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Abstract. The main drivers influencing plant growth, yield increase and its quality characteristics
are biotic and abiotic factors. Combinations of abiotic stresses, such as drought and heat, have
amuch greater impact on yields and product quality. Plants’ response to these stresses can vary
depending on the species and different stages of development. Understanding the mechanisms and
how they protect plants from stress has become vital for improving the yield and quality of parsnip
products in changing climates. The purpose of the study was to determine the influence of abiotic
factors (temperature and precipitation) on the yield, duration of phenological phases of growth and
development of plants, the dynamics of leaf and root mass growth of parsnip in the conditions of
the Right-Bank Forest-Steppe of Ukraine. The research was carried out in the field experiment of
the Department of Vegetable Growing and Closed Ground in the National Research Institute “Fruit
and Vegetable Garden” of NUBiP of Ukraine within the conditions of the Right-Bank Forest-Steppe
of Ukraine during 2015-2017. The area of the registered plot was 11.3 m?, and the repetition rate of the
experiment is four times. The placement of variants is systematic. The research found that the shortest
sowing-emergence period lasted 16 days in the variants sown in the 3 ten-day period of May and the
1tten-day period of June. A significant delay of 21 days in this period was noted for sowings from 1% to
3"ten-day periods of April. The duration of the period from the beginning of root crop formation to
bunch ripeness was the shortest when sown in the 1st ten-day period of April - 28 days, and the longest
when sown in the 1st ten-day period of June - 51 days. The growing season ranged from 110 to 165 days
and was characterised by GDD (>10°C) of 1102.4-1439.0°C and precipitation of 128.1-225.2 mm. After
sowing in April, intensive growth of root crops from 2.9 to 3.5 g / day was observed in the second half
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of August. After sowing in May, the greatest increase in root crops from 2.1to 2.7 g/day was noted in
the first half of September. Thus, for sowings in the 1st ten-day period of June, this figure was the
highest in the second half of September (1.9 g/day). The variant sown in the 1st ten-day period of April
provided a high yield of root crops of 50.3 t/ha, which is 5.3 t/ha or 11.8% significantly more than the
control variant. When sowing in the following terms, a significant decrease in yields was observed
compared to the control, namely: for 3 ten-day period of April - by 3.5 t/ha, or 7.7%, for 1 ten-day
period of May - by 8.8 t/ha, or 19.6%, for 2" ten-day periods of May - by 174 t/ha, or 38.6%, for 3" ten-day
periods of May - by 23.0 t/ha, or 51.1%, for 1st ten-day period of June - by 31.7 t/ha, 70.6% compared to
the control. A strong direct correlation (r=0.74-0.99) was found between the growing season and yield,
root mass, marketability, and biochemical parameters, namely: dry matter, dry soluble matter, sugars,
vitamin C. An inverse correlation (r=-0.98) was observed between the duration of the growing season
and nitrates. Increasing the growing season by 10 days increases the yield up to 6.9 t/ha, marketability
up to 2.7%, root weight up to 31 g, dry matter content up to 0.7%, dry soluble matter up to 0.3%, sugars
up to 0.5%, vitamin C up to 0.8 mg/100 g and reduces the nitrate content to 8.4 mg/kg. Leaf area,
photosynthetic potential, and net photosynthetic productivity are strongly directly related (r=0.92-
0.98) to yield. For increasing the leaf surface area to 1.0 thousand m?2the yield is also growing up to
0.7 t/ha. Increasing the photosynthetic potential to 0.05 million m? days/ha increases the yield to 0.2-
1.2 t/ha. Also, the yield increases to 0.3-0.7 t/ha with an increase in net photosynthetic productivity
to 0.05 g/m? per day. The molecular knowledge on plant responses to abiotic stress is promising for
further study and is likely to advance crop resilience to climate change and increase the economic
efficiency of production.

Keywords: parsnip, temperature, precipitation, yield, growth of roots and leaves

RELEVANCE

One of the consequences of global climate a combination of both stresses, their effect on

change has been a steady decline in the availa-
bility and productivity of arable land (Zandalinas
et al., 2018). The main factors that have a major
impact on plant growth, yield increase and its
quality characteristics are biotic and abiotic fac-
tors that influence or even determine the final
result (Atkinson & Urwin, 2012).

Abiotic factors such as extreme tempera-
tures, droughts, floods, salinity, and heavy metals
are among the main factors limiting productivi-
ty and crop quality (Kumar, 2020). Combinations
of abiotic stresses are known to affect the ap-
pearance and spread of biotic stresses such as
insect pests, pathogens, weeds, etc. (Ziska et al.,
2010; Peters, 2014). Reduced plant growth due
to drought or heat is a frequent and widespread
phenomenon all over the world. In the case of
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crop yields is more severe than that of a particu-
lar stress (Sehgal et al., 2017).

