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Abstract: The profitability and efficiency of farming economies achieved by introduction of advanced 

agricultural methods during two years, in particular, the increase in the productivity of soil with the use of 

advanced manure, treated in biogas facilities, the increase in the productivity of degraded and low-productive 

agricultural lands (exchange of seeds, introduction of new cultures, drainage etc.) and soil erosion prevention 

techniques were investigated by application of the methods of mathematical statistics to the obtained results. 

High profitability, efficiency and economic justification of these methods are shown as a result of this 

investigation.   

Keywords: Farming economy, Advanced agricultural methods, Soil productivity, Soil erosion prevention, 

Advanced manure, Environment pollution.  

Abbreviations: IDA - International Development Association; GEF - World Fund of the Environment 

Protection; N – nitrogen; P - mobile phosphorus; K  - exchangeable potassium; NPK – fertilizers. 

 

With the support of the World Bank, the International Development Association (IDA) and the World 

Fund of the Environment Protection (GEF) the introduction-dissemination of advanced and profitable 

agricultural methods was realized in Georgia by the following means: 1) the introduction-dissemina-

tion of the achievements of scientific-technical progress and advanced technologies in farming 

economies; 2) the development of selected priority direction by the support of reforms of the research 

system, introduction-consultation and training; 3) the reduction of pollution of the environment and 

the Black Sea basin with agricultural cattle-breeding waste; with this purpose, the demonstration-

introduction of manure storehouses and biogas facilities of improved design; 4) realization of the 

monitoring of pollution levels of soil, groundwater and rivers. 

We established the cause and effect dependences of the results of the subprojects realized in the scope 

of the Environmental Pollution Reduction Program (as was mentioned above and other similar 

subprojects, executed with coordination of the Georgian Agriculture Development Project 

Coordination Center and pollution levels of the environment and developed the recommendations for 

improving the practice of the use of less harmful technologies for the environment. The above was 

realized based on the processing of numerical data of the environment monitoring and other 

subprojects using the methods and means of mathematical statistics and data analysis. 

1. MATERIALS & METHODS 

1.1. Improvement of Fertility of Degraded and Low-Productive Agricultural Lands using 

Advanced Agricultural Technologies 

To achieve the aims listed in the introduction, the following subprojects were realized during two 

years within the scope of the projects: 1) The increase of the productivity of soils using advanced 

manure processed in biogas installations (totally 8 sub-projects; Priority I); 2) The increase of produc-

tivity of degraded and low-productive agricultural lands (exchange of seeds, introduction of new 

cultures, drainage etc.) (totally 17 sub-projects; Priority II); 3) Introduction of soil erosion prevention 

techniques (terracing, contour ploughing, expansion of buffer zones etc.) (totally 19 subprojects; 
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Priority III). The duration of some subprojects was one year, and others – two years. The time interval 

of execution of each project was divided in tranches. Each tranche covered half a year.  

The analysis of numerical information that reflected the results of subprojects was carried out by 

means of both modern methods and means of data processing and visualization of the obtained 

results. Among them there were used both a program package of processing of statistical information 

SPSS and an applied software package of processing of experimental information - SDpro created 

under the guidance of the author of the present work [1, 2].  

1.2. Improvement of Soil Fertility and an Increase in Soil Productivity  

For establishment of the fact of the increase of soil fertility by means of measures taken in the subpro-

jects, we realized the comparison of the spring and autumn contents of hydrolysis nitrogen (N), 

mobile phosphorus (P) and exchangeable potassium (K) in the soils using two-year data.  For this 

purpose, we used a non parametric method of comparison of two sets of observations, in particular, 

Wilcocson’s test [3].  

The content of the mentioned elements in the fields enclosed in one of subprojects of Priority I is 

given in Table 1. The results of processing are given in Appendix 1. From here, it is seen that the 

content of hydrolysed nitrogen in the spring of the first year exceeds its content in the autumn of the 

same year, and the content of nitrogen in the autumn of the first year is less than the spring content of 

the second year. The contents of the considered ingredient in soil in the springs of both years are 

similar, they are also similar in the autumns of these years, but the autumn contents are less than the 

spring contents. The contents of mobile phosphorus in the soils in the springs of the first and of the 

second years are similar and exceed the content in the autumn of the first year. The contents of 

exchangeable potassium in soil in the springs of the first and the second years and in the autumn of 

the first year are similar, but the second-year autumn content exceed the first-year autumn content. 

