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Abstract 

This research was carried out on protected, grazed and driven to abandoned pastures in Tekirdağ in 2010 

and 2011 years. The measurements were taken, between 30 March and 15 July at 15-day intervals, on 16 different 

points in each of four designated sampling areas on the pastures. The mineral element contents (N, P, K, Ca, Mg, Fe, 

Cu Zn, Mn) were found in samples collected from grasslands as 1.75, 0.123, 1.347, 0.682, 0.146; 268.04 ppm, 6.87, 

20.76 and 40.01 ppm on protected pasture. The 1.51, 0.115, 1.337, 0.604, 0.159%; 320.99 ppm, 6.77, 25.79 and 58.64 

ppm on grazed pasture. A 1.71, 0.164, 1.378, 0.759 and 0.161%; 217.87, 7.39, 17.0 and 55.59 ppm on driven to 

abandoned pasture, respectively. The changes of all the elements in sampling time of pastures were significant 

(p<0.05). The changes process of elements were different in each pasture. 
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Introduction 

The first thing to note is the amount and 

quality of forage for livestock. These properties of 

herbage are determined by their value nutrients, 

elements and power production. Out of the 17 essential 

elements recognized by scientists for plant growth, nine 

are considered macronutrients and eight micronutrients 

(minor or trace elements). The macronutrients required 

in large quantities and expressed in percent (%) in plant 

tissue include carbon, hydrogen, oxygen, nitrogen, 

phosphorus, potassium, calcium, magnesium, and 

sulfur; meanwhile, the micronutrients required in very 

small amounts and expressed in parts per million (ppm) 

in plant tissue, are iron, boron manganese, copper, zinc, 

molybdenum, nickel, and chlorine (Taber, 2009). They 

have been found at different rates and amounts in plants 

(Kacar and Katkat, 1998). On the other hand, these 

have different tasks. Some of them are participating in 

as vitamins, hormones and ferments. Others are 

forming proteins, lipids and combined tissues. These 

elements have special roles in maintaining osmotic 

pressure and acid-base balance in the stimulation of 

nerves and muscles reactions (Ergün et al., 2001). 

Plants taking sufficient elements from the environment 

can complete their normal development. In order to 

maintain good performance status and healthy nutrition 

in animals, the ratio and amount of minerals in forages 

are also important (Underwood, 1999). The nutrient 
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and mineral compound of the grassland are changed by 

biotic and abiotic environmental factors including soil 

type, climatic regime (Angell et al., 1990), altitude, 

irrigation and fertilization (Holmes, 1980; McDonald et 

al., 1995) botanical composition and management, the 

growth period of the plants and herbage sampling time 

(Tosun and Altın, 1986; Çetiner et al., 2012). Inorganic 

micro-elements are often used as a supplement in 

feeding dairy cows to resolve nutrition disorders 

(Søegaard et al., 2010).  

The mineral compound of plants changes 

according to the development period of the plant. In 

general, the dry matter N, P, K content decreased. Ca, 

Mg component either increases slightly and then 

decreases or remain the same as the plant matures 

(Kidambi et al., 1989; Gökkuş et al., 1997). During 

high metabolic activity periods of the plants, K, P, Ca 

and Mg which are  elements in the structure of 

chlorophyll increases, these elements are taking part in 

cell division (Kacar and Katkat, 1998). During the 

developing period of the plants the activity decreases 

and carbohydrates are stored in the handling of the 

plant (Linck and Swanson, 1960). As a result, this 

increases the organic mass and the rate and amount of 

these elements is reduced. Periodically, lacking of the 

same element as Mg can be revealed in grazing animals 

in the pasture.  Forage plants in early grazing period 

contain very low Mg or have high K contents. In 

particular, Mg deficiency causes grass tetanus in 

grazing animals in the pastures. In this research, we 

aimed to determine the value of macro and micro 

elements during the spring grazing period of the 

grazing, protected and the driven to abandon of 

pastures which have different usage history. 

