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The development of plants is always accompanied by the influence of certain factors on
their vegetative and generative sphere. The effect of abiotic factors is described in some detail,
but the overall biotic effect is described in some fragments. Species of the genus Pinus L. are
characterized by changes in the assimilation apparatus under general influence, we tried to
show changes in the generative sphere under the influence of biotic factors, primarily changes
in pollen under biotic influence. Diagnosis of pollen, changes in pollen grains is a reliable,
affordable and environmentally friendly way to diagnose general changes under the influence
of biotic factors on species of the genus Pinus L.

1t is also important to understand the nature of the factors that affect the species of the genus,
so the article presents the impact of only one biotic factor on plants, and presents in comparison
with those factors that have a different nature. Thus, anatomical and morphological changes in
the generative sphere of plants of the genus, in particular in the change of pollen grains, allow
not only to identify the adaptation of a particular impact, but also to understand the difference in
action and reactions to various factors.

Changes in the morphological structure of pollen grains of the studied species under
the influence of pests are shown. Photodocumentary confirmations of morphological changes
under the influence of pests on pollen of plants of the studied species, as well as statistical data
are given. The ratio of the number and variety of pathogenic changes in the morphological
structures of the pollen grains of Pinus plants has been clarified.

Determining the impact of plant pests on the generative sphere of plants of the genus is
an important issue for research in botany, forestry and plant protection. In 1977, V. Geodakyan
suggested that pollen not only transmits genetic information, but also can carry information
about the ecological state, so it is important to understand how the protective and adaptive
mechanisms of new plants and parental forms exist. The article also shows the adaptive capacity
of species of the genus to pathogens and pests at the level of pollen grain formation, adaptation
potential, as well as the possibility of diagnosing the presence of biotic effects on plants of species
of the genus Pinus L.
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Envnimighopos E.M. Anamomo-mopghonoziuni 3minu nunky pociaun éuoie pooy Pinus L.
3a 6naAUGY WKIOHUKIG ma X60p0o

Po3zsumox pociun 3a621c0u cynpo8ooIcyemuvcs 6HAUBOM MUX YU iHUUX pakmopis na ix geze-
mamusHy i eeHepamusHy cepy. lia abiomuynux paxmopis onucana oocums OOKIAOHO, dfie
3aeanvbHa biomuuna Ois onucana paemenmapno. /[ns 6udie pody Pinus L. xapaxmephi sminu
ACUMINAYIIHO20 anapamy 3a YMOG 3a2anibHo20 énaugy. Mu cnpobyeanu noxkazamu 3MiHu 2eHe-
pamugHoi cghepu nio 6naUGOM OIOMUYHUX DAKMOPIE, HAcamneped 3MIHU NUIKY ni0 Giomuy-
HUM 6NAUGOM. JliacnocmuKa UKy, 3MiH RUIKOBUX 3ePeH € HAOIUHUM, OOCHYNHUM I eKONO2IYHO
YUCMUM CHOCOOOM OiACHOCTNUKU 3A2ATIbHUX 3MIH Ni0 GNAUBOM OIOMUYHUX hakmopis y 6udie pody
Pinus L.

Taxooic 8asicauso po3ymimu npupooy axmopis, AKi GnIUeaAI0Ms Ha 6U0 pooy, MOMY 8 Cmammi
npeocmasieno naug auue 00H020 OIOMUYHO20 PAKMOPA HA OOCTIOACYBAHT POCTIUNHU, A MAKONC
nPeoCcmasneno NopieHAHHA 3 MuMU akmopamu, AKi Maiomy iHuy npupooy. Taxum yuHom, ana-
MOMO-MOPGONOTUHT 3MIHU 8 2eHEPAMUBHOL chepi POCTUH POOY, 30KpeMa 8 3MIHI NUTKOGUX 3eDeH,
0036015110 Mb He MINbKU BUAGUMU A0ANMAYII0 00 MO20 YU IHU020 GNAUGY, A U 3PO3YMIMU PIZHUYIO
6 Oil [ peakyii Ha pizni haxmopu.

