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Abstract: The article presents the characteristic of the special 

computer program, Feno-S, created in the MEBG. The purposes 

of the program include: entering and keeping phytophenological 

data in the computer memory for its further prompt search, 

mathematical processing, identification of plant efficiency 

phenoindicators, printing, developing histograms and 

phenospectrums, exporting data to various text and graphic 

formats, compiling reports and lists on given taxonomic, 

bioecological, decorative and phenological parameters. The 

description of a simplified methodology for collection, 

systematizing and preparation of lengthy phenological studies 

outcomes to be imported into electronic databases. Information is 

presented on the developed database composition and structure, 

including 130 information fields of symbolic, numerical, logical 

and temporary types and 3,911 records by years for 533 taxa from 

7 departments of the Botanical garden, 52 families and 108 

genera. 

Keywords: phenology, computer program, databases, statistics 

of observation series, correlation, histograms. 

I. INTRODUCTION 

The phenology as a science is a system of knowledge 

about seasonal phenomena of nature, timing of their 

occurrence and their defining causes [1]. The founders of 

phenology were the French scientist R. Reaumur and the 

Swedish naturalist K. Linnae during the second half of the 

XVIII century. In general, there are quite a lot of phenology 

interpretations. One of the most objective interpretations 

was given during the last century by the famous Russian 

phenologist A.I. Rudenko at the first All-Union 

phenological meeting: “Phenology is the science that studies 

the patterns of the plant and animal world seasonal 

development, as well as the phenomena of inorganic nature 

in their interrelation and interaction” [1-2]. According to the 

classification by V.A. Batmanov [2], all studies related to 

the study of various object seasonal development are 

divided into theoretical and applied phenology. Depending 

on the objectives of research and the sector of the national 

economy, it includes agricultural, forestry, hunting and 

transport phenology. By sections of knowledge, the author 

identifies landscape, meteorological, zoo, hydro, and 

phytophenology or the phenology of plants. 

Phenological observations in botanical gardens are one of 

introduction study priority areas, the results of which are of 

great scientific and practical importance in terms of 
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economically valuable range adapted to local natural 

conditions, diagnostics of prospects, determination of the 

growing season, flowering and fruiting, development of 

beautiful and constantly flowering compositions of plants 

during greening and phytomeliorative works. Many 

botanical scientists relate winter-resistance, drought-

resistance, morphological characteristics of aboveground 

organs, qualitative and quantitative indicators of the 

generative sphere with the phenological characteristics of 

introducers [3-10]. They admit that one of the main criteria 

for the introduction value of taxa is the degree of their 

seasonal development dynamics compliance with the 

meteorological conditions of the cultivation region in 

comparison with the places of natural growth. 

Conduct of phenological observations is a very complex 

research process due to the coverage of a large number of 

taxa, variety of concepts and terms used (object of 

observation, seasonal phenomenon, phenodate, phenophase, 

interphase period, phenointerval, indicator phenomenon, 

etc.) and implementation of a number of work stages: visual 

observation, fixation of phenophases (up to the 26th), filling 

in of summary tables, development of phenospectra, 

analysis of the collected materials due to the meteorological 

conditions of the research year, etc. 

Statistical processing of phenological observation 

materials is of particular difficulty, since all seasonal 

phenomena have to be converted to an ordinal day of some 

year, starting from January 1 (or March 1), and return to the 

date format after calculation of the mathematical 

characteristics. A similar problem arises when correlation 

and regression analysis is performed concerning the onset of 

phenophases and meteorological factors. 

Within the practice of introduction studies, in order to 

reduce labor intensity, there is a long-time need to translate 

phyto-phenological studies into electronic programming 

languages, which contain dozens of special commands and 

functions to work with dates and allow not only to create 

full-fledged databases but also to compile various graphical 

and textual reports, carry out statistical processing of 

research material and export it to various file formats, as 

well as to exchange the phenological information online. 