Finally, regarding to the soil fertility, we conclude that the contents of plant micronutrients in the 

fields enclosed by the subproject, changes as follows: the content of micronutrients in the springs of 

both years exceeded the autumn contents of appropriate years, but the content of mobile phosphorus 

and of exchangeable potassium in the autumn of the second year exceeded the autumn content of the 

first year, and the content of hydrolysed nitrogen in the autumn are similar. The above indicates on the 

sufficient efficiency of the measures realized by farmers.        

The results of analysis of data of other subprojects of Priority I allow us to make the same conclusions 

in principle.   

The content of nitrates in citrus, maize and potato crops grown on the basic and control fields are 

given in Table 1. From here it is seen that the contents of nitrates in the cultures grown on the basic 

fields are less than those in the same cultures grown on the control fields. In particular, in the citrus 

crop, this value is less by a factor of 1.26, in the maize crop – by 1.5, in the potato crop – by 1.09 on 

the average. In comparison with the previous year, the content of nitrates in the maize reduced 2.5 

times on the average, in the potato – 1.09 times, and in citruses – 1.24 times. 

The average productivity of the maize in the first year of the project increased by 16% in comparison 

with the previous years by using advanced manure, and the average productivity of citruses – by 20% 

on the average. In the second year of the project, in comparison with the first year, the average 

productivity of the maize increased by 5-6%, citruses – by 12-14% on the average and vegetables – by 

20%.  

The amount of fertilizers used in the fields of 8 farmers, with total area 5.7 ha, reduced by 4.5 ton in a 

year.  

1.3. Correlation Analysis 

A complete correlation analysis allows us to establish whether there exist both linear and nonlinear 

ratios among the subsets of investigated parameters on the basis of observation results, noised 

(distorted) by random factors [4, 5] and the methods of regression analysis allow us to restore 

quantitatively these ratios at their existence [6, 7].  

Based on the investigation of the dependences of the harvests of maize and tomato on the content of 

nutrients in the soil of the fields of one of subprojects of Priority I, we can infer the following.                                                                                    
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Table 1. The results of projects of the increase of the productivity of degraded and low productive agricultural 

fields. 

Soil productivity definition 

   
 
Phase I 

 
Phase II 

 
Phase III Phase II 

   

The 
area, 
ha 

April, first year October, second year April, first year October, second year 

The place of 

taking the 
samples 

Sam

ple’s 
# 

The 

culture 

N P K N P K N P K Nitrates content 

definition into basic 
cultures  
  

  

 Hydro 
lysed 
nitrog
en 

mobi
le 
phos 
phor
us 

Exchan 
geable 
potassi
um 

 Hydr
o 
lysed 
nitrog
en 

mobi
le 
phos 
phor
us 

Exchan 
geable 
potassi
um 

 Hydr
o 
lysed 
nitrog
en 

mobi
le 
phos 
phor
us 

Exchan 
geable 
potassi
um 

  P2O5 K2O   P2O5 K2O   P2O5 K2O 

Mg/100 gr soil 
 

Mg/100 gr soil Mg/100 gr soil 
Basic 
field 

Control 
field 

 
 
   

v. Kobuleti 1 Citrus 0.35 14 12.5 4.6 12.2 11 4.6 10.1 11.5 4.7 24.5 30.5 

v. Kobuleti  2 Citrus 0.35 12.2 13.5 16 11 11 6.5 9.9 12.5 17.1 23.6 30.5 

v. Khutsubani 3 Maize 0.5 12.3 68 60 10.5 6.6 5.8 9.1 67 6.1 6.2 9.5 

v. Choloqi 4 Maize 1 15.1 44 6 12.5 33.5 5 11.2 34 5.2 6.2 9.5 

v. Choloqi 5 Maize 1 14.4 36 4 10.5 33 8.5 9.1 37 5.8 5.5 8 

v. Choloqi 6 Potato 1 12.2 36 7 12 33 7.5 11.1 33.5 7.8 55 60 

v. Choloqi 7 Maize 1 14.4 36 4 10.5 30 3.5 9.3 31 3.8 5.5 8.2 

v. Alambari 8 Citrus 0.5 12.3 49 19 11.5 4.7 1.8 11 48 18.1 24.5 30.5 

 
Tota
l  5.7                    

Control 
field # 5 9 

(kitche

n-
garden) 0.5 12.2 36 7 12.5 37 7.5 11 38.1 8.3     

Control 
Field # 2 10 

(kitche
n-
garden) 0.5 14 43.5 22 15.5 44.5 23 13 43.6 6.1     

 

