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Abstract 
 
Experimental trails have been conducted between March 2010 and January 2012 in Gerlengec village of Biga District 
situated in Canakkale Province, Turkey. In this study, control along with 5 kg N/ha 4M (chelate organo-mineral 
fertilizer, 5-10-0), 10 kg N/ha 4M, 5 kg N/ha composite (20-20-0) and 10 kg N/ha composite of five different types and 
doses of fertilizer were used. Height of the grass has been increased from 10.0 cm to 110.9 cm and 22.8 cm to 113.1 cm 
in 2010 and 2011, respectively by increasing the grass layer of the rangeland from 1st March to 30th May. At the same 
time, the fodder production has been increased from 84.0 kg/ha to 494 kg/ha and 95.8 kg/ha to 631.1 kg/ha in 2010 and 
2011, respectively. An increase, both in the grass layer height as well as the fodder production has been accelerated 
between 10 to 20 April. The application of fertilizers has none significant level of affect to the grazing maturity time of 
rangeland. The effects of fertilization on legumes in rangeland were important in general while its impact on the species 
of grains and other related families has mostly been appeared in the months of summer and autumn. According to the 
two-year average results, legumes that found in plant vegetation were increased by the application of composite 
fertilizer while decreased due to 4M fertilizer. All of the fertilizers showed an increase in gramineae but reduced the 
species from other families. All types and doses of fertilizer showed an increase into the quality level of rangeland in 
each of two years, but an extreme increase of 10 kg N/ha has been occurred in those plots which were applied to 4M 
fertilizer. According to this, grazing should be started in 20th of April in similar rangelands and 5 kg of nitrogen should 
be applied to per hectare for improving the quality of rangeland.                  
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INTRODUCTION 
 
Rangelands have an important place in terms of 
fulfilling the needs of animal fodder usually 
don't meet the required need of animals' fodder 
of our country in grazing season as a result of 
their incorrect use until today. Yield strengths 
and grass qualities of the major part of our 
grasslands have been decreased due to their 
improper usages (Gokkus, 1991). Therefore, 
the usage of proper rangeland management 
principles and also conducting improvement 
related studies like fertilization in already 
decreased-yield grasslands will provide an 
important contribution to closing the deficit in 
the current quality feed, besides increasing the 
pasture improvement and the production of 
fodder crops. Early grazing has been observed 
the most vulnerable depending on the grazing 
of rangeland plants. In this situation, plants are 
found with lack of the sufficient reserves of 
nutritional materials and photosynthetic tissues 
to renew themselves after grazing. Rangeland 
plants must have to terminate the growth with 

the reserves of nutritional materials and also 
start the growth with photosynthesis products 
until to reach their grazing maturity (Altin et 
al., 2011). Plants, which grow by getting 
benefits from photosynthesis products, have 
been entered in the era of rapid growth. 
(Manga, 1975; Ogden, 1980). Fertilization 
constitutes an important place in rangeland 
improvement. Biochemical cycle would be 
made reactive by gaining the missing 
nutritional elements to the soil with the 
application of fertilizers in rangeland. 
Prolongation in green forage period, progress in 
the botanical composition, increase in forage 
quality, boosting in palatability as well as the 
improvement in grass yield of the grassland 
take place by the application of fertilizer. A 
study has been conducted in the rangelands of 
Tekirdag province of Turkey and it was 
reported that the application of fertilizers 
provided a significant increase in the yield and 
quality of grass of the rangeland (Altin et al., 
2010). The pastured rangeland areas of 
Canakkale province is consisted of 22,065 
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hectares which is the share of 2.2% from its 
total area (Anonymous, 2008). So, these areas 
should be used very carefully and effectively if 
the limited reservoirs of quality fodder for the 
animals in Canakkale region are taken into 
account. Two basic conditions for effective 
usage of the available area are: the 
improvement and the proper management of 
rangeland. In this study, in accordance to the 
above mentioned reasons, it has been aimed to 
determine the proper starting and ending times 
for grazing, and also examined the variations 
that occur into the chemical compositions of 
grass as well as the aboveground mass during 
the year in the rangelands of Canakkale 
province and its vicinities.  
  
