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Abstract       The research was carried out in the Iarac forestry nursery in the 
Iuliu Moldovan Forest District during 2011-2013, on an alluvial soil (the 
vertical-gleyed subtype). The placement of the sample plots was carried out 
according to the parcel in two repetitions, and the surface of a parcel was 450 
m

2
. 

The present paper displays the results obtained after the sprinkler irrigation, 
when we determined the quantity of water spread by the 6 sprinklers on a 
15m-radius, placed on the direction of the cardinal points.  
The purpose of the research was to observe the correlation between the 
qualitative work indexes of the sprinkling devices, by spreading a uniform 
quantity of water on the entire surface and the maintenance of an ecological 
balance of cultivation of the saplings in the forestry nursery.   
In a close connection with the purpose stated, the paper also focuses on the 
study of the work indexes of the sprinklers used in forestry nurseries, among 
which the most important is the uniformity of sprinkling.  
The main means used for the improvement of sprinkling uniformity are the 
following: the usage of sprinklers with a small radius of sprinkling, having 
correct pluviometric curves; the correct placement of sprinklers on the terrain, 
according to the schemes of work recommended; avoiding to water when the 
speed of the wind surpasses the speed limit established for the sprinklers 
used. 
Another major source of non-uniformity of the watering through sprinkling is 
represented by the influence of the wind. The wind deforms the circular form 
of the surface sprinkled, which becomes a more or less normal ellipsis and a 
more or less flattened ellipsis, according to the uniformity and intensity of the 
wind.    
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The condition of a uniform distribution of the 

water on the terrain is determined with the aid of an 

index of sprinkling uniformity. The condition of a 

minimum loss of water through surface leaking and the 

condition that the watering does not worsen the 

properties of fertility of the soils, through the 

deterioration of the soil (the formation of the crust) or 

through erosion are determined with the aid of an index 

of uniformity.      

The uniform distribution of the sprinkled 

water on the surface of the soil is a technical element 

of great importance in the choice of the type of 

sprinkler and watering schemes. The quality and load 

of watering, but also the production rate obtained 

through irrigation depend on a great extent to the 

modality of distribution of the water on the terrain.  

The condition of a minimum loss of water 

through evaporation during watering is determined 

through the index of the fineness of the rain. The same 

index serves together with the index of intensity for the 

appreciation of watering from the point of view of the 

formation of the crust and of the mechanical effects of 

the water on the tissues of the irrigated plants. [1, 17]  

At sprinkling, the uniformity of distribution of 

the irrigated water is sometimes quite reduced as a 

result of some causes: Uniform distribution of the 

height of the rain across the radius of sprinkling. Not 

even the most efficient sprinklers can distribute 

uniformly, and as a result the circular surface watered 

by a sprinkler has the form of a concentric zone more 

or less differentiated according to the characteristics 

and functioning state of the used sprinkler.   
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In order to diminish the negative effect of the 

wind and to improve the uniformity of the sprinkling, it 

would be good to reduce the distance between 

sprinklers on the wing of sprinkling according to the 

speed of the wind. [2, 18]  

The height of the sprinkler at 0.50 m when the 

wind blows is more favourable than at 1.50 and the 

stability to wind of the jet increases together with the 

size of the nozzle. Uniformity of watering depends on 

the speed of the wind and its direction, and also on 

some technical characteristics of the sprinklers, height 

of placement, etc. [3, 19] 

While modifying the schemes, we must take 

into consideration the speed of the wind at the height of 

the sprinkler. The wings are placed as possible 

perpendicularly on the dominant wind and the 

sprinklers at the height of 40-60 cm above the soil in 

order to avoid the turbulence of the wind which is 

formed immediately on the soil. [4, 20]  

On the basis of the different indexes found in 

the specialty literature, we acknowledge the limit speed 

of the wind at 5m/s, bigger speeds being prohibitive for 

the sprinkling. At a wind speed of 1.5-5m/s, one needs 

special schemes of placement of the sprinklers. At 

wind speeds less than 1.5m/s, the influence of the wind 

is considered to be insignificant for the uniformity of 

the sparkling. [5]   