 

The quantity of the given manure that 
was taken out of using with 
comparison of the average amount of 
the previose years   
(t/year) 

Increasing of average productivity of two basic cultures by using 
advanced manure, %  
                  (kg/year)  
  

The quantity 
of used 
advanced 
manure  

  
     Farmer’s fields  
  

   Control fields   
  

  
  
  
  

  
  
  
  

Phas
e I Phase II 

Brought in 
the 
Previous 
years  

Brought in 
the 
Current year 

Was taken 
out 
of using 

Average 
productiv
ity of the 
previous 
years 

 At 
the end 
of the 
Phase I 

Incr
easi
ng 
% 

  At 
the end 
of the 
Phase II 

Incr
easi
ng 
% 

At 
the end 
of the 
Phase I 

Incr
easi
ng 
% 

At 
the end 
of the 
Phase II 

Incr
easi
ng 
% 

Brou
ght 
manu
re 

Brought 
manure 

t. t.    t/he             

7.5   0.3 0.05 0.25 18 - 20 -        

7.5   0.3 0.05 0.25 18 - 20 -        

17.5   0.5 0.1 0.4 7 - 8 -  14      

25   1 0.2 0.8 7 - 8 -  15      

25   1 0.2 0.8 7 - 8 -  16.5      

25   1 0.2 0.8 10-- 12 -  17      

25   1 0.2 0.8 7 - 8 -  16      

17.5   0.5 0.1 0.4 18 - 20 -  11      

150   5.6 1.1 4.5          

      7 - 8       8  

        18 - 20               -   
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Definition of 
advanced manure 
fertility    

Nitrates content 
in the basic 
cultures 

 
The quantity of 
advanced manure 
using as fertilizer 

The quantity of the given manure 
that was taken out of using in 
comparison with the average 
amount of the previous years   

 (t./year) 

Increasing of average 
productivity (t/he) of two 
basic cultures by using 
advanced manure  

    

  
  

 Brought in 
the 
previous 
years 
 
 

Brought 
during two 
years 

Was 
taken out 
of using 

The 
average 
Produc-
tivity 
of the 
previous 
years 

End of 
the first 
year 
 
 
 

End of 
the 
second 
year 
 
 
 

          
  

  
 

October, second 
year 

October, second 
year 

 N P K  

Pro
duct
ivit
y 

Ba
sic 

Co
ntr
ol  

Phas
e I 

Pha
se II 

Pha
se 
III 

Pha
s e 
IV 

mg/in 100 gr 

soil  t/he    
t. t. t. t. t. t. 

 

t. 
t/he   

0.6 0.31 0.6 
10 -
12 5.9 9.5  7.5 – 7.5 – 0.3 1 0.5 8-10 13 15 

   
10 -
12 5 8  7.5 – 7.5 – 0.3 1 0.5 8-10 13 14 

   

6 - 

7 5.1 8.2  17.5 – 17.5 – 0.5 0.2 0.8 6-7 7-8 8 

   
7 - 
8 50 60  25 – 25 – 1 0.4 1.6 7-8 9-10 9.5 

   
7 - 
8 

20.
1 

76.
5  25 – 25 – 1 0.4 1.6 7-8 9-10 9.5 

   

9 - 

10 

19.

2 

30.

5  25 – 25 – 1 0.4 1.6 8-9 10-11 10 

0.55 0.26 0.65 
9 - 
10 5.3 9.5  25 – 25 – 1 0.4 1.6 9-10 11-12 14 

   
10 - 
12 

20.
1 

30.
5  17.5 – 17.5 – 0.5 0.2 0.8 40-12 11-12 14 

    

13

0.7 

232

.7            

      
tot
al: 150 – 150 – 5.6 2.2 9    

               6-7 7-8 

               9-10 12-13 

Positive correlations exist between the following parameters (see Table 2): 1,3; 1,4; 1,6; 2,5; 3,4; 3,6; 

4,6; 7,8, and negative correlations exist between the following parameters: 1,2; 1,5; 2,3; 2,4; 2,6; 3,5; 

4,5; 5,6. It means that the contents of hydrolysed nitrogen and exchangeable potassium in soil have 

similar tendencies to increase and decrease, i.e. the more hydrolysed nitrogen in the soil, the more 
exchangeable potassium there. The sizes of the maize and tomato crop yields vary similarly, i.e. they 

identically depend on the contents of hydrolysed nitrogen and exchangeable potassium in the soil. 