MATERIALS AND METHODS 
 
This research work was carried out between 1st 
March 2010 and 30th January 2012 in 
Gerlengec village of Biga District situated in 
Canakkale Province of Turkey. In Canakkale, 
the annual average temperature has being 
recorded as 15.5oC for last many years while it 
was measured as 15.9oC and 16.4oC during the 
both of experimental years. The total annual 
precipitation (685.60 and 509.50 mm) during 
both of the experimental years has been found 
higher than the average precipitation of the last 
many years (509.10 mm). High rainfall was 
recorded in the months of January, February, 
March and December in each of two years.  
The soil of the research rangeland is mainly 
found as loamy type of soil possessing 
moderate (2.41%) contents of organic matter, 
neutral with pH value of 7.09, having low lime 
percentage (2.14%) and without salinity (0.99 
mS/cm). The soil of rangeland has the amount 
of receivable P (2.53 kg/ha) and Zn (0.22 ppm) 
in low; K (44.65 kg/ha), Cu (1.74 ppm), Fe 
(14.74 ppm) and Mn (22.84 ppm) in adequate 
while Ca (7742.2 ppm) and Mg (662.6 ppm) in 
excessive quantity. The data obtained from this 
research work have been evaluated in 
accordance to the analysis of variance by using 
‘Split Plot Design’ and the significance mean 
differences were compared with each other by 
using ‘Multiple Range Test’ in accordance to 
LSD. Experimental trials were conducted in 5 
plots with 4 replications and each plot was 
included   to 5 x 50 m with an area of 250 m2. 

A distance of 2m was left between plots. Five 
different doses of fertilizer i.e., control, 5 kg 
4M, 10 kg 4M, 5 kg composite and 10 kg 
composite have been applied by scattering 
manually on 24 February, 2010. Having the 
name of 4M is a smart fertilizer, used in this 
research work, has been obtained from ‘4M 
Agricultural Company’ containing organo-
mineral (5-10-0), and the compositions are as 
organic material, total nitrogen, total 
phosphorus and maximum moisture of the 
fertilizer are measured as 25%, 5%, 10%, and 
20%; respectively along with 6-8 pH value. 
This smart fertilizer is coated with chelate 
(EDTA) while the composite fertilizer (20-20-
0) contains 20% nitrogen and 20% phosphorus. 
In this experiment, the grass samples have been 
taken during the period of 1st March to 1st May 
with an interval of 10 days where the plant 
growth has observed faster, and also once from 
1st May to 30th of January with an interval of 30 
days when the plant growth has found slow. 
Growth in height as well as increase in mass 
have been recognized as the maximum speed of 
grazing maturity as compared to one of the 
previous period (Gokkus and Koc, 2001). The 
used key species have also been identified 
while determining the proper starting grazing 
time. These plants usually don't have more 
importance as fodder crops, grown in 
rangelands and/or in residential areas, easily 
recognized, and composed of a significant 
phenological phase in grazing time (Bakir, 
1987). Grazing was given an end when the 
process of photosynthesis has been stopped 
(when the daily average temperature has been 
dropped to 0oC or stoppage in plant growth). 
The process of photosynthesis stops in most of 
the chilly-seasoned plants with the falling of 
temperature around 0oC (Bozcuk, 1986). The 
period, four weeks before the stoppage of 
photosynthesis, has been considered as the time 
to put an end to grazing. This period was 
determined on the basis of daily observations.  
The quality and status of rangeland has been 
determined on the basis of highly existing and 
already available plant vegetative covering as a 
measurement by using the method of De Vries 
et al. (1951) in general, Bakir (1970), Uluocak 
(1974), Buyukburc (1980) and Gokkus (1984) 
in particular. 