Toka3zano 3miHu MOPGONO2IUHOL CMPYKIYPU NUTKOBUX 3ePeH O0CAIONCYBAHUX 8UOTE NIO 6N~
6om wiKkionukis. Hasedeno (pomoookymenmanvi niomeeporiceHs MophHOIOIUHUX 3MIH NUTKY
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POCIUH OOCTIONCYBAHO20 BUAY NIO BNIUBOM WUKIOHUKIB, A MAKONC CIMAMUCTUYHI OaHi. 3 ’51c08aHO
CRi6BIOHOUIECHHSL KIIbKOCMI MA PI3HOMAHIMHOCME NAMO2EHHUX 3MIH MOPONOSIUHOT cmpyKmypu
RUNIKOBUX 3epeH pocaut pody Pinus.

Busnauenns enaugy wKiOHUKI6 pOCIUH HA 2eHePAMUeHy cghepy poCauH poody € aKmyaibHo
npobnemoro 0ocniodicensy y bomaniyi, nicisnuymei ma 3axucmy pocaun. Y 1977 poyi B. T'eo-
O0aKsH NPURYCMuUG, Wo NUIOK He MITbKU nepeoac eeHemudny ingopmayiio, ane i mModxice Hecmu
inghopmayiro npo exono2iuHull CMaH, MoMy 8aNCIUBO PO3YMIMU, AK ICHYIOMb 3AXUCHO-NPUCIIOCY-
BAIbHI MEXAHIZMU HOBUX POCIUH | OAMBKIBCLKUX (popm. Y cmammi maxodic nokazano adanmuseHy
30amuicmy 6udie pody 00 NAMOo2eHis i WKIOHUKI6 HA PIGHI (POPMYBAHHS NUTKOBUX 3ePeH, adan-
MAayiiHUtL NOMEHYIAL, A MAKONC MONCIUBICIb OIAZHOCIUKU HAABHOCMI OIOMUYHO20 6NAUBY HA
pocaunu 8udie pody Pinus L.

Knrwwuoei cnosa: nunox, cocrna, mopgonoeis, Pinus L., wikiOnuxu, 3mina.

Introduction. Today, the topical issue of botany and related sciences is the prevent-
ive diagnosis and development of methods to control biotic factors in general and pests
and pathogens in particular, in forest and agricultural crops.

Of particular importance in the context of this issue are those plant groups that
are used in landscaping and tend to health and disease prevention. One of the most
popular genera in this regard is Pinus L., which is also the most common throughout
Ukraine. Pinus silvestris L. is a typical representative and is a model species in the study
of anatomical-morphological and physiological-biochemical changes of the assimila-
tion apparatus [6].

However, not all changes in the assimilation apparatus of plants can be considered
diagnostic, part of a complex complex diagnosis can be based on the detection of chan-
ges in the generative sphere, namely anatomical and morphological changes in the struc-
ture and shape of pollen species. It is also important that the changes that occur in plants
of this species are generally diagnostic for other species of the genus in terms of man-
made exposure [4] and radiation [5], and therefore it makes sense to study them under
the influence of biotic factors.

L.I. Korshikov, L.P. Hlebova, O.A. Neverova and other studied the problem. A num-
ber of scientists were involved in the natural regeneration of pine: P.M. Megalinsky,
M.I. Gordienko, V.P Shlapak, A.F. Goychuk, V.O. Rybak, V.M. Maurer, S.B. Kovalev-
sky, N.M. Gordienko, V.B. Loginov and other.

Purpose: To show anatomical and morphological changes of pollen under the influ-
ence of pests, to reveal the basic tendencies and regularities of changes under the influ-
ence of pests and pathogens: comparison of anatomical and morphological changes
of pollen of investigated plants at biotic influence.