Between the contents of mobile phosphorus in the spring and autumn soils there is positive 
correlation, that means that the more is mobile phosphorus in the spring soil, the more is its amount in 

the autumn soil. The partial correlation coefficients (which describe joint behavior of two parameters 

holding other parameters fixed) exist between the maize and tomato crop yields and the contents of 

hydrolysed nitrogen and exchangeable potassium in the autumn soils. It means that the maize and 
tomato crop yields positively depend on the contents of hydrolysed nitrogen and exchangeable 

potassium in the autumn soils.   

Table 2. The content of the nutrients in the soils of agricultural fields in the spring of the first year (mg/kg) and 

the size of the harvest.  

The content of the nutrients in the soils of 
agriculture fields in spring of the first year 

The content of the nutrients in the soils of 
agriculture fields in autumn of the first year 

The obtained 
harvest on the 1000 
m2 

Hydrolysed 
nitrogen 

Mobile 
phosphorus 
P2O5 

Exchangeable 
potassium, K2O 

Hydrolysed 
nitrogen 

Mobile 
phosphorus, 
P2O5 

Exchangeable 
potassium, K2O 

 
 

Maize, 
kg 

Tomato, 
kg 

1 2 3 4 5 6 7 8 
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56 118 58 56 139 61 620 1600 

60 125 56 61 138 59 600 1500 

58 130 50 57 137 51 580 1550 

54 126 52 61 134 53 600 1520 

57 122 54 57 128 55 400 1200 

76 25 105 79 27 107 600 1450 

72 20 110 73 21 119 560 1400 

69 26 108 68 27 109 520 1480 

70 22 100 73 25 109 580 1420 

73 24 108 73 25 110 380 1100 

We investigated the dependences of the contents of the nitrates in the maize, cucumber and tomato 

crops on the contents of nutrients (NPK) in the soil in the farming fields enclosed by the second 
subproject of Priority I. Based on the obtained results, we can conclude that (see Appendix 2): 1) 

There is a positive correlation between the averaged contents of nitrates in the maize, cucumber and 

tomato crops, i.e. the more is the content of nitrates in one of these cultures, the more is its content in 
others and vice versa. 2) There is a positive correlation between the contents of hydrolysed nitrogen in 

the soils in the spring and the autumn; the same takes place for exchangeable potassium. It means that 

the more are the contents of these substances in the soils in the spring, the more are their contents in 

the soils in the autumns. 3) Between the contents of hydrolysed nitrogen in the spring soils and the 
contents of mobile phosphorus in the autumn, as well as between the contents of mobile phosphorus 

in the spring soils and of hydrolysed nitrogen in the autumn soils, there are negative correlations, i.e. 

when one of them increases, the other decreases and vice versa.  

The results of analysis of the data, obtained in the farming economies enclosed by other subprojects of 

Priority I, allowed us to make the same conclusions.           

1.4. Regression Analysis 

As the realized regression analysis showed the tomato crop yield is inversely proportional to the 
content of hydrolysed nitrogen in the autumn soil. This dependence is quite well described by a 

geometrical dependence with a free component 
cxbay    (see Fig. 1). The relative value of the 

difference between the restored dependence and the subproject data is no more than 9% (see 

Appendix 3). There is also an inverse proportional dependence between the maize crop yield and the 
contents of hydrolyzed nitrogen in the autumn soils, which is described by a geometrical dependence 

with a free member as well (see Fig. 2). The relative value of the difference between the restored 

dependence and the data of the subproject is no more than 15% (see Appendix 4). Finally, we 
established that the more is the content of hydrolyzed nitrogen in the autumn soils, the less are the 

tomato and maize crop yields. 

