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This research was conducted to investigate effects of nitrogen and
potassium on yield and quality of rangelands in Turkey between 2001
and 2003. The research was set up as randomized complete block
design with three replications. Four different nitrogen doses (0, 50, 100
and 150 kg ha) and three different potassium doses (0, 50 and 100 kg
ha') were applied and their effects on rangeland was investigated.
Ammonium nitrate and potassium sulphate was used as nitrogenous
and potassium fertilizers. All of potassium fertilizer and 50% of nitrog-
enous fertilizer were be applied in Fall and the remaining amount was
used in Spring. Effects of fertilizer applications on dry matter yield,
crude protein concentration, crude cellulose ratio, crude ash ratio,
magnesium, calcium, potassium concentrations and tetany ratios were
investigated. Averaged over two years, nitrogen doses increased dry
meatter yield, crude protein concentration, crude cellulose ratio, crude
ashratio, potassium concentration and tetany ratio, while nitrogen doses
decreased magnesium concentration. Potassium doses increased crude
protein concentration, potassium concentration and tetany ratio, while
it decreased magnesium and calcium concentration. According to
results of this study, the highest dry matter yield was obtained fromin
N1soKo (9.93 g kg™) and NisKso (10.01 g kg™) treatments. NisoK oo
application has the highest crude protein concentration (141.3 g kg™).
The highest crude celluloseratio (49.90 %) was obtained fromin NisoK .
Tetany ratios (K/Cat+Mg) exceeded the critical level in NsoK 100, N1ooK 100
and N1s0K 100 treatments.

Key Words: Rangeland, Nitrogen, Crude protein concentration,
Potassium, Tetany ratio.

INTRODUCTION

Turkey has 12.5 million hectares of rangeland, many of which have
deteriorated due to intensive livestock grazing. Large amounts of forage
needed for feeding 11 million cattle and 29 million head sheep popul ations
isprovided by these rangelands'. In Turkey, the most important problem of
raising livestock is the shortage of feed stuff and in fact only one-third
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section of needed forage can be supplied. Often supplementary feed is
required to compensate animals for pasture deficiencies. Inappropriate
management contributes to these deficiencies.

The most practical and effective method to increase dry matter
production in rangelands isto use appropriate and adequate fertilization in
these areas’. Even though this practice has demonstrated a potentia to
significantly increase both amount and quality of forage around the world,
itisnot yet widely applied in Turkey. The primary reason isthat the price
of fertilizer is high or changes frequently. A second reason is that many
rangelands experience high climatic variability every year that affects the
results of this practice. These reasons represent high risksto the ranchers.
It isbelieved that in general, the response of rangeland to applied fertilizer
dependson 1) kind of fertilizer, 2) rates and application method, 3) density
and type of vegetation, 4) soil type and soil fertility and 5) abiotic factors
such as evaporation and precipitation®.

If sufficient and balanced fertilization is performed in regions getting
feasible precipitation, itispossibleto increase theyield of rangelandstwice
or higher*’.

Species composition, plant available nutrients and water, climate and
other agronomic factors influence production and quality characteristics’.
Measurement of the nutritional value of the diet of grazing animals is
difficult. Grazing animals commonly have available to them awide range
of potential food in the form of different plant species, each with its
particular physical and chemical characteristics and each with different
densities and growth forms. From this available forage, the grazing animal
exercises ahigh degree of selection, the mechanisms of which appear to be
based on subtle chemical and physical differences affecting smell, taste
and touch.

The most important disease for livestock is grass tetany caused by
mineral matter imbalancein feeds. Nitrogen and potassium fertilizing used
to enhance rangeland yield has increased® the risk for tetany by increasing
K/Cat+Mg ratio up to 2.2. Because, there is an antagonistic relationship
between K and Mg. The yield decrease or mortality in livestock fed by
feedswhich arerichin K can be observed dueto thefact that Mg isblocked.
The concentrations of Ca, Mg and K are important for ruminants and must
be higher than 3.1, 1 and 6.5 g kg for beef cattle, respectively™.

Because little information is available concerning the diets of grazing
animalsin Marmararegion of Turkey, the present study was conducted to
investigate the effects of N and K fertilization on dry matter yield, forage
quality and nutritional value of the rangelands. The study also focuses on
the determination of the tetany ratios (K/Cat+Mg) which may cause yield
decrease and/or mortality in livestock.
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EXPERIMENTAL

The experiment was conducted at the Agricultural Research and
Experiment Center of Agriculture Faculty, at Uludag University, Bursa
between 2001 and 2003. Bursa is located on the Marmara region of
Turkey. The growing season of herbaceous vegetation beginsin mid-March
and endsin June at Bursa. Average temperature and rel ative humidity were
14.9°C and 68.7 % in 2002; 14.3°C and 68.7 % in 2003, 14.8°C and 68.9 %
inlong years (1928-1999), respectively. While thelong years (1928-1999)
precipitation was 699 L/m? the annual precipitations were 894 and 653.5
L/m?for 2002 and 2003, respectively (Table-1). The experimental soil was
clayey, non saline, poor in lime and organic matter, medium in potassium
and had a neutral pH.