Therefore, starting from 2018, Mangyshlak Experimental 

Botanical Garden (MEBG) as the part of the grant project  
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"The development of scientific, methodological and 

computer-informational bases to conduct phenological 

observations in the botanical gardens of Kazakhstan for 

forecasting perspectives of plant introduction, maintaining 

and using their biodiversity efficiently" (during 2018–2020), 

the work is underway to compile a multifunctional 

phenological computer program, called Feno-S, which 

would be compatible with modern operating systems, 

graphic and text editors and also contain the necessary Web-

based applications.  

II. MATERIALS AND STUDY METHODS. 

The objects of the phenological observations were 

species, varieties and forms of plants from the MEBG 

collection with 1,270 taxa from 250 genera and 88 families 

[11]. 

The studies of seasonal developmental rhythms were 

based on the main generally accepted concepts and terms 

used in phenology [6-8, 12-16]: 

- object of observation – a specific type, form or variety 

of plants that undergoes cyclical morphological and 

physiological changes in a certain geographic point of 

growth during a year; 

- seasonal phenomenon – state of the object at the date of 

observation; 

- phenological date - the main element of phenological 

study information concerning the plant kingdom of the 

nature, which is a fixed day of a seasonal phenomenon 

occurrence; 

- phenological phase – a certain stage or period of a plant 

development, which, in contrast to the seasonal 

phenomenon, is characterized by 2-3 dates of existence 

beginning, culmination and ending; 

- Interphase period – time (in days) between the 

individual phases of the observed object development; 

- phenological interval – an interval (in days) between the 

dates of occurrence of any two seasonal phenomena, 

regardless of whether they belong to the same or different 

observation objects; 

- phenological indicator – a seasonal phenomenon that 

performs the signal and the predictive functions of 

probabilistic period for other phenodate occurrence. 

In the botanical centers of Kazakhstan, the “Methodology 

of Phenological Observations in the Botanical Gardens of 

the USSR” [17] was adopted as the main one, which was 

included into the collection “The methods of introduction 

research in Kazakhstan” in 1987 [18] and assumes fixation 

of seasonal development separately for three 

morphologically-systematic groups of plants: herbaceous, 

deciduous and coniferous woody plants. According to this 

system of observations, the phenological formula reflecting 

the state of a plant was recorded into the journal at least 

twice a week for at least 5 years for each vegetative and 

generative organ of an introduced species during the 

growing season. Moreover, all phenophases were observed, 

which are observed at the given moment of time, and their 

quantitative parameters were noted simultaneously using the 

numbers in front of the phenophase designations: I - in the 

case if less than 50% of organs entered the phenophase and 

2 – for more than 50. 

For research via the "Method of phenological 

observations ..." [17-18], we chose at least five model 

specimens of each species or intraspecific rank. The study of 

plants of different ages and origins was carried out 

separately to reflect intraspecific phenological 

heterogeneity. 

The compilation of algorithms for mathematical 

processing of the research material was based on the 

methods by G.F. Lakin [19,20] and B.A. Dospekhov 

[21,26]. 4 programming languages were used to develop the 

computer program: Microsoft Visual FoxPro 9 SP2, Visual 

Basic For Applications 7.0, HTML 4.0 and JavaScript API 

2.1. 

During development of the database (DB) structure, it 

was planned to save phenological materials in two formats: 

actual dates of ten characters (for example, 08/17/2018) and 

numeric ones as a number of calendar days before the 

phenophase from the starting point – January 1 of each year 

– (234). This greatly simplified the procedure of the 

research material statistical processing. The correlation 

coefficients were calculated both between the dates of 

phenophase occurrence for the same plant during different 

years of observation, and with the main meteorological 

factors of introduction point. 

