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Abstract. Estimate climatogenic changes in phenorhythms Cbéa
europaea L. during the growing season in Southern coasthefCrimea
carried out. The study used data of olive treesplugical observations
and data climatic parameters during 1947—2020.aK established that in
the ‘Nikitskaya’ cultivar during studied period cifmate change the steady
bias tendency to shift to earlier budbreak datesfant maturity has been
observed since the 80s, the flowering has beere gime 90s of the XX
century, first leaves separated has been sincédbaning of the XXI
century and it differs in the highest rates. Foe thst 2001-2020 the
tendency to shift earlier spring phenophases oblrak and first leaves
separated has increased 1.5-2 times. Phenologm#tlmusing as input
variable temperature and photoperiod were develdpegredict dates
beginning of full flowering ‘Nikitskaya’ olive cuilvar. Forecast accuracy
amount to 2.7-4.1 days. The expected future chtrage dates to end of
XXI century are also shown.

1 Introduction

The olive Qlea europaea L.) is one of the most long-term and ancient ge@mong
evergreen subtropical fruit crops grown in the @@nfil]. This a very sensitive species with
regard to temperature, so the plant's thermal reqénts strongly regulate the different
phases of the life cycle of the olive [2].

Given the impacts of the climate change on plamtnplogy modeling the onset and
peak dates of different phenological stages usimgatic variables became an important
issue in recent years [3—6]. Most of the phenokllginodels described by many authors
have revealed temperature as the best externablario predict flowering time of the
olive, nevertheless, photoperiod may also havenfimeince, less than temperature [4, 7].

The object of our work was to estimate climatogefianges in phenorhythms of olive
trees during the growing season and developmeipthehological models to forecasting
date beginning of ‘Nikitskaya’ olive cultivar fufllowering in Southern coast of the Crimea.

* Corresponding authokorsakova2002@mail.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



BIO Web of Conferences 38, 00060 (2021) https://doi.org/10.1051/bioconf/20213800060
Northern Asia Plant Diversity 2021

2 Material and methods

The ‘Nikitskaya’ olive frost-resistant cultivar has continuous field phenological data
collected for over 70 years observations was sadeas an object for the research. The
study used a 74-year database (1947-2020) of titbes phenological stages records and
climatic parameters. The study site (44°Bll 34°15 E) is located on the territory of the
Nikitsky Botanical Gardens — National Scientific ri@&r (Southern coast of the Crimea
(SCC). The area has a Mediterranean type climate woderately humid winters, hot and
dry summers. The annual mean temperature (193032013.6 °C and the annual average
rainfall is 592 mm [8].

Data for the main meteorological variables wereawmiatd from an agrometeorological
station Nikitsky Sad, managed by Roshydromet amatém nearest (about 50 m) at the
olive orchard planted.

Phenological observations were carried out in Medlees once every 2 days during the
growing season of olive trees development. In otdeidentify the phenological stages
during field observations the international staddsad BBCH scale for olive [9] was used. In
this study the following five BBCH phenophases waralysed: budbreak (correspond on
this scale to BBCH 01), first leaves separated (BB@), full flowering (BBCH 65), end of
flowering (BBCH 68) and fruit maturity (BBCH 81).

The 6 models were applied to predict the begindiaigs of full flowering, which were
different for difficulty level and types of respdnd functions to signals from the
environmental (air temperature, photoperiod): GBOpoy, SIGyoy, UNIpoy, SEQBGoy
and UNICHill [3, 5, 6]. The GDD model describedireebr plants response to temperatures
above baselineTp). Phenological models parameters were identifigdhie evolutionary
optimization method using the Microsoft Excel add-®olveXL [10]. For verification of
phenological models were used odd years data andal@ation were used even years
data. Estimation of the model approximation accyraas made on the four performance
indicators basis such as Determination coeffic{&), Root Mean Squared Error (RMSE),
corrected Akaike information (AlCc) and Bias)(criterion [10].