TABLE-1
ANNUAL AND SEASONAL TOTAL PRECIPITATION
(L/m?) AT BURSA, TURKEY

Period
Years Growing Season Annua
(February-June) (October-September)
2001-2002 332.8 894
2002-2003 299.5 653.5
Long years (1928-1999) 290.6 699

Some major soil characteristics determined by the method described
by Rowell* were found to be as follows; the soil texture is clay; organic
matter is 1.1%; total salt is0.1%; limeis 4%, sulphur is 12 mg/kg, extract-
able P by 0.5 NaHCO; extraction is 4.8 mg/kg; exchangeable K by 1 N
ammoniumacetate extraction is 120.7 mg/kg; pH is 7.1 in soil saturation
extract and EC is 1.51 mS/cm in the same saturation extract.

Fertilizer applications were randomly assigned to 12 plotswithin each
of 3 blocks. Each treatment plot was 2 x 3 m (width and length) with a
distance of 1 m between each plot. Treatments were repeated in the same
plot for 2 years, 2002 and 2003. Nitrogen was applied as ammonium
nitrate with rates of 0, 50, 100 and 150 kg N ha'*. Potassium was applied as
potassium stilfat (K,S0,) with rates of 0, 50 and 100 kg K ha. Fertilizers
were broadcasted by hand and then buried by arake without disturbing the
vegetation. Half of the N and all of K were applied at the beginning of
November. The remaining N was applied at the beginning of rapid growth
period of vegetation (mid-March).

Herbaceous vegetation was annually harvested within 6 m? areawhen
grass plants reached full flowering stage at the beginning of June. Vegeta-
tion was handclipped at ground level. And then, green forage production
per 6 m? areawas recorded.
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Samplestaken from 1 m? area of each plot were oven-dried at 60°C for
48 h and dry weight ratios were calculated. Dry matter yield of each plot
was cal cul ated through the val ues of green forage production and dry-weight
percentage. However, crude protein concentration, crude cellulose ratio,
crude ashratio, Mg, Ca, K concentration and tetany ratio were determined.
Crude protein ratios of harvested plotswere determined by micro-Kjeldhal
(N x 6.25) to determine crude protein concentration of each plot™. Crude
cellulose ratios of samples were determined using soxhlet methods.

Samples were analyzed for Ca, Mg, K using an atomic absorption
spectrophotometer using an air-acetylene flame. The three macronutrients
(Ca, Mg and K) were expressed as g/kg of dry matter and the cation ratio
K/(Ca+Mg) was calculated on a milliequivalent basis®.

A randomized complete block experiment design was used in this studly.
The data was analysed using Minitab and Mstat programs. Differences
among treatments were tested by LSD method (level of significance P <
0.05).

RESULTSAND DISCUSSION

Means of 2 years of experimental period, N applications significantly
increased dry matter yield. The dry matter yield in control plotswas 6.42 t
ha', whileit increased up 9.93 t ha® in the N1soK o-treatment. The effect of
K applications on dry matter yield was found no significant (Fig. 1).

Asshown in Fig. 1, N and K applications had a significant effect on
crude protein concentration. Averaged of two years, crude protein concen-
tration was 99.1 g kg* in control plots, while it increased up to 141.3 g
kg_l in the N 150K 100-treatment.

According to averaged of two years, the highest crude cellulose ratio
was obtained from N1s0K 5o trestment with 49.90 %, while the smallest crude
cellulose ratio was obtained from control plots with 28.47 %. Fertilizer
treatments significantly increased crude cellulose ratio (Fig. 1).

The highest crude ash ratio (14.57 %) was determined in NiooKso-
treatment, while the lowest crude ash ratio (11.37 %) was obtained from
NoK 100-treatment. Theincreasein nitrogen doses caused anincreasein crude
ashratio. 50 kg ha® K treatment had the higher crude ash ratio than 100 kg
ha' K treatment (Fig. 1).

Fertilizer treatments significantly decreased Mg concentrations. Mg
concentration was 4.17 g kg™ in control plots, while Mg concentration was
1.33 g kg™t in NisoK 100 treatment (Fig. 2).

The highest Ca concentration (17.33 g kg*) was obtained from NsoKo-
treatments, while the smallest Ca concentration (6.33 g kg™) was obtained
from NoK 100 trestments. The increase in K doses resulted in a decrease in
Ca concentrations. 50 kg ha' N application significantly increased Ca
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concentration, but 100 and 150 kg ha N application decreased Ca concen-
trations, except in 100 kg ha K treatment (Fig. 2).
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Fig. 1. Dry matter yield (a), crude protein concentration (b), crude cellulose ratio
(c) and crude ash ratio (d) on arangeland with different fertilization treatments as
mean of the two experimental years. Values with different letters within columns
differ significantly at the level of p <0.05
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Fig. 2. Mg concentration (a), Ca concentration (b), K concentration (¢) and tetany ratio
(d) on a rangeland with different fertilization treatments as mean of the two
experimental years. Values with different letters within columns differ
significantly at the level of p < 0.05
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The application of N and K had a significant effect on K concentra-
tions. K concentration in control plots was 14.43 g kg, whileit increased
up 26.87 g kg™ in the NisoK io0-treatment (Fig. 2).

