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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.  
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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
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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: 
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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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Combining the relations above and performing 
the elementary calculation it results: 
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Impose as the polynomials by interpolation to 
be smoothed which means as the first derivate 
of cubic polynomials by interpolation on the 
current node at left i, respectively to the right  
i+1, must be continuous, so equal on the node 
of interpolation (Pavaloiu, 1981). 
The derivative of the first order, general on 
intervals of interpolation it obtain by derivation 
in relation with the variable x of general 
function of interpolation given of formula (1) 
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It impose the condition of continuity these 
derivatives on node of interpolation what 
mathematical it write thus: 
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by simple algebraic processing and imposing 
the condition of continuity to derivative on 
node of interpolation get: 

    22 31 1 1m m a x x b x xi i i i ii i i        (4) 

If impose the polynomials spline cubic the 
condition of continuity as the derivatives by 
order second to be continued on node of 
interpolation, means as the polynomials to the 
connection did not inflexion and return. 
The derivative of second order to polynomials 
spline cubic it calculates in report with the 
variable x of the relation (3) and it obtain the 
expression: 
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Respecting the conditions of continuity to 
derivate of second order on the node of 
interpolation we have the expressions: 
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From the condition as the second derivative to 
left and to right on the node to be equalled will 
result in the third set of equations for the 
parameters of the spline cubic interpolation: 
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by elementary algebraic calculus, we obtain: 
  ixixibiaia  131                          (6) 

As shown the previous result, the algebraic 
system of calculation for the parameters spline 
cubic polynomials will have form (7) and 
spline functions will be given by formula (8): 
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 Determination of the additional 

conditions for the monotony of spline cubic 
 

Additionally, imposing the conditions as the 
spline cubic polynomials to be monotonous 
increasing, do not present the point of inflexion 
or return inside of operating, what we lead with 
the thinking to study the sign first and the 
second derivative inside the intervals where 
operating the spline cubic polynomials 
(Agopian et al., 1963). 
The analysis of the sign first derivative it 
makes processing the relation (8) by dissolution 
the parenthesis and regrouping the terms, it 
makes next function of second degree. 
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To study the sign of this derivative, we need 
the discriminant of the equation given by 
relation (9) and the roots of this equation: 

   2323*4234 ixibixiaimibixibia   
Processing the relation expression discriminant 
get the expression: 

 imibia 324                                        (10) 
Discussion: 
If the discriminant is negative, than the sign of 
relation (10) is the sign his bi on the entire real 
axis (Table 1). 
If the discriminant is positive, than the sign 
relation (10) is same with bi outside the roots 
and contrary his bi between roots (Table 2).   
Forwards we study the sign of the second 
derivative of the function of interpolation; this 
can get by derivation in report with the variable 
x of relation (9): 

ixibiaxibx

y

xx

y
6262

2





















         (11) 

The equation attached the relation (11) is: 

iix
ib
ia

ixx

ixibiaxib





3

033

                               (12) 

At left the root have the contrary sign of bi, and 
at right the same right with bi (Table 1 and 
Table 2). 
Applying Rolle's Theorem it has the next 
context of discussion the variation and 
monotony the spline cubic monotony inside the 
interval of operating. 
 
Table 1. The table of variation and monotony the spline 
cubic polynomials when the discriminant is smaller than 

zero 

 
 
If the discriminant is smaller than zero, the 
function of interpolation is strict increasing and 
without the point of inflexion if bi is positive on 
entire domain of definition of the spline cubic 
polynomials, interpretation Table 1. 
 

Table 2. The table of variation and monotony the spline 
cubic polynomials when the discriminant is bigger than 

zero 

 
 
If the root of the second derivative is between 
the roots of first derivative, then 0i and, in 

addition,   i
ixix  2 (Table 2). 

If the root of the second derivative is smaller 
than those of the first derivative, the sign will 
be dictated by the entire root, thus being 
available the condition above (Table 2).  
Observation, the roots equation of the first 
derivative is given by the formulas: 
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RESULTS AND DISCUSSIONS  
 
The hydrological practice has shown that the 
application of numerical calculation for 
elaboration the limnimetric keys leaving from 
the direct interpolation is very laborious, and 
the volume of calculation presumes the 
computers with the memory enough of big, 
especially the memory of ram and speed of 
processing. 
It can approach the problem using direct for the 
node of interpolation the fields of points result 
of direct product of value sectional area section 
with speed, respectively, the correspondents for 
different values of level. This way we are using 
the spline cubic polynomials, imposing the 
conditions of slope for the curves of 
interpolation at beginning and end of interval, 
and also the conditions of monotony, 
smoothness and inflection inside the intervals 
of operating these functions spline cubic.  
Forwards we present the Table 3 with the 
parameters the functions by spline interpolation 
and the criteria what must fulfilled for 
monotony, smoothness and inflection of the 
spline cubic function on the interval of 
operating. 
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Table 3. The parameters of the spline cubic interpolation 
functions H(Q) 

