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Expression of adaptation potential by cultivars
of highbush blueberry when introduced to
Belarusian Polesia

Tatyana V. Kurlovich’
Central Botanical Garden of NAS, 220012, Minsk, Bedaru

Abstract. Highbush blueberry is a group of endemic spedies fNorth
America. Its introduction to Belarusian Polesia $saciated with transfer
of cultivars of this group into an environment wigh harsher climate.
Adaptive capacity of highbush blueberry allowedatstivars to adapt to
the new environment, fully develop their fruits amdmplete their
vegetation cycle. The property of the plants tdyfutilize the time of their
vegetation period manifested as shortening of timapdetion of the main
phenophases due to the influence of the temperafactor. In an
introduced environment the speed of the phenophasgsificantly
depended on the peak day temperatures, which alldtve cultivars to
successfully develop their fruits in an environmevitere they don’t
receive sufficient heat during the vegetation pras well as to complete
the vegetation cycle.

1 Introduction

There are no two places on Earth with identicahalie, soil and other conditions. As such,
any plant upon introduction finds itself in a newar fit environmental conditions. By
reacting to these conditions, the plant beginsdpato them and change itself within its
reaction norm. Adaptive capacity of the introdugdants is cumulative manifestation of
their adaptive reaction to the limiting factorstioé point of introduction.

Highbush blueberry is a group of endemic speciesviig along the Atlantic Coast in
North America. Cultivars produced from North Ameairicblueberries were initially adapted
to climate factors of that region. When introdudedBelarusian Polesia the cultivar is
forced to adapt to the changes in environmentabfadl].

The goal of this research was assessment of thptiaglacapacity of cultivars of
highbush blueberry of different ripening periods different environmental conditions
when introduced to Belarusian Polesia.

2 Materials and methods

Three cultivars with different ripening periods weselected as the object of the research:
early ripening Duke, mid-ripening Bluecrop and lafening Elizabeth. Observations were
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conducted in Gantsevichi district, Brest regionaooollection field of highbush blueberry
of the industrial laboratory for introduction arethnology of non-traditional berry plants
of the Central Botanical Garden NAS of Belarus a¥er course of 9 years: from 2011 to
2019. The experiments were set up according tongthodology of Dospekhov B.A.[2].

As biological rhythms, specifically the change jpesd and nature of the biological
processes over time, are the most important fornadsptation of an organism to its
environment, phenological rhythms of the researchadtivars were monitored.
Phenological monitoring was conducted accordintpégomethodology of I.D. Yurkevich et
al. [3]. Calendar dates of occurrence of the mdianplogical phases and speed of their
completion depending on the heat sum and fluctnataf the temperature factors during a
given period were recorded. Observation data of@hatsevichi weather station was used
to calculate the heat sums, as well as to studgyhamics of the average, maximum and
minimum daily temperatures, and their daily changes

A similarly important criterion is the ability of plant to fully develop its fruit in new
climate conditions. Study of the fruiting peculigs was conducted using the methodology
of S.Ye. Korovin et al. [4]. The harvest was measduutilizing the weight method over
multiple stages, as the fruits ripened, by weighihgm and adding up the mass of the
harvested fruits from each of the monitored pla@i$er which average indices were
calculated for each cultivar.

Data processing was done using a personal compittethe help of Analysis ToolPak
in Microsoft Excel application at a 95% level ofsificance.

3 Results and discussion

Highbush blueberry occurs in North America along &tlantic Coast from 29° N to 44° N.
In order to successfully finish fruiting, specidstlis group require no less than 150 days
with temperature above +10°C. The vegetation peirothe growing area of this group
blueberry plants lasts from 155 to 235 days, theber of days with temperature above
0° C varies from 240 to 270 and more, absolute mmimh winter temperatures in only two
states (Maine and Ontario) rarely reach -30° C, ewodt often do not below the -20° C
mark. Sum of active temperatures varies from 28D83 3900° C and more, thermal time —
from 3000° C to 4400° C.

Gntsevichi district is situated in southwest Betamoughly at latitude 52° N, which is
approximately 900 km further north than the nontineost place where blueberry occurs in
North America. In addition, the area of introduatiis situated deep within the continent
and is characterized by a temperate continentahat, unlike the humid continental
climate of North America in the growing area of Higish blueberry. Main climate
characteristics: length og the vegetation periadnlmer of days with temperature below 0°,

thermal time and sum of active temperatures dutiegnonitoring period varied within
the ranges comparable to similar indices in USAhaalgh they were somewhat lower
(table 1).

One of the mechanisms of the expression of thetatiap potential is the ability of a
plant to make full use of the time during the vegien period. As a rule, biological
rhythms coincide in their periodicity with regulahanges in ecological factors, such as
temperature, duration of the daylight hours, ete.aAresult of the monitoring, a significant
variation in the calendar dates of beginning andation of the phenological phases
depending on meteorological conditions of the olest@yn year (table 2,3) as well as on
cultivar properties has been established.