 

RESULTS AND DISCUSSIONS 
 
Starting and ending times of grazing 
The time to start grazing depends upon the 
grazing maturity of the plant vegetative 
covering. The plants those reach their grazing 
maturity, entered to the stage of rapid growth 
because they have been provided the needed 
energy mainly from photosynthesis products.  
From this point of view, the height of the grass 
layer of vegetation and the increases in 
rangeland grass yield have been taken into 
account while determining the time to start 
grazing. The amount and rate of change in plant 
height and dry grass yield were calculated from 
the time when plants started their growth until 
the 30th of May by using 10 days of intervals 
(Table 1). The time of grazing maturity has 
been recognized as the highest increasing 
period for grass layer height and dry grass yield 
of rangeland as compared to the previous 
measurement date.  Increase in both of the size 
as well as in yields of rangeland crops has 
accelerated since April. The highest increase in 
plant height has been observed between 20-30 
April in each year. At this time, the increase in 
height was accrued as 22.4 cm (60.4%) in 
2010, while 26.7 cm (64.6%) in 2011. The 
highest average plant height (110.9 and 113.1 
cm) was measured in 30th of May in every two 
years. This increase may be correlated to the 
increase in air temperature and yet not seen the 
effects of drought. During this period, the 
highly speed increase in the size of Hordeum 
bulbosum has contributed to the average grass 
layer height for reaching the highest level at the 
end of May, but reached the highest organic 
mass in the middle of May. The largest increase 
in dry grass yield has been emerged from 10 to 
20 April of each two years. During this time 
period, an increase of 271 kg/ha (140.4%) in 
dry grass yield has been occurred in 2010 while 
295.6 kg/ha (103.0%) in 2011. This increase in 
plant height and dry grass yield shows the 
usage of photosynthetic growth products as 
well as the creation of sufficient photosynthetic 
tissues of rangeland plants during this period.  
In the light of these results, 20th of April has 
been identified as the most appropriate time for 
starting grazing in the rangelands of Canakkale 
Province. Grazing maturity is also affected 

because of the direct effects of climatic factors 
to plant growth. Climatic factors may show 
fluctuation in accordance to years. Although, 
changes in the effect of this fluctuation in the 
growth of plants, are also reaching at the same 
time a certain stage of development (Thilenius, 
1979). Because of this reason, it is also more 
feasible that the key or indicator plants should 
be used while determining the maturity date of 
grazing, and it is not necessary that the 
indicator plants must be of the rangeland plants 
but their certain phenological stages would 
need to be monitored easily. Peach, apricot and 
apple plants may be used as key or indicator 
plants at their full bloomy stages while 
determining the plant height and grazing 
maturity of Asphodelus aestivus (Brot.) and 
Taraxacum alleppicum plants in the rangeland. 
Time for giving an end to grazing in rangeland 
is important in terms of the storage of sufficient 
reserved nutrients of plants before winter. 
Because the rate of accumulated reserved 
nutrients of rangeland plants should be in 
sufficient level in the autumn for showing a 
rapid development in spring by passing the 
winter without getting any harm (Owensby et 
al., 1970). This period will help to prepare the 
plants in a better way for its winter and spring 
germination because the plants pass this period 
in dormancy and could not be able to gain 
enough food reserves that can be achieved by 
photosynthesis. Thus, the zero gain of net 
photosynthesis of plants can be taken as a 
gauge while determining the ending time of 
grazing. In rangeland, the grazing should be 
terminated about 3-4 weeks before the start of 
hard winter (Tukel, 1989). In this study, the 
average plant height and yield have been 
recorded again at the beginning of hard winter 
period. According to the obtained data, the 
lowest height and yields have been observed in 
the 30th of November. Therefore, an 
approximate of one month prior to 30th of 
October or early November can be considered 
as the deadline for grazing. In the light of these 
results, grazing should be started in 20th of 
April and terminated in 1st of November in 
those rangelands with having the ecological 
conditions of Canakkale Province. According 
to this, the grazing season of the surrounding 
rangelands is about 200 days or 6.5 months. 
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Table 1. Variation in plant height and dry grass yield at the initial stage of plant vegetative growth 

Sampling Date 
Plant height Dry grass yield 

Height 
(cm) 

Variation Yield (kg/ha) Variation 
Quantity (cm) Ratio (%) Quantity (kg) Ratio (%) 