Taxonomic and registration information about the plant 

was initially entered into the phenological database, 

indicating Latin, Russian, Kazakh names, location in the 

garden, registration numbers, donor organization, type of 

original reproductive material, etc. In order to simplify the 

input of taxonomic units, the computer program used the 

childbirth lists by R.K. Brummitt [22,25]. The systematics is 

based on the phylogenetic system by A.L. Tahtajyan 

[23,24,26]. 

III. RESEARCH RESULTS AND THEIR 

DISCUSSION. 

Two basic principles were strictly observed during the 

development of the computer program Feno-S: 1) 

Phenological database should be closely related with the 

collection one via identification indicators, and 2) The 

information processing on seasonal development should be 

carried out separately for three groups of plants in all 

algorithms of the program modules (deciduous and 

coniferous woody, grassy species) due to the difference in 

their morphological and ecological-biological properties. In 

order to solve the tasks of accounting, registration and 

mathematical processing of the phenodata, 11 items are 

included into the main menu of the program: “File”, “Edit”, 

“Input”, “Search”, “View”, “List”, “Phenology", 

"Assortment", "Databases", "Service", and "Help" (Fig. 1).  
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Figure1 – Main window of «Feno-S» program 

The “File” main menu item includes a standard set of sub-

items: “Open ...”, “My Computer”, “Print”, “Filer”, “File 

Search”, “Server”, “Internet”, “Mail” and “Exit”, and is 

designed to create new and work with existing files, print 

information, send it to the server and by e-mail, as well as to 

exit from the Program. 

The “Edit” item is required to edit the active text fields of 

the input and view information forms, as well as for search 

and replacement of words and phrases, adjustment of their 

fonts, letter colors and backgrounds. 

From the “Enter” item, one starts the forms for new 

database filling and editing of input information. It includes 

three subparagraphs - “All Information”, “Organization 

Details” and “Editing”. 

"Search" allows you to search for plants in the database 

within the following options: by identification number; by 

the Latin name, Russian name, national name of a taxon, by 

family and name, and by any word or a word fragment from 

the names. Almost all of the above methods are combined in 

the "Advanced Search". 

“View” is used to work with already entered information 

for a plant with the possibility of its printing and export to 

external editors and programs in various formats - doc, 

docx, rtf, txt, pdf, xml, etc. 

Using the “Lists” item, one can generate a variety of 

reports on plants by taxonomic, morphological and other 

characteristics. 

Actually, four commands - “Input and View”, “Search”, 

“Export” and “Lists” of the “Phenology” item in the Main 

Menu (MM) – enable full-fledged work with the 

information on seasonal rhythms of plant growth as the main 

task of Feno-S program (fig. 1-2). 

The “Assortment” main menu item includes three 

subitems “By features”, “By value” and “By systematics” 

and is necessary for data output from the database on 

predetermined conditions. The MM item "Databases" is 

designed to execute the following commands: "Copy", 

"Restore", "Export", "Import", "Reindex", "Index Repair" 

and "Information about database". The “Service” contains 

additional features of the Feno-S program for its design and 

general setting, viewing graphic materials in a separate 

form, and work with the interactive maps on the Internet. 

"Help" is included in the MM for the purpose of background 

information obtaining. 

 

 

Figure 2 – "Phenology" item of the Main menu of "Feno-S" software 

 

The main form for phenological information entering and 

viewing is displayed in Feno-S simultaneously with the list 

of Latin and Russian names of collection plants in 

alphabetical order (Fig. 3). When one chooses any taxon, all 

information in the form is updated automatically. There is a 

list of years of the observation period, and control buttons 

for adding, copying and deleting the current year in the right 

side of it. There is a set of buttons for moving between 

years, information export, editing and saving changes to the 

database at the bottom of the form. All pheno-information, 

both input and calculation, is divided into 8 groups (pages): 

“Deciduous”, “Coniferous”, “Herbal”, “Statistics”, 

“Correlation”, “Meteorological data”, “Advanced” and 

“Charts”. The first three pages present the opportunity to 

enter and edit the values of phenodates for each 

morphologically-systematic group of plants. 
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Figure 3 - View of phenological information input, viewing and processing form  

("Deciduous" page) with the list of plant titles 

 

The algorithms introduced into the electronic shell on the 

fourth page (Fig. 4) allow calculating the duration of 

phenophases (lining, flowering, growth and lignification of 

shoots, ripening and subsidence of fruits, etc.), as well as the 

basic statistics for the chosen phenological phase. 