The expected temperature changes for the
next 30-50 years are assumed to be in the range
of 2-3°C. Heat waves or temperature extremes
will become more intense, more frequent and
last longer than what has been observed in re-
cent years (Hatfield & Prueger, 2015). Extreme
temperature periods can have a short duration
of a few days with temperature increases of
more than 5°C above normal temperatures (Ku-
mudini et al., 2014).

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
The temperature response is different for dif-
ferent crop species throughout their life cycle
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(Hatfield et al.,, 2011; Komar et al., 2021). One of
the most vulnerable phenological stages to high
temperatures is the pollination stage (Shengbao
etal.,2020; Bobos, 2019).

Drought stress is associated with a lack of
water for the plant, which significantly affects
growth, development and yield. There are two
types of drought: physical drought (lack of water
due to unavailability) and physiological drought
(inability of a plant to absorb water from the soil
due to various physiological reasons such as sa-
linity, freezing, etc.) (Vadez et al., 2012).

Low temperature (cold stress) also affects
the biochemical and physiological activity of
plants and, consequently, the yield and quality of
products. Low temperature disrupts the mem-
brane structure, protoplasmic flow and causes
electrolyte leakage/plasmolysis. Temperature
affects mineral absorption, photosynthesis,
respiration, and metabolism. Plant response
to low-temperature stress is associated with
changes in gene transcription associated with
the production of several low molecular weight
proteins (Yadav et al., 2017).

Water stress includes its deficiency or ex-
cessive presence in the environment. Excess
water or flooding affects the availability of oxy-
gen to plants, causing low oxygen levels/hypox-
ia (Sasidharan et al, 2017). Five ERF (ethylene
response factor) genes are key regulators of
flood resistance and hypoxia tolerance. Studies
demonstrate the presence of physiological, ge-
netic, epigenetic and molecular mechanisms in
plant resistance to flooding (Gasch et al.,, 2016).

Parsnips are native to Mediterranean coun-
tries (Colombo et al., 2011). Parsnip is a biennial,
cold-hardy crop common in many European
and Asian countries (Zohary et al, 2012). The
origin of plants determines their relation to the
environment. Parsnip plants can tolerate frost,
although severe cold during the growing sea-
son will lead to their death. Parsnip root crops

winter well provided there is sufficient snow
cover. In spring, the overwintered rosette re-
sumes growth and stem, inflorescence and
seeds are formed (Cain et al., 2010).

All parts of the plant contain aromatic es-
sential oils, but the greatest amount of them is
found in seeds from 1.5 to 3.6%. Therefore, seeds
are characterised by a weak wettable surface,
low water retention capacity of the seed coat and
increased absorption capacity (Berenbaum &
Zangerl, 2006;. Zangerl et al., 2008).

The efficiency of germination is determined
by the size and weight of the seeds. Larger and
heavier parsnip seeds have high germination
energy and produce friendly seedlings, which
contributes to high yields. Seed germination
is most strongly correlated with seed weight,
as filled seeds contain more nutrients for ger-
mination (Shankar, 2006; Norden et al.,, 2009;
Kaliniewicz, et al.,, 2014). The efficiency of seed
germination can be improved by mechanical,
chemical, physical, and biological methods (Ciu-
pak et al,, 2007, Lynikiene et al. 2006).

Therefore, understanding the mechanisms
and how they protect plants from stress has be-
come vital for improving the yield and quality of
parsnip products in changing climates.

The purpose of the study was to determine
the influence of abiotic factors (temperature and
precipitation) on the yield, duration of phenolog-
ical phases of growth and development of plants,
the dynamics of leaf and root mass growth of
parsnip in the conditions of the Right-Bank For-
est-Steppe of Ukraine.

MATERIALS AND METHODS
Field studies were conducted in 2015-2017 on
the experimental field of the Department of
Vegetable Growing and Indoor Ground in the
National Forest “Fruit and Vegetable Garden” of
NUBIP of Ukraine in the conditions of the Right-
Bank Forest-Steppe of Ukraine. The soil of the
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experimental plot is soddy-medium podzolized,
coarse silt, light loamy.

The following terms of sowing parsnips
were studied: 1 ten-day period of April, 2™ ten-
day period of April (control), 3 ten-day period of
April, 1t ten-day period of May, 2" ten-day peri-
od of May, 3" ten-day period of May, 1 ten-day
period of June. The size of the experimental plot
was 11.3 m?, the repetition is fourfold. Variants in
the experiment were placed systematically. The
predecessor for parsnips was cucumber. The
studies used the Stimul variety. Sowing was car-
ried out according to the scheme 45x10 cm to a
depth of 1.5-2 cm.

