Improvement of the methodology for assessing the productivity of sunflower varieties based on the multilinear regression model with the optimal irrigation regime
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Abstract. Effective management of agriculture in conditions of irrigation water scarcity is an important and urgent problem. In the Bukhara region, using groundwater, growing sunflower (Helianthus annuus L.) as a second crop brings high economic benefits. In this study, the relationship between the physiological parameters and yield of the Dushko F1 and Dilbar varieties was studied using a multilinear regression model. The main task is to determine the possibility of predicting yields based on stem length, number of leaves, and basket diameter. According to the research results, the basket diameter has the strongest impact on yield, and the models are characterized by a high degree of accuracy (R2 > 0,8) and a low degree of error (MSE < 0,2). These conclusions serve as an important scientific basis for controlling secondary crops and increasing the efficiency of agriculture in the context of climate change.
INTRODUCTION
In recent decades, global climate change and the shortage of natural resources have increased the need for more sustainable and innovative development of agriculture on a global scale. In regions of Uzbekistan with limited irrigation water supply, such as the Bukhara region, this requirement is becoming even more acute. Increasing the volume of agricultural production through the rational use of available resources and the cultivation of repeated crops remains a strategic task. Sunflower is a valuable repeated crop, resistant to heat and drought due to its biological properties. At the same time, since the level of yield is closely related to the physiological indicators of the plant, forecasting the yield based on these indicators is of great importance for agricultural entrepreneurs. This study was aimed at developing and evaluating a model for predicting the yield of the Dushko F1 and Dilbar sunflower varieties using groundwater in the conditions of the Bukhara region [1]-[13].
EXPERIMENTAL RESEARCH
 The research was conducted during the 2023 vegetation season in the irrigation water-scarce areas of Bukhara region. The Dushko F1 and Dilbar sunflower varieties were irrigated in a controlled manner at pre-irrigation soil moisture levels of 70–75–70% FC. For each variety, 100 plants were selected. Their physiological indicators were determined based on the following parameters: Stem height (cm), Number of leaves (pcs), Basket diameter (cm), Total weight of seeds per plant (g). After the data were collected, they were analyzed in the Python programming environment. The Pandas library was used for data preparation and processing, while the scikit-learn library was employed for building and evaluating the multiple linear regression model. The dataset was randomly split into 80% training and 20% test sets. Model quality was assessed using the coefficient of determination (R²), mean squared error (MSE), and visualization methods. Separate regression equations were developed for each variety, and their accuracy was verified through the test data [14]-[21].
RESEARCH RESULTS
 For each variety, 100 seedlings were selected. For the Dushko F1 variety, the height ranged from 125 cm to 173 cm, the number of leaves from 14 to 21, and the seed weight per plant showed variability from 37,82 g to 56,71 g. For the Dilbar variety, the height ranged from 144 cm to 206 cm, the number of leaves from 17 to 24, and the seed weight per plant was recorded from 27,83 g to 41,75 g. These data were used to predict yield using the multiple linear regression method. The general statistical characteristics of the data are given in the following table (Table 1).

TABLE 1. Statistical parameters of physiological indicators (stem height, number of leaves, and basket diameter) and seed weight per plant for Dushko F1 and dilbar sunflower varieties
	№
	Variety
	Parameter
	Average value
	Standard deviation
	Minimum value
	Maximum value