In particular, mass flowering during the monitoripgriod was observed for the early
ripening cultivar Duke during the period betweenrinB0 and May 29 and with thermal
time ranging from 350°Cd to 660°Cd, for the mingetiing cultivar Bluecrop — in the
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period between May 2 and May 23 and with thernmaktirom 370°Cd to 650°Cd, and for
the late ripening cultivar Elizabeth — from May @ NMay 26 and with thermal time from

470°Cd to 690°Cd. The length of the flowering phamese itself was 19 to 47 days for
Duke, 16 to 48 days for Bluecrop and 23 to 48 day&lizabeth.

Table 1. Climate situation of the Gantsevichi district dgrithe research period

Climate data by year 201l 2012 2003 2014 2p15 201617 2 2018] 2019
Days with temp. above 0° 232 230 238 286 268 248 7 P6224 | 254
Heat sum 3115 3267 3180 3360 3260 3150 305 346M5 B4
Sum of aci'(‘)’%;emp' (@boVE >700 | 2075| 2660 2690 2690 2650 2380 3080 2995
Duration of the vegetation| ;g4 | 195 | 159| 140 169 159 14D 145 189
period, days

Table 2. Calendar dates of the beginning of the generatiempphases during the monitoring period

Calendar dates of the generative phenophases lmpsieevation year

Pheno- Mass flowering Mass blooming Mass fruiting
phase

Cultivar Duke Blue- | Eliza- | Duke Blue- | Eliza- | Duke Blue- | Eliza-

crop beth crop beth crop beth

2011 29.05 23.05] 26.09 30.06 29.05 31.p5 25/07 725.023.08
2012 12.05 12.05| 16.0§ 16.0p 15.05 2405 15|07 810.025.08
2013 17.05 19.05| 19.0§ 2106 23.05 24p5 1507 1}080.08
2014 4.05 3.05 13.0§ 1405 2005 20.05 16J07 20.0Z0.08
2015 23.05 23.05] 26.09 25.06 30.05 28.05 4.08 15.08.09
2016 11.05 17.05| 24.0§ 20.06 20.05 30.p5 15|07 725.05.09
2017 19.05 19.05| 21.0§ 26.0p 26.05 31.05 7.08 17.085.09
2018 30.04 2.05 8.05 8.05 11.05 15.05 2007 27.074.081
2019 8.05 20.05] 21.0S 17.06 24.05 2505 25|07 10.02.09

during the monitoring period

Table 3. Heat sum during the vegetation period before #giriming of the generative phenophases

Heat sum during the generative phenophases bybention year

Fg;g;z' Mass flowering Mass blooming Mass fruiting

Cultivar | Duke Iilrl:)% %Zg Duke Izlrlé% %Zg Duke Izlrlé% Eb”ezt?;
2011 660 560 619 680 660 700 | 1750 | 1750 | 2280
2012 455 458 500 500 490 63C | 1380 | 1730 | 1970
2013 470 510 510 550 583 600 | 152% | 1830 | 238C
2014 489 478 590 600 598 598 | 1680 | 1760 | 2420
2015 650 650 690 679 750 730 | 1910 | 2170 | 2470
2016 500 590 670 610 610 770 | 1630 | 1800 | 204C
2017 560 560 578 660 660 748 | 1940 | 2130 | 2590
2018 350 370 470 470 528 580 | 123% | 1390 | 180C
2019 420 570 590 518 640 660 | 1960 | 2240 | 2680

A similar situation was observed during the bloogniphase. For example, mass
blooming during the monitoring period was notedtfuer Duke cultivar from May 8 to May
30 with thermal time from 470°Cd to 680°Cd, for Btwop — from May 11 to May 30 with
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thermal time from 490°Cd to 750°Cd, for Elizabetfrem May 15 to May 31 with thermal
time from 580°Cd to 770°Cd. The length of the blamgrphenophase varied from 19 to 30
days for Duke, from 17 to 30 days for Bluecropnirta6 to 25 days for Elizabeth.

