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Parameters of "yield-irrigation depth" relationship for sunflower grown in the region of Plovdiv 

A.Matev*, R.Petrova 

Department of Melioration and Geodesy, Faculty of Viticulture and Horticulture, Agricultural University,12 Mendeleyev, 4000 Plovdiv, Bulgaria

Abstract. The aim of this work is to establish parameters of relationship “yield-irrigation depth” for sunflower (grown in the region of Plovdiv), using different 
2 2 nequations, as follows: y = ax + bx + c; y = y + 2 (1–y ) x – (1–y )x ; Y = 1 – (1 –Y )(1 – x) . The source data used for the study are from a field experiment, carried 0 0 0 0

out in the region of Plovdiv (Bulgaria) on alluvial-meadow soil, with sunflower hybrid “PR-64-E-83”. Variants of the field experiment are: 1 – without irrigation; 2, 
3 and 4 – irrigation with 50, 100 and 150% of the irrigation rate, determined by optimal variant (pre irrigation soil moisture 75% of FC for the layer 0 – 80 cm). With 
irrigation of 150% the irrigation depth moistens the layer 0 – 100 cm. If the maximum value of relative irrigation depth is 1.000, the relative irrigation depth of the 
other variants is: variant 1 – 0.000, variant 2 – 0.333 and variant 3 – 0.667. The results show that equation /3/ is the most suitable from a mathematical point of 
view and at the same time corresponding well with the biology of the crop. Variations of calculated yields using this equation to experimental yields are from – 
1.6 to + 6.2%. The following parameters are established: n = 3.37 (from 2.34 to 4.67) and R = 0.997 (from 0.986 to 1.000). The representative type of equation 

2 2 /1/ is: Y = 0.586+1.136x–0.726x  by R = 1. Variations of calculated yields using this equation to experimental yields are from – 2.2 to + 9.1%. Under the 
2conditions of this work we calculated yield by a second degree equation: y = y + 2(1 – y )x–(1–y )x  is  always smaller than the experimental with variation from 0 0 0 0

to 16.3% and R=0.974. All established parameters of the relationship "yield – irrigation depth" in this paper are valid by variants with reduction of the irrigation 
rate compared to that calculated for wetting the layer 0 – 100 cm and when irrigations were scheduled by pre irrigation soil moisture 75% of FC for the soil layer 0 
to 80 cm.

Keywords: sunflower, irrigation regime, water deficit, yield, relationship “yield-irrigation depth”
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Introduction Water" by using experimental data from different cultures obtained in 
17 states having dry, semi-dry and humid climates. The authors are 
categorical that the parameters of connection must be defined The growing scarcity of water for irrigation of agricultural crops 
specifically for each region and culture. Varlev (1981) believes that is a prerequisite for searching an economically favorable irrigation 
the presentation of the relationship in absolute values can refer only regime related to saving irrigation water by allowing water deficit with 
to the specific conditions under which it is obtained, i.e. variety minimal loss of yield. The study and establishment of the parameters 
(hybrid), fertilizing, farming practices, soil type, climatic conditions, of the dependence "yield-irrigation depth" allows to specify the range 
etc. The author believes that a significantly greater use of within which we can adjust the irrigation rate without significantly 
dependency can be achieved if the yield and amount of irrigation are affecting the yield.
presented in relative values, offering an equation of the second It is known that sunflower develops a strong root system, by 
grade (Varlev, 1981, 1994, 1999). It also describes an amendment of means of which it can use the available water supply from the deeper 
the relative yield in the range from 0 to 1 and provides sufficient soil layers (120 cm), especially when they are exhausted in the 