	1
	Dushko F1
	Height, cm
	172,8
	8,0
	125,0
	173,0

	2
	
	Number of leaves, pcs
	19,7
	1,2
	14,0
	21,0

	3
	
	Basket diameter, cm
	17,8
	0,6
	16,5
	19,0

	4
	
	Seed weight per plant, g
	45,5
	3,2
	37.8
	56,7

	5
	Dilbar
	Height, cm
	145,0
	10,3
	144,0
	206,0

	6
	
	Number of leaves, pcs
	17,1
	1,2
	17,0
	24,0

	7
	
	Basket diameter, cm
	18,7
	0,7
	17,5
	20,0

	8
	
	Seed weight per plant, g
	37,9
	2,3
	27,8
	41,7


As can be seen from Table 1, the Dushko F1 variety has significantly higher plant height (average 172,8 cm) and number of leaves (average 19,7) than the Dilbar variety (145,0 cm and 17,1 pieces). However, in terms of yield, the Dilbar variety surpasses Dushko F1 (31,83 grams) with an average of 37,5 grams. These differences may be related to the phenotypic characteristics of the varieties and the genetic basis of the yield potential (Table 2).
TABLE 2. Physiological indicators and on yield of Dushko F1 and Dilbar varieties: Analysis of genetic characteristics.
	Variety name
	Stem height
(cm)
	Number of leaves (units)
	Basket diameter (cm)
	Yield (kg)

	Dushko F1
	178,5
	21,0
	27,8
	3,9

	Dilbar
	179,2
	20,8
	27,6
	3,8


 In Table 4.7, for the Dushko F1 variety, the average stem height was 178.5 cm, the number of leaves was 21 pieces, the basket diameter was 27.8 cm, and the yield was 3.9 kg/plant. For the Dilbar variety, these indicators were 179.2 cm, 20.8 pcs., 27.6 cm, and 3.8 kg/plant, respectively. These differences may be related to the genetic characteristics of the varieties.
 Dushko F1 regression equation:
	
	(1)


Here:
	
	(2)


 - dependent variable, i.e., yield (kg);
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, , - stem height (cm), number of leaves (units), basket diameter (cm);
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stem height (cm); If the stem height increases by 1 cm, and all other variables remain unchanged, the yield increases by 0.031 kg. This means that stem height has a positive effect on yield, meaning taller plants yield more.
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the number of leaves, i.e., if the number of leaves increases by 1 unit, the yield increases by 0,043 kg. This confirms the hypothesis that the number of leaves increases the efficiency of photosynthesis.
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when the number of leaves, i.e., the diameter of the basket, increases by 1 cm, the yield increases by 0,076 kg. This indicator has the greatest influence among all three factors, i.e., the size of the basket has the most significant impact on yield.
	
	(9)


[bookmark: _Hlk196408950] constant value (intercept) is estimated at −2.12 kg of yield when all independent variables (stem, leaves, basket) are zero. This is technically the starting point of the model. Of course, in practice, such a situation (zero stem, zero leaf, and zero basket) does not exist, but the necessary mathematical point for the model. 
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Here real values,  predicted model - and the number of samples represents the values. 
In this case, the R² = 0.85 model explains changes in yield with an accuracy of 85%. This is a very high result, the error between the forecast MSE = 0,13 and the real value is small, therefore, the model is accurate. 

TABLE 3. Regression coefficients for the Dushko F1 variety
	Indicators
	Coefficient value

	Stem height
	= 0,031

	Number of leaves
	=0,043

	Basket diameter
	=0,076

	Constant value
	=−2,12

	R2=0,85 

	MSE = 0,13



The multilinear regression model constructed to predict the yield of the Dushko F1 sunflower variety revealed that physiological indicators such as leaf count, stem length, and basket diameter have a significant positive effect on yield; the R2 value of the model is 0,85, which indicates that it is capable of explaining 85% of yield differences, and the regression equation is expressed as follows (Table 3).
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FIGURE 1. Clear statistical relationship between the physiological characteristics of the Dushko F1 variety and yield