 

 

Figure 4 - «Statistics» page 

 

The data on multiple statistical calculations can be obtained 

by clicking the corresponding buttons on the bottom button 

menu. In this case, the table containing the following 

indicators will be formed in Microsoft Excel or Word (table 

1): number of observations (N, years); average date in 

numeric (X, days) and time formats (X, date); standard 

deviation (S); variation coefficient (Cv); mean error (Sx); 

accuracy of mean determination (p,%), the minimum 

(Xmin) and the maximum (Xmax) date of phenophase 

duration and variation rank (Rv, days). 

 

Table 1 - The statistics of the onset and duration of phenophases for maple Henry (Acer henryi Pax.) during the 

observation period of 2004-2017. 

Phenophase,  

period 

N, 

years 

X, 

days 

X, 

date 
S Cv Sx p, % Xmin Xmax 

Rv, 

days 

Phenological phases           

Vegetative organs           

PCh1 - bud swelling 14 95 05.04 8,7 9,2 2,3 2,4 26.03 28.04 33 

PCh2 - bud opening 14 98 08.04 6,2 6,3 1,6 1,6 02.04 25.04 23 

L1 - isolation of leaves (foliage 

development) 
14 103 13.04 6,3 6,2 1,7 1,7 06.04 01.05 25 

L2 - leaves have their own form 14 108 18.04 6,2 5,8 1,7 1,6 10.04 04.05 24 

L3 - the completion of growth and the 

maturation of leaves 
14 138 18.05 5,3 3,8 1,4 1,0 12.05 01.06 20 

L4 - the decolouration of dying leaves 14 246 03.09 7,8 3,2 2,1 0,9 23.08 12.09 20 

L5 - the beginning of leaf fall 14 270 27.09 5,5 2,0 1,5 0,6 20.09 13.10 23 

L55 – the end of leaf fall 14 315 11.11 8,8 2,8 2,3 0,7 25.10 19.11 25 

PB1 - the beginning of the linear growth 

of shoots 
14 109 19.04 7,3 6,7 1,9 1,7 11.04 08.05 27 

PB2 - the end of the linear growth of 

shoots 
14 176 25.06 13,9 7,9 3,7 2,1 12.06 29.07 47 

O1 - partial lignification of shoots 14 198 17.07 14,9 7,5 4,0 2,0 07.07 21.08 45 
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Phenophase,  