Even more significant divergence was observed @ fthiting period. Mass fruiting
depending on the monitoring year was noted forthke cultivar in the interval from July
15 to August 7 with heat sum from 1235° C to 1960%or the Bluecrop cultivar — from
July 20 to August 17 with heat sum from 1390° Q240° C, for the Elizabeth cultivar —
from August 14 to September 15 with heat sum fr@d0f C to 2680° C. The duration of
this phonological phase also varied considerabl wbservation years, and was 29-54
days for Duke, 36-63 days for Bluecrop, 47-83 day<£lizabeth (tables 2, 3, 4)

Table 4. Lengths of the phenophases in the monitored euttiof highbush blueberry

Observatiorn Lengths of phenophases (days) in cultivars of highlblueberry
year Flowerin Blooming Fruiting
Duke | Blue- | Eliza- | Duke | Blue- | Eliza- | Duke | Blue- | Eliza-
crop beth crop beth crop beth
2011 19 16 23 19 17 24 39 36 56
2012 30 28 26 25 24 21 54 63 83
2013 25 26 28 21 19 20 48 53 80
2014 35 33 30 27 25 17 34 63 38
2015 37 47 39 30 30 24 36 40 67
2016 47 48 48 21 18 16 35 48 53
2017 27 31 31 22 22 25 29 50 59
2018 26 25 29 21 20 19 30 42 47
2019 37 25 27 29 20 25 42 63 73

As can be seen from the data provided, occurrehogam phenophases in cultivars of
highbush blueberry varies within a wide range déwdar dates and thermal times. The
lengths of these phenophases also varies consigerstbthe same time, if the data in
tables 3 and 5 is to be analyzed, dependence ef diivthe beginning and speed of the
completion of generative phenophases in bluebariyvars on the number of warm days
during that phenophase becomes apparent.

Table 5. Number of days with maximum temperature above’@2fy 10 day intervals

Obser Number of days with maximum temperature above®&20
V;:;)P May June July August September Octobe
I i il Il Il Il i m 1 i 1rpn

2011 2| 7| 9, 10 8 8 44 8§ 1P 10 10 |9 |6 |7 |5 |2 |- |-
2012) 6| 5| 9| 4| 8 8 10 8§ 11 9 [ ©O 6 |5 [2 |2 |- |-
2013| 5| 100 8 1 9 10 1p 8 Y 10 10 |6 3 |2 |- |- |- |-
2014 4| 4] 8] 9| 5 4 10 9 11 10 10 5 |5 |6 |- |2 |3 |-
2015 2| 2| 6| 10 10 7 1p 9 11 10 10 p1 |4 |6 |4 |2 - -
2016 7| 3| 1y 8/ 8 10 1p 10 10 10 |7 (1 |10 [6 |1 |1 - -
2017| 3| 3| 10 7| 8 9 74 1p 11 10 10 |6 |4 (4 |1 - 1 -
2018 9| 7| 100 9 10 4 6 10 11 10 10 poO |20 |8 |1 |1 |3 -
2019| - 7| 100 1 10 10 § 7 241 p 10 1 30 |3 - 1 |5 |2

For example, in 2016 and 2017, at times of thedshguration of the flowering pase,
the number of days with daytime temperature ab&eCQwas 3-7 in the®110 day period
of May, 3 in the ¥, and only reached 10 days in tH& 2 similar situation was observed
in 2015, when the number of days with temperatbm/a 20° C by 10 day periods in May
was 2, 2 and 6 days, and in 2012, with the numbearaom days by 10 day periods in May
being 6, 5 and 9, respectively. A similar situat@muld be observed during the blooming
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and fruiting phenophases. The more days with teatpers above 20° C those periods had,
the faster the observed phonological phse was adathl And, conversely, with increased
number of days with air temperature during daytiredow 20° C the length of the
phonological phases increased (table 4, 5).

Similarly, temperature indices of the vegetatiorriqek affected the crop yield of
cultivated blueberry, analysis of wich has beenomi2, 3]. The more days with
temperatures above 20° C there was during the g6 fruiting and initiation of flower
buds, the faster the fruiting phase was was comgleind the more flower buds were
initiated during that period, wich posititively effted the volum of the harvest in the
following year. Crop vyield of early ripening, miggening and late ripening cultivars all
depended on this variable. Late ripening cultiv@eeive roughly half as many days with
temperatures above +20° C for the flower bud ititiaperiod than and mid-ripening ones.
And, accordingly, crop yield of late ripening cutrs was annually twice lower than for
early and mid-ripening ones.

4 Conclusion

e cumulative manifestation of the adaptive reactiérhighbush blueberry to limiting
factors of the place of introduction is varying efabf the beginning and the speeds of
the phenological phases, as well as significaf¢difices in crop yield by year;

¢ lengths of individual phenophases in cultivars aghbush blueberry during the
vegetation period are regulated by a whole rangdimfate factors, the most evident of
which is the influence of the temperature factor;

« speeds of the phenophases significantly dependaximmm daily temperatures, which
helps explain cultivars of highbush blueberry sgstdly developing their fruit in an
environment with insufficient heat sum during thegetation period;

¢ the influence of the temperature factor on the dpf@henophase completion and crop
yield can be clearly observed, despite the gerlbtidetermined cultivar specifics of
highbush blueberry.
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