2010 
1 March 10.0 ı - - 83.5 h - - 
10 March 12.7 ı +2.7 +27.0 96.7 h +13.2 +15.8 
20 March 14.4 ı -1.7 +13.4 120.1 h +23.4 +24.2 
30 March 15.5 hı +2.8 +7.6 131.5 h +11.4 +9.5 
10 April 24.1 gh +8.6 +55.5 214.9 fg +83.4 +63.4 
20 April 37.1 f +13.0 +53.9 463.7 c +248.8 +215.8 
30 April 60.7 de +23.6 +63.6 527.5 b +63.8 +13.8 
10 May 67.0 d +6.3 +10.4 608.3 a +80.8 +15.3 
20 May 77.1 c +10.1 +15.1 611.4 a +3.1 +0.5 
30 May 110.9 a +33.8 +43.8 493.9 bc -117.5 -19.2 
30 June 106.3 a -4.6 -4.2 373.9 d -120.0 -24.3 
30 July  103.3 a -3.0 -2.8 383.8 d +9.9 +2.7 
30 August  91.6 b -11.7 -11.3 287.1 e -96.7 -25.2 
30 September 79.9 c -11.7 -12.8 349.3 d +62.2 +21.7 
30 October  52.0 e -27.9 -34.9 456.3 c +107.0 +30.6 
30 November 34.0 f -18.0 -34.6 195.0 g -261.3 -57.3 
30 December 34.1 f +0.1 +0.3 200.7 fg +5.7 +2.9 
30 January 32.0 f -2.1 -6.2 254.5 ef +53.8 +26.8 

2011 
1 March 22.8 j - - 95.8 g - - 
10 March 24.2 ıj +1.4 +6.1 107.6 g +11.8 +12.3 
20 March 25.4 ıj +1.2 +5.0 145.6 fg +38.0 +35.3 
30 March 27.3 ıj +1.9 +7.5 173.6 f +28.0 +19.2 
10 April 29.0 ı +1.7 +6.2 287.0 de +113.4 +65.3 
20 April 41.3 h +12.3 +42.4 582.6 b +295.6 +103.0 
30 April 68.0 f +26.7 +64.6 620.1 b +37.5 +6.4 
10 May 76.8 e +8.8 +12.9 715.0 a +95.0 +15.3 
20 May 87.1 d +10.3 +13.4 701.0 a -14.0 -2.0 
30 May 113.1 a +26.0 +29.9 631.1 b -69.9 -11.1 
30 June 106.0 b -7.1 -6.3 471.5 c -159.6 -25.3 
30 July  96.2 c -9.8 -9.3 420.4 c -51.1 -10.8 
30 August  92.7 c -3.5 -3.6 298.3 de -122.1 -29.0 
30 September 84.4 d -8.3 -9.0 280.7 de -17.6 -5.9 
30 October  67.7 f -16.7 -19.8 332.0 d +51.3 +18.3 
30 November 55.5 g -12.2 -18.0 302.7 d -29.3 -8.8 
30 December 51.3 g -4.2 -7.6 246.3 e -56.4 -18.6 
30 January 50.9 g -0.4 -0.8 282.3 de +36.0 +14.6 

Significant values; height : P = 0.0001, dry grass yield : P = 0.0001 (for both years i.e., 2010 and 2011) 
 
 
Plant Composition 
Different fertilizer applications have led to 
change in the species composition of the 
rangeland in accordance to the average results 
of two years. Smart fertilizer (4M)  applications 
have led to a decrease in legumes 
(leguminosae) as compared to those treatment 
plots without fertilizer while a slight increase 
was observed in case of composite fertilizers. 
But a positively significant effect of this 
fertilizer has been observed on the member 
crops of gramineae family and the highest 
increase was achieved with the application of 5 
kg/ha 4M.  In contrast, composite fertilizers 
have caused a decrease in the member crops of 
the same family (gramineae). The response to 

fertilizer applications of species from other 
families have emerged in different ways.  For 
instance, the application of 5 kg/ha 4M 
significantly reduced the plant species from 
other families, but 10 kg/ha composite fertilizer 
has caused an increase. Response of plant 
species against fertilizers is found differently. 
Generally, nitrogen induces the development in 
gramineae plants as for that of phosphorus into 
legumes (Altin, 1975; Tupper, 1978; Manga et 
al., 1986). That is why, composite fertilizers 
caused an increase to species composition in 
gramineae while reduced the species 
composition of legumes because of containing 
more phosphorus (Table 2). 