Knowing the technical elements of the 

watering (schemes of watering, intensity of the rain, 

duration of watering, fineness of the rain, uniformity of 

the sprinkling) creates the premises necessary for the 

application of a uniform watering, the correlation of 

the intensity of the rain with the speed of infiltration of 

the water in the soil, but also possibility of appreciation 

of the quality of watering. [6] 

An ideal sprinkler must accomplish an 

intensity whose value grows continuously, with smaller 

values from the periphery of the jet towards the 

sprinkler. These types of sprinklers ensure a good 

uniformity of watering when the work schemes are 

established judiciously, according to the distribution of 

the intensity on the radius. [7]  

The intensity and the uniformity of watering 

are in a large extent influenced by the work pressure 

and the nozzle used. Thus, when the sprinkler functions 

at a too low pressure, it produces too big drops and an 

un-uniform distribution of the water. When the 

pressure is too high, the jet of the sprinkler is 

pulverized in smaller drops which are distributed 

around the sprinkler. [8, 9, 10, 11,12] 

Thus, the present research had as a purpose 

the study of the possibility of introducing in the 

exploitation other types of sprinklers, adaptable to the 

requirements of the cultures and soils in question. The 

scope of the paper is to analyse the water distribution 

in sprinkler block-diagrams.  

 

Material and Methods 
 

The research was carried out in the Iarac 

forestry nursery (figure 1) in the Iuliu Moldovan Forest 

District (Arad County Branch) during 2011-2013, on 

an alluvial soil (the vertical-gleyed subtype). At the 

time when the measurements were taken, the 

meteorological conditions were: temperature of 24
o
 C; 

wind speed of 2 m/s; total nebulosity: 4; and relative 

humidity 49. The placement of the sample plots was 

carried out according to the “divided parcels method” 

in two repetitions, and the surface of a parcel was 450 

m
2
.

 

 

 
Fig. 1. The placement of the Iarac nursery 
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The present paper displays the results obtained 

after the sprinkler irrigation, when we determined the 

quantity of water spread by the 6 sprinklers on a 15 m-

radius, placed on the direction of the cardinal points. 

The determination of the uniformity of sparkling by 

measuring the quantity of water sprinkled, which is 

collected in pluviometers, placed after a certain rule on 

the watered surface. In the case of the determination of 

the uniformity of sprinkling of an isolated sprinkler, 

the pluviometers are placed at equal distances of 1-2 m, 

on a radius, in conditions of atmospheric calmness or 

on four radiuses, in a cross, if windy.  

In the case of the determination of the 

uniformity of sprinkling under a wing of rain, it is 

necessary to use a greater number of pluviometers, 

placed on two perpendicular directions, under the form 

of a grid.   

Thus, we can produce a regular geometrical 

platform, having the width equal with the distance 

between two neighbouring sprinklers, and the length 

equal with the distance between the two neighbouring 

wings of rain.  

The graphic of the isohyet is made by uniting 

the points which have the same collected quantity of 

water in the pluviometers. With the circle watering, the 

isohyets appear under the form of a concentric curve. 

In order to determine the quantity of water distributed 

from the sprinkler to the surface of the soil, we placed 

pluviometers at each meter on two diagonals (cardinal 

points), until the distance of 15 m, thus registering the 

quantity of water distributed, in mm or l/m
2
.  

In order to synthesized more efficiently the 

data and to describe more accurately the intrinsic 

characteristics of the sample, we proceeded to the 

statistical processing with the aid of the KyPlot 

program. 