The tasks of phenological observations in-
cluded recording the date of sowing, the emer-
gence of seedlings, the formation of 1-3 true
leaves, the beginning of root crop formation, the
beginning of bunch ripeness, technical ripeness.
The beginning of the phase was recorded when
10% of plants on the plot showed relevant signs,
with 75% of plants showing it in mass (Bond-
arenka § Yakovenka, 2001).

Biometric observations included determin-
ing plant height, counting leaf count, leaf and
root mass, leaf area, photosynthetic potential,
and net photosynthetic productivity.

The dynamics of leaf area were determined
by contour scanning of leaves with a further
determination of their area using IpSquare 1.9
software. Leaf area per 1 ha of the crop was cal-
culated based on plant density and expressed in
thousand m? per 1 ha.

To determine the photosynthetic potential
of seeding, the assimilation surface of typical
plants was regularly measured. Then the leaf
area per 1 ha of the crop was calculated by mul-
tiplying the average assimilation surface of one
plant by the number of plants per 1 ha. The ob-
tained data were placed on graph paper with a
time scale on the horizontal axis (abscissa) cor-
responding to 5 days in 1 cm, leaf area (ordinate
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axis) - 4000 m?in 1 cm. According to this scaling
markings showing the results of leaf area deter-
minations were drawn on a millimetre sheet.
Connecting the points, a curve was drawn, which
showed the progress of leaf area growth per 1
ha during the growing season. Then, the area of
the figure (cm? bounded by the abscissa axis,
derived by a curve and a perpendicular lowered
from the end point of the curve to this axis was
determined. The photosynthetic potential was
determined by the formula:

PHP=S><O><A; 0,
where PH, - photosynthetic potential, mln m* x
days/ha; S - the area of the figure, cm? O - the
price of one centimetre on the scale along the
ordinate axis (4000 m?); A - number of days.

Net productivity of photosynthesis (NP) was
determined by the amount of dry mass growth
per day per 1 m? of leaf surface according to the
formula of Kidd, West and Briggs:

B, — B, ,
1/2 X (L1+ Lz) X n'

PHypr. = (2),
where PH, - net photosynthetic productivity,
g/m? x day; B, and B, - dry weight of the sample,
at the beginning and end of the accounting peri-
od, g; (B, - B,) - dry weight gain for the account-
ing period; L, and L, - area of the sample leaves
at the beginning and end of the period, cm? ¥ x
(L, +L,) - average area of leaves “working” during
the accounting period; n - the number of days in
the accounting time interval, days.

GDD >10°C and precipitation were estimat-
ed for the general characterization of heat ac-
cumulation and humidification of the territory
during the growing season of plants and each of
their interphase periods.

Root crops were harvested in each replica-
tion by continuous method. They were sorted ac-
cording to the requirements of DSTU 8473:2015
“Fresh parsnips. Technical conditions”. The aver-
age weight of marketable roots was determined
by the average sample of 5 kg. The number of root
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vegetableswas calculated and the average weight
of marketable root vegetables was determined.

Biochemical studies were carried out in the
Ukrainian Laboratory of Product Quality and
Safety of the Agro-Industrial Complex of the
National University of Bioresources and Nature
Management of Ukraine according to stand-
ardised methods: the content of dry matter was
determined by the thermogravimetric method
(DSTU ISO 751:2004), the content of soluble dry
matter was determined by the refractometric
method (DSTU 8402:2015), total sugar content
by Bertrand’'s method (DSTU 4954:2008), ascor-
bic acid (vitamin C) by the Murray method (DSTU
7803:2015), and the number of nitrates by iono-
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1leaf
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2-3leaf

metric method (DSTU ISO 4948:2008). Statistical
processing of the obtained research results was
performed by the method of variance and corre-
lation-regression analysis (Kwanchai & Arturo,
1984; Rao, 2007).

RESULTS

Depending on the timing of sowing, the sow-
ing-seedling period ranged from 16 to 21 days
and occurred at GDD (>10°C) from 334 t0 153.7°C
and total precipitation from 71to 31.3 mm (Fig. 1).
The longest sowing-germination period was ob-
served with the variants sown from 1° to 3 ten-
day periods of April, at later sowing dates this
period decreased.
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Figure 1. GDD >10°C and precipitation required for the phenological phases of growth and
development of parsnip at different sowing dates (average for 2015-2017)

The appearance of the first true leaf is re-
corded on 6-9 days after germination. This
period was characterised by GDD (> 10°C)
ranging from 217-84.2°C and precipitation of
2.8-30.7 mm. The phenological phase of the sec-

ond true leaf is observed 4-8 days after the ap-
pearance of the first true leaf. During this phe-
nological phase, the period was characterised by
temperatures (>10°C) of 26.1-59.8°C and precipi-
tation of 2.4-247 mm.
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The period 2-3 of the true leaf lasted 3-8
days and occurred at GDD (> 10°C) of 277-112.5°C
and precipitation of 3.2-21.8 mm.

