© 2015
Khlebnikova Ya. О., postgraduate student,
Pysarenkо P. V., Doctor of Agricultural Science
Poltava State Agrarian Academy
ABOUT POSSIBILITY OF SOLAR ACTIVITY INFLUENCE ON CROP YIELD IN POLTAVA REGION
Rewiever – Doctor of Agricultural Science, Professor M. A. Pischalenko
The role of solar activity in the formation of yield of different crop in agroecology conditions in Poltava region is considered in this article. Data of crop yield in 25 districts of Poltava region for 47-years period (from 1966 to 2012) and data of average month solar activity (numbers of Wolf) during similar period are analyzed. It has been found out that maximum of solar activity and maximum of yield for all crops are coincided in 1989 and 1990. It has been established that phase of yield maximum displacement in comparison with solar activity maximum are carried from 1980 to 1973-78. It has been stressed that high indices of crop yield can be caused by solar activity maximums. Correlation analysis for each solar activity cycle between yield indices and average month numbers of Wolf during vegetation period is also carried out.
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Statement of the problem. The Sun is important source of energy for every living thing on our planet. The processes what are happened on the Sun’s surface and inside of the Sun influence on Earth’s events both directly and indirectly. The solar activity is one of these processes. The solar activity influences on those occurrences as weather-climate conditions, animal quantity and including insects, various origins of disasters (both natural and man-caused and social), spreading of epidemics and diseases and even on splashes of psychical and creative human activities [4].
But connection of crop yield with solar activity is very interesting problem what has its long history. It is known that Roman writer Kathon Elder noticed that rye prices was depended on solar activity (from «clouding of the Sun»). Rye yields were better when solar activity was high that is why rye prices were reduced. People saw «dark spots as nails» through wood fires smoke in Ancient Rus. Galliley directed telescope on the Sun at the first time in the beginning of XVII century and since that time sunspots observation carried out more or less regularly. And from the middle of XIX century sun spots observation carried out every day if the weather allowed [3]. English astronomer William Hershel also was interested how sun spots number can influence on plant growth. Hershel compared sunspots data gathering almost 200 years with wheat market prices so as to shed light on this problem. Connection was found out is very simple and clear in principle – prices was so much the lesser how solar activity was the higher. Climate becomes more humid when solar activity is high therefore wheat yields are better and wheat market prices are lower [16].
Sun’s disk sunspots number is not constant and changes both from day to day and during more long intervals of time. German astronomer-amateur Henrik Shvabe carried out regular sun spots observation during 17 years and noticed that sun spots number was decreased from maximum to minimum and then sun spots number was increased to maximum during the period about 10 years. In this case 100 and more sun spots were able to saw in maximum on Sun’s disk then as only a few sun spots were able to saw in minimum and sometimes not any sun spots were watched during all weeks. Shvabe published report about his own discovery in 1843. Swiss astronomer Rudolf Wolf specified that average period of sun spots changes was formed not 10 years, but 11 years. Wolf also suggested to use conventional value for quantity valuation of solar activity which since that time called number of Wolf (W). Number of Wolf is determinated as summa of general sunspots number (f) and sun spots groups number increased to 10 onces (g), besides one isolated spot also is considered a group and coeficient k what puts observation values to standart Zurich numbers [6, 13]:
W=k(f+10g)
Analysis of recent research and publications. As it has been stated baforesaid that the problem of solar activity influence on crop yield researched as long ago as the past. Alexandr Chyzhevskyi was one of the first who researched this problem in limits of solar activity influence on earthly life in XX century [15]. But interest to this problems is existing and by now. Solar activity the most influences on yield because of climate and weather conditions and also influences on reproduction and vital activity of many crop pests [5, 14]. Research of M. Kushnir were the last one what threw light upon the problem of cyclicity solar and lunar activity influence on winter rye and spring barley yield and was the last papers what we were acquainted with [8, 9].
The purpose of this research was to determine dependence formation crop yield on solar activity and possibility using this dependence in future in waiting for yield forecast.
The aims of this research are to analyse dependence formation crop yield on solar activity on basis of drawing graphs and carring out correlation analysis.
Methods of this research. All graphs and statistic processing by method of correlation analysis were carried out with using of Excel software packages.