The tetany ratios are presented in Fig. 8. The effects of N and K
applications on tetany ratios were highly significant in averages of two
years. In plots without K, tetany ratios changed from 0.905 to 1.229. But,
K applications increased significantly tetany ratios. In plots receiving 100
kg ha® K, tetany ratios changed from 2.083 to 2.626 (Fig. 2).

Application of N fertilization increased dry matter yield from 6.42 to
10.01t ha' in present study. Because, N doses affected significantly yields
of grasses, such as Avena fatua L., Bromus japonicus L., Lolium perenne
L., inrangelands. Many studies have shown a doubling or more dry matter
yields from fertilizer N applications*"*4*,

Increases in N and K doses caused increase crude protein concentra-
tions in the present study. Increases of crude protein content due to N
applications has been reported in numerous studies*'**®, Forage quality
can be described asthe conversion of consumed forageto animal products.
One of the main criterions is the crude protein concentration of the
forage'. Digestibility of hay increases with the increase in crude protein
concentration®. Forage with high quality in terms of animal feeding should
contain 125 g kg™ crude protein®. Except No and N, fertilizer treatments,
theforage quality obtained from the present study in termsof crude protein
was similar to this value. Crude protein production depends on dry matter
yield in plots and crude protein concentration in plants, which changes
according to plant species. In fact, fertilization with N and K not only
affects crude protein production but also botanical composition in range-
lands. Therefore, it can be said that the higher crude protein yield was due
to the increase in doses of fertilizers, which directly affects dry matter
yield in plots.

Fertilizer treatmentsincreased crude celluloseratios, in agreement with
Mc Donald et al., but not with Grimes? and Doyle”. The reason for the
differences in crude cellulose ratios could be due to the availability of
different grassratiosin botanical composition, sincetheincreasein N doses
increases grasses proportion and crude cellul ose ratios.

Nitrogen doses increased crude ash ratios. This result was in accor-
dance with the result reported by Altin®.

A linear decreasein Mg concentration was seen with K and N fertiliza-
tion rates, as has been reported in other studies™?. The determined Mg
level in this study was higher than the recommended daily requirements of
1 g kg™ for beef cattle®. All fertilizer treatments exceeded the Ca concen-
tration of 3.1 g kg* recommended for beef cattle®. The increase in K
concentration from 18.13 to 23.05 g kg™* with increasing K fertilization
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rates, is quite similar to the results reported Barbarick® and Lloveras et
al.®. Smith® found that the K concentrations of the tissue increased from
8.9t0 20.5 g kg* when K fertilization rates increased from 0 to 448 kg K
ha'. All treatments had higher K concentration than recommended daily
requirement (6.5 g kg™) for beef cattle®. A forage researcher considering
altering the mineral concentration of grasses should investigate whether
increased concentration of aparticular element in the plant would result in
an increase in another element. Both Ca and Mg had negative association
with K and the cation ratio in grasses and in legumes'®®. This indicates
that breeding for higher Caor Mg concentration may lead to lower concen-
tration of K. However, it isimportant to note that weather, soil and water
may influence chemical ratioswhich inturn may cause hypomagnesaemia®.

Forage and animal scientists are aware of the importance of the
concentrations of Ca, Mg, K and K/(Cat+Mg) ratio in dietsfor ruminants. A
ratio between K and Ca+Mg of more than 2.2, expressed on an equivalent
basis, has been considered to be an indicator of potential grass tetany®**,
In present study, means of K/(Cat+Mg) ratio exceeded the critical 2.2 level
in NsoK 100, N 100K 100 and NisoK 100 treatments. This hlgher ratio may have
been due to high potassium levels. Mayland and Hankins® reported that
high N and K doses increases the risk of contracting grass tetany in early
spring. Grass tetany causes yield decrease or mortality in livestock. The
application of Mg fertilizer can decrease risk of grass tetany®’. In present
study, the tetany ratio in NoK 100 application was close to the critical level.
Theratiosin other fertilizer treatments were less than the critical level.
Conclusion

The results of this study showed that nitrogen application increased
dry matter yield, crude protein concentration, crude cellulose ratio, crude
ash ratio, K concentration and tetany ratio, while it decreased Mg concen-
tration. On the other hand, K applications increased crude protein concen-
tration, K concentration and tetany ratio, while it decreased Mg and Ca
concentration. Tetany ratios (K/Cat+Mg), which may cause yield decrease
and/or mortality inlivestock, exceeded thecritical level in NsoK 100, N10oK 100
and NsoK 100 treatments.
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