The beginning of root crop formation was
observed in 17-23 days after the appearance
of the third true leaf. During this phenological
phase, the period was characterised by GDD
(>10°C) of 168.61-270.8°C and precipitation of
13.0-641mm.

The phenological phase of the beginning of
the formation of the root cropbunch ripeness
lasted 28-51 days and occurred at GDD (>10°C) of
309.9-616.1°C and precipitation of 26.7-60.4 mm.
This period was the shortest for the variants of
sowing from 1% to 27 ten-day periods of April,
and at later sowing dates this period increased.

The period of germination-technical ripe-
ness lasted 110-165 days and occurred at GDD
(>10°C) of 1102.4-1439.0°C and precipitation of
1281-225.2 mm.

Parsnip leaves are a very important organ
of the plant, in which organic substances are
formed in the process of photosynthesis, due to
which the weight of the root crop increases and
sugar accumulates.

Leaf weight on July 1 ranged from 11to0 82 g,
on August 1 - from 16 to 138, on September 1 -
from 52 to 217, and on October 1 - from 63 to
109 g. The maximum growth of leaves with an in-
dex of 1.5-4.5 g / day was observed in the second
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half of August, then the formation of new leaves
decreased, and the old ones died off.

On July 1, in the variants sown in April and
May, the weight of root crops was 4-37 g. On Au-
gust 1, the previous figure ranged from 6 to 88 g,
on September 1 from 24 to 179 g, and on October
1from69to236g.

The maximum growth of root crops in the
variants sown in April was observed in the sec-
ond half of August with an indicator of 2.9-3.5 g/
day, sown in May, respectively, in early Septem-
ber - 2.1-27 g/day, sown in June, respectively, in
the second half of September - 1.9 g/day. The ra-
tio of leaf mass to root crop on July 1 ranged from
2.2 to 2.8, on August 1 - from 1.6 to 2.7, on Sep-
tember 1 - from 1.2 to 2.2, on October 4 - from
0.5t0 0.9.

The variant sown in the 1t ten-day period
of April provided a high yield of root crops of
50.3 t/ha, which is 5.3 t/ha or 11.8% significantly
more than that of the control variant (Fig. 2). A
significant decrease in yield was observed for
later sowing in comparison with the control,
namely: during the 3" ten-day period of April -
by 3.5 t/ha, or 7.7%, during the 1% ten-day period
of May - by 8.8 t/ha, or 19.6%, during the 2" ten-
day period of May - by 174 t/ha, or 38.6%, during
the 3 ten-day period of May - by 23.0 t/ha, or
511%, during the 1 ten-day period of June - by
317 t/ha, 70.6% compared to the control.
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Figure 2. The yield of parsnip roots depending on the time of sowing, tons/ha
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A strong direct correlation (r = 0.74-0.99)
was found between the growing season and
yield, root mass, marketability, and biochemi-
cal parameters, namely: dry matter, dry soluble
matter, sugars, vitamin C. An inverse correlation
(r=-0.98) was observed between the duration of
the growing season and nitrates.

Increasing the growing season by 10 days in-
creases the yield up to 6.9 t/ha, marketability up
to 2.7%, root weight up to 31g, dry matter content
up to 0.7%, dry soluble matter up to 0.3%, sugars
up to 0.5%, vitamin C up to 0.8 mg/100 g and re-
duces the nitrate content to 84 mg/kg.

Leaf area, photosynthetic potential, and net
photosynthetic productivity are strongly directly
related (r=0.92-0.98) to yield.

For increasing the leaf surface area to
1.0 thousand m?the yield is also growing up to
07 t/ha. Increasing the photosynthetic potential
to 0.05 million m? days/ha increases the yield to
0.2-1.2 t/ha. Also, the yield increases to 0.3-0.7 t/

ha with an increase in net photosynthetic pro-
ductivity to 0.05 g/m? per day.

CONCLUSIONS

An efficient and cost-effective lever for stabilis-
ing yields in vegetable production is to use vari-
eties with the high genetic potential of the crop,
resistant to diseases and pests and adapted to
growing conditions. The creation of a variety, its
testing and cultivation are influenced by abiot-
ic factors, and the interaction between these
factors and the genetic system of the variety
determines its value. The molecular knowledge
on plant responses to abiotic stress is promising
for further study and is likely to advance crop
resilience to climate change and increase the
economic efficiency of production. The vege-
tation period in parsnip lasted 110-165 days and
occurred at GDD (>10°C) of 1102.4-1439.0°C and
precipitation of 128.1-225.2 mm. Yields at differ-
ent sowing dates ranged from 13.2 to 50.3 t/ha.