Materials of the research. Statistical data of different crop yield (centner/hectare) of main statistics departament in Poltava region and statistical data of average month solar activity (numbers of Wolf) gathering from sources [7, 17] became materials of the research. Statistical data encompass a period from 1966(65) to 2012 including.

Results of the research. It has been drawn graphs of average values of crop yield from 25 districts in Poltava region and average values of average month numbers of Wolf during coresponding vegetation period of crops on basis of analysing statistical data.

Average yield of all grain crops including corn in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of grain crops (graph curve 2) are presented in graph (Pic. 1). Real numbers of Wolf are decreasing to three onces for graph drawing. Wheat, rye, barley, corn, oats, millet, buckwheat and other belong to grain crops. So grain crops including winter crops, spring crops and grainy crops, then vegetation period is equal to 12 months (last four months of former year starting from 1965 and first eight months of rapper year starting from 1966 and go on).
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Pic. 1. Average grain crops yield including corn and average value of average month numbers of Wolf during vegetation period of grain crops in Poltava region during 1966–2012.

Yield changes more often than solar activity what changes in own’s turn with stable period about 11 years that it has been represented in graphs. In graph (Pic. 1) we can see peaks of grain crops yield and solar activity coincided in 1990 and 2002 and also unclear coincidence of peaks in 1969 and 2011. Fairly high peak of solar activity in 1980 didn’t coincide with yield peak in 1976.

Wheat is the most important food crop [10]. In graph (Pic. 2) average winter wheat yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of winter wheat (graph curve 2) are presented. Real numbers of Wolf are decreasing to three onces for graph drawing. Vegetation period of winter wheat continues 200–350 days in dependency from region. Vegetation period of winter wheat continues 290–310 days from September to July or 10 monthes [10] (last four monthes of former year starting from 1965 and first six monthes of rapper year starting from 1966 and go on) for the conditions of Ukrainian Forest-Steppe zone in which Poltava region is located. In graph (Pic. 2) we can see peaks of winter wheat yield and solar activity coincided in 1990 and 2002 and also unclear coincidence of peaks in 1969. Maximum of solar activity in 1980 didn’t coincide with maximum of winter wheat yield in 1978 as in graph of grain crops yield.
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Pic. 2. Average winter wheat yield and average value of average month numbers of Wolf during vegetation period of winter wheat in Poltava region during 1966–2012.

Rye is valuable food, fooder and industrial crop [10]. In graph (Pic. 3) average winter rye yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of winter rye (graph curve 2) are presented. Real numbers of Wolf are decreasing to five onces for graph drawing. Vegetation period of winter rye continues 260–270 days from September to June or nine months [10] (last four months of former year starting from 1965 and first five months of rapper year starting from 1966 and go on). In graph (Pic. 3) we can see peaks of winter rye yield and solar activity coincided in 1990 and 2002 and also unclear coincidence of peaks in 1969. Maximum of solar activity in 1980 didn’t coincide with maximum of winter rye yield in 1973 as in graph of grain crops yield.
In graph (Pic. 4) average spring barley yield (graph curve 1), average millet yield (graph curve 2) and average buckwheat yield (graph curve 3) in Poltava region and average value of average month numbers of Wolf during corresponding vegetation period (graph curve 4) are presented. Real numbers of Wolf are decreasing to five onces for graph drawing. Vegetation period of spring barley, millet and buckwheat is almost identical and this period continues 60–110 days or four monthes [10]: May, June, July, August (starting from 1966 and to 2012 including). In graph (Pic. 4) we can see that ones of maximums of spring barley, millet and buckwheat yield in 1990 didn’t coincide with maximums of solar activity in 1989 and 1991. This is able to explained high values of solar activity just in winter and spring monthes in 1990 on which vegetation period of present crops didn’t occur. That is why peak of solar activity was clear in 1990 in graphs of winter crops and peak occured in 1989 and 1991 in rest graphs.
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Pic. 3. Average winter rye yield and average value of average month numbers of Wolf during vegetation period of winter rye in Poltava region during 1966–2012.
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Pic. 4. Average spring barley, millet and buckwheat yield and average value of average month numbers of Wolf during corresponding vegetation period in Poltava region during 1966–2012.