Materials and Methods 

This research was done in between 2010 and 

2011 in the border of Karahisar village-a village of 

Tekirdağ city in Turkey. The average temperature and 

precipitation of the experimental season of 2010-2011 

was 15.35°C and 766.8 mm respectively. Long-term 

average precipitation was 589.8 mm, average 

temperature was 14.3°C. The average temperature and 

annual precipitation amounts of all months in the 

experimental season of 2010-2011 was higher than 

long-term averages (Anonymous, 2013). Vegetation of 

the region of Thrace has characteristics of Anatolian 

steppe, Central Europe Mediterranean and Colchic 

vegetation (Tuna, 2000). Researches that were 

performed about this region (Tuna, 2000; Altın, et al., 

2007; Gür, 2011)  showed that dominant vegetation 

species were Trifolium campastre, Medicago minima, 

Lotus corniculatus Dactylis glomerata, Lolium 

perenne, Chrysopogon gryllus Koleria cristata, Vulpia 

ciliata, Eryngium campestre,  Plantago lanceolata ve  

and Sanguisorba minor. The coverage rate of pasture 

plants per ground was 79.06% in grazed pasture, 

80.32% in the protected pasture and 64.37% in the 

abandoned pastures, respectively. The grasses, legumes 

and the other families on botanical composition were 

determined as 48.69, 23.84 and 27.47% on grazed 

pasture 50.30, 24.23 and 25.47% on protected pastures, 

43.88, 26.68 and 29.44% on driven to abandoned 

pastures, respectively. Soil samples from the research 

areas were taken and pH, organic matter, P, K levels of 

were measured. Sample results were 6.45, 2.66%; 8.50 

and 165.64 ppm on grazed pastures; 7.72 and 1.19%; 

3.67 and 60.85 ppm on protected pastures and 7.74 and 

0.96%; 4.76 and 75.51 ppm on driven to abandoned 
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pastures, respectively. It was determined that the 

grazing pastures were slightly acidic and with clay.  

The protected and driven abandoned pastures were 

slightly alkaline and loamy.  

In this study, 4 samples were taken from each 

600 sq. m (30 m x 20 m). The measurements were 

taken on four line in each of four designated sampling 

areas on the pastures. To monitor the progress of 

vegetation growth, the herb samples and were taken 

every 10 days and 14 samples were taken between 30 

March and 15 July. The first batch of fresh samples 

were dried in the shade, then oven dried at 70 °C for 24 

h until constant weight (Altın et al., 2007), triturated 

and then weighed. Mineral composition of herbage 

samples were analyzed to find the macro: N, P, K, Ca 

and Mg and micro minerals: Cu, Zn, Co, Fe, Mn 

(AOAC, 1990). The chemical determination of mineral 

elements was conducted in the Tekirdağ Ticaret Borsa 

Laboratory. 

Statistical analysis 

The statistical analysis was done with SPSS 

17.0 at 5% significance level (p≤0.05). One way 

analysis of variances was used to test the averages of 

the two years of the ratios of elements.  

Results 

Macroelements 

Figures 1, 2 and 3 shows the results of macro 

elements (N, P, K, Ca and Mg) on pastures in spring 

green forage period. Results of the pasture vegetation 

consisting of herbaceous species changed significantly 

in the first of pasture growth period (March 10th to July 

15th). Changes in N, P, K (p<001), Ca and Mg 

(p<0.005) were successive. The ratio of N on grazed 

pasture herbaceous was increased from March 30th to 

May 15th, was decreased from May 15th to June 30th 

was increased partly after July 15th (1.61%). The p ratio 

was decreased while pasture grass evolves and matures. 

It was realized that highest rate was (0.174%) on March 

30th and the lowest rate was (0.082%) on July 15th. The 

ratio of p was followed a course ups and downs. It was 

found that the highest rates were on April 30 and the 

lowest rate was on July 15. The minimum and 

maximum rate of Ca were measured on April 30th and 

June 30th, respectively. The most prominent the rate of 

Ca increase was determined between June 15th and June 

30th. The ratio of Mg was increased from March 30th to 

May 15th, after this date the rate had been reduced to 

0.134% but was high (%0. 174) on June 15th (Fig. 1). 

Of protected pasture, N ratio was increased as 

fast as from March 30 (1.250%) 15 April (1.884%), 

was remained stable up between April 30 and May 30 

(1.740%-1.730). After this date, it has continuously 

decreased and has %1.160 on July 15th. P ratio 

decreased regularly from March 30th (0.153%) until 

May 30th (0.121%). It was the lowest rate on July 15th 

(0.098%). K ratio has been increased steadily from 

March 30th (1545%) to April 30th (1.884%). After this 

date it decreased and reached the lowest rate on July 

15th (%1.079). Ca ratio decreased regular from March 

30th (0.771%) until May 30th (0.584%). It increased on 

June 15th again and decreased on July 15th again and the 

levels were 0.664%. Mg increased little from March 

30th (% 0.181) to April 15th (% 0.188). Afterwards, it 

followed a fluctuating course and found at the lowest 

rate on July 15th (0.107%) (Fig. 2). 