(1]

(2]

(3]

(4]

(5]

6]

(7]

REFERENCES
Atkinson, N.J., § Urwin, PE. (2012). The interaction of plant biotic and abiotic stresses: from
genes to the field, Journal of Experimental Botany, 63(10), 3523-3543. doi: 10.1093/jxb/ers100.
Berenbaum M.R., & Zangerl AR. (2006). Parsnip webworms and host plants at home
and abroad: trophic complexity in a geographic mosaic. Ecology. 87(12), 3070-81.
doi: 10.1890/0012-9658(2006)87[3070:pwahpa]2.0.co;2.
Bobos I, Fedosy 1., Zavadska O., Tonha 0., § Olt Jiiri (2019). Optimization of plant densities of
dolichos (dolichos lablab L. var. lignosus) bean in the Right-bank of Forest-steppe of Ukraine.
Agronomy Research. 17(6), 2195-2202. doi: 10.15159/ar.19.223.
Bondarenka H.L, § Yakovenka K.I. (2001). Metodyka doslidnoi spravy v ovochivnytstvi i
bashtannytstvi.[Methodologyofexperimentalworkinvegetableandmelon]. Kharkiv:Osnova,369.
Cain N., Darbyshire S.J., Francis A., Nurse R.E., § Simard M-]. (2010). The Biology of Canadian
weeds. 144. Pastinaca sativa L.. Canadian Journal of Plant Science, 90(2), 217-240. doi: 10.4141/
CJPS09110.
Ciupak, A.; Szczurowska, 1; Gladyszewska, B.; § Pietruszewski, S. (2007). Impact of laser and
magnetic field stimulation on the process of buckwheat seed germination. Technical Sciences,
10, 1-10. doi: 10.2478/v10022-007-0002-8.
Colombo, M.L,, Dalfra, S., § Scarpa, B. (2011). The origin and the tradition of European herbalism
for human wellness: from the roots of an ancient approach to modern herbalism. Mediterranean
Journal of Nutrition and Metabolism, 4 (3), 173-179. doi: 10.1007/s12349-011-0062-y.

Plant and Soil Science (12)3



Komar et al.

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Gasch, P, Fundinger, M., Miiller, JT, Lee, T, Bailey-Serres, J., § Mustroph, A. (2016). Redundant
ERF-V2 Transcription Factors Bind to an Evolutionarily Conserved cis-Motif to Regulate
Hypoxia-Responsive Gene Expression in Arabidopsis, The Plant Cell, 28(1), 160-180. doi: 10.1105/
tpc.15.00866.

Hatfield, J. L., Boote, K. J., Kimball, B. A., Ziska, L. H., Izaurralde, R. C., Ort, D., Thomson, AM., &
Wolfe, D.W. (2011). Climate impacts on agriculture: implications for crop production. Agronomy
Journal, 103, 351-370. doi: 10.2134/agronj2010.0303.

Hatfield, J.L., & Prueger, J.H. (2015). Temperature extremes: Effect on plant growth and
development. Weather and Climate Extremes, 10, 4-10. doi: 10.1016/j.wace.2015.08.001.
Kaliniewicz, Z., Jadwisienczak, K., Choszcz, D., Kolankowska, E., Przywitowski, M., & Sliwinski, D.
(2014). Wspdtzaleznos¢ miedzy zdolnoScig kietkowania a wybranymi cechami nasion
pasternaku zwyczajnego (Pastinaca sativa L.). Inzynieria Rolnicza, 1(149), 39-50. doi: 10.14654/
ir.2014.149.004.

Komar, 0.0., Khareba, V.V, Fedosiy, 1.0.,, § Khareba, O.V. (2021). Otsinka sortiv pasternaku
posivnoho (Pastinaca sativa L.) za produktyvnistiu ta adaptyvnistiu vumovakh Pravoberezhnoho
Lisostepu Ukrainy [Evaluation of parsnip varieties (Pastinaca sativa L.) on productivity and
adaptability in the conditions of the Right Bank Forest Steppe of Ukraine]. Plant and Soil Science,
12(2), 69-75. doi: 10.31548/agr2021.02.069.

Kumar, S. (2020). Abiotic Stresses and Their Effects on Plant Growth, Yield and Nutritional
Quality of Agricultural Produce. International Journal of the Science of Food and Agriculture,
4(4), 367-378. doi: 10.26855/ijfsa.2020.12.002.

Kumudini, S., Andrade, EH., Boote, K.J.,, Brown, G.A., Dzotsi, K.A., Edmeades, G.O., Gocken, T,
Goodwin, M., Halter, A.L., Hammer, G.L., Hatfield, ]J.L., Jones, ] W, Kemanian, A.R., Kim, S.-H.,
Kiniry, J., Lizaso, ., Nendel, C., Nielsen, R.L., Parent, B, Stockle, C.0., Tardieu, F,, Thomison, PR.,
Timlin, D.J., Vyn, T.J., Wallach, D., Yang, H.S., § Tollenaar, M. (2014). Predicting maize phenology:
Intercomparison of functions for developmental response to temperature. Agronomy Journal,
106(6), 2087-2097. doi: 10.2134/agronj14.0200

Kwanchai A. Gomez, § Arturo A. Gomez (1984). Statistical Procedures for Agricultural Research,
2nd Edition, John Wiley & Sons, Inc., 680.