We are watching identical situation in 1969. Peak of solar activity was coincided with peaks of millet and buckwheat yield in 2000 but peak of spring barley yield was carried to 2002. Maximum of solar activity in 1980 didn’t coincide with maximums of spring barley, millet and buckwheat yield in 1976. In graph (Pic. 5) average corn yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of corn (graph curve 2) are presented. Real numbers of Wolf are decreasing to two onces for graph drawing. Vegetation period of corn continues 90–200 days or four monthes: May, June, July, August [10]. In graph (Pic. 5) we can see coincidence of solar activity and corn yield peaks in 2000.
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Pic. 5. Average corn yield and average value of average month numbers of Wolf during vegetation period of corn in Poltava region during 1966–2012.
Peak of corn yield was watched in 1990 and peak of solar activity was occured like as in the last graph at the expence of winter and spring monthes and peak was carried to 1991. Peak of solar activity in 1980 didn’t coincide with maximum of yield in 1977. In graph (Pic. 6) average oats yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of oats (graph curve 2) are presented. Real numbers of Wolf are decreasing to five onces for graph drawing. Vegetation period of oats continues five monthes: April, May, June, July, August [10]. In graph (Pic. 6) we can see unclear coincidence of solar activity and oats yield peaks in 1970 and 2000. Peak of oats yield was watched in 1990 and peak of solar activity was occured like as in the last graphs at the expence of winter and spring monthes and peak was carried to 1991. Peak of solar activity in 1980 didn’t coincide with one of the maximums of oats yield in 1976. In graph (Pic. 7) average all legume crops yield (graph curve 1) and pea yield (graph curve 2) in Poltava region and average value of average month numbers of Wolf during corresponding vegetation period (graph curve 3) are presented. Real numbers of Wolf are decreasing to five onces for graph drawing. Vegetation period of legume crops and specifically pea continues seven monthes (thus it is can to get two harvests during one year): April, May, June, July, August, September, October [10]. Yields of legume crops and pea are very similar, however just pea yield is consisted of bigger part of legume crops yield. In graph (Pic. 7) we can see unclear coincidence peaks of solar activity and legume crops yield and pea yield in 1969 and 2000. Peak of solar activity was occured in 1989 and peak of legume crops and pea yield was occured in 1990. Not high peak of yield also was watched when peak of solar activity was watched in 1980, but maximum of yield was more high in 1976 what it is affirming about uncoincidence of peaks.
[image: image6.emf]0

5

10

15

20

25

30

35

40

45

196619681970197219741976197819801982198419861988199019921994199619982000200220042006200820102012

-1-середнє значення

врожайності вівса, ц/га

-2-середнє значення

середньомісячних чисел

Вольфа за вегетаційний

період


Pic. 6. Average oats yield and average value of average month numbers of Wolf during vegetation period of oats in Poltava region during 1966–2012.
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Pic. 7. Average all legume crops and pea yield and average value of average month numbers of Wolf during corresponding vegetation period in Poltava region during 
1966–2012.
In graph (Pic. 8) average sunflower yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of sunflower (graph curve 2) are presented. Real numbers of Wolf are decreasing to six onces for graph drawing. Vegetation period of sunflower continues four months: May, June, July, August [10]. In graph (Pic. 8) we can see coincidence of peak of solar activity and not high peak of sunflower yield in 2000. Peak of sunflower yield was watched in 1990 but peak of solar activity was occured like as in the last graphs at the expence of winter and spring months and peak was carried to 1991. Peak of solar activity in 1980 didn’t coincide with one of the maximums of sunflower yield in 1974.
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Pic. 8. Average sunflower yield and average value of average month numbers of Wolf during vegetation period of sunflower in Poltava region during 1966–2012.