The N ratio in the driven to abandoned pastures 

increased from March 30th (1.92%) to April 15th 

(2.39%). After this date, it reduced regularly and was at 
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the lowest level of 30 June (20.1%). The p ratio 

decreased steadily from March 30th (0.210%) to July 

15th (0.122%). K ratio increased from March 30 

(1.550%) 30 April (1.664%) and   decreased after this 

date, was at the lowest rate on July 15th (0.939%). Ca 

ratio was reduced by from March 30th (0.706%) May 

15 (0.577%), increased after this date, and was at the 

highest level on June 30th (% 0. 972). Mg ratio 

decreased regularly by from March 30th to May 30th. 

The lowest Mg ratio was detected on June 30th (Fig. 3.). 

According to the two-year average N, P, K, Ca and Mg 

ratios of the samples time were 1.51, 0.115, 1.337, 

0.604 and 0.159% on grazed pasture and 1.75, 0.123, 

1.347, 0.682 and 0.146% on the protected pasture. The 

1.71, 0.164, 1.378, 0.759 and 0.161% on driven to 

abandoned pasture, respectively (Fig. 1, 2, 3). When 

compared p rates of the first sampling with further 

samplings on grazed, protected and driven to 

abandoned pastures p ratios decreased by of 82%, 69%, 

78% respectively.  

K / (Ca, Mg +) RATE 

According to the two-year average of pasture 

grasses, K:(Ca+Mg) ratio was found to as 1.83%, 

1.95% and 1.89% K: (Ca+Mg) ratio grazing on pasture,  

2.03%, 1.47% and 1.75% in the protected pasture and 

1.31 1.77 and 1.54% in driven to abandoned pasture. 

According to the two-year average, of grazed, protected 

and abandoned to driven pastures, K:(Ca+Mg results 

were between 1.47-2.27, 1.34-2.27  and 1.06-1.91 (July 

15th-30 April), respectively. 

Microelements: In spring green forage period, figures 

4, 5 shows that the ratios of micro elements (Fe, Cu, Zn 

and Mn) on protected and grazed pastures but results of 

driven to abandoned pastures were only presented. 

Results of microelements in pastures vegetation were 

significant depending on sample times. According to 

the two-year average, during the period of forage in the 

spring, the amount of Fe were found as 320,54 and 

268,04 ppm grazed, protected and driven to abandoned 

pastures, respectively. On pastures, the results, the 

results ranged between 503.33-188.33 ppm (April 15th-

June 15th), 410.11-192.36 ppm (April 15th-July 15th) 

and 340.42-129.59 ppm (March 30th-June 15th) 

respectively. According to the two-year average, the 

amount of Cu were found as 6.87 ppm, 6.77 ppm and 

7.39 ppm on grazed, protected and driven to abandoned 

pastures, respectively. On pastures, the results ranged 

between 5.52-7.7 ppm, 8.07-5.79 ppm and 8.63-5.73 

ppm (March 30th-July 15th), respectively. The amount 

of Zn was determined as 25.79 ppm, 20.76 ppm and 

17.00 ppm on grazing, protected and driven to 

abandoned, respectively. On pastures, the results 

ranged between 30.51-23.35 ppm (March 30th-July 

15th), 23.80-17.65 ppm (March 30th-June 15th) and 

24.31-13.29 ppm (March 30th-July 15th), respectively. 

For two-year average, Mn content were found as 58,64 

ppm, 41,01 ppm and  55,59 ppm on grazing, protected 

and driven to abandoned, respectively. On pastures, the 

results ranged between 72.80-47.43 ppm (April 15th-

July 15th), 60.17-30.58 ppm (March 30th-July 15th) and 

88.76-38.18 ppm (March 30th-June 15th), respectively 

(Fig. 4 and 5). 

Discussion 

To know the forage quality in pastures 

vegetation, it is critical for livestock benefiting from 

here. For estimating forage quality, knowledge of the 

amounts of macro and micro elements is necessary 

(Wang et al., 2006). Minerals have an important
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Fig. 1. The changes of macro elements of grazing pastures in the period of green fodder of spring 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.  The changes of macro elements of protected pastures in the period of green fodder of spring 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. The change of macro elements on driven to abandoned pastures in the period of green fodder of spring 
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Fig. 6. The change of micro-nutrients on protected pasture in spring green fodder the period 

 

Fig. 5. The change of micro-nutrients of grazed pasture in spring green fodder the period 

 Fig. 4. The change of micro-nutrients of grazed pasture in spring green folder the period 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 5. The change of micro-nutrients on protected pasture in spring green fodder the period 

 

 

 

 

 

 

 

 

 

 

role in the regulation of plant morphogenesis as 

opposed to just growth (Ramage and Williams, 2002). 