2accuracy (R  = 0.86 – 0.99) in 80% of the cases.surface layers (Plaut and Grava, 1999). According to Jaafar et al. 
Since the only parameter required to be used is the relative yield (1993) roots of the plant can reach a depth of 2.18 m at the end of the 

without irrigation, this formula is suitable for design purposes. reproductive period and from the beginning of flowering to its end 
According to Davidov (1982) the relation between yield and amount their depth increased from 1.88 to 2.02 m. According to Stone et al. 
of irrigation can be represented more accurately by a dependent (2002) sunflower exhausted all available soil moisture to a depth of 
variable exponent. With the advancement of computer technology in 3.1 m. The root system of the sunflower reaches a depth up to 1.5 but 
recent years, the relationship between yield and irrigation norm is the major part of water drain of the culture is in layer 0–45 cm (Allen 
represented by many authors as the result of a regression analysis et al., 1998). However, sunflower plants respond very positively to 
of experimental data on yields and their irrigation rates (Kirkova, et irrigation, and according to Berglund (2003) compared to non-
al., 2008; Petrova, 2010; Tzenova et al., 2010; Stoyanova, 2008).irrigated sunflower, yields could rise up to three times. At the same 

The aim of the study is to establish the parameters of the time, insufficient supply of the needs of the plants with water leads to 
relationship "yield-irrigation depth" for sunflower using existing losses, which in according to Grava (1999) are significant even in 
formulas based on the results to assess the accuracy and irrigation with 25% reduction of the irrigation rate if sunflower is 
applicability of each of them for conditions similar to those in which grown on clay soils. In light mechanical composition soils, a 
the present experiment is displayed.significant decrease in yield was observed only in 50% reduction of 

rates. Conducting such experiments allows to obtain the data for the 
relative change in the yield in varying degrees of water supply for the 
plants. Based on these, parameters defining the relationship "yield- Material and methods
irrigation depth" are used to solve optimization problems in terms of 
irrigation regime. In this regard Clumpner and Solomon (1987) To establish the parameters of the dependence "yield-irrigation 
conduct a massive study at the California University of the "Yield- depth" data on the relative yield and relative irrigation depth from a 
* e-mail: sa6_m@abv.bg
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field experiment are used linked to a study on irrigation scheduling of conditions greatly depends on them and the effects of different 
sunflower. The experiment was performed in the period 2006–2010 irrigation rates decrease, and this gives direct impact on the nature 
in the experimental base of Agricultural University, Plovdiv, on of the link "yield-water." Meteorological characteristics of the three 
alluvial-meadow soil. Hybrid PR-64-E-83 was used grown at 0.7m experimental years are made by statistical analysis of long 
row spacing and stand density of 55000 plants per 1ha. sequences of data for the amount of precipitation and air 

Variants relating to this study are: 1) no irrigation; 2) irrigation temperature for the period V – IX (Table 1). Regarding precipitation 
with 50% of the irrigation rate (m), realized in the optimal variant; 3) 2006, 2008 and 2010 are average years. As very damp is 
irrigation with 100% m and 4) irrigation with 150% m. Since the characterized 2007, but at the same time it was extremely dry during 
establishment of the parameters for relationship “yield-water” critical periods of the vegetation of sunflower. With a probability of 
maximum relative irrigation rate (1.000) is that in variant 4, in variant 69.4%, 2009 can be defined as medium dry. In terms of the 
3, it becomes 0.667, in variant 2 – 0.333, while in non-irrigated temperature sum, 2007, 2009 and 2010 are very warm. Very similar 
variant 1, it is 0.000. The time for irrigation is determined on the basis in meteorological terms are 2006 and 2008, this indicator 
of the data available for soil moisture in the layer 0–80 cm at variant characterizes them as medium warm. Under these conditions, 
100% m, while throughout the whole vegetation period it is during the experimental years 2 to 3 irrigations were conducted, 
maintained up to 75% of field capacity (FC). Watering at other generated during bud formation - dispensing of seeds.
variants is given at the same time, having made appropriate Table 2 presents data for realized irrigation rates and obtained 
adjustments to irrigation standards. Irrigation is done by gravity on yields on variants and years, and the corresponding relative values 
short closed furrow. The experiment is according to the block based on which the parameters of the "yield-irrigation depth" are 