 
 

 
Table 2. Variation in plant species composition of the rangeland in accordance to fertilizer applications (%) 

Fertilizer  Leguminosae Gramineae Other Families 
5 kg 4M 25.14 57.72 17.15 
10 kg 4M 26.42 52.52 21.07 
5 kg composite 31.00 48.82 20.19 
10 kg composite 32.48 45.22 22.30 
Control   29.22 50.74 20.04 

 
Quality and condition of the rangeland 
The calculated rangeland quality grades 
(RQGs) were found similar to each other when 
utilizing the quality values of the species that 
constitute the botanical composition of plants. 
According to the quality grades, most of the 
plots took place in the "intermediate" class. In 
contrast, the application of fertilizer 
significantly influenced the rangeland quality 
grades. The RQGs have been found higher in 
4M applications, but with less increase in case 
of the plots containing composite fertilizer in 
every two years (Table 3). The condition of 
rangeland takes shape in accordance to the 
quality of each species of the plant vegetative 
covering and the production power of 
rangeland has also been shaped by such species 
throughout the year (Koc, 1991). In addition, 
bad trend of any rangeland leads it toward a 
reduction in the amount of useful grasses of 
such rangeland having high biological 
productivity (Frost and Smith, 1991). Fertilizer 
application has caused an increase in RQGs but 
the condition of classes of such rangelands was 
found similar by applying different types and 
amounts of fertilizer. If there was not a change 

in the status of class, but the fertilizer 
application and the plant vegetative covering 
were found in a better and progressive direction 
then such a situation is mainly due to the 
response of species to fertilizer located in plant 
vegetative covering. The quality of rangeland 
has been increased when the applied fertilizer 
caused an increase in the value of fodder crop 
which was proportionally correlated to the 
improvement of species. Many of the studies 
have been done by Kilcher, 1958; Kalmbacker 
and Martin, 1996; Samuel and Hart, 1998 are 
seemed to support this conclusion. In contrast, 
Buyukburc (1980) stated that the RQGs have 
been reduced with the application of fertilizer. 
It has also been reasonably showed that the 
fertilizer increased weeds of plant vegetative 
covering. During this study, it has been 
observed that the increase of Dactylis 
glomerata, Lolium perenne, Alopecurus 
arundinaceus, Medicago and Trifolium spp., 
Lathyrus digitatus, Plantago coronopus, P. 
lanceolata, Festuca sp. and some Poa sp. 
having higher quality value in the botanical 
composition of fertilizer contained plots led to 
increase the RQGs. 

 

Table 3. Quality grades and class conditions of the rangeland in accordance to fertilizer applications 

Fertilizer  2010 2011 
Quality grades Class condition Quality grades Class condition 

5 kg 4M 4.94 Moderate  5.05 Moderate 
10 kg 4M 5.95 Moderate 6.07 Good  
5 kg composite 4.89 Moderate 5.04 Moderate 
10 kg composite 4.79 Moderate 4.84 Moderate 
Control   4.44 Moderate 4.06 Moderate 

 
CONCLUSIONS  
 
The results obtained from this research work 
after investigating the effects of fertilizers on 
the yield and chemical compositions of grass in 
the rangelands of Canakkale province and its 
vicinity are given below. The most appropriate 
time for starting grazing is the 20th of April 
and the ending time is the 1st November in the 
rangelands of Canakkale Province and its 

surroundings. According to this, the grazing 
season of the surrounding rangelands is about 
200 days or 6.5 months. Generally, the RQGs 
have been increased by the application of 
fertilizer, but without changing the class 
condition of the rangeland. The number of 
plants from gramineae family were increased, 
while a decrease was found in the number of 
leguminosae family by the application of 
composite fertilizer, but totally an inverse and 
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Table 1. Variation in plant height and dry grass yield at the initial stage of plant vegetative growth 
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Plant height Dry grass yield 
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Variation Yield (kg/ha) Variation 
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30 June 106.3 a -4.6 -4.2 373.9 d -120.0 -24.3 
30 July  103.3 a -3.0 -2.8 383.8 d +9.9 +2.7 
30 August  91.6 b -11.7 -11.3 287.1 e -96.7 -25.2 
30 September 79.9 c -11.7 -12.8 349.3 d +62.2 +21.7 
30 October  52.0 e -27.9 -34.9 456.3 c +107.0 +30.6 
30 November 34.0 f -18.0 -34.6 195.0 g -261.3 -57.3 
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Plant Composition 
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fertilizer applications of species from other 
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seemed to support this conclusion. In contrast, 
Buyukburc (1980) stated that the RQGs have 
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having higher quality value in the botanical 
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Table 3. Quality grades and class conditions of the rangeland in accordance to fertilizer applications 