Thus, we established two surfaces for the 

sampling of the observational data, in a rectangular 

form, with a 450 m
2
 (30 x 15 m) surface, among which 

one was the witness sample –the un-irrigated soil, and 

the other surface suffered successive modifications 

through the sprinkler irrigation. At each surface, we 

sampled 60 primary data, placed on the direction of the 

cardinal points (N, S, E, W) for each of the six 

sprinklers henceforth abbreviated (A1…A6).  The 

distribution scheme of the sprinklers and pluviometers 

for the determination of sprinkling uniformity is given 

in Figure 2 and Figure 3. 

 

 

 

 

 

 
 

Fig. 2. The arrangement reciprocal of coverage area without sprinklers 
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Fig. 3. The arrangement sprinklers in areas of reciprocal coverage 

 

 

Radial basis function interpolation: 

Radial basis function (RBF) interpolation 

consists in finding the coefficients,
),...,( 1 n 

, 

for a base of radial functions and the coefficients, 

),...,( 1 lccc 
, for a set of fitting polynomial, 

},...,{ 1 lppp 
, so that this interpolation function 

)(xs
defined below. [13] 
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The thin plate radial function, 

 rrr ln)( 2  , was chosen for the studied case. 

These conditions, under the matrix form, can be written 

the following form. [14] 
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generated equations system has the solution given by. 

[15]  
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.         (5) 

First step involves a 1D RBF interpolation of 

the radial distribution of the water density over five 

measured points (the last one is the same as the first). 

[16]  

This kind of interpolation was done with a 1m 

radial resolution and 1deg. angle resolution (see Figure 

4). The 3D representation of all radius and angle range 

RBF radial interpolation is presented in Figure 5.

 

 

(1) 

(2) 

(3) 

(4) 
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Fig. 4. RBF 1D radial interpolation of the water density–example for one radius over the entire angle range 

 

X Y, Z, ( )

 

Fig. 5 3D representation of all radius and angle range RBF radial interpolation of the water density distribution 

 

The block-diagram consists in a geometric 

multiplexing of multiple sprinkler water distribution, 

so we need to assess the water density distribution in 

3D cartesian coordinates. The solution is to built up the 

3D RBF cartesian interpolation (see Figure 6).
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Fig. 6 Result of 3D RBF cartesian interpolation of the water density distribution 
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Results and Discussions 
 

The quantity of water distributed by the six 

sprinklers included in the experiment is presented 

through average values in Table 1, at distances from m 

to m on a 15 m- radius, placed on the direction of the 

cardinal points. 

 Table 1  

Average values of the sprinkling uniformity in connection  with the cardinal points 
Distance from 

 the sprinkler, m 

Average values in connection with the cardinal points, mm 

 North  East  South West 

1 7.50 7.00 6.88 7.40 

2 5.75 6.43 5.28 5.77 

3 5.48 5.48 5.57 5.90 

4 5.52 6.22 4.75 4.32 

5 5.13 5.62 4.45 3.73 

6 5.30 5.38 4.77 3.43 

7 6.00 4.63 4.55 3.53 

8 5.12 3.63 4.22 3.63 

9 4.30 2.40 3.38 2.77 

10 4.15 1.58 2.05 2.40 

11 2.12 0.88 1.35 2.03 

12 1.52 0.40 0.92 1.47 

13 0.68 0.28 0.52 0.90 

14 0.32 0.15 0.28 0.35 

15 0.23 0.12 0.20 0.27 

 

Analyzing the average values from the table 

below, we could observe the presence of some optimal 

values of the water accumulated in pluviometers, after 

the sprinkling, up to an 8m-distance; on this radius, the 

quantity of water accumulated presents quite big 

variances because of the speed of the wind or the 

functioning of the sprinkler.  

This is particularly important because it 

provides information about the optimal distance 

between sprinklers in order to comply with the initial 

condition that the entire surface to distribute the same 

amount of water. 

In Figures 7 (3D and 2D view) is presented 

cartesian interpolation of sprinklers sprayed water 

distribution 2 and 3 – real case. Figures 8 (3D and 2D 

view) presents cartesian interpolation of parabolic 

regression case of sprinklers sprayed water distribution 

2 and 3. The triangle scheme used was not the 

echilateral one, but the 6.5m/7.5m isoscel triangle 

scheme in order to obtain a better uniformity. 