This study investigated that changes in a total of nine 

mineral elements of pasture herbage, was carried out 

between the March 30 and July 15; in spring herbage 

period with 15-day intervals for two years. This study 

has demonstrated that the levels of minerals pasture 

grasses varies markedly at spring herbage period. Thus, 

nutrient deficiency may occur periodically in grazing 

animals in pastures. Grass tetanus can be seen in 

grazing animals in pastures before May. The element 

contents in pastures and sampling times has been 

different. On grazed pasture, macro elements are lower 

than the other pastures but Fe, Zn and Mn contents of 

micro elements are higher. N and P content on 

protected, K, Ca and Mg on driven to abandon is higher 

than other pastures. A very close between N and K 

content was evident in all samples date. The K content 

of forage generally followed the trends in N. These 

results are compatible with others’ results (Stewart et 

al., 1981). In general, during the progresses plant 

growth, N and K contents increased and then 

decreased, P content tended to parallel Ca content and 

decreased. Firstly, Ca decreased and then again 
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increased and secured in a further development. 

According to the two-year average,   N, P, K, Ca and 

Mg ratios of the samples time were 1.51, 0.115, 1.337, 

0.604%, 0.159 on grazed pasture and 1.75, 0.123, 

1.347, 0.682, 0.146% on the protected pasture and 1.71, 

0.164, 1.378, 0.759, 0.161% on driven to abandon 

pasture, respectively (Fig. 1, 2,3).  

When compared the p rates of the first 

sampling with further samplings on grazed, protected 

and driven to abandoned pastures p ratios decreased by 

of 82, 69, 78% respectively. This research results were 

found lower when compared with a previous study (Alp 

et al., 2001), but were higher when compared with 

another research (Bayraktar, 2012) and are compatible 

with a study (Kidambi et al., 1989). It were reported 

that macro and micro elements of pasture plants 

excluding Ca, Mg and Mn changed significantly at the 

harvest time (Mountousis et al., 2008). El Aichi has 

stated (El-Aich, 1991) that grass P ratio was reduced by 

75% when compared to the initial growth period, 

(Gökkuş et al., 2013). Georgievskii et al. (1982) 

reported that weather conditions have a strong 

influence on mineral composition of pasture grasses. 

They reported that Ca content of plants increased with 

dry weather, and decreased with high humidity. P 

content was found higher in rainy weather. According 

to NRC (2001), N, P, K, and Mg ratios of pasture 

grasses insufficient, Ca rate is high. According to some 

researchers (Holmes et al., 1987; Fox et al., 1999), Ca 

and Mg ratio of pasture grasses are sufficient, N, P and 

K rates are insufficient. This reduction of the variable 

levels in pastures may be due to differences in botanical 

composition. The ratios of p that detected in pasture is 

below the level that NRC (2001) recommended in all 

periods. In P deficient plants, root growth and thin root 

formation is greater (Silberbush and Barber, 1983) and 

root / green parts ratio increases (Kacar and Katkat, 

1998). Depending on the growth and development of 

pasture vegetation, K ratios initially increase, but 

decrease afterward generally. 

With the maturation of the forage crops K 

ratios decreased (Spears, 1994) and some investigators 

found that K ratios increased first at spring time but 

decreased later on (Gökkuş et al., 2013). This research 

results have been consistent with the other author’s 

results. K is required for numerous plant growth 

processes. It has a role on the activation of the plant 

enzymes, protein synthesis, photosynthesis, cell 

growth, water balance in plants (Kacar, 1977). In case 

of K deficiency in plants turgor pressure will decrease 

and lack of water can cause a loose structure in plants, 

which effect cell organelles (Güneş et al., 2000). It 

were reported that temperature and humidity the taking 

K of the plants from soil (Mengel et al., 1984; Gökkuş 

et al., 2013). In the months of June and July, low ratios 

of K was taken from grass samples from pastures may 

have affected it over temperature and less soil humidity 

with slowing metabolic activity in plants. The Ca rates 

in feed can vary according to species of plants, maturity 

and the amount in the soil. In this study, Mg ratios of 

pasture vegetation in parallel to the development of 

vegetative organs initially increased and decreased with 

maturation (Gökkuş et al., 2013). In general, even P 

and K results had fluctuating changes-the results 

decreased while vegetation development increased. The 

results of Mg and Na were similar to each group (Fig. 