    

Fig. 1. The dependence of the harvest size               Fig. 2. The dependence of the harvest size 

of tomato from the content of the hydrolyzed          of maize from the content of the hydrolyzed 

nitrogen in the soil.                                                   nitrogen in the soil. 
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2. RESULTS & DISCUSSION 

2.1. The Increase of Agricultural Productivity 

Based on the data on farming fields covered by one of the subprojects united in Priority I, in 

comparison with the previous years, the average productivity of maize increased by 92% in the first 

year of the project by applying advanced manure; the average productivity of potato – by 54.5%. By 

the data of the second subprojects, in comparison with the previous years, the productivity in the first 

year increased: maize – by 77%, tomato – by 100%; in comparison with control fields: maize – by 

87%, tomato – by 95%. By the data of another subproject, the productivity in the first year increased 

in comparison with control fields: mandarin – by 20-25%, kiwi fruit – by 20%. The average amounts 

of fertilizers (NPK) withdrawn from the use per hectare are: ammonium nitrate - 350 kg, potassium 

salt – 178 kg and phosphorus – 250 kg. 

Based on the above-mentioned and similar results of other subprojects of tPriority I, it is possible to 

make the following conclusions. In the basic fields covered by the project, the average productivity 

increased in the first year in comparison with control fields: maize – by 20-30%, citruses – by 20-25% 

and potato – by 23-25%. In some subprojects the increase of productivity of maize and potato in 

comparison with control fields reached 87% and 95%, respectively. The average amount of fertilizers 

(NPK) withdrawn from the use per hectare makes up 300-350 kg.              

Based on similar investigations, we can make the following conclusions. In the first year the average 

productivity in the basic fields enclosed by subprojects incorporated in the direction “Increase of 

productivity of degraded and low-productive agricultural fields (exchange of seeds, introduction of 

new cultures, drainage) (Priority II) in comparison with control fields increased: maize – by 30-40%, 

soya – by 20-32%. The increase of the productivity of maize in comparison with control fields in 

some subprojects reached 55%. The average amount of fertilizers (NPK) withdrawn from the use per 

hectare made up 300-375 kg.    

2.2. Reduction of Soil Erosion  

As was mentioned above, 19 subprojects were incorporated in the direction “Introduction of soil 

erosion prevention techniques (terracing, contour ploughing, expansion of buffer zones etc.)” (Priority 

III). A brief description of the results obtained in these subprojects is presented below.  

The agricultural fields of four farmers with total area 2.95 ha were covered by one of the subprojects 

of Priority III. The initial value of the erosion indicator of the fields was 45-70%. As a result of 

realized measures and introduced fertilizers (in average 33.9 t. advanced manure and 1.36 t. peat per 1 

ha), the soil erosion was reduced by 25-30% and the average productivity of two basic cultures, nuts 

and maize, increased by 20-25% and 20-30%, respectively.  

According to the data of the second subproject of Priority III, by the realized measures, the average 

productivity of soya in the first year increased by 56% in comparison with control fields. The erosion 

indicator was reduced in average by 20%. By the data of other subproject of Priority III, by the 

realized measures, the erosion indicator was reduced in average by 21%; the average productivity was 

increased in the first year in comparison with control fields: maize – by 20-30 %, soya – by 50 %; 

walnut – by 20-25 %. Similar results were obtained in other subprojects of the considered priority.    

The following conclusion follows from the above. The average productivity in the basic fields 

enclosed in Priority III in the first year increased in comparison with control fields: maize – by 20-

30%, nut – by 20-25% and soya – by 50%. The erosion indicator was reduced in average by 70-75%.    

3. CONCLUSION 

As a result of above-presented investigations, we conclude that the application of the methods 

increasing the productivity of soils using advanced manure processed in biogas installations and 

increasing the productivity of degraded and low-productive agricultural fields (exchange of seeds, 

introduction of new cultures, drainage), and the introduction of soil erosion prevention techniques 

(terracing, contour ploughing, expansion of buffer zones etc.) realized in farming fields give high 

profitable, effective and economically justified results.  
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Appendix 1. Results of statistical processing of the data on the technologies of increasing the soil 
productivity with the use of advanced manure (Priority I) 

The comparison of the soil productivity                               

Hydrolyzed nitrogen – N  

1) First sample size:   N1 = 10 

Second sample size: N2 = 10 

Significance level: α = 0.0500 

a) Statistics: W = 76.5000 

Boundary value of significance level: β = 0.01440 

Hypothesis-acceptance region: [83.0000,  + Ґ] 

Result: 

The sample 1(April, first year) surpasses of the sample 2 (October, first year) 

b) Statistics: W = 76.5000 

Boundary value of significance level: β = 0.02881 

Hypothesis-acceptance region: [79.0000, 131.000] 