Fertilizer  2010 2011 
Quality grades Class condition Quality grades Class condition 

5 kg 4M 4.94 Moderate  5.05 Moderate 
10 kg 4M 5.95 Moderate 6.07 Good  
5 kg composite 4.89 Moderate 5.04 Moderate 
10 kg composite 4.79 Moderate 4.84 Moderate 
Control   4.44 Moderate 4.06 Moderate 

 
CONCLUSIONS  
 
The results obtained from this research work 
after investigating the effects of fertilizers on 
the yield and chemical compositions of grass in 
the rangelands of Canakkale province and its 
vicinity are given below. The most appropriate 
time for starting grazing is the 20th of April 
and the ending time is the 1st November in the 
rangelands of Canakkale Province and its 

surroundings. According to this, the grazing 
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Abstract 
 
The spline interpolation presume to find a set of polynomials of first degree (linear), second degree (parabolic), third 
degree (cubic), which  are defined  on an interval, and their connection on the ends of intervals makes, by imposing that 
these functions has to be continuous on point, to be smooth and  without the inflections points. Mathematically presume 
as their derivatives of first and second order to the left and to the right of point to be in their turn and then continuous. 
Considering as the limnimetric key (dependence on the level of a river section in relation to the discharge which flow 
through section) is a smooth curve end with continuous growth (all ensemble that define the general curve must be 
monotonous), impose the additional conditions on monotony and flexion polynomials and in their interval by operating, 
not only in connection node of interpolation. 
If the first derivative of a polynomial is positive on an interval and if the interval which operate  the spline polynomial 
with positive variation of the first derivative, then the spline function in that interval is monotone increasing. 
If the second derivative of a polynomial spline in the interval of definition a function does not change of sign, and the 
spline polynomial of interval not present the inflexions, then, the second derivative of a polynomial spline has not the 
roots in within the interval in which it operates.  
 
Key words: Spline cubic, limnimetric key. 
 
INTRODUCTION 
 
The paper propose to realize an algorithm for 
calculation using the polynomials of third 
degree for simulation by numerical calculation 
of a continuous curve, monotone, increasing 
end smooth by connection of polynomials of 
third degree equivalency with the limnimetric 
key.  
The method can be applied as input data for 
different engineering application e.g. 
hydrological events, floods, sediment transport, 
floodplain reinforcement (Sandu, 2015; Vîrsta 
2007). 
 
MATERIALS AND METHODS 
 
The method for calculation of limnimetric key 
based on the interpolation, and the date used in 
calculation are the measurement of flow and 
levels by the hydraulic method Chezy for the 
studied section. 
 
 

 Deduction the polynomials by spline 
cubic interpolation 
 

The polynomials by spline cubic interpolation 
by order III or the cubic interpolation have the 
next expression: 

       32
ixxibixxiaixximiyxi

IIIS         (1) 
Where ix  is the end from left of the polynomial 
spline cubic which operate in the 
interval  ii xx ,1 . 
Impose polynomial by interpolation (1) the 
condition by continuity on a current node of 
interpolation (Gogonea, 1998), thus: 
 

       
     
 3111

2
11111111

1

3
1

2
111








ixixib

ixixiaixiximiyix
i
IIIS

ixixibixixiaixiximiyix
i
IIIS

 

   1
1

1 


 ixi
IIISixi

IIIS  

 

 
opposite result has been obtained while 
applying the smart fertilizer to the plant 
vegetation. In case of other families, any 
regular change was not found in the rate of 
species in accordance to the type and doses of 
fertilizer. Consequently, it is suggested that the 
rangelands of Canakkale Province and having 
the similar ecological conditions should be 
applied with 4M or composite fertilizer 
(20:20:0) in the form of 5 kg nitrogen per 
hectare, and rangeland should be grazed 
between the dates of 20 April-1 November. 
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