1). The rate of macro nutrients, except Ca, of pastures 

herbage were generally low as well as in both periods 
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and the average of terms. These elements which are 

important in animal nutrition should be supplemented 

with additional feeding studies. Pasture grass of the K: 

(Ca + Mg) ratio for the animals to graze on pastures is 

important. It was primarily controlled by the K content.  

Climatic factors significantly effects content (Steward 

et al. 1981). Tetanus is observed mostly in the cool 

season for dairy cows grazing on fresh pastures (Altın 

et al., 2011).  

The ratios of K/(Ca+Mg) above 2.2 in forage 

 dry matter are considered hazardous for animals (de 

Aldana et al., 1993). High levels of K, unbalanced with 

Mg, can increase risk of grass tetany.  The mean value 

of the K: (Ca+Mg) ratio in the pastures was 

significantly lower (p<0.05) in driven to abandoned 

pasture than other pastures. All the samples (except 

March 30th and April 30th in grazed and April 30th in 

protected pastures) were lower than the critical value 

(2.2) for livestock. In general, this research results are 

compatible with others’ results (de Aldana et al., 1993). 

In this study, it is below of 2.2 ratio the overall average 

of the K/ (Ca + Mg) ratio of pastures. However, this 

does not reflect the status of tetanus in pasture sampling 

date. The date on which the grazing of animals on 

pasture is significance. According to research results, 

K/ (Ca + Mg) ratio is critical on April 30 on grazed and 

protected pastures. However, it is uncommon for 

animals to face tetany when their grass feeding begins 

on May. Also, on abandoned to driven pasture, there is 

no danger of tetanus in all sampling dates beginning of 

the grazing season in Tekirdağ should be after April 

30th. Mineral acquisition of a plant is regulated partly 

by the cation exchange on the plant cell walls (Haynes, 

1980). Forage herbs have an ability to accumulate a 

number of minerals (Pirhofer‐Walzl et al., 2011). Of 

micro-elements, it was determined that Fe contents 

were high in April when growth rate increased and 

declined rapidly after the month of May when growth 

rate decreased. On grazed pasture, the amount of Fe 

increased up to April 15th and continuously decreased 

after this date. The lowest and highest amount of Fe 

was found on June 30th (188.33) and April 15th 

(503.33), respectively. On protected pasture, the 

amount of Fe increased from March 30th (340.4 ppm) to 

April 15th (410.1 ppm). From this date, decreased until 

May 30th (194.7 ppm), and then had a fluctuating 

course. On driven to abandoned pasture, the amount of 

Fe has continuously decreased from March 30th (340.4 

ppm) to June 15th (129.6 ppm) and after this date, was 

226 ppm on June 30th and 170.3 on July 15th. It is a 

critical level that Fe amount in plants reaches 500 mg / 

kg in terms of toxicity (Güneş et al., 2000). On the 

herbs of grazed pasture on April 15th samples we 

determined near this level Fe. In other pastures, in all 

sampling times the amount of Fe was well below the 

toxic threshold.  Fe in the leaf cells is involved in 

intense physiological activities (Mengel et al., 1984; 

Gökkuş et al., 2013). The study Fe ratios in April when 

the speed of development and reduced growth rate in 

June, then remained substantially constant towards the 

end of the season (Kacar, 1977) in the investigated 

pastures. 

The amounts of Cu, Zn and Mn were 

decreased depending upon to the development of the 

vegetation. Cu ratios were determined higher in driven 

to abandon (7.39 ppm) than those of other pastures 

(6.87 and 6.77 ppm). While vegetation evolved, the 

amount of Cu gradually decreased. Cu content of plants 
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varies widely depending on the part of plant, growth 

stage, species and variety, as well as on copper 

concentrations in soil and climate conditions 

(Ruszkowska and Wojcieska-Wyskupajtys, 1996). In 

vegetation, a rise was observed again in the amount of 

Cu between May 15th and May 30th that coincides with 

the development of legumes. On grazed pasture, Cu 

ratio decreased up to May 15th (from 7.72 ppm to 6.17 

ppm), and again increased up to 7.50 ppm on May 30th 

and was found on June 15th 6.69 ppm, June 30th 7.30 

ppm and July 15th 5.5 ppm. In general, on protected and 

abandoned to driven pastures, Cu ratio regularly 

reduced. Cu affects the chlorophyll content of plants; it 

is involved in the synthesis of proteins and 

carbohydrates and stimulates the activity of nitrate 

reductase (Falkowski and Kukuáka, 2000; Barczak et 

al., 2006). Copper is important for proper 

photosynthesizing and maintaining water balance (Smal 

and Olszewska, 2008). The Edwards (1971) have 

reported for healthy plant growth that the amount of Cu 

should be 6.0 ppm. In this aspect, the amount of Cu is 

sufficient in pastures. Due to the Cu in plants formation 

and fertilization process and provides seed and fruit 

formation, plants are directly affected by copper 

nutrition (Kacar and Katkat, 1998).  