In graph (Pic. 9) average potato plant yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of potato plant (graph curve 2) are presented. Real numbers of Wolf not change for graph drawing. Vegetation period of potato plant continues four months: May, June, July, August [10].
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Pic. 9. Average potato plant yield and average value of average month numbers of Wolf during vegetation period of potato plant in Poltava region during 1966–2012.
In graph (Pic. 9) we can see coincidence of peak of solar activity and not high peak of potato plant yield in 2000. One of the peaks of potato plant yield was watched in 1990 but peak of solar activity was occured like as in the last graphs at the expence of winter and spring monthes and peak was carried to 1991. Peak of solar activity in 1980 didn’t coincide with one of the maximums of potato plant yield in 1976.
In graph (Pic. 10) average sugar beets yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of sugar beets (graph curve 2) are presented. Real numbers of Wolf are increasing to two onces for graph drawing. Vegetation period of sugar beets continues seven monthes: April, May, June, July, August, September, October [10]. In graph (Pic. 10) we can see coincidence of peaks of solar activity and sugar beets yield in 2012. One of the peaks of sugar beets yield was watched in 1990 but peak of solar activity was occured like as in the last graphs at the expence of winter months and peak was carried to 1991. Peak of solar activity in 1980 didn’t coincide with one of the maximums of sugar beets yield in 1976, while not high peak of yield was coincided with solar activity in 1980.
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Pic. 10. Average sugar beets yield and average value of average month numbers of Wolf during vegetation period of sugar beets in Poltava region during 1966–2012.
In graph (Pic. 11) average vegetables yield in Poltava region (graph curve 1) and average value of average month numbers of Wolf during vegetation period of vegetables (graph curve 2) are presented. Real numbers of Wolf not change for graph drawing. Vegetation period of vegetables continues seven months: April, May, June, July, August, September, October [10]. In graph (Pic. 11) we can see coincidence of solar activity peaks and not high peaks of vegetables yield in 1968 and 2012. One of the peaks of vegetables yield was watched in 1990 but peak of solar activity was occured like as in the last graphs at the expence of winter months and peak was carried to 1989. Peak of solar activity in 1980 didn’t coincide with one of the maximums of vegetables yield in 1976, while not high peak of yield was coincided with solar activity in 1980.
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Pic. 11. Average vegetables yield and average value of average month numbers of Wolf during vegetation period of vegetables in Poltava region during 1966–2012.
Correlation analysis results between solar activity and crop yield for each solar activity cycle are presenting in table 1. Choosing research period from 1966 to 2012 includes almost all 20th, all 21st, 22nd, 23rd and first half of 24th of 11-years solar activity cycle. Years of begin and end of solar activity cycles what don’t enter to research period are marked grey colour. Positive coeficients of correlation more 35 % of accordance mark grating, negative coeficients of correlation more 35 % of accordance mark asterisk and coeficients of correlation less 35 % of accordance don’t mark independently from sign.
1. Correlation coeficient between solar activity and crop yield for each solar activity cycle
	Solar activity cycles
	Crops
	Correlation coeficient