2 calculated.method in 4 replications with a size of the experimental plots 30 m , 
2and the harvest – 10m . The results for the yields on variations and 

2 Relationship "yield-irrigation rate" by equation Y = ax + bx + c reps were statistically processed by the software product "BIOSTAT" 
The results of the regression analysis for the experimental data (Penchev, 1988).

are presented graphically by years and average for the whole period The parameters of relationship "yield-irrigation depth" are 
of the experiment, and the approximation of all experimental points established by the following formulas:
together. From a mathematical point of view, this way of expressing The equation of the type:

2 the relationship almost always gives very high accuracy, as in the Y = ax + bx + c (1)
2case (R  varies from 0.986 to 0.999). Not always, the curves where x is the relative irrigation depth, free article с – relative yield 

describe the correct change in yield with increasing or reducing the under non-irrigated conditions and a and b – parameters.
size of the irrigation rate, sometimes curves are concave or the Formula of Varlev et al. (1994), representing an equation of 
calculated maximum yield deviates significantly from the empirical, second grade:

2 etc. In the conditions of this experiment the relationship established Y = Y  + 2(1 – Y )x – (1 – Y )x (2)c c c

by this quadratic equation is quite correct from a biological point of where Y is the relative yield, Y  – yields on non-irrigated variant; x – c

view, since each curve starts from the relative yield under non-relative irrigation rate;
irrigated conditions and reaches a maximum rate around 0.667, Extent formula of Davidov (1982) for the "yield-irrigation depth":

n which in fact corresponds to the optimal (100% m) .Y = 1 – (1 – Y )(1 – x) (3)c
From the data in Table 2 (columns 5 and 6) it is seen that further where Y  is the yield of non-irrigated variant, x – the relation between c

increase of the irrigation rate (variant 4) resulted in no significant 
the reduced and maximum irrigation rate (М/М ), n – exponent.0 change in the yield, and the differences between variants 3, 4 are 

The parameters of the relationship between total production 
statistically unsupported in each occurrence. Only in 2007, the yield 

and irrigation norm established by the method of least squares, as in 
in variant 4 exceeds that in variant 3. According to the curve of the 

formulas 2 and 3 is used a specialized computer program YIELD 
graph, the maximum yield was obtained also at a rate less than the 

(Davidov, 1994), and in equation 1 – through Microsoft Excel, 2003.
maximum. Curves representing simultaneously all experimental 
data and average ones practically match. Equation Y = 0.586 + 

2 2 1.136x – 0.726x  approximates the experimental points with R = 1, 
Results and discussion also the curve presents in a very real way the yields in different 

irrigation rates. This gives reason to consider that the established 
The experimental years are quite different from a dependence is correct, and moistening in depth greater than 80cm 

meteorological point of view, especially in relation to the amount and before irrigation humidity 75% FC is ineffective.
distribution of vegetation precipitation. Yield under non-irrigated 

Table 1. Meteorological factors probability for region of Plovdiv by years (for the period V – IX)

ΣT° – temperature; N – precipitations; Р% – empirical probability of meteorological factors

Factor

ΣT° 3181°C (for period of 93 years)

241.9 mm (for period of 97 years)

°С

P %

mm

P %

3239 3367 3243 3326 3331

12.8

234.3

43.9

13.8

190.2

69.4

35.1

231.0

45.9

9.6

463.2

2.0

36.2

228.0

50.0
N

Average 2006 2007 2008 2009 2010

All experimental years
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Table 3 presents the parameters of the relationship "yield- Relationship "yield - irrigation depth" by equation
2irrigation rate" in sunflower by year and average for the period Y = Y + 2(1–Y ) x – (1 – Y )x  c c c

through the corresponding quadratic equations, at Figures 2 and 3 is This equation is also a square one and with a free article, but 
presented the relationship between the experimental and calculated calculates the parameters of the link between "Total yield-irrigation 
yields at R = 0.989. depth" only in the relative range from 0 to 1 and graphically is always 