Mean daily temperature inputs to predict the daggirming of full flowering for the
future climatic period (from 2021 to 2099) were atdhted for an ensemble of the five
climatic models from CMIP5 [10]. Then 20-year-avged projections of coordinated
changes in thermal condition and date beginninfjosfering were built for the climatic
scenarios (RCP2.6, RCP41TRCP8.5).

3 Results and discussion

Analysis of climatic variations for the SCC ovee theriod 1947-2020 showed that, since
1947, local spring, summer and autumn temperatuags increased by around 1.5-2.2 °C
(Table 1). The rainfall has only by around 15-18,rbot it was not statistically significant.
During the 1947-1971, the increase in temperatwessless marked, and there was even a
drop their in spring—autumn during the 1972-198rc& 1988, there has been a phase of
the most intense increase in temperatures atialhtit seasons, which continues up to the
present. Over the past thirty years, the rate aimiway has increased by 3-4 times and
amounted to 0.6—0.8°C per decade. The highestohtesnperature rise in the first decades
of the XXI century were observed in the spring atnmer seasons. Statistically valid
rising the amount of rainfall for the analyzed letegm period was observed only in spring
during 1947-1987.

The increase in temperatures during 1947-1971 &88B-2020 coincided with
phenological trends more early developments througlthe growing season, while the
decline in temperature during 1972-1987 coinciddath va delay in the onset of the
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vegetative and reproductive phenophases (Figiligre was a significant fluctuation in the
onset of phenophases over the years. The largqditages of variability in the onset of
phenophases date under the SCC conditions which 1&@ or more days were identified
for the phases of budbreak, first leaves separ@teldfruit maturity. The variability of the
flowering phases timing is almost two times lessl @oesn’'t exceed 335 days. The
analyze of the long-term phenomonitoring reseamsults for 19472020 showed the
steady trend towards earlier periods of budbreak famt maturity in the “Nikitskaya”
cultivar has been observed since the mid-1980syirflp since 1990s and first leaves
separated since the beginning of the XXI centurliak the highest rates (Fig. 1, Table 2).

Table 1.Long-term trend analysis the slopes of the limegression (yearly advance () or delay) of
parameters mean air temperature (T, °C) and raififalinm) on seasons of the year in the Southern
coast of the Crimea.

Period, years Climatic : Sgason of the ye
paramete Winter Sprinc Summe Autumr
1947-2020 T( C)‘ 0.0il 0.02** 0.03** 0.02*
R (mm 0.2: 0.2C 0.24 0.21
T(°C) 0.0 0.0z —0.01 0.0¢
1947-1971
R (mm' 0.4 2.68* 0.27 2.4t
1972-1987 T (°C)‘ 0.04 —0.0¢ _O'O,E —0.04
R (mm 3.6t 6.36* 0.4: —2.6(
o *k *k *k *k
1988-2020 T( C)‘ 0.07 0.06 0.08 - 0.08
R (mm' 1.7C -1.11 -0.17 -1.1€
o * *
2001-2020 T( C)‘ 0.0¢ 0.08 0.08’ 0.0€
R (mm -2.21 —2.44 0.7 —4.4¢
*p<0.05;** p<0.01
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Fig. 1. Interannual changes the phenological stages wé dtees and temporal trends for various
phenophases for the periods 1947-1971, 1972—-1988-2020 and 2001-2020.

The comparative trends evaluation for the period4388-2020 and 20042020 has
showed that the 1-2 time trend towards earlier onset of certain gpphenophases has
strengthening over the last 20 years, for exanfplebudbreak and first leaves separated
(Table 2).

The flowering is one of the most important the pses in the olive reproductive cycle of
yield formation, so the knowledge of floral pherglaesponses to weather variations is very
useful for good crop management and the optimizatibagronomic tasks [4]. It is known
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that the variability of flowering olive trees phehgthmics is basically conditioned by
fluctuations in mean daily air temperatures whietedmines their as main forecast indicators.
Parameters of the six models different in diffiguitvel and types of phenological models
functions were optimized using air temperature @imotoperiod (Table 3).