	20th cycle
(1965(1966)–1976)
	All legume crops
	-0,68203*

	
	All grain crops+corn
	-0,44497*

	
	Pea
	-0,68272*

	
	Buckwheat
	-0,04475

	
	Winter rye
	-0,37175*

	
	Potato plant
	-0,39798*

	
	Corn for grain
	0,418646#

	
	Oats
	-0,43573*

	
	Vegetables
	-0,38663*

	
	Millet
	-0,47472*

	
	Winter wheat
	-0,46251*

	
	Sunflower
	0,516424#

	
	Sugar beets
	-0,28662

	
	Spring barley
	-0,49467*

	21st cycle

(1977–1986)
	All legume crops
	-0,39693*

	
	All grain crops+corn
	-0,62107*

	
	Pea
	-0,4043*

	
	Buckwheat
	-0,1863

	
	Winter rye
	-0,65852*

	
	Potato plant
	-0,47455*

	
	Corn for grain
	-0,78193*

	
	Oats
	-0,80054*

	
	Vegetables
	-0,08762

	
	Millet
	-0,45095*

	
	Winter wheat
	-0,39545*

	
	Sunflower
	-0,49048*

	
	Sugar beets
	-0,12382

	
	Spring barley
	-0,87655*

	22nd cycle

(1987-1996)
	All legume crops
	0,448808#

	
	All grain crops+corn
	0,464366#

	
	Pea
	0,46708#

	
	Buckwheat
	0,320794

	
	Winter rye
	0,263126

	
	Potato plant
	0,453287#

	
	Corn for grain
	0,514467#

	
	Oats
	0,152978

	
	Vegetables
	0,548346#

	
	Millet
	0,406402#

	
	Winter wheat
	0,437075#

	
	Sunflower
	0,525616#

	
	Sugar beets
	0,631834#

	
	Spring barley
	0,369294#

	23rd cycle

(1997–2007)
	All legume crops
	0,111781

	
	All grain crops+corn
	-0,33382

	
	Pea
	0,095453

	
	Buckwheat
	-0,16223

	
	Winter rye
	-0,17356

	
	Potato plant
	-0,54784*

	
	Corn for grain
	-0,60166*

	
	Oats
	0,415277#

	
	Vegetables
	0,037322

	
	Millet
	-0,32367

	
	Winter wheat
	-0,18011

	
	Sunflower
	-0,44505*

	
	Sugar beets
	-0,72908*

	
	Spring barley
	0,136759

	24th cycle

(2008–2012(2018))
	All legume crops
	0,168705

	
	All grain crops+corn
	0,383854#

	
	Pea
	0,114108

	
	Buckwheat
	0,001595

	
	Winter rye
	0,229996

	
	Potato plant
	0,815499#

	
	Corn for grain
	0,083891

	
	Oats
	-0,01308

	
	Vegetables
	0,8734#

	
	Millet
	-0,05252

	
	Winter wheat
	-0,47755*

	
	Sunflower
	0,577131#

	
	Sugar beets
	0,78861#

	
	Spring barley
	-0,37075*


That fact is very interesting that correlation coeficients are absolutly all positive and all correlation coeficients are more 35 % of accordance with the exception of for winter rye, oats and buckwheat during 22nd solar activity cycle (1987–1996). All correlation coeficients are more 35 % of accordance (with the exception of for buckwheat and sugar beets) but all correlation coeficients have negative sign with the exception of for corn and sunflower during 20th solar activity cycle (1965(1966)–1976). Absolutly all correlation coeficients are negative and with more 35 % of accordance with the exception of for buckwheat, vegetables and sugar beets during 21st solar activity cycle (1977–1986). Correlation coeficients are less 35 % of accordance with the exception of potato plant, corn, oats, sunflower and sugar beets during 23rd solar activity cycle (1997–2007). Thus, positive correlation coeficients are watched only for all legume crops, pea, oats, vegetables and spring barley. Correlation coeficients are positive for all legume crops, all grain crops, pea, buckwheat, winter rye, potato plant, corn, vegetables, sunflower and sugar beets, thus correlation coeficients are more 35 % of accordance for all grain crops, potato plant, vegetables, sunflower and sugar beets, and correlation coeficients are negative for oats, millet, winter wheat and spring barley, thus for two last crops are more 35 % of accordance during 24th solar activity cycle (2008–2012(2018) рр.). Last of the presenting solar activity cycles hasn’t yet finished and end of this cycle are forecasting on 2018. 2012 was year of solar activity maximum within choosing research period. Thus, correlation analysis of 24th solar activity cycle is not rather reliable so as the cycle hasn’t yet finished and so as we are considering only half of the cycle.
J. Heil discovered magnetic fields on the Sun into the sunspots more 100 years ago. It had been shown that magnetic field polarity into the sun spots in two hemispheres changes on reverse when passing from one of the 11-years cycle to next 11-years cycle. Sign of magnetic field’s sunspots keeps during 11-years cycle with little exceptions. Each 22-years magnetic cycle consists of two 11-years cycles, for all this that each new pair of the cycles begins from 11-years cycle of a pair. Change of magnetic field’s sun spots polarity certifies about relationship activity between different Sun’s hemispheres to neighbouring cycles [1].