The absolute and the relative deviation of the experimental to represented by a convex parabola. In Figure 4 the data points are 
calculated yield are presented in Table 6. plotted as in Figure 1. The same are averaged through Varlev's 

Table 2. Source data for calculating of “Yield-irrigation depth” relationship

M – irrigation depth; Мi/М  – relative irrigation depth; Yi/Y  – relative yield;0 0

Variant Year

GD,
-1kg.ha

Yield,
-1 kg.ha

Yield,
-1 kg.haYear

M,
mm

M,
mm

1

1

2

3

4

1

2

3

4

1

2

3

4

0.0

120.0

240.0

360.0

0.0

134.9

268.7

403.6

0.0

123.6

246.9

370.5

2006

2007

2008

2009

2010

0.000

0.333

0.667

1.000

0.000

0.333

0.667

1.000

0.000

0.333

0.667

1.000

1576

1985

2303

2234

2057

2680

3019

2944

2071

3597

4074

4072

0.705

0.889

1.031

1.000

0.699

0.910

1.025

1.000

0.509

0.883

1.000

1.000

0.0

62.3

124.6

186.9

0.0

115.7

231.3

347.0

0.0

111.3

222.3

333.6

0.000

0.333

0.667

1.000

0.000

0.333

0.667

1.000

0.000

0.333

0.667

1.000

1229

1873

2274

2316

1698

2911

3334

3149

1726

2609

3001

2943

0.531

0.809

0.982

1.000

0.539

0.924

1.059

1.000

0.586

0.887

1.020

1.000

2

2006 2007

2008 2009

2010
Average for

2006-2010

Р5%=104; Р1%=140; Р0.1%=186

P5%=200; P1%=277; P0.1%=382

Р5%=246; Р1%=333; Р0.1%=443

Р5%=262; Р1%=353; Р0.1%=471

P5%=246; P1%=332; P0.1%=442

3 4 5 6 2 3 4 5 6

Mi

M0

Mi

M0

Yi

Y0

Yi

Y0

By years Average/total

All experimental data

Average for 2006-2010
2Y = 0.586 + 1.127x - 0.713x
2Y = 0.586 + 1.136x - 0.726x

2R  = 0.920
2R  = 1.000

Relative irrigation depth Relative irrigation depth

Experimental 2006

Experimental 2007

Experimental 2008

Experimental 2009

Experimental 2010

2006

2007

2008

2009

2010

R
el

at
iv

e 
yi

el
d

R
el

at
iv

e 
yi

el
d

0.0 0.0

0.0 0.0

0.1 0.1

0.2 0.2

0.3 0.3

0.4 0.4

0.5 0.5

0.6 0.6

0.7 0.7

0.8 0.8

0.9 0.9

1.0 1.0

1.1 1.1

0.1 0.10.2 0.20.3 0.30.4 0.40.5 0.50.6 0.60.7 0.70.8 0.80.9 0.91.0 1.0

2Figure 1. "Yield-irrigation depth" relationship by years, average and total, using equation: Y = ax  + bx +c
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equation (Varlev et al., 1994). If compared with the curves of the 
previous relationship, we can see that here they are identical in 
nature and their position in the coordinate system depends only on 
the relative yield under non-irrigated conditions. Therefore, it is 
possible for the curve to be caught between the other data points, 
and to represent them correctly (as in 2007), but can be distant from 
them, as in the other years. This is due to the fact that the curve may 
indicate a maximum yield only in the maximum irrigation rate, so that 
for the conditions of this work intermediate empirical points remain 
above the curve. According to the calculated curves, depending on 
the conditions of the year, to give 90% of maximum yield, realization 
of 40–55% of the maximum irrigation rate is necessary. At the rate of 
90%, it reaches values comparable to the maximum, regardless of 
the year conditions.