period 

N, 

years 

X, 

days 

X, 

date 
S Cv Sx p, % Xmin Xmax 

Rv, 

days 

О2 - full lignification of shoots 14 241 29.08 10,4 4,3 2,8 1,2 21.08 22.09 32 

Generative bodies           

C1 - the swelling of generative buds 14 95 05.04 6,3 6,7 1,7 1,8 28.03 21.04 24 

C2 - the opening of generative buds 14 101 11.04 6,4 6,4 1,7 1,7 05.04 28.04 23 

C3 - budding 14 110 20.04 6,8 6,3 1,8 1,6 16.04 14.05 28 

C4 - the beginning of flowering 14 123 03.05 5,3 4,3 1,4 1,1 26.04 11.05 15 

C45 - mass flowering 14 129 09.05 7,2 5,6 1,9 1,5 28.04 23.05 25 

C5 - the end of flowering 14 140 20.05 4,8 3,4 1,3 0,9 09.05 27.05 18 

PL1 - fruit set 14 143 23.05 4,7 3,3 1,3 0,9 16.05 01.06 16 

PL2 - immature fruits reached the size of 

mature ones 
14 207 26.07 2,1 1,0 0,6 0,3 22.07 30.07 8 

PL3 - the beginning of fruit ripening 14 238 26.08 1,8 0,8 0,5 0,2 24.08 30.08 6 

PL34 - the end of fruit ripening 14 250 07.09 4,6 1,8 1,2 0,5 02.09 16.09 14 

P4 - the beginning of ripe fruit and seed 

falling 
14 254 11.09 5,1 2,0 1,4 0,6 04.09 21.09 17 

PL45 - the end of ripe fruit and seed 

falling 
14 335 01.12 9,1 2,7 2,4 0,7 14.11 13.12 29 

The duration of:           

- leaf development 14  35,5 3,0 8,5 0,8 2,3 31 41 10 

- flowering 14  17,4 2,8 16,0 0,7 4,0 11 22 11 

- shoot growth 14  66,2 8,0 12,1 2,1 3,2 55 82 27 

- lignification of shoots 14  42,6 5,0 11,7 1,3 3,1 32 50 18 

- leaf fall 14  44,9 7,3 16,2 1,9 4,2 30 53 23 

- fruit ripening 14  12,1 4,2 34,9 1,1 9,1 4 21 17 

- fruit fall 14  81,5 12,4 15,2 3,3 4,0 61 96 35 

- growing season 14  212,3 12,8 6,0 3,4 1,6 189 227 38 

 

The “Correlation” page (Fig. 5) is intended to establish 

the connection closeness between various phenophases and 

meteorological factors. Here one can set 5 variants of 

correlation calculations: 1) the chosen phenodate with the 

rest during the observation period; 2) between all 

phenodates (correlation matrix); 3) between the years of the 

observation period for all phenodates; 4) all phenodates with 

meteorological factors (correlation matrix) and 5) the 

duration of phenophases with meteorological factors. 

 

 

Figure 5 - «Correlation» page 
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The computer program performs all the necessary 

calculations and can simultaneously send a tabular report to 

Microsoft Excel or Word with the following parameters 

(Table 2) automatically: correlation (R) and determination 

(Dyx) coefficient; correlation coefficient error (Sr); criterion 

of correlation coefficient significance (Tr); regression 

coefficient (Byx); errors of regression coefficient (Sb) and 

deviations from regression (Syx); criteria of regression 

coefficient significance (Tb) and Student coefficient at 5% 

significance level (T05). Besides, in the case of using the 

option “Selected phenodate with the rest”, along with the 

correlation analysis, Feno-S derives the regression equation 

between the phenodates, which can be used in the future to 

forecast their occurrence. 

The tables formed as the result of export can be fully used 

after minor editing for composing scientific articles and 

reports. 

As we can see from Table 2, even with the example of 

one type of tree plants (Henry maple - Acer henryi Pax.) and 

one type of correlation (the selected phenodate with the 

others), the computer program provides the significant 

material to the introducer for scientific analysis. 

 

Table 2 - Correlations of the phenophase for bud opening (PC2, X) of Henry maple (Acer henryi Pax.) with the rest of 

the phenodates during the period of observations - 2004 - 2017. (N - 14 years) 

Phenophases - Y R Dyx Sr Tr Byx Sb Syx Tb T05 Equation, days 

Vegetative organs           

PCh1 - bud swelling 0,598 0,358 0,231 2,59 0,841 0,325 7,5 2,59 2,18 Пч1 = 0,841 * 

Пч2 + 12,571 

L1 - isolation of leaves 

(foliage development) 