Zn ratio decreased continuously from March 

30 (5.30 ppm) to July 15 (4.23 ppm). The changes of 

Mn were similar to those of Fe. The amount of Mn was 

found as 57.3 ppm on March 30th, 72.8 ppm on April 

15th and 23.4 ppm on July 15th. It was found that the 

amount of Zn in the grazing pasture is higher than the 

other pastures. If the amount of Zn in plant leaves is 

15-25 mg/kg, it refers deficiency whereas, if the 

amount is 100, 0 ppm and below, it refers the point of 

poisoning (Güneş et al., 2000). Edwards (1971) has 

reported that Zn content should be 20 ppm for healthy 

plant growth. With this aspect, Zn content is adequate 

on grazed and protected pastures and is insufficient on 

driven to abandoned pasture. Zn plays a role in many 

metabolic functions, so it has a very important function 

that affects protein synthesis in plants (Gökkuş et al., 

2013). Zn deficiency leads to loss of yield by direct 

effects on the development of vegetative parts and 

more common in grasses and legumes on pastures 

(Sadeghzadeh and Rengel, 2011). Between the months 

of March-July while vegetation grows, Mn content 

decreased on pastures. Mn content is higher on grazed 

pasture (58.64 ppm) than those on protected (40.01 

ppm) and driven to abandoned pasture (55.59 ppm). 

For the development of a healthy plant Mn content 

should be 50 mg/kg (Edwards, 1971). With this aspect, 

Mn content was adequate on grazed and driven to 

abandoned pastures and insufficient on the protected 

pasture. The rate and amount of nutrients in pasture 

grass are influenced by factors such as botanical 

composition of vegetation, plant growth stages, the 

amount and availability of nutrients in the soil (Tosun 

and Altın, 1986; Bakoğlu et al., 1999). Alp et al. (2001) 

have reported that mineral levels of forage plants is 

changing between provinces in the same region, even in 

exemplary pilot areas of the same province, between 

seasons. 

Conclusion 

 In conclusion, the changes of all the elements 

in sampling time of pastures are significant. In general, 

the changes process of elements in the period of spring 

forage have been different in each of the pasture. The 

most rapid changes in element content were after 15 
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April. The changes process of elements on grazed and 

protected were similar to each other. There are close 

relationships between micro and macro elements and 

physiological activities of plants. The season change of 

elements especially K, Ca and Mg is important for 

grazing livestock. 

Acknowledgment  

We would like to thank Namık Kemal University 

for providing financial support and also to the 

Commission for Scientific Research (Project No. 

2007/88). 

References 

Alp M, Kahraman R, Kocabağlı N, Özçelik D, Eren M 

(2001). Determination of the mineral levels of 

feedstuffs in the Marmara region and their 

relation to nutritional disorders in sheep. Turk J 

Vet Ani Sci 25: 511-520. 

Altın M, Gökkuş A, Koç A (2011). Çayır ve Mera 

Yönetimi 1 Cilt. Ministry of Agriculture and 

Rural Affairs, TÜGEM, Grassland and Forage 

Crops and Watershed Development 

Department, Ankara, Turkey.  

Altın M, Tuna C, Gür M (2007).  Some effects of a 

rehabılıtatıon work on the vegetatıon of natural 

pasture ecosystem. In: Turkey VII. Field Crops 

Congress, 25-27 September 2007, Erzurum, 

Turkey.  

Angell RF, Miller RF, Haferkamp MR (1990). 

Variability of crude protein in crested 

wheatgrass at defined stages of phenology. J 

Range Manag 43: 186-189.  

Anonymous (2013). Agricultural Report 2011 and 

2012.     Food    Agriculture    and      Livestock  

 

Provincial Directorate of Tekirdağ, Turkey. 

AOAC (1990). Official methods of analysis of the 

Association of Official Analytical Chemists. 

