocote 
16:11:11 a greater fresh weight of aboveground parts was re-
corded. similarly, kozik and Wechta (2003) and kozik et al. 
(2004), after the application of a higher dose of osmocote 
plus (15:11:13) in the culture of Coreopsis grandiflora ‘early 
sunrise’ obtained plants with a higher number of shoots and 
a greater fresh weight. it needs to be stressed here that in this 
experiment the higher application rate of osmocote 11:11:19 
resulted in the production of shorter leaves, although the dif-
ferences were proven statistically only in B. gracilis. 

nitrogen content in the aboveground parts of A. lessoni-
ana and B. gracilis was greater following the treatment with 
Osmocote 16:11:11. The type of fertiliser did not influence K 
content in plants. irrespective of the type of fertiliser an in-
crease in its application rate resulted in an increased content 
of nitrogen and potassium in grass leaves. as it was shown 
by kozik and Henschke (2004), nitrogen content in leaves of 
Delphinium grandiflorum ‘Blauer spiegel’ was greater, while 
that of potassium was lower following the application of os-
mocote plus at higher doses. in this study the difference in 
fertilisation rates did not have a significant effect on contents 
of phosphorus or sodium in aboveground parts of grasses. 
Their higher content was only shown in B. gracilis and not 
in A. lessoniana. in turn, schroeter-zakrzewska and kleiber 
(2012) showed a significantly better phosphorus nutrient sta-
tus of cobbity daisy following the application of osmocote 
16:11:11 in comparison to osmocote 11:11:19. Moreover, those 
authors did not find significant differences in the contents of 
the other macro- and micronutrients in plants. since in this 

Table 4 
The content of sodium and macronutrients in the leaves of Anemanthele lessoniana and Bouteloua gracilis after 18 
weeks of cultivation according to the fertilization of plants (average of 2008, 2009)

Fertilizer Dosages,  
g .dm-3 n p k ca Mg na

%
Anemanthele lessoniana

osmocote 16:11:11 2 1.72 0.34 1.94 0.67 0.17 0.10
4 1.77 0.32 2.16 0.66 0.18 0.10

osmocote 11:11:19 2 1.50 0.30 2.00 0.43 0.12 0.10
4 1.54 0.35 2.10 0.61 0.14 0.10

Boutelua gracilis

osmocote 16:11:11 2 1.80 0.57 1.99 0.96 0.47 0.10
4 1.87 0.58 2.14 1.08 0.43 0.06

osmocote 11:11:19 2 1.63 0.58 1.99 0.87 0.44 0.07
4 1.75 0.59 2.31 0.91 0.36 0.05
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experiment the optimal quality plants (well-tillered, compact 
and flowering) were produced after the application of Osmo-
cote 11:11:19 at 4 g·dm-3 substrate, the following nutrient con-
tents in the aboveground parts may be considered appropriate 
[%]: A. lessoniana – n – 1.54, p – 0.35, k – 2.10, ca – 0.61, 
Mg – 0.14, na – 0.10, while in B. gracilis – n – 1.75, p – 0.59, 
k  - 2.31, ca – 0.91, Mg – 0.36 and na – 0.05, respectively.

conclusions

The application of osmocote 16:11:11 in growing Ane-
manthele lessoniana produced plants with longer leaves and 
a greater fresh weight of the aboveground parts, while in the 
culture of Bouteloua gracilis it provided plants with a greater 
fresh weight of the aboveground parts.

The higher fertiliser application rate (4 g·dm-3) resulted 
in the production of Anemanthele lessoniana with a greater 
tussock diameter and fresh weight of the aboveground parts, 
while in Bouteloua gracilis it was also with a higher number 
of inflorescences.

in the culture of Anemanthele lessoniana and Bouteloua 
gracilis due to the greater tussock diameter it is recommend-
ed to apply osmocote 11:11:19 at 4 g·dm-3.

The best quality plants in their aboveground parts con-
tained the following contents of macronutrients and sodium 
[%]: Anemanthele lessoniana – n – 1.54, p – 0.35, k – 2.10, 
ca – 0.61, Mg – 0.14, na – 0.10, while in Bouteloua gracilis 
it was n – 1.75, p – 0.59, k – 2.31, ca – 0.91, Mg – 0.36 and 
na – 0.05, respectively.
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