Materials and Methods. Pollen collection was carried out in the period from 14 to
21 May on the territory of the National Botanical Garden MM Gryshko for three sam-
ples of 7 plants of the studied species that had microstrobiles. Microstrobiles were col-
lected from each group tree during mass maturation, from the lower part of the crown.
The studied types of pines grow on the territory of NBS. M.M. Gryshko and introduced
(Table 1). All plants grow in groups, and were selected those plants that are inhabited
by one pest or affected by one pathogen with the maximum degree of damage on a five-
point scale (S.I. Kuznetsov, F.M. Levon, Y.A. Klimenko, V.F. Pylypchuk, M.I. Shu-
myk) [6] Pests and pathogens were identified by qualifier. The control group was absent
because the aim was to compare the anatomical and morphological changes of the pol-
len of the studied plants at the lesion. Also, control involves the presence of completely
intact or undamaged plants, which in conditions where minimized chemical protection
processes are virtually impossible.
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Table 1
Plants and pests influencing their pollen formation are studied
The degree of damage
Study plants, group Pest to the crown

Pinus sibirica Du Tour Leucaspis newsteadi Sulc 3
Pinus koraiensis Sieb. et Zuce | Leucaspis lowi Colvee 3
Pinus sylvestris L. Cinara brauni Borner 4
Pinus mugo Turra Cinara pinea Mordvilko 4
Pinus nigra subsp. pallasiana S

Holmboo Herpotrichia nigra Fuckel 4

Samples of dry pollen were glued to metal tables with double-sided tape. Carbon
spraying was performed in the vacuum universal post VUP-5M of Sumy JSC “Selmi”
in the mode of thermal evaporation using a device for turning and tilting objects. Next,
the samples were sprayed with platinum using an ion etching device JFC-1600 and stud-
ied using a scanning electron microscope JSM-6700F JEOL, (Tokyo, Japan) in the mode
of secondary electron emission. Pollen samples were studied by microphotographs in
the AxioVision program.

Results. For comparison, the average values of biometric indicators were used,
although in one species within the group they can vary widely. When the plants were
damaged by pests and pathogens, it was found that the proportion of abnormal pollen
is not less than 18% (Fig. 1) and reaches even 33%, whereas it is usually not more than
4-5% [7; 8].
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Fig. 1. The share of abnormal pollen in the studied species of the genus Pinus
under the influence of pests and pathogens

The widest range of abnormal grains is characteristic of R. sylvestris, which may
indicate a wide reaction norm (table 2).

The largest aerial bags of pollen grains were recorded on R. sylvestris plants with
an average length of 53.2 pm and a height of 48.7 pm of pollen, but with a greater coeffi-
cient of variation than normal. This may indicate a change in the anatomomorphological
structure of pollen grains under biotic exposure.

There is a general pattern: the smallest amount of pollen with structural abnorma-
lities has five-needles species — P. sibirica Ta P. koraiensis.



https://uk.wikipedia.org/w/index.php?title=Du_Tour&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Holmboe
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5rpotrichia_nigra&action=edit&redlink=1
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Table 2
Morphometric variability of pollen grains and air sacs
of the studied species of the genus Pinus on the territory
of the National Botanical Garden M.M Gryshko
Pollen Air bag
Plants body length body high length height

Mzm ([CV%| Mtm |CV% | M+zm ([CV%| Mzm |CV %
P. sibirica 482+1.0 | 7,95 | 393+1.1 | 998 |46.3+£0.87| 7,1 |[23.2+£1.11| 5,97
P. koraiensis | 46.4+0.89 | 8285 |[37.1+0.97| 11,71 |45.4+0.98| 8,34 |25.4+0.99| 6,41
P. sylvestris 53.2+0.97 | 10,29 |48.7+0.84 | 7,50 |48.2+0.92| 8,97 |24.7+0.87| 11,11

P. mugo 49.4+1.1 | 6,60 |41.120.96| 11,16 |44.4+097| 9,1 |23.7+0.89| 10,61
P. nigra
subsp. 5132098 | 7,81 | 37.4+£1.0 | 9,79 |47.81091| 6,71 |24.4£097| 7,83
pallasiana

in the table. 2 differences in reliability for Student's t-test at P <0.05; * M + m — average
value with false.