0,985 0,969 0,051 19,45 1,008 0,052 1,2 19,45 2,18 Л1 = 1,008 * 

Пч2 + 3,871 

L2 - leaves have their own 

form 

0,941 0,885 0,098 9,63 0,947 0,098 2,3 9,63 2,18 Л2 = 0,947 * 

Пч2 + 14,725 

L3 - the completion of 

growth and the maturation 

of leaves 

0,820 0,672 0,165 4,96 0,703 0,142 3,3 4,96 2,18 Л3 = 0,703 * 

Пч2 + 69,128 

L4 - the decoloration of 

dying leaves 

-0,688 0,473 0,209 3,28 -0,864 0,263 6,1 3,28 2,18 Л4 = -0,864 * 

Пч2 + 329,821 

L5 - the beginning of leaf 

fall 

-0,225 0,051 0,281 0,80 -0,200 0,251 5,8 0,80 2,18 Л5 = -0,200 * 

Пч2 + 289,198 

L55 – the end of leaf fall -0,381 0,145 0,267 1,43 -0,542 0,380 8,8 1,43 2,18 Л55 = -0,542 * 

Пч2 + 367,520 

PB1 - the beginning of the 

linear growth of shoots 

0,883 0,779 0,136 6,50 1,040 0,160 3,7 6,50 2,18 Пб1 = 1,040 * 

Пч2 + 7,356 

PB2 - the end of the linear 

growth of shoots 

0,736 0,542 0,195 3,77 1,659 0,440 10,2 3,77 2,18 Пб2 = 1,659 * 

Пч2 + 13,127 

O1 - partial lignification of 

shoots 

0,661 0,437 0,217 3,05 1,594 0,522 12,1 3,05 2,18 О1 = 1,594 * 

Пч2 + 42,146 

О2 - full lignification of 

shoots 

0,649 0,421 0,220 2,95 1,093 0,370 8,5 2,95 2,18 О2 = 1,093 * 

Пч2 + 133,637 

Generative bodies           

C1 - the swelling of 

generative buds 

0,981 0,962 0,056 17,42 1,007 0,058 1,3 17,42 2,18 Ц1 = 1,007 * 

Пч2 - 4,135 

C2 - the opening of 

generative buds 

2 3 4 5 6 7 8 9 10 11 

C3 - budding 0,996 0,992 0,025 39,19 1,037 0,026 0,6 39,19 2,18 Ц2 = 1,037 * 

Пч2 - 1,266 

C4 - the beginning of 

flowering 

0,831 0,691 0,160 5,18 0,921 0,178 4,1 5,18 2,18 Ц3 = 0,921 * 

Пч2 + 19,289 

C45 - mass flowering -0,326 0,106 0,273 1,20 -0,278 0,233 5,4 1,20 2,18 Ц4 = -0,278 * 

Пч2 + 149,498 

C5 - the end of flowering 0,085 0,007 0,288 0,30 0,100 0,335 7,7 0,30 2,18 Ц45 = 0,100 * 

Пч2 + 118,697 

PL1 - fruit set -0,250 0,063 0,279 0,90 -0,195 0,218 5,0 0,90 2,18 Ц5 = -0,195 * 

Пч2 + 158,843 
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Phenophases - Y R Dyx Sr Tr Byx Sb Syx Tb T05 Equation, days 

PL2 - immature fruits 

reached the size of mature 

ones 

0,066 0,004 0,288 0,23 0,050 0,219 5,1 0,23 2,18 Пл1 = 0,050 * 

Пч2 + 137,452 

PL3 - the beginning of fruit 

ripening 

0,315 0,099 0,274 1,15 0,108 0,094 2,2 1,15 2,18 Пл2 = 0,108 * 

Пч2 + 195,775 

PL34 - the end of fruit 

ripening 

0,030 0,001 0,289 0,10 0,009 0,086 2,0 0,10 2,18 Пл3 = 0,009 * 

Пч2 + 236,481 

P4 - the beginning of ripe 

fruit and seed falling 

0,742 0,550 0,194 3,83 0,554 0,145 3,3 3,83 2,18 Пл34 = 0,554 * 

Пч2 + 195,388 

PL45 - the end of ripe fruit 

and seed falling 

0,730 0,533 0,197 3,70 0,608 0,164 3,8 3,70 2,18 Пл4 = 0,608 * 

Пч2 + 194,071 

Vegetative organs -0,383 0,147 0,267 1,44 -0,567 0,394 9,1 1,44 2,18 Пл45 = -0,567 * 

Пч2 + 390,297 

 

In the case of correlation calculations between all 

phenodates, the data is exported as a matrix (Fig. 6); and to 

assess the significance of the coefficients by the relevance of 

5%, their critical value (R05) is derived. 