Lynikiene, S., Pozeliene, A., § Rutkauskas, G. (2006). Influence of corona discharge field on seed
viability and dynamics of germination. Int. Agrophys., 20(3), 195-200.

Norden, N., Daws, M.I, Antoine, C., Gonzalez, M.A., Garwood, N.C., & Chave, J. (2009). The
relationship between seed mass and mean time to germination for 1037 tree species across five
tropical forests. Functional Ecology, 23(1), 203-210. doi: 10.1111/j.1365-2435.2008.01477x.

Peters, K., Breitsameter, L., § Gerowitt, B.(2014). Impact of climate change on weeds in agriculture:
a review. Agronomy for Sustainable Development, 34, 707-721. doi: 10.1007/s13593-014-0245-2.
Rao G. Nageswara (2007). Statistics for Agricultural Sciences, 2nd ed. BS Publications, 466.

[20] Sasidharan, R., Bailey-Serres, ]., Ashikari, M., Atwell, B.J., Colmer, T.D., Fagerstedt, K., Fukao, T,

Geigenberger, P, Hebelstrup, K.H., Hill, R.D.,, Holdsworth, M], Ismail, AM. Licausi, F,
Mustroph, A., Nakazono, M., Pedersen, O., Perata, P, Sauter, M., Shih, M., & Voesenek, L.A.C]J.
(2017). Community recommendations on terminology and procedures used in flooding and low
oxygen stress research. New Phytologist, 214(4). doi: 10.1111/nph.14519.

Plant and Soil Science (12)3 @



The influence of abiotic factors on the growth...

[21] Sehgal, A., Kumari, S., Kumar,J., Shiv, K., Sarvjeet, S., Siddique Kadambot H.M., § Harsh, N. (2017).
Effects of drought, heat and their interaction on the growth, yield and photosynthetic function
of lentil (Lens culinaris Medikus) genotypes varying in heat and drought sensitivity. Frontiers in
Plant Science, 8,1776. doi: 10.3389/fpls.2017.01776.

[22] Shankar, U. (2006). Seed size as a predictor of germination success and early seedling growth
in ‘hollong’ (Dipterocarpus macrocarpus Vesque). New Forests, 31, 305-320. doi: 10.1007/s11056-
005-8198-6.

[23] Shengbao, W, Jing L., Tiantian, L., Xiaoying, W,, Anchun, P, § Changging, C. (2020). Effect of High-
Temperature Events When Heading into the Maturity Period on Summer Maize (Zea mays L.)
Yield in the Huang-Huai-Hai Region, China. 11(12), 1291. doi: 10.3390/atmos11121291.

[24] Vadez, V, Berger, ].D.,, Warkentin, T. Asseng, S., Ratnakumar, P, Rao, K.PC, Gaur, PM,
Munier-Jolain, N., Larmure, A., Voisin Anne-Sophie, Sharma, H. C, Pande, S., Sharma, M.,
Krishnamurthy, L., § Zaman, M.A. (2012). Adaptation of grain legumes to climate change: a
review. Agron. Sustain. Dev,, 32, 31-44. doi: 10.1007/s13593-011-0020-6

[25] Yadav S., Modi P, Dave, A., Vijapura, A., Patel D., § Patel M. (2017). Effect of Abiotic Stress
on Crops, Sustainable Crop Production, Mirza Hasanuzzaman, Marcelo Carvalho Minhoto
Teixeira Filho, Masayuki Fujita and Thiago Assis Rodrigues Nogueira. IntechOpen. doi: 10.5772/
intechopen.88434.

[26] Zandalinas, S.I, Mittler R., Balfagdn, D., Arbona, V,, § Gomez-Cadenas, A.(2018). Plant adaptations
to the combination of drought and high temperatures. Physiologia Plantarum, 162, 2-12.
doi: 10.1111/ppl.12540.

[27] Zangerl AR, Stanley M.C., & Berenbaum M.R. (2008). Selection for chemical trait remixing in
an invasive weed after reassociation with a coevolved specialist. Proceedings of the National
Academy of Sciences of the United States of Americavol, 105(12), 4547-4552. doi: 101073/
pnas.0710280105.

[28] Ziska, L.H., Tomecek, M.B,, § Gealy, D.R. (2010). Evaluation of competitive ability between
cultivated and red weedy rice as a function of recent and projected increases in atmospheric
CO,. Agronomy Journal, 102, 118-123. doi: 10.2134/agronj2009.0205.