 

 
Figure 1. The limnimetric key using the spline parabolic 

interpolation  

 

 
Figure 2. The percentage error between the real flows 

results of measurements and the flows result by 
calculation-the spline cubic method  

 
 
 
 

CONCLUSIONS  
 
The limnimetric key is a curve formed by 
several polynomials of interpolation of the 
same type which are defined on an interval or 
the set of points (the nodes of interpolation) 
what must to respect the conditions: 

 The polynomials of interpolation and 
their derivatives of order one and two to 
the left and right on point of 
interpolation must be continuous. 

 The polynomials of interpolation must 
be monotonous increasing, smooth, do 
not present the inflections and return in 
inside the interval of operating of 
function of interpolation.  
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Abstract 
 
The purpose of this paper is to present the results obtained on the reddish preluvosoil of the Moara Domnească 
experimental field belonging to the Department of Soil Sciences from Faculty of Agriculture, University of Agronomic 
Sciences and Veterinary Medicine of Bucharest, in the agricultural year 2014-2015. Wheat crop was part of a wheat-
barley-sugar beet crop rotation. The experiment was a two-factor concept based on the split plot method, organised in 
three replications, with factor A - organic fertilization and factor B - mineral fertilization. Plant residues and manure 
were used as natural organic fertilizers. The variants of factor B were different rates of mineral nitrogen. Obtained 
results showed that organic and mineral fertilization increased wheat yield. Variant a3 was the best for organic 
fertilization - 40 t/ha leaves and epicotyls of sugar beet+N50, while the optimum solution for mineral fertilization was b4 
- N150. For the organically unfertilized variants, the highest yield resulted from mineral fertilizer with N200 (b5), but N100 
(b2) was the best economic solution because of the number of fall plants.  
 
Key words: wheat, organic fertilization, mineral fertilization, nitrogen. 
 
INTRODUCTION  
 
Wheat is a multi-purposes cereal, which is rich 
in nutrients necessary for human consumption 
(carbohydrates, proteins, lipids), but which is 
also used for feeding animal. Wheat straw can 
be used in animal nutrition and bedding, and 
not least as fertilizer. Wheat stubble 
incorporated under the furrow increases organic 
matter in the soil (Săndoiu et al., 2012; Ștefanic 
et al., 2015). To obtain a high yield of wheat, it 
is recommended to include it in a rational 
rotation (Ciontu et al., 2010; Săndoiu et al., 
2007). Wheat monoculture should be avoided 
as it leads to the expansion of wheat-specific 
diseases, pests and weed appearance, which 
results in the gradual reduction in the obtained 
yields (Săndoiu et al., 2008, 2012). As a basic 
element in plant nutrition, nitrogen is the main 
ingredient of wheat proteins and additional 
application helps increase its protein content 
(Borlan and Hera, 1994; Criste, 2012)  
In their nutrition, plants accumulate nitrogen 
from the soil in ammonia and nitric form, and 
convert it through amination and 
transamination reactions in protein substances 
(Borlan and Hera, 1994).  
To optimize the application of mineral 
nitrogen, wheat requirements must be taken 

into consideration, together with the conditions 
provided by the soil (Dincă et al., 2010; Gîdea 
et al., 2015). The exclusive use of chemical 
fertilizers does not reduce the importance of 
manure. The largest gains at harvest are 
obtained from the combined action of chemical 
fertilizers with manure (Obrișcă et al., 2010; 
Criste, 2012).  
 
MATERIALS AND METHODS 
 
Research on organic and mineral fertilization 
for growing winter wheat on reddish 
preluvosoil began in 1991, in the experimental 
field belonging to the Department of Soil 
Sciences from Faculty of Agriculture, 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest, which is 
located at Moara Domnească Farm (Ilfov 
County from South Romania). The present 
paper presents the results obtained in 2014-
2015. Wheat crop was part of a wheat-barley-
sugar beet rotation. 
The two factors experience was organised by 
the split plot method, in three replications with 
factor A - organic fertilization and B - mineral 
fertilization.  
Factor A - organic fertilization included three 
experimental graduations:  a1 - unfertilized; a2 - 