Table 4 presents the parameters of the relationship "yield-
irrigation depth" by Varlev's square formula. In all three experimental 
years, the correlation coefficient between the experimental and 
calculated yield is very high (R> 0.95). Average and total 
experimental data are represented by the same curve at R = 0.982 
and Y  = 0.587. The chart clearly shows the position of the curve in c

the coordinate system relative to the experimental points. There is a 
significant difference in comparison with the curve of Figure 1, for the establishment of the "yield-irrigation rate" in a case like this, 
although in both cases it is a squared relationship, determined on the where the maximum relative irrigation rate exceeds substantially the 
basis of the same experimental points. Figure 5 also shows clearly biologically optimal one and when it does not lead to a further 
visible differences between the experimental and calculated yields increase in yield. In this case, the high coefficient of correlation does 
in this formula, the relationship between them is shown in Figure 6 not appear to show a good match between the experimental and 
with a correlation coefficient R = 0.974. calculated yields.

The results obtained by this equation show that it is not suitable 

2Table 3. Parameters of relationship “yield-irrigation depth” for sunflower by equation: Y = ax  + bx + c

Year Year 

2006

2007

2008

2009

2010

average

0.999

0.994

1.000

2Y = 0.539 + 1.465x – 1.007x   
2Y = 0.509 + 1.344x – 0.860x   
2Y = 0.586 + 1.136x – 0.726x   

2Y = 0.705 + 0.769x – 0.467x   
2Y = 0.531 + 1.050x – 0.578x   
2Y = 0.669 + 0.831x – 0.528x   

0.986

0.999

0.998

Equation Equation 2R 2R

1.10

1.05

1.00

0.95

0.85

0.80

0.75

0.70

0.65

0.60

0.55

0.50

R = 0.989

Experimental

Calculated

All variants and years

R
el

at
iv

e 
yi

el
d

2Figure 2. Experimental and calculated yields for all variants and years (by equation: Y = ax  + bx + c)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

R = 0.989

All empirical points

Average

1:1

C
al

cu
la

te
d 

re
la

tiv
e 

yi
el

d

Experimental relative yield

Figure 3. Relationship “experimental-calculated
2yield” by equation: Y = ax  + bx + c

2Table 4. Parameters of relationship “yield-irrigation depth” for sunflower by equation: Y = Yc + 2(1 – Yc)x – (1–Yc)x

Year Year 

2006

2007

2008

2009

2010

average

0.958

0.978

0.982

2Y = 0.539 + 0.922x – 0.461x
2Y = 0.509 + 0.982x – 0.491x
2Y = 0.587 + 0.826x – 0.413x

2Y = 0.706 + 0.588x – 0.294x
2Y = 0.531 + 0.938x – 0.469x
2Y = 0.699 + 0.602x – 0.301x

0.983

0.998

0.981

Equation Equation R R
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Relationship "yield- irrigation rate" by equation is due to the high relative yield in the intermediate variants (2 and 3). 
nY = 1 – (1 – Y )(1 – x) The curve approximating the average experiment scores is c

governed by an equation having the exponent n = 3.37 and a The principle of calculation of the exponent equation by 
coefficient of correlation R = 0.997. According to it, the yield Davidov is similar to that in the previous equation, but here the 
increased rapidly to rate 0.333, reaching 90% of the maximum. In the variable exponent allows substantially to increase the accuracy of 
range from 0.333 to 0.667 it moderately increased by about 10%, i.e. approximation, as demonstrated in this paper. On Figure 7 results 
the maximum yield is reached at a rate of 0.667, then the same are presented by year, average and total for the five years period, 
remains relatively constant. According to the results of the analysis and in Table 5 – the specific parameters of the relationship.
of variance (Table 2), whereby differences between the yield rate at In the conditions of the experiment, the exponent of the 
0.667 and 1.000 were not statistically proven, it can be assumed that equation varies from 2.34 to 4.67 (average 3.37), at very high 
the curve is correct and accurately reflects the maximum change in coefficient of correlation. (R> 0.98). In support of the review made on 
the yield with the increase of the irrigation rate.the usability of the previous equation values of the exponent "n" are 