[29] Zohary, D., Hopf, M., § Weiss, E. (2012) Domestication of Plants in the Old World. UK, 264.
doi: 10.1093/acprof:0s0bl/9780199549061.001.0001.

' @ Plant and Soil Science (12)3



Komar et al.

0.0. Komap

KaHAmaaT cinbCbKOrocnoaapCbKMx HayK, CTaplwnin BUKAa4au

l. 0. depociit

KaHamMAaaT cinbCbKOrocnoAapcbkMx Hayk, AOLEHT, 3aBiayBay kKadeapu
0.0. CepgoBa

Marictp 1 pik

HauioHanbHWI yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

BnnuB a6ioTuuHux pakTopiB
Ha picT i pO3BUTOK POCJ/IMH NacTepHaKy

AHoTauif. OCHOBHUMH GaKTOpaMH, 110 BIUTMBAIOTh Ha PiCT POCIIVH, 361IbIIeHHA BPOXKaI0 Ta MOT0
AKiCHI XapaKTepUCTURY, € 6i0THYHI Ta abioTUYHI YMHHUKY. [ToegHAHHSA abi0OTUYHUX CTPECiB, TAKUX
SIK TI0CYXa Ta CIIeKa, MAIOTh 3HAYHO GiNbIINI BIUIUB Ha BPOYKAMHICTH Ta AKICTh IPOAYKIii. Peakiiisa
POCJIMH Ha 11 CTPeCH MO3Ke BiZlpi3HATHCS 3aJIeXKHO Bil BUY Ta CTa il pO3BUTKY. PO3yMiHHS MexaHi3MiB
i crtoco6iB 3ax¥CTy POCIIMH Bifi CTPeCiB CTaJI0 JKUTTEBO BAsKIIMBUM J,1s ITiABUIIEHHS BPOKAMHOCTI Ta
SAKOCTI ITPOAYKIIil TacTepHaKy B yMOBAaxX MiHJIMBOTO KJTiMaTy. MeTO0 OCiIKeHHS 6yJ10 BUSHaYEHHS
BIUTUBY a610TUYHIX GaKTOPIE (TEMIIepaTypu Ta OTa iB) Ha BpOKaMHICTh, TPUBAJICTh GeHONOTTUHNX
das pocTy i po3BUTKY pOCINH, ZUHAMIiKy HapOCTaHHS JIMCTKOBOL Ta KOPeHEBOI MacUu I1aCTEepPHAKy
B yMoBax [IpaBob6epeskHoro JlicocTemny Vrpainu. JocmimkeHHS IPOBOIIMN B TIOJIBOBOMY HOCIiAi
Kadenpu OBOUIBHMIITBA i 3aKpuroro rpyHty HHJI "TImomooBoueBuit can"' HVYBIll VKpaiHU B
ymoBax [TpaBobepeskHoro JlicocTery VKpainu mpoTaroM 2015-2017 pp. ITora 06J1iKoBOI AiMSHRY
cTaHoBMA 11,3 M?, MIOBTOPHICTD JOCIIIZy - 4OTUpHpPa30Ba. Po3MillleHHS BapiaHTIB - CICTeMaTUYHe.
JocmimKeHHSAMY BCTaHOBJIEHO, 1[0 HAMKOPOTIUUM IIepiof ciB6a-cxomu TpUBaB 16 IHIB y BapiaHTax,
Ie ciBby mpoBOIUIY v 3-11 AeKaZi TpaBHA Ta 1-¥ JeKafi uepBHSA. 3HauYHe 3ari3HeHHS Ha 21 JeHb y
1[pOMy Ilepiozi 6ymo BimMiueHo 3a ciBbu 3 1 1Mo 3 JeKany KBiTHA. TpUBAJiCTh Mepiofy Bif moyaTky
bopMyBaHHS KOpEHEIUIOAIB IO MyYKOBOI CTUIVIOCTI 6yia HaMKOPOTILIOIO 3a CiB6U B 1-¥ JeKami
KBiTHA - 28 OHIB, a HaWIOBIIOIO 3a ciB6u B 1-if AeKafi uepBHA — 51 IeHb. BeretaliiHum repiog,
KoJMBaBca Binm 110 mo 165 OHIB i xapakTepr3yBaBca CepeAHbOI060BOI0 TeMIeparypow (> 10 °C)
1102,4-1439,0 °C Ta KineKicTio omazis 128,1-225,2 MM. ITics ciB6u y KBiTHI iHTEHCUBHUI IPUPICT
KOpEeHEeIUIOIB Bix 2,9 mo 3,5 r/moby criocTepiraBcs y OpyTiit IOJIOBHHI cepriHa. 3a ciB6u y TpaBHi