 

 

Figure 6 – A type of a report in Microsoft Word on correlations between all Henry maple phenodates during 

observation period of 2004-2017 (N - 14 years) 

 

 

During the calculation of phenodate correlation with 

meteorological factors, the program gives a tabular report in 

a seasonal aspect on the correlations with all 85 

meteorological factors, grouping them in rows by average, 

minimum and maximum values of air temperature, relative 

humidity and precipitation volume. The fragment of the 

report in Microsoft Word on the correlation of phenophase 

occurrence dates with the average and minimum air 

temperatures is shown on Figure 7. 

The group of signs “Meteorological data” of the input and 

view form serves to enter the values of temperature, air 

humidity, the amount of precipitation, etc. 

The "Advanced" page contains the fields of plant 

introduction value indicators, notes, names of the user 

organization and performers. Perspective points are required 

to establish the correlations with the phenological values of 

introducers. 

The last page of the form (Fig. 8) provides automatic 

development of Gantt charts and histograms for the duration 

of 8 phenophases with simultaneous graphical 

representation in a special container. 
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Figure 7 - A fragment of a report in Microsoft Word on the correlation between phenodates and meteorological 

factors for Henry Maple during observation period of 2004-2017 (N - 14 years) 

 

Figure 8 - «Diagrams» page 

 

 

The "Diagrams" page also provides the ability to copy the 

graphical reports to the Windows clipboard, to view them in 

an external editor and to download them into Microsoft 

Excel and Word. 

Depending on taxon belonging to coniferous, deciduous 

or herbaceous plant groups, the program can generate up to 

17-19 graphic reports on the duration of seasonal 

development rhythms: foliage, shoot growth and 

lignification, flowering, leaf fall, ripening and the fall of 

fruits, vegetation period, and all phenophases (Fig. 9A-9B, 

10A-10B). 
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А –Fruit fall Б – Vegetation period 

Figure 9 - Examples of Gantt chart development for the duration of phenophases Acer henryi Pax. - Maple Henry 

 
 

А – Leaf development Б – Fruit ripening 

Figure 10 - Examples of histogram development for the duration of Acer henryi Pax. - Maple Henry phenophases 

 

Here, using the “Histogram Selection” button, one can 

launch a special "FoxCharts" graph development object, 

which allows customizing the style, shape type, color and 

fonts of the graphical reports on phenology without exiting 

the program, as well as saving them in various file formats 

including web-oriented ones - “.html” (Fig. 11). 

Simultaneously with the compilation of the program 

algorithm, the work was carried out to collect, systematize 

and prepare for entering into Microsoft Excel spreadsheets 

of the multiyear material phenological studies accumulated 

over the past 19 years (1999-2017) for 710 species, varieties 

and forms of botanical garden collection plants from 58 

families and 131 genera. The majority of the processed 

information on phenology relates to foreign-leafy plants 

(dendrology department) - 417 items (58.7%), including 398 

species, 1 type, 12 forms and 6 hybrids. Quite a lot of 

phenodata are systematized and prepared for the rosary (100 

species and varieties, 14.1%) and the department of fruit 

plants (83 species and varieties, 11.7%). Aceraceae Juss (17 

taxa), Berberidaceae Juss. (28), Caprifoliaceae Juss. (52), 

Fabaceae Lindl. (42), Oleaceae Hoffm. (39), Ranunculaceae 

Juss. (19), Rosaceae Juss. (326) and Vitaceae Juss. (28) 

dominate significantly among the families of those prepared 

for entering into Excel. 
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Figure 11 - A form with "FoxCharts" object to work with Histograms 