Table 2.Long-term trend analysis the slopes of the limegression (yearly advance (-) or delay) the
date of start phenological phases (days) of ‘Ni&&’ olive cultivar in the Southern coast of the

Crimea.
. Phenological pha
Period, years Budbreal First leaves Full End of Fruit
1947-202( —0.29** -0.28** -0.01 0.0z -0.27**
194+-1971 0.1€ —0.6&** —0.0¢ —0.11 —0.5€
1972198 0.52 0.50 0.57 0.7% 0.7t
198¢-202( —-0.80¢** -0.7¢** 0.3 -0.2¢&* -0.97**
2001-202C =1.23** -1.98** —0.3¢ —0.53 —0.79*

*p<0.05;* p<0.01

Table 3.Parameters models for forecasting beginning offfoMering of ‘Nikitskaya’ olive cultivar
in the Southern coast of the Crimea.

Parameter Phenological model _
GDD | BCpoy | SlGooy | UNIpoy | SEQBGoy | UNICHIll
t0, date 01.Nov. 01.Dec.
Ty, °C 7.3 5.2 194 18.1 6.4 18.2
F*, °C 620 1472 33 39 44 35
Tots °C 2.5 8.6
C*, °C 1006 59
t1, date 01.Jan.| 01.Jan.04.Feb.| 16.Jan. 07.Feb. 04.Feb,
C 1.501 0.917
a -0.162 -0.177
bl -0.0030 -0.8096
b2 -0.1973 1.6236
N 27 27 27 27 27 27
Verification R 0.74 0.73 0.76 0.75 0.74 0.77
results RMSE, days 3.8 4.1 3.8 3.7 4.0 3.7
AIC, 72.64 77.09 73.86 73.86 77.37 76.60
0, days -0.6 0.5 0.5 -0.4 0.5 0.6
N 28 28 28 28 28 28
Validation R 0.80 0.80 0.82 0.81 0.82 0.84
results RMSE, days 3.3 3.0 29 29 2.8 2.7
0, days -1.4 -0.1 -0.3 -0.7 -0.2 -0.1]

Optimized model parameters are highlighted in bold.

Models’ quality evaluation based on using the foasic criteria showed that all models
satisfactorily describe the reproductive structutegelopment process in olive but higher
accuracy of approximation was reached using thes&@JINIpoy and UNIChill models
describing sigmoidal dependence of the phenologicatesses dynamics on temperature.
The RMSE values of the forecast in model calcutetiare insignificantly different and
amount to 2.7-4.1 days (Table 3). But the systenzitis value changes from -0.1...0.6
days in theBCpoy and UNIChill models calculations to —0.6-1.4 days in the GDD
model calculation. Based on cumulative results loé tguality evaluation and the
phenological models results of validation for fasting beginning full flowering dates
there has been selected the UNIChill model which dteown better forecast accuracy, the
amount of fit and the smaller amount of bias.
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Built according to three climatic scenarios prajgts by the agreed changes in thermal
conditions and flowering dates of ‘Nikitskaya’ ddiwcultivar on the SCC are presented in
the figure 2. The calculation results showed thia¢mvimplementing the first two scenarios
(RCP2.6u RCP4.5) which involve an increase in temperatorethe SCC ones an average
of 1-2 T, it is expected that compared to the period 200262he magnitude of shifts in
full flowering to earlier dates until the end oktR1st century in average will be 3—-6 days
and in the case of the RCP8.5 scenario implementétiwill be 14 days due to high rate of
temperature rise.
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Fig. 2. Observed (solid lines) and predicted by the UNIGhibdel (dotted lines) date beginning of
full flowering of ‘Nikitskaya’ olive cultivar in tle Southern coast of the Crimea under the future
climate scenarios RCP2.6, RCP4.5 and RCP8.5.

High enough accuracy of the air temperature datanodern weather forecasts is
effective to use the developed models in orderralipt short and medium term of the
olive flowering and it also could be used to prédie response of ‘Nikitskaya’ cultivar to
global increase of temperature.
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