Result: 

The samples are statistically dissimilar (April, first year and October, first year) 

2) First sample size: N1 = 10 

Second sample size:  N2 = 10 

Significance level:  α = 0.0500 

Alternatives: One tailed (right) 

a) Statistics: W = 131.000 

Boundary value of significance level: β = 0.02621 

Hypothesis-acceptance region: [ − Ґ, 127.000] 

Result: 

The sample 2 (October, first year) surpasses of the sample 1(April, second year) 

b) Statistics: W = 131.000 
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Boundary value of significance level: β = 0.05243 

Hypothesis-acceptance region: [79.0000, 131.000] 

Result: 

The samples are statistically dissimilar (October, first year and April, second year) 

Mobile phosphorus - P2O5 

1) First sample size: N1 = 10 

Second sample size: N2 = 10 

Significance level: α = 0.0500 

Alternatives: One tailed (left) 

Statistics: W = 77.0000 

Boundary value of significance level: β = 0.01440 

Hypothesis-acceptance region: [83.0000, + Ґ] 

Result: 

The sample 1 (April, first year) surpasses of the sample 2 (October, first year) 

2) First sample size: N1 = 10 

Second sample size: N2 = 10 

Significance level: α = 0.0500 

Alternatives: One tailed (left) 

Statistics: W = 80.0000 

Boundary value of significance level: β = 0.02621 

Hypothesis-acceptance region: [83.0000,  + Ґ] 

Result: 

The sample 1 (April, second year) surpasses of the sample 2(October, first year) 

3) First sample size: N1 = 10 

Second sample size:  N2 = 10 

Significance level:  α = 0.0500 

Alternatives:  Two tailed 

Statistics: W = 112.500 

Boundary value of significance level: β = 0.57874 

Hypothesis-acceptance region: [79.0000, 131.000] 

Result: 

The samples (April, first year and April, second year) are statistically similar 

Exchangeable potassium – K 

1) First sample size: N1 = 10 

Second sample size:  N2 = 10 

Significance level:  α = 0.0500 

Alternatives:  Two tailed 

Statistics: W = 94.5000 

Boundary value of significance level: β = 0.43587 
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Hypothesis-acceptance region: [79.0000, 131.000] 

Result: 

The samples (April, first year and October, first year) are statistically similar 

2) First sample size: N1 = 10 

Second sample size:  N2 = 10 

Significance level:  α = 0.0500 

Alternatives:  Two tailed 

Statistics: W = 97.5000 

Boundary value of significance level: β = 0.57874 

Hypothesis-acceptance region: [79.0000, 131.000] 

Result: 

The samples (April, second year and October, first year) are statistically similar 

3) First sample size: N1 = 10 

Second sample size:  N2 = 10 

Significance level:  α = 0.0500 

Alternatives:  Two tailed 

Statistics: W = 112.000 

Boundary value of significance level: β = 0.63053 

Hypothesis-acceptance region: [79.0000, 131.000] 

Result: 

The samples (April, first year and April, second year) are statistically similar 

4) First sample size: N1 = 10 

Second sample size: N2 = 10 

Significance level: α = 0.0500 

Alternatives: One tailed (right) 

Statistics: W = 145.000 

Boundary value of significance level: β = 0.00075 

Hypothesis-acceptance region: [ − Ґ, 127.000] 

Result: 

The sample 2 (October, second year) surpasses of the sample 1 (October, first year) 

Appendix 2. The dependence of the content of nitrates in maize, cucumber and tomato crops on the 

content of nutrients in the soil. 

Complete correlation analysis by SDpro 

CORRELATION FACTOR SIGNIFICANCE 

INITIAL DATA 

Dimensionality of the random process: m =9 

The number of measured values:        N =8 

Significance level:                   А =0.050 

Connectivity depth:                   К =0 
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CALCULATION RESULT 

TABLE OF SELECTED CORRELATION FACTORS 

Correlation factors: О_{j,k}(L) 