 

 
Fig. 7 The 3D and 2D views of overlapping sprinklers wings (6.5m/7.5m) to a minimum quantity of 4.455l/m

2
 of water 

inside the triangle display 

 
Fig. 8 The 3D and 2D views of parabolic regression of sprinklers wings (6.5m/7.5m) to a minimum quantity of 

4.461l/m
2
 of water inside the triangle display 
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The results obtained are given in Table 2 for 

the average values of uniformity of the sprinkling in 

connection with the cardinal points, so that we could 

emphasize the variance of the quantity of water 

distributed by the sprinkler and accumulated in 

pluviometers at the surface of the soil.

   

 

Table 2  

Variance of some statistical indexes of the average values of sprinkling  

uniformity in connection with the cardinal points 

Cardinal  points 

Statistical  indexes 
 North  East South West 

Mean 3.94 3.35 3.28 3.19 

S.E.M. (Average standard error) 0.60 0.67 0.57 0.54 

Standard deviation 2.34 2.61 2.19 2.08 

Coefficient of variation 0.59 0.78 0.67 0.65 

Minimum 0.23 0.12 0.20 0.27 

Maximum 7.50 7.00 6.88 7.40 

The number of feature values (N) 15 15 15 15 

Skewness -0.46 -0.03 -0.15 0.38 

Curtosis -1.14 -1.64 -1.34 -0.59 

Mean Deviation 2.12 2.52 2.05 1.74 

Median 5.12 3.63 4.22 3.43 

Range 7.27 6.88 6.68 7.13 

Confidence Level(0,95) 1.29 1.45 1.21 1.15 

Lower Confidence Limit 3.34 2.67 2.71 2.66 

Upper Confidence Limit 4.55 4.02 3.84 3.73 

 

In Figures 7 and 8, there is presented a 

horizontal plane that has been intersected at 4 l/m2, as 

being the value for water distribution, in order to obtain 

the minimum humidity for the plants. 

Then, the difference between the actual 

volume and the one calculated by parabolic regression 

has been done, thus, achieving the volume compared to 

the regressed one. (see Figures 9 and Figure 10).

 

 
Fig. 9 The 3D view of water density in real and parabolic regression cases of sprinklers wings (6.5m/7.5m) 
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Fig. 10  The 3D view of water density difference between real and parabolic regression of sprinklers wings (6.5m/7.5m) 

 

Therewith, for these volumes their planar area 

was determined, in order to achieve the average water 

densities for the positive (above), negative (under) and 

total cases (Table 3). 

  

    

Table 3 

Differences between sprinkled water in the real and regressed cases 

Water Volumes (litres) Planar areas (sqm.) 
Water density 

(l/sqm.) 

Positive Volume [Cut] 10160.64 Positive Planar Area [Cut] 12277.57 0.828 

Negative Volume [Fill] 1089.73 Negative Planar Area [Fill] 3657.49 0.298 

Total Volume 70376.77 Total Planar Area 15935.06 4.416 

 

When watering through aspersion, the 

uniformity of distribution of the water for irrigation is 

rather reduced because of some definite causes. One of 

the causes for the lack of uniformity of the water on the 

irrigated terrain through sprinkling is the watering of 

the sprinklers on circular surfaces. For the integral 

coverage with rain of the terrain, the circular surfaces 

must overlap in a smaller or greater extent according to 

the distribution scheme of the sprinklers. In conditions 

of correct placement of sprinklers on the terrain, the 

surface watered twice varies between 15 and 33%. 

Another cause which influences the 

uniformity of sprinkling is the functioning of a 

sprinkler. It is obvious that the water jet, even at the 

improved sprinklers cannot be distributed in an 

absolute uniformity on all its length. That is why the 

circular surface watered by a sprinkler appears, from 

the point of view of the uniformity of sprinkling, under 

some concentric zones, more or less differentiated 

according to the characteristics and functioning state of 

the sprinkler used.  