Assoc. Off. Anal. Chem. Arlington, VA, USA. 

Bakoğlu A, Gökkuş A, Koç A (1999). Variation in 

biomass and chemical composition of dominant 

rangeland plants during the growing season II. 

changes in chemical composition. Türk Tarım 

Orman Derg 23: 495-508. 

Barczak B, Nowak K, Majcherczak E, Kozera W 

(2006). The effect of foliar fertilization on grain 

yield of oat. Pamiet, Pulawski Poland. 

Bayraktar E (2012). Taban ve Orman İçi Meralarda 

Bitki Örtülerinin Verimleri, Tür Bileşimi ve 

Önemli Türlerin Bazı Özellikleri Üzerinde Bir 

Araştırma. Ph.D. Thesis, Namik Kemal 

University, Tekirdağ, Turkey. 

NRC (2001). Nutrient requirements of dairy cattle. 7th 

Rev. (Ed) pp 381. 

Çetiner M, Gökkuş A, Parlak M (2012). Effect of 

grazing on vegetation and soil traits of an 

artificial rangeland. Anadolu Journal Agric Sci 

27: 80-88. 

De Aldana, BRV, Ciutlad AG, Corona EP, Criado BG 

(1993). Elemental content in grassland of 

semiarid zones: Effect of topographic position 

and botanical composition. Communications in 

Soil Science and Plant Analysis 24: 1975-1989.  

Edwards DG (1971). Concepts of essentiality and 

function of nutrients 

http://www.fao.org/ag/agp/AGPC/doc/publicat/

FAOBUL4/FAOBUL4/B402.htm (accessed 

6.12.13). 



Mustafa and Murat, 2016 

www.currentsciencejournal.info 

 

El-Aich A (1991). Role of shrubs in ecosystem 

functions. Options Mediterranean’s. Series A: 

Seminaries Mediterranean’s (CIHEAM). 

Ergün A, Tuncer ŞD, Çolpan İ, Yalçın S, Yıldız G, 

Küçükersan MK, Küçükersan S, Şehu A 

(2001). Hayvan besleme ve beslenme 

hastalıkları. Ankara University Faculty of 

Veterinary Medicine, 687s. 

Falkowski MI. Kukuáka SK (2000). Chemical 

properties of meadow plants, in: Poznan 

University of Agriculture. Poznan University of 

Agriculture, Poland, pp 132.   

Fox DG, Van Amburgh ME, Tylutki TP (1999). 

Predicting requirements for growth, maturity, 

and body reserves in dairy cattle. J Dairy Sci 

82: 1968-1977. 

Georgievskii VI, Annenkov BN, Samokhin VT (1982). 

The physiological roles of macro and 

microelements. Miner. Nutr Anim Butterworths 

London, UK 91-215. 

Gökkuş A, Koç A, Bakoğlu A (1997). Changes ın 

morphologıcal, agronomıcal, and chemıcal 

propertıes of crested wheatgrass (Agropyron 

cristatum gaertn) ın relatıon to tıme, plant 

heıght, and above-ground biomass. Field Crops 

Central Research Institute 6: 49-61. 

Gökkuş A, Parlak AÖ, Baytekin H, Hakyemez BH 

(2013). Change of Mineral Composition of 

Herbaceous Species at the Mediterranean 

Shrublands. Journal of Tekirdag Agricultural 

Science 10: 1-10. 

Güneş A, Alpaslan M, İnal A (2000). Bitki besleme ve 

gübreleme. Ankara University Agriculture 

Faculty Publication, pp 579. 

Gür M, Altın M (2011). Yörükler Köyü Doğal Mera 

Vejetasyonunun Botanik Kompozisyonu ve 

Verim Potansiyeli Üzerinde Bir Araştırma. 

Master Thesis Namık Kemal University, 

Tekirdağ, Turkey. 

Haynes R (1980). Ion exchange properties of roots and 

ionic interactions within the root apoplasm: 

their role in ion accumulation by plants. Bot. 

Rev 46: 75-99. 

Holmes CW, Wilson GF, Mackenzie DDS, Flux DS, 

Brookes IM, Davey AWF (1987). Milk 

production from pasture. Butterworths of New 

Zealand Ltd. 

Holmes W (1980). Grass, its production and utilization. 

Blackwell Scientific Publications. London, UK. 

Kacar B (1977). Bitki Besleme (Plant Feeding). Ankara 

Univ. Agric. Fac. Publication, Turkey. 