┌───╥───┬───┬───╥──────────┬──────────────────────┬──────

───────┐ 

│#  ║j  │k  │L  ║Value     │Confidence interval   │Significance │ 

├───╫───┼───┼───╫──────────┼──────────────────────┼──────

───────┤ 

│1  ║1  │1  │0  ║          │                      │             │ 

│2  ║1  │2  │0  ║ 0.91650  │[ 0.55440; 0.98294]  │>0           │ 

│3  ║1  │3  │0  ║ 0.96889  │[ 0.81038; 0.99373]  │>0           │ 

│4  ║1  │4  │0  ║ 0.36812  │[-0.47504; 0.84445]  │=0           │ 

│5  ║1  │5  │0  ║ 0.05453  │[-0.67823; 0.72929]  │=0           │ 

│6  ║1  │6  │0  ║ 0.33058  │[-0.50549; 0.83255]  │=0           │ 

│7  ║1  │7  │0  ║ 0.15070  │[-0.62637; 0.76889]  │=0           │ 

│8  ║1  │8  │0  ║-0.06392  │[-0.73336; 0.67348]  │=0           │ 

│9  ║1  │9  │0  ║ 0.23278  │[-0.57571; 0.79943]  │=0           │ 

│10 ║2  │2  │0  ║          │                      │             │ 

│11 ║2  │3  │0  ║ 0.93214  │[ 0.62392; 0.98619]  │>0           │ 

│12 ║2  │4  │0  ║ 0.13999  │[-0.63252; 0.76470]  │=0           │ 

│13 ║2  │5  │0  ║ 0.20488  │[-0.59368; 0.78935]  │=0           │ 

│14 ║2  │6  │0  ║ 0.38919  │[-0.45697; 0.85095]  │=0           │ 

│15 ║2  │7  │0  ║-0.12844  │[-0.76012; 0.63904]  │=0           │ 

│16 ║2  │8  │0  ║ 0.13556  │[-0.63503; 0.76295]  │=0           │ 

│17 ║2  │9  │0  ║ 0.29941  │[-0.52920; 0.82234]  │=0           │ 

│18 ║3  │3  │0  ║          │                      │             │ 

│19 ║3  │4  │0  ║ 0.35516  │[-0.48581; 0.84039]  │=0           │ 

│20 ║3  │5  │0  ║ 0.05460  │[-0.67820; 0.72932]  │=0           │ 

│21 ║3  │6  │0  ║ 0.52023  │[-0.32482; 0.88877]  │=0           │ 

│22 ║3  │7  │0  ║ 0.14916  │[-0.62727; 0.76829]  │=0           │ 

│23 ║3  │8  │0  ║-0.01995  │[-0.71388; 0.69522]  │=0           │ 

│24 ║3  │9  │0  ║ 0.43110  │[-0.41866; 0.86351]  │=0           │ 

│25 ║4  │4  │0  ║          │                      │             │ 

│26 ║4  │5  │0  ║-0.66363  │[-0.92583; 0.12402]  │=0           │ 

│27 ║4  │6  │0  ║ 0.46992  │[-0.38005; 0.87474]  │=0           │ 

│28 ║4  │7  │0  ║ 0.90435  │[ 0.50386; 0.98039]  │>0           │ 

│29 ║4  │8  │0  ║-0.82482  │[-0.96326;-0.23196]  │<0           │ 

│30 ║4  │9  │0  ║ 0.41492  │[-0.43384; 0.85871]  │=0           │ 

│31 ║5  │5  │0  ║          │                      │             │ 

│32 ║5  │6  │0  ║-0.10386  │[-0.75017; 0.65254]  │=0           │ 
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│33 ║5  │7  │0  ║-0.72342  │[-0.94018; 0.01341]  │<0           │ 

│34 ║5  │8  │0  ║ 0.38087  │[-0.46419; 0.84840]  │=0           │ 

│35 ║5  │9  │0  ║-0.09668  │[-0.74720; 0.65639]  │=0           │ 

│36 ║6  │6  │0  ║          │                      │             │ 

│37 ║6  │7  │0  ║ 0.37014  │[-0.47335; 0.84507]  │=0           │ 

│38 ║6  │8  │0  ║-0.26547  │[-0.81086; 0.55356]  │=0           │ 

│39 ║6  │9  │0  ║ 0.98740  │[ 0.91915; 0.99747]  │>0           │ 

│40 ║7  │7  │0  ║          │                      │             │ 

│41 ║7  │8  │0  ║-0.67966  │[-0.92974; 0.09629]  │=0           │ 

│42 ║7  │9  │0  ║ 0.37188  │[-0.47187; 0.84562]  │=0           │ 

│43 ║8  │8  │0  ║          │                      │             │ 

│44 ║8  │9  │0  ║-0.20031  │[-0.78767; 0.59655]  │=0           │ 

│45 ║9  │9  │0  ║          │                      │             │ 

└───╨───┴───┴───╨──────────┴──────────────────────┴────── 

Appendix 3. The results of restoration of the dependence of the tomato crop yield on the content of 
hydrolyzed nitrogen in the soil.   