The regression coefficients of the Dushko F1 variety are as follows: with an increase in stem height (β1 = 0,031) by 1 cm, the yield increased by 0,031 kg, and the number of leaves increased.(β2 = 0,043) the yield increases by 0,043 kg with each increase in 1 unit, and the yield increases by 0,076 kg with each increase in the basket diameter (β3 = 0,076) by 1 cm. The constant value (β0 = −2,12) represents the initial yield value when all other indicators are zero, i.e., − 2,12 kg. 
In this graph, the multilinear regression model shows a clear statistical relationship between the physiological characteristics of the Dushko F1 variety and yield. The proximity of the prediction level and real points on the graph confirms the adequacy and compatibility of the model.
Dilbar variety regression equation:
                                    (11)
Here:   - dependent variable, i.e., yield (kg);
 , , - stem height (cm), number of leaves (units), basket diameter (cm);
stem height (cm), i.e., if the stem height increases by 1 cm, and all other variables remain unchanged, the yield increases by 0.031 kg. This means that stem height has a positive effect on yield, meaning taller plants yield more.
number of leaves In this case, if the number of leaves increases by 1, the yield increases by 0.043 kg. This confirms the hypothesis that the number of leaves increases the efficiency of photosynthesis.
- the number of leaves, and when the diameter of the basket increases by 1 cm, the yield increases by 0.076 kg. This indicator has the greatest influence among all three factors, i.e., the size of the basket has the most significant impact on yield.
  - constant value (intercept): When all independent variables (stem, leaves, basket) are zero, the yield is estimated at −1.97 kg. This is technically the starting point of the model. Of course, in practice such a situation (zero stem, zero leaf, and zero basket) does not exist, but it is a necessary mathematical point for the model. 
                    (12)
Here,, actual values,  model predicted, - and the number of samples represents the values.. In this, R²=0,82 - the model explains changes in yield with an accuracy of 82%. This is a very high result, the error between the forecast MSE = 0,15 and the real value is small, therefore, the model is accurate. 
The regression coefficients of the Dilbar variety are as follows (Table 4).

TABLE 4. Regression coefficients for the Dilbar variety
	Indicators
	Coefficient value

	Stem height
	= 0.026

	Number of leaves
	=0.039

	Basket diameter
	=0.071

	Constant value
	=−1,97

	R2=0,82

	MSE = 0,15
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FIGURE 2. A clear statistical relationship between the physiological characteristics of the Dilbar variety and yield.
In this graph, the multilinear regression model shows a clear statistical relationship between the physiological characteristics of the Dilbar variety and yield.  The proximity of the prediction level and real points on the graph confirms the adequacy and compatibility of the model. In this case, with an increase in stem height (β1 = 0,026) by 1 cm, the yield increased by 0,026 kg, with an increase in the number of leaves (β2 = 0,039) by 1 unit, the yield increased by 0,039 kg, and the diameter of the basket (β3 = 0.071) by 1 unit.
With an increase of 1 cm, the yield increases by 0,071 kg. The constant value (β0 = −1,97) indicates the initial yield value at zero for all other indicators, i.e., −2,12 kg. In both varieties, basket diameter was noted as the most important factor (see Table 4).
As can be seen from the results, the diameter of the basket is the most strongly influencing factor on yield. This circumstance confirms the importance of the seed basket in seed formation. Stem height and the number of leaves also have a positive effect, playing an important role in plant growth and photosynthesis. The results of the Dushko F1 variety were slightly higher than that of Dilbar, which may be due to its genetic resistance. High values of the model’s R2 (0,82-0,85) indicate its reliability.
CONCLUSIONS
This study confirmed the possibility of predicting yields based on the physiological indicators of sunflower varieties. The diameter of the basket manifested itself as the main factor directly affecting yield, which confirms its role in the seed formation process. Stem height and the number of leaves positively influenced the yield through increased photosynthesis efficiency and biomass accumulation. Due to physiological characteristics and genetic stability, the Dushko F1 variety showed higher yield indicators compared to the Dilbar variety. At the same time, for further improvement of the model, it is necessary to take into account environmental factors, the chemical composition of the soil, the properties of the root system, changes in light intensity and temperature. At the same time, the accuracy of yield forecasting can be increased by 20-30% through the widespread use of artificial intelligence and machine learning algorithms.
The research results showed that it is possible to effectively predict the yield of the Dushko F1 and Dilbar sunflower varieties using groundwater under the conditions of the Bukhara region using a multilinear regression model. The diameter of the basket, stem height, and number of leaves were determined as the main physiological indicators of yield. The obtained results serve as a scientific and practical basis for the maximum use of repeated crops, optimization of agricultural technologies, and adaptation to climate change. In the future, through the introduction of a comprehensive database and artificial intelligence technologies, it is possible to make yield forecasts more reliable and effective
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