HaMOIIBIIMI ITPUPICT KOPEHEIUTOAIB Bix 2,1 mo 2,7 r/moby BimMiueHO y mepiIili IOJIOBUHI BepecHs.
Tax, 3a ciB6u B 1-1 ieKai yepBHA Liel [TOKa3HUK 6B HAaWBUINKM Y OPYTil mo0BuHi BepecHs (1,9 r/
mo6y). Bapiaur i3 ciB600 B 1-i1 IeKafi KBiTHA 3a6e3M1eUrB BUCOKY BPOKAWHICTh KOPEHEIUIOMIB —
50,3 T/ra, 110 Ha 5,3 T/ra, a6o Ha 11,8%, JOCTOBIpHO 6iJbllle, Hi’K Ha KOHTPOJIBHOMY BapiaHTi. 3a ciB6u
B HACTYIIHI CTPOKU CIIOCTepirasocs CyTTEBe 3HIDKEHHS BPOJKAWHOCTI ITOPiBHAHO 3 KOHTPOJIEM, a
caMe: 3a CiB6U ¥ 3 IeKai KBiTHA - Ha 3,5 T/ra, abo Ha 7,7%, 3a ciB61 y 1 ieKaAi TpaBHA - Ha 8. 8 T/ra, 260
19,6%, 3a 2 meKany TpaBHA - Ha 17,4 T/ra, abo 38,6%, 3a 3 meKaay TpaBH#A - Ha 23,0 T/ra, a6o 51,1%, 3a
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1 merazy uepBHA - Ha 31,7 T/ra, a60 70,6% TOPiBHIHO 3 KOHTPOJIEM. BCTAHOBJIEHO CUIIBHUI TIPAMUN
KOpEJALIMHNE 3B'A30K (r = 0,74-0,99) MK TPMBAJIICTIO BETeTAL[IMHOIO IEePioy Ta BPOKANHICTIO,
Macoio KOPEHEeIUIOAiB, TOBAapHiICTIO i 6ioxiMiUHMMY MMOKAa3HMKaMH, a caMe: Cyxa PeUYoBHHA, Cyxa
PO3YMHHA PEYOBUHA, LIyKPH, BiTaMiH C. 3BOPOTHMI KOPENALIIHNM 3B'A30K (r = -0,98) criocTepirascs
MDK TPUBaJIICTIO BETETALIIMHOTO ITepioly Ta BMiCTOM HiTparTiB. 36i/IbIIeHHSA BereTalliltHOTO TIepiomy
Ha 10 [gHIB mifBUILYe BPOXKAMHICTD 0 6,9 T/ra, TOBAPHICTH J0 2,7%, Macy KopeHeruiony 1o 31T,
BMICT Cyx0l pe4oBUHU 110 0,7%, Cyx0l po34rMHHOL pedoBUHU A0 0,3%, yKpiB 10 0,5%, BitamiHy C 10
0,8 Mr/100 T Ta 3HWKYE BMICT HiTpaTiB 10 8,4 MI/KT. IT0111a TUCTKOBOI TOBEPXHi, pOTOCUHTETUYHUIN
ITOTEHIIiaJI Ta YMCTa IPOAYKTUBHICTh GOTOCHHTE3y MAOTh CUJIBHUI IIPAMUI 3B'A30K (r = 0,92-0,98)
3 ypoXRaMHicTIO. 3i 36iMbIIEHHAM IUTOLI JMCTKOBOI TTOBEpXxHi [0 1,0 THC. M2 BpOXKaMHICTh TaKOK
3pocTae 10 0,7 T/ra. 36inbleHHS GOTOCMHTETUYHOTO ITOTeHIIiay Ao 0,05 MIH M2 AHiB/ra 36ibiIye
BpOJKaMHICTh [0 0,2-1,2 T/ra. TaKoK BpOXKAMHICTD 3pocTae Ao 0,3-0,7 T/ra mpu 36ibllIeHH] Y1CTol
MIPOAYKRTUBHOCTI poTocuHTe3y mo 0,05 r/mM2 Ha mo6y. MoneKyIApHi 3HAHHS PO PeaKI{ilo POCIUH
Ha abioTUYHUI CTpeC € MepCIIeKTUBHUMU I TIOAaJIBIIOT0 BUBYEHHS i, IMOBIpHO, CIIPUATUMYTh
MIJIBUIIEHHIO CTiMKOCTiI CiIBCBKOTOCIIONAPCBRKUX KYyJABTYp [0 3MiHM KIIiMaTy Ta eKOHOMIuHil
ebeKTHBHOCTI BUPOOHUIITBA

Knio4voBi cnoBa: racTepHaK, TeMITepaTypa, OIIafy, BpOXKAMHICTh, picT KOpeHiB i mucTd
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