Structural and functional deviations from normal growth and development of plants

MOTJIONICHUE YTIIEKUCIOTHI ¥ CIIOCOOCTBYIOIINE BHIXKHBAHUIO JIAHHOTO ITOJIBUJIA B YCIOBHSIX cTpecca. B me-
pHOI MOYBEHHOM 1 aTMOc(epHOit 3acyxH KapenbcKas Oepe3a Oosnee 3(pGEeKTHBHO 1O CPaBHEHHIO ¢ Oepe3oit
IIOBHCJION MCIIOIB30BaIa HU3KYIO COIHEUHYIO PaJualtio, 4YTO BBIPAXKaIOCh B BBICOKOI CKOPOCTH HAachIIle-
HUSI CBETOBOW KPUBOW. DTO k€ OOHAPYKUJIOCh M B TACMYpPHBIE THHU MPH XOPOIIeH BOJA00OECTIEUeHHOCTH.
AKTUBHOE MOTJIOIIECHUE YIJIICKUCIOTH B paHHHE YTPEHHUE Yachl U B MACMYPHYIO MOr0Ay, 0COOEHHO B ycC-
JIOBUSIX aTMOC(EpHO 3acyXu, O3BOJISIET MOAJIEPKHUBAThH YTIEPOAHbIH OanaHC Ha IPUEMIIEMOM YPOBHE,
MOBBIIIACT €€ KOHKYPEHTOCIIOCOOHOCTb.
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Abstract. Investigations on the birdseye grain abnormality in sugar maple (Acer saccharum Marsh.)
have lately focused on possible associations with environmental conditions. One theory attributes its
formation to elevated stand density, suggesting that increased competition for resources triggers birdseye
production. This hypothesis has received only mixed support in related research. Recent microanatomical
examination of birdseye sugar maple found localized aggregations of bark fibers press into the cambium,
thereby damaging the cambial initials and, consequently, altering wood formation. No proximate cause for
this phellogenetic origin was given, but elevated levels of the plant hormone ethylene acting upon the cork
cambium were suspected. Birdseye formation differs from the physiological response seen in Karelian
birch, and may result from xylem growth suppression due to poor nutrient supply following physiological
changes in tissue structure. Both birdseye maple and Karelian birch are examples of environmentally
triggered metabolic disorders with promise for silviculturally-based propagation.

The birdseye abnormality in sugar maple has puzzled lumbermen and foresters for centuries.
The beautiful patterns of this figured grain have long been ornamentally prized—there are records of
ancient Romans using figured maple in tables and other prized objects [2, 13]. In North America, early
woodworkers often crafted birdseye maple into fine furniture, gunstocks, and other specialty items
[12, 21], a tradition that has continued to this day (Figure 1). Currently, many of the best birdseye
maple logs harvested from the United States and Canada sell for thousands of dollars each and are
shipped overseas to Asian and European manufacturers (e.g., [10]). Unfortunately, even with the
tremendous commercial interest that birdseye maple has been known to bring, there has not been any
conclusive research on the cause(s) of this abnormality.
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In recent years, investigations have
focused on  environmental  conditions
associated with birdseye sugar maple. A
leading theory attributes its formation to
elevated stand density, often measured in
terms of basal area. A limited study of
birdseye maples from the Upper Peninsula of
Michigan (U.S.A) compared to nearby
unfigured sugar maples of similar diameter
and age found the birdseye specimens had
local basal areas almost 25 % higher than their
paired non-birdseye companions [14]. The
authors of this study suggested that increased
competition for resources led to elevated
stress, which in turn triggered birdseye
production. However, subsequent research on
birdseye has not supported this competition
hypothesis. Bragg et al. [7] expanded the

Figure 1. An example of birdseye maple wood in a finely
crafted mantle clock. Photograph by Bragg D. C.

comparison of birdseye versus non-birdseye maples to a much larger sample size over a broader
geographic distribution. While the older, generally denser virgin stands of timber in their study had a
higher proportion of birdseye maple than nearby managed second-growth, within strata birdseye maples

were not found in areas of higher stand density [7].

Figure 2. An example of the birdseye maple figured grain showing the localized impacts of bark fibers pressed
against the developing cambial initials. Photograph by Bragg D.C.
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Nevertheless, reports of the sudden
termination of birdseye production following
changes to stand conditions and the relative
abundance of birdseye in old-growth stands still
point to environmental link(s). Both Pillow [17]
and Constantine [9] noted the abrupt cessation of
birdseye following the harvesting of trees adjacent
to birdseye maples. Presumably, the removal of
these competitors changed the local environment
enough to cause the birdseye maples to alter their
physiology and cease the continuation of the
figured grain. An additional anecdote mentioned a
«perfect» log of birdseye maple sold to a mill in
northern Michigan. Initially, this specimen
produced highly figured veneer, only to abruptly
cease less than 5 cm into the peeling of the log
[21], indicating that the initiation of birdseye
production can also be very rapid. The abundance
of birdseye maple in many virgin northern
hardwood forests [7, 10, 11, 21] and relative
scarcity in managed second-growth [7] also point
to environmentally controlled trigger(s) for
birdseye production, perhaps mediated by time or
ontogeny [4]. Additionally, a field guide to
birdseye maple identification in standing timber
suggested that birdseye was more abundant in
certain locations on the landscape, including hills,
upper portions of steep slopes, and locations with
thin, dry, and/or rocky soils [8]. However, their
phenomenological observation may simply be a
consequence of fate—such locations may not have
F igurg 2 A large bi}rdseye maple photographed in loW light  peen logged due to access or tree quality issues and

condmops to highlight the bole form. Note the c.onst.rlcted thus may better reflect the virgin forest condition,
base of this tree (arrows), a feature often found with birdseye which often contains considerably more birdseye
maples. Photograph by Bragg D.C.
maple than managed stands [7].