Kacar B, Katkat A (1998). Bitki besleme. Uludağ 

Üniversitesi Güçlendirme Vakfı, Bursa, 

Turkey. 

Kidambi SP, Matches AG, Griggs TC (1989). 

Variability for Ca, Mg, K, Cu, Zn, and 

K/(Ca+Mg) ratio among 3 wheat grasses and 

sainfoin on the southern high plains. J Range 

Manag 42: 316-322. 

Linck AJ, Swanson CA (1960). A study of several 

factors affecting the distribution of phosphorus-

32 from the leaves of Pisum sativum. Plant Soil 

12: 57-68. 

McDonald P, Edwards RA, Greenhalgh JFD, Morgan 

CA (1995). Grass and forage crops. Anim. 

Nutr. Longman Gr. Limited, Harlow; UK 434. 

Mengel K, Özbek H, Kaya Z, Tamcı M (1984). 

Bitkinin beslenmesi ve Metabolizması, Çeviri: 



Mustafa and Murat, 2016 

www.currentsciencejournal.info 

 

Hüseyin Özbek, Zülküf Kaya, Metin Tamcı). 

Çukurova Üniversitesi Ziraat Fakültesi 

Yayınları. Yayın. 162, Adana. 

Mountousis I, Papanikolaou K, Stanogias G, 

Chatzitheodoridis F, Roukos C (2008). 

Seasonal variation of chemical composition and 

dry matter digestibility of rangelands in NW 

Greece. J Cent Eur Agric 9: 547-555. 

Pirhofer‐Walzl K, Søegaard K, Høgh‐Jensen H, Eriksen 

J, Sanderson MA, Rasmussen J (2011). Forage 

herbs improve mineral composition of 

grassland herbage. Grass Forage Sci 66: 415-

423. 

Ramage CM, Williams RR (2002). Mineral nutrition 

and plant morphogenesis. Vitr Cell Dev Biol 

38: 116-124. 

Ruszkowska M, Wojcieska-Wyskupajtys U (1996). 

Mikroelementy-fizjologiczne i ekologiczne 

aspekty ich niedoborów i nadmiarów. Zesz. 

Probl. Postępów Nauk Rol 434: 1-11. 

Sadeghzadeh B, Rengel Z (2011). Zinc in soils and 

crop nutrition. Mol. Physiol. basis Nutr. Use 

Effic Crop 335-375. 

Silberbush M, Barber SA (1983). Sensitivity of 

simulated phosphorus uptake to parameters 

used by a mechanistic-mathematical model. 

Plant Soil 74: 93-100. 

Smal H, Olszewska M (2008). The effect of 

afforestation with Scots pine (Pinus silvestris 

L.) of sandy post-arable soils on their selected 

properties. II. Reaction, carbon, nitrogen and 

phosphorus. Plant Soil 305: 171–187. 

Søegaard K, Sehested J, Jensen SK (2010). Vitamin 

and mineral content and feeding value of 

different legumes and grass species grown in 

seven legume-grass mixtures. Potential forage 

Legum to Sustain a high Agric Product Nord 

Perspect 141-144. 

Spears JW (1994). Minerals in forages. Forage Qual. 

Eval Util 281-317. 

Stewart BA, Grunes DL, Mathers AC, Horn FP (1981). 

Chemical composition of winter wheat forage 

grown where grass tetany and bloat occur. 

Agron J 73: 337-347. 

Taber HG (2009). Plant Analysis Sampling Procedures 

and Micronutrient Characteristics with 

Emphasis on Vegetable Crops. Commer. Veg. 

Hortic. Iowa State Univ Sci Technol, USA. 

Tosun F, Altın M (1986). Çayır Mera Yayla Kültürü ve 

Bunlardan Faydalanma Yöntemleri (2. Baskı). 

OMÜ Yayınları. 

Tuna C (2000). Trakya Yöresi Doğal Mera 

Vejetasyonlarının Yapısı ve Bazı Çevre 

Faktörleri İle İlişkisi. Ph.D. Thesis, Graduate 

School of Natural and Applied Sciences, 

Trakya University, Turkey. 

Underwood EJ (1999). The mineral nutrition of 

livestock 3rd Ed. CABI, Wallingford, UK. 

Wang Y, Berg BP, Barbieri LR, Veira DM, McAllister 

TA (2006). Comparison of alfalfa and mixed 

alfalfa-sainfoin pastures for grazing cattle: 

Effects on incidence of bloat, ruminal 

fermentation, and feed intake. Can J Anim Sci 

86: 383-392. 