With the sprinklers of lower quality, the water 

is distributed very non-uniformly across the jet, the 

largest quantity of water falling at the periphery of the 

circular surface, while around the sprinkler there are 

minimal quantities of water. By overlapping the 

circular surfaces, the non-uniformity of sprinkling is 

amplified even more particularly in the zones with the 

biggest quantities of sprinkled water. 

At the improved sprinklers, small quantities of 

water are distributed at the periphery of the circular 

surfaces. Thus, by overlapping the circular surfaces, we 

could ameliorate the uniformity of sprinkling. The 

uniformity of distribution of the sprinkler is best given 

with the aid of a pluviometric curve.  

Another major source of non-uniformity of 

the watering through sprinkling is represented by the 

influence of the wind. The wind deforms the circular 

form of the surface sprinkled, which becomes a more 

or less normal ellipsis and a more or less flattened 

ellipsis, according to the uniformity and intensity of the 

wind.  

The irrigation scheme specifies the distance 

between the wing sprinklers (d1) and the distance 

between two successive positions of an irrigation wing 

(d2). According to the d1 and d2 values and to the 

position of the sprinklers on two adjacent wings, 

irrigation schemes can be square, rectangular or 

triangular. 

The simplest and most commonly used 

schemes are square and rectangular. The rectangular 

scheme is also recommended for areas where winds 

have an established direction, in which case it is 

advised that the long side of the rectangle be placed 

parallel to the direction of the wind. If the wind is 

parallel to the irrigation wing, the distance between 

irrigation wings will be reduced so as not to leave any 

dry surfaces.  
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The triangular scheme supposes d1=d2, but 

the first sprinkler is placed alternatively at a distance of 

d1/2 and d1 on the irrigation wings. This layout is 

more complicated, so the triangular scheme is used on 

a small scale, although it does ensure a coefficient of 

uniformity greater than in the other two methods of 

installing sprinklers.  

When establishing the irrigation schemes the 

d1 and d2 distances between the sprinklers will be 

chosen so that they represent 60–65% of the irrigated 

diameter. In windy conditions, the degree of 

overlapping will increase along with the wind speed, so 

as not to reduce the watering uniformity.  

In the specialized literature is referred to 

minimum amount of water sprayed crop's needs, 

ranging from 2-6 mm / h depending on soil texture and 

crop species.  

 

Conclusions 
 

This method had higher accuracy in 

estimating irrigation uniformity parameters compared 

with conventional methods, as it considered all catch-

cans’ data and their positional information in 

estimating water depths on a two dimensional grid. 

Distribution maps of water depth could also be 

generated from a limited number of observation data 

points by interpolation. Spatial water and/or nutrient 

application distribution maps are often required in 

management and evaluation of sprinkler irrigation 

systems. 

The average density of 4.16 l/m
2
, for the 

entire wetted surface it can be notified from table 3, a 

density of 0.298 l/m
2
 is prescribed as being below this 

average density in light colored areas in Figure 9 and 

negative density areas in Figure 10.  

Nevertheless, the real water minimum density 

is 4.455 l/m
2
, which indicates that the areas with 

negative water density differences from the parabolic 

regression case do not have values below the minimum 

of 4 l/m
2
. 

In the present state, irrigation must satisfy 

both the requirements to ensure increased productions, 

but also to comply with the conditions of 

environmental protection (the prevention of the 

processes of soil erosion, the deterioration of soil 

properties, and the drive of chemical fertilizers in the 

soil).  

At trials, we established that the pressure 

losses on the lateral pipes lead to a situation in which 

the spraying radii are lower than the central sprinkler 

so that the scheme with an equilateral triangle may be 

compromised if the pressure losses are not reduced at 

the lateral sprinklers. 
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