RESTORATION OF FUNCTIONAL DEPENDENCES 

INITIAL DATA AND SAMPLE PARAMETERS 

The number of points:   N =6 

Minimum argument value: x_{min} =56.000000 

Maximum argument value: x_{max} =79.000000 

Minimum function value: y_{min} =1306.7000 

Maximum function value: y_{max} =1600.0000 

Type of dependence: 

                     GEOMETRICAL WITH A FREE TERM 

Explicit form of the function: 

                              

The number of steps for searching of parameters: I =0 

PARAMETERS OF APPROXIMATION 

Values of parameters: 

                     a = 1336.4550;b = 4.29020e7; 

                             c =-3.0850061 

Intervals of search of parameters: 

                      c м[-4.5772374, 4.5772374] 

DEVIATIONS 

The standard deviation:     П =102.5158 

Sum of error squares:       S =42037.94 

Maximum absolute deviation: \max Цy_j =125.7380 

Maximum relative deviation: \max Цy_j/y_j =0.091446 
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  TABLE OF DEVIATIONS 

┌────╥────────┬────────┬───────────┬───────────┐ 

│j   ║x_j     │y_j     │Цy_j       │Цy_j/y_j   │ 

├────╫────────┼────────┼───────────┼───────────┤ 

│1   ║ 56.000 │ 1600.0 │-90.042180 │-0.0562764 │ 

│2   ║ 57.000 │ 1375.0 │ 125.73800 │ 0.0914458 │ 

│3   ║ 61.000 │ 1510.0 │-40.277634 │-0.0266739 │ 

│4   ║ 68.000 │ 1480.0 │-48.226754 │-0.0325856 │ 

│5   ║ 73.000 │ 1306.7 │ 106.33495 │ 0.0813767 │ 

│6   ║ 79.000 │ 1450.0 │-53.526381 │-0.0369147 │ 

└────╨────────┴────────┴───────────┴───────────┘ 

Appendix 4. The results of restoration of the dependence of the maize crop yield on the content of 
hydrolyzed nitrogen in the soil.   

RESTORATION OF FUNCTIONAL DEPENDENCES 

INITIAL DATA AND SAMPLE PARAMETERS 

The number of points:   N =6 

Minimum argument value: x_{min} =56.000000 

Maximum argument value: x_{max} =79.000000 

Minimum function value: y_{min} =490.00000 

Maximum function value: y_{max} =620.00000 

Type of dependence: 

                     GEOMETRICAL WITH A FREE TERM 

Explicit form of the function: 

                              

The number of steps for searching of parameters: I =0 

PARAMETERS OF APPROXIMATION 

Values of parameters: 

                     a = 540.44459;b = 5738764.4; 

                             c =-3.0850061 

Intervals of search of parameters: 

                      c м[-4.5772374, 4.5772374] 

DEVIATIONS 

The standard deviation:     П =62.95396 

Sum of error squares:       S =15852.81 

Maximum absolute deviation: \max Цy_j =72.41983 

Maximum relative deviation: \max Цy_j/y_j =0.147796 

TABLE OF DEVIATIONS               

┌────╥────────┬────────┬───────────┬───────────┐ 

│j   ║x_j     │y_j     │Цy_j       │Цy_j/y_j   │ 
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├────╫────────┼────────┼───────────┼───────────┤ 

│1   ║ 56.000 │ 620.00 │-56.346881 │-0.0908821 │ 

│2   ║ 57.000 │ 490.00 │ 72.419833 │ 0.1477956 │ 

│3   ║ 61.000 │ 600.00 │-41.728959 │-0.0695483 │ 

│4   ║ 68.000 │ 520.00 │ 33.194795 │ 0.0638361 │ 

│5   ║ 73.000 │ 506.70 │ 43.988256 │ 0.0868132 │ 

│6   ║ 79.000 │ 600.00 │-51.527044 │-0.0858784 │ 

└────╨────────┴────────┴───────────┴───────────┘ 

 

 

 

 

 