11-years solar activity cycle is representation of cyclical change of the Sun’s big-scale magnetic field. Not only number and intencity of solar activity different manifestations but and their allocation on the Sun’s surface change during this cycle. The problem of longitudeing asymmetry of solar activity allocation origin is presenting a large interest. Sun’s magnetic cycle that includes two 11-years cycles is displayed not only in polarity change of Sun’s general magnetic field (SGMF) but and in polarity change of main sunspots (Heil’s cycle). Two typical periods correspond to different situations what are happened during 22-years Sun’s magnetic cycle in the course of this cycle global polarity of magnetic field and main sunspot polarity able to be the similar (on given Sun’s hemisphere) or the antipodal. Polarities of global magnetic field and polarities of main sunspot coincide for development-maximum phase. Polarities are antipodal for fall-minimum phase [2].
Solar activity equally is displayed in both Sun’s hemispheres only in rough approaching. However, learning in details different activity indeces shows that it has existed equal considerable northern-southern asymmetry, in other words it has watched «asynchronousity of work» northern and southern Sun’s hemispheres. This asymmetry first of all to come to excess summary area and quantity of sun spots groups in one of the hemispheres, extremums and forms of 11-years cycles curves in different hemispheres in the scale of 11-years solar activity cycle (it has considered only sunspots forming) [12].
Firm character of asymmetry of longituding magnetic fields allocation, close connection with solar cycle phase let to make a conclusion about regular initiation of this asymmetry during solar cycle [2].

Given characteristic of Sun’s magnetic cycle, polarity and asymmetry of the Sun’s magnetic fields allocation give sound reasons to affirm about original character of solar activity influence on yield crop. If to speak about Heil’s cycle what includes of two 11-years solar activity cycles that we can to make a conclusion that not each of 11-years cycles are the similar but in a each one of 11-years cycle. So, 20th, 22nd, 24th and 21st and 23rd 11-years solar activity cycles must to be the similar. But if during 22nd solar activity cycle we was watching very high similarity of correlation analysis and for most of crops are with positive sign, then we wasn’t watching similar situation during 20th and 24th solar activity cycles. Each solar activity cycle has own’s particularities [11]. 20th and first half of 24th 11-years solar activity cycles are characterized by small solar activity indeces (numbers of Wolf) what it has been represented in graphs. The most probably this is provokes low or negative correlation between solar activity and yield crop indeces. And what is conserned with 21st and 23rd solar activity cycles, then yield crop make full disonance with numbers of Wolf during this years what correlation coeficients are represented. This is proving more again that in a case of yield crop yield maximums can be caused by solar activity maximums, but we should consider not 11-years solar activity cycle and solar activity as continuous phenomenon and we should certainly allow 22-years Sun’s magnetic cycle and particularities of each solar activity cycle separately.
Conclusions: 
1. It has been found out that yield maximums and solar activity maximums are coincided in 1989–1991 for all crops and also not high maximums are coincided unclearly in 1968–1970 and 2000–2002. It has been established that yield maximums in comparison with solar activity maximums are carried from 1980 to 1973–1978.
2. Correlation coeficients between solar activity and yield crop have positive significance for all crops and have more 35 % of accordance for all crops (with the exception of three of fourteen) during 22nd 11-years solar activity cycle.
3. Yield maximums are caused by solar activity maximums, but mechanism of solar activity influence on yield crop is more complicated. We should consider not 11-years solar activity cycle and solar activity as continuous phenomenon but certainly we should allow 22-years Sun’s magnetic cycle and particularities of each solar activity cycle independently one from other.
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