 

The composition of the phenological database was 

developed using the special SQL commands of Microsoft 

Visual FoxPro 9 SP2 programming language and was 

combined with the simultaneous import of the data entered 

into Excel spreadsheets according to seasonal rhythms of 

introducer development. The initial algorithm envisages 

sampling of the required taxonomic and registration fields 

from the collection database, then the intermediate cursor is 

merged with the entered data table from Excel, and at the 

last stages, the phenophase duration is added in a command 

way and the validation of their input is done. Thus, 130 

information fields of character, numeric, logical and 

temporary types were created with a total length of 2290 

characters, including 6 - identification, 12 - registration, 8 - 

taxonomic, 33 - statistical and 60 - phenological ones in the 

structure of phenology. 11 fields are intended to characterize 

the introduction value of plants on the regional integrated 

scale. The storage of phenological information for 26 

vegetative and generative phenophases is provided for 

deciduous woody plants, 21 - for gymnosperm woody, and 

12 - for herbaceous. The accepted field names correspond to 

their abbreviated names by phenophases and the method of 

observation (for example, the beginning of flowering - 

“C4”). 

At this time, the phenological database contains the 

information for 865 taxons, 533 of which contain the 

materials on phenology for the period from 1 to 17 years, 

including 267 representatives of the dendrology department, 

21 - of gymnosperm plant department, 10 - local flora, 83 - 

fruit growing, 100 - rosary, 31 - the sites of climbing plants 

and 21 - flowering plants. They represent 5 systematic 

divisions, 8 classes, 11 subclasses, 24 superorders, 49 

orders, 8 suborders, 52 families and 108 genera. 

The overwhelming number of taxa falls in the database on 

species (374 - 70.2%) and cultivars (138 - 25.9%). Among 

the other intraspecific taxonomic ranks, 1 sub-species, 11 

forms and 9 hybrids are found. 

The most widely represented species in the phenological 

DB are the species of the families of Aceraceae Juss. (11 

taxa), Berberidaceae Juss. 27), Caprifoliaceae Juss. (32), 

Fabaceae Lindl. (15), Oleaceae Hoffm. (10) Rosaceae Juss. 

(290) and Vitaceae Juss. (24). The most numerous genera by 

composition are Acer L. (11), Amygdalus L. (7), Armeniaca 

Mill. (18), Berberis L. (27), Cotoneaster Medik. (39), 

Crataegus L. (30), Juniperus L. (8), Lonicera L. (19), Malus 

Mill. (38), Py-rus L. (12), Rosa L. (111) and Vitis L. (18). 

To carry out the correlation calculations, the 

meteorological database for the current year has been 

created as well. The structure of this database consists of 

103 information fields, of which 85 are for meteorological 

factor storage, one for the year of observation and 17 – for 

registration and geographical indicators of the user 

organization and introduction area. The database provides 

the variables for the minimum, maximum and average 

values of air temperature, its relative humidity and 

precipitation amount, both by months and quarters, and by 

the year of meteorological observations on average. 

Nowadays, weather conditions have been collected and 

introduced for Aktau for 17-year seasonal rhythm study of 

plant development in the MEBG. 

This year, it is planned to compile software modules for 

Feno-S to identify plant perspective phenotypes, construct 

phenospectrum and classify introducers according to 

phenotypes, compile reports with multiple mathematical 

processing for large taxonomic units, etc.  

IV. SUMMARY. 

Further maturation and introduction of the phenological 

computer program into the practice of botanical research 

will significantly simplify creation of information databases 

and mathematical processing of materials on the seasonal 

rhythm of plant development, will allow prompt search for 

taxons, and reduce costs for selection of the most decorative 

and biologically sustainable range of introductions 

differentiated by the types of greenery.  
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