On Figure 8 the experimental and calculated yields for all obtained, which in all cases is greater than 2 (from 2.34 to 4.67). This 

Figure 4. "Yield-irrigation depth" relationship by years, average and total, using equation:
2Y = Yc + 2(1 – Yc)x – (1 – Yc)x

0.0 0.00.1 0.10.2 0.20.3 0.30.4 0.40.5 0.50.6 0.60.7 0.70.8 0.80.9 0.91.0 1.0

1.1
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0.8
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0.6
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0.2

0.1

0.0

R
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el
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R
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at
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e 
yi

el
d

By years Average/total

Relative irrigation depth Relative irrigation depth

All experimental data for 2006-2010
Average for 2006-2010
calculated

Experimental 2006
Experimental 2007
Experimental 2008
Experimental 2009
Experimental 2010

Calculated 2006
Calculated 2007
Calculated 2008
Calculated 2009
Calculated 2010

Figure 5. Experimental and calculated yields for all variants and years by equation:
2Y = Yc + 2(1 – Yc)x – (1–Yc)x

1.15

1.05

0.95

0.85

0.75

0.65

0.55

0.45

Experimental

Calculated

All variants and years

R
el

at
iv

e 
yi

el
d

R = 0.974

nTable 5. Parameters of relationship “Yield-irrigation depth” for sunflower by equation: Y=1–(1–Yc)(1–x)

Year Year 

2006

2007

2008

2009

2010

average

0.992

1.000

0.997

4.67Y = 1 – 0.539(1 – x)
3.60Y = 1 – 0.509(1 – x)
3.37Y = 1 – 0.587(1 – x)

2.75Y = 1 – 0.706(1 – x)
2.34Y = 1 – 0.531(1 – x)
3.25Y = 1 – 0.699(1 – x)

0.986

0.999

0.993

Equation Equation R R
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variants and years are plotted, and Figure 9 shows the relationship 
between them at R = 0.995.

In Table 6 are plotted absolute and relative deviations of the 
experimental to the calculated yields for each of the three formulas 
used. Despite the high values of R in each case, the deviations in the 
results are due more to the specificity of the equation rather than 
other external factors such as the weather over the years, 
requirements of sunflower to the environmental conditions, etc. For 
example, in the following use of the first equation, the most 
significant deviations are in 2006, the second equation deviates only 
by the sign "+" and they are well expressed in all experimental years, 
and in equation 3, differences are greater in the first, third and fourth 
years at the variant with rate 0.667. The smallest deviations are in 
the exponent dependence of Davidov (from -1.6 to 6.2%), followed 
by the regression equation (1) – from -2.2 to 9.1%. The most 
substantial are the deviations in the use of the quadratic equation by 
Varlev et al. (1994) (from 0 to 16.3%).

All established parameters of the relationship "yield - irrigation 
depth" in this paper are valid for the conditions under which the 
experiment was conducted and variants for reducing the irrigation 
rate compared to that calculated for moistening the layer 0 – 100 cm 

Table 6. Variation of the calculated yield compared with experimentally established