Fig. 2. Pollen grains of the genus Pinus with developmental abnormalities
for exposure to pests and pathogens
a — immature, b — deformed, ¢ — degenerating, d — with an underdeveloped bag,
e — with a damaged air bag, f — “dwarf”, j — with a lenticular body

Pollen with the following developmental anomalies is characteristic of all studied
plant species under the influence of biotic factors: immature, deformed, degenerating,
with a lenticular body, “dwarf”, with damaged air sac, with altered body shape and air
sacs, disproportionate, with underdeveloped sac, Fig. 2), ie pollen grains with anomalies
that corresponded to the types described in the literature [1; 3; 8; 9].
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Pollen anomalies are a general reaction to biotic influences (Fig. 3) and are local
in nature. There is no specific deviation in the defeat of a particular biotic factor. Most
immature (4—-6%), deformed (5-8%) and degenerating (2—6%) pollen.

Fig. 3. Differences in the total amount of abnormal pollen under the influence
of pests and pathogens of different nature:
a — Leucaspis newsteadi, b — Leucaspis lowi, ¢ — Cinara brauni,
d — Cinara pinea, e — Herpotrichia nigra

Discussion. The study of the variability of the morphology of pollen grains makes it
possible to understand the processes of reactions of the generative sphere of the studied
plants of species of the genus Pinus under the influence of the pest. The widest norm
of reaction to a pest is shown by P. sylvestris which range of morphological changes
of pollen is the greatest. Perhaps this is also due to its intraspecific variability, in the con-
text of which the morphological changes in the structure of the pollen body and sacs are
decisive in the methods of bioindication.

It should also be noted that pests of the family Diaspididae have a less negative
impact on the pollen of the studied species than members of the family Lachnidae.
However, pathogens from the family Nerpotrichia create a significant background effect
on changes in the formation of pollen grains Pinus After all, the proportion of pollen
with abnormal development in the above cases is different.

In this context, we can say that the overall frequency of anomalies of Pinus pol-
len grains, as well as pathologies of pollen development can be used to indicate biotic
effects in introduced and natural plantations of Ukraine.
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BlIA HOPM 3ACTOCYBAHHA repbiunAyY EKCMNEPT MNMPO
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Haseoeno pesynomamu 0ocniodxcers cmocogno enaugy nopm 2epoiyudy Excnepm Ilpo, m.0.
Ha pisenb 3a0yp AHEHOCHI NOCIBI8 KYKYPYO3iu, 3M00e1b08AHO KOPETAYIHY 3aNeNHCHICMb KITbKO-
cmi ma macu 6yp siHié 8i0 HOpMU GUKOPUCIANHS NEPRApamy.

TIposedenumu 00CIONCEHHAMU 6CMAHOBIEHO, WO 3a OONIKY pieHs 3a0YHAHEHOCMI uepe3
Micsayb nicis 6HeceHHs 2epOiyudy Kinbkicms 0yp ‘anie y eapianmi 0ocnioy 3i énecennam 1,25 n/ea
npenapamy 3nusuaaca na 78% 3a xinvxicmio u na 75% — 3a macoio. 3a euxopucmanns 1,50 n/ea
2epbOiyudy Kinokicmos ma maca Oyp 'sauie npomu KoHmponio 3uuzunacs na 83 i 85% eionosiowo,
a npu 0ii 1,75 n/ea — na 90 i 89% 6ionosiono oo nopm. Hauibinewuil 6i0comox 3Huwjenus ceze-
ManbHOI POCIUHHOCII AK 34 KLIbKICMIO, MAK 1 3a Macor cnocmepizeasca y pasi enecenns 2,00 1/2a
2epbiyudy — 6ionosiono na 92 i 93%.

3a euxonaunna noemopHo20 0ONIKY Pi6HA ce2emanbHOl pOCIUHHOCMI neped 30UpPaHHAM 8pPo-
HCAKO CNOCMEPI2AIOCS Ne6He 3POCMANHS K KIIbKOCmi max i macu 6yp 'aHie 6 azpo@imoyenosi
KVKYPYO3U, uj0 CHPUYUHEHO NOSB0I0 HOBUX CXO0O0I8 Y NPOMIJICKY MidIC OONIKAMU.
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