Yield variation by used equations

Equation 1
Variant 

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

+ 1

+ 21

+ 180

+ 185

– 1

– 18

+ 18

– 7

– 1

– 20

+ 21

– 6

+ 1

+ 29

– 30

+ 9

– 2

+ 90

– 91

+ 29

+ 1

+ 8

– 3

+ 12

+ 0.1

+ 1.0

+ 8.5

+ 9.1

– 0.1

– 1.0

+ 0.8

– 0.3

+ 0.0

– 0.7

+ 0.7

– 0.2

+ 0.0

+ 1.0

– 0.9

+ 0.3

– 0.1

+ 2.6

– 2.2

+ 0.7

+ 0.1

+ 0.3

– 0.1

+ 0.4

0

+ 44

+ 142

0

0

+ 41

+ 79

0

0

+ 131

+ 173

0

0

+ 408

+ 346

0

0

+ 415

+ 224

0

0

+ 207

+ 193

0

0.0

+ 2.3

+ 6.6

0.0

0.0

+ 2.2

+ 3.6

0.0

0.0

+ 5.1

+ 6.1

0.0

0.0

+ 16.3

+ 11.6

0.0

0.0

+ 13.0

+   5.8

0.0

0.0

+ 8.6

+ 6.9

0.0

0

– 33

+ 101

0

0

– 22

+ 41

0

0

– 26

+ 100

0

0

– 19

+ 194

0

0

– 9

+ 40

0

0

– 23

+ 85

0

0.0

– 1.6

+ 4.6

0.0

0.0

– 1.1

+ 1.8

0.0

0.0

– 1.0

+ 3.4

0.0

0.0

– 0.7

+ 6.2

0.0

0.0

– 0.3

+ 1.0

0.0

0.0

– 0.9

+ 2.9

0.0

Year

2006

2007

2008

2009

2010

Average

R 0.989 0.974 0.995

-1± kg.ha -1± kg.ha -1± kg.ha± % ± % ± %

2Y = ax  + bx + c 2Y=Y +2(1 – Y )x – (1 – Y )xc c c

nY=1 – (1 – Y )(1 – x)c

Equation 2 Equation 3
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Figure 6. Relationship “experimental-calculated
2yield” by equation: Y=Yc+2(1–Yc)x–(1–Yc)x
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when irrigations were scheduled when soil moisture reaches 75% 
FC  in soil layer from 0 to 80 cm.

Conclusions

In the conditions of the experiment the relationship "yield - 
irrigation depth" is successfully expressed by the quadratic equation 

2Y = 0.586 + 1.136x – 0.726x , which averages experimental points at 
2 R = 1, and the deviations between the experimental and calculated 

2 yields using equation of the type Y = ax + bx + c vary in a relatively 
narrow range of 2.2 to 9.1%.

2Using the equation Y = Yc + 2(1–Y )x – (1–Y )x  is not c c

recommended for interpreting the relationship "yield - irrigation 
depth" when maximum yield is reached at a rate significantly lower 
than the maximum, as the calculated yields are lower than the 
experimental ones. Relative deviations are 0 to 16.3% with R = 
0.974.

The relationship between the yield and  irrigation depth is most 
accurately expressed through the exponent dependence of the type 

nFigure 7. "Yield-irrigation depth" relationship by years, average and total, using equation: Y=1–(1–Yc)(1–x)
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n Ohrid, Republic of Macedonia,Y = 1 – (1 – Y )(1 – x) , having ranges of the exponent "n" from 2.34 to c

http://www.balwois.com/balwois/administration/full_paper/ffp-4.67, and the correlation coefficient R – from 0.986 to 1.000. The 
1066.pdf.relative deviations of the experimental compared to the calculated 
Penchev E, 1988. Assessment of productivity and quality indicators yields were in the range from 1.6 to 6.2% for R = 0.995.
for wheat with mathematical models. Thesis for PhD (Bg).All established parameters of the relationship "yield-irrigation 
Petrova V, 2010; Evaluation of the meliorative effects on water and depth" in this paper are valid for variants with reducing the irrigation 
thermal regimes at crops for soybeans and wheat, Thesis for PhD, rate compared to that calculated for moistening the layer 0 – 100cm 
Sofia, (Bg).and when irrigations were scheduled with humidity 75% of FC in the 
Plaut Z and Grava A, 1999. Response of Sunflowers to Quantities of soil layer 0 to 80 cm.
Irrigation Water, Irrigation Regimes and Salinities in the Water and 
Soil. Journal of Crop Production: agricultural management in global 
context, 2, 2, 299-315.
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