Recent microscopic examination of birdseye sugar maple found localized aggregations of bark fibers
pressing into the cambium, thereby damaging the cambial initials and, consequently, altering wood formation
[18, 19, 20]. No proximate cause for this phellogenetic origin was given, but Rioux et al. [20] suspected that
environmentally elevated levels of the plant hormone ethylene acting upon the cork cambium led to the
formation of birdseye in sugar maple (Figure 2). The earlier cell differentiation and growth of the bark tissues
may force the fibers against the inactive cambial initials, thereby producing a mechanical injury and subsequent
physiological response [20]. Alterations to the size and abundance of rays may also affect nutrient transport to
these tissues, producing localized areas of wood with decreased lignin in their cells [20]. Even though this injury
may prove to be temporary, when it occurs over a multi-year period the reduced xylem growth produces a
cumulative decline in radial increment for particular points along the bole and, hence, the characteristic
indentations in the grain [4, 20]. The abrupt cessation of the figure further suggests that the influence of these
bark fibers is not necessarily permanent and can be deactivated by the tree when conditions permit.

Evenn though both grain abnormalities arise from disturbances in cambial activity [4, 15, 20],
birdseye formation differs in some ways from the physiological response seen in Karelian birch (Betula
pendula var. carelica (Merckl.) Hamet-Ahti). Karelian birch develops following the sucrose-induced
overgrowth of storage parenchyma cells [16]. Birdseye may result from xylem growth suppression due to
poor nutrient supply following changes in tissue structure arising from the pressure of bark fiber
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concentrations [20]. Given that birdseye sugar maples can be found on what are considered good quality
maple sites well within the natural distribution of the species [7], and has been documented to occur across
the range of sugar maple [3], it seems unlikely that site-related macronutrient deficiencies directly lead to
the production of birdseye, as found in Karelian birch [16].

Likewise, the occurrence of birdseye in numerous maple species, including a number of Eurasian
and North American taxa other than Acer saccharum, implies that the physiological changes leading to
birdseye production are also associated with conditions that are not limited to specific sites or even
genotypes. However, the constricted «Coke-bottle» bole form often (but not always) observed in birdseye
maples (Figure 3) is tantalizingly familiar to some of the abnormalities seen in Karelian birch [16] and
perhaps suggests a structural limitation to the flow of water, nutrients, and/or photosynthates which may
either trigger birdseye formation or reflect a physiological response to the processes involved.

Both birdseye maple and Karelian birch are examples of environmentally triggered metabolic disorders
with promise for silviculturally-based propagation. Long-term experimentation has shown the efficacy of
figured wood production in Karelian birch (e.g., [15, 16]) and a number of other figured grains (e.g., [1]). No
such comparable experiments have been published for birdseye maple, indicating we have much work left to do
on the developmental pathways of this grain abnormality. Silvicultural advice to help ensure the continued
availability of birdseye maple has been slow in coming (e.g., [5, 6]) but should increase as the relationship
between the formation of this figured grain and environmental influences becomes better defined.
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PLANT GROWTH REGULATORS CIRCON AFFECTS PLANT RESPONSES TO
ENVIRONMENTAL FACTORS
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Abstract. The effect a new plant growth regulator on the natural mineral circon on potato and cauliflower plants
was studied under the climatic conditions of Karelia. It was shown that the preparation stimulated the growth and
development of plants and increased their productivity under low temperatures and deficit and excess water
stresses: it manifested antistress and fungicidal activities.

MOJU®UKALUS PEAKIIUU PACTEHHIA HA JAEVICTBUE HEBJIATOIIPUSITHBIX
®AKTOPOB BHEIIHEI CPE/IbI C TOMOIIbIO CHHTETHYECKOT'O PETYJISTOPA
POCTA — [IUPKOHA
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HNuTeHcnpuKanys pacTeHUEBOJICTBAa B CEBEPHBIX PErMOHAX HAIlEH CTPaHbl MPEAINojaraeT pery-
JUPOBaHUE TIPOILIECCOB POCTA M PA3BUTUA PACTEHUH, a Tak)Ke yJIYUIICHHE UX aJalTHBHBIX BO3MOXKHO-
cTell ¢ menpto obecnedeHus CTA0MIBHBIX YPOKaeB MpHU HeONaronpusATHBIX yCIOBUSX BHEIIHEH Cpeabl.
K HacrosimmeMy BpeMEeHM HAKOIIJIEH 3HAYUTEIbHBIH 00BEM AAHHBIX O MOBBIIIEHUH YCTOHYMBOCTH pac-
TEHHUH C MOMOIIBI0 CHHTETUYECKUX aHAJIOTOB (PUTOTOPMOHOB, a TaK)Ke COCITMHEHUH HE TOPMOHAIBHON
npupossl [3, 6, 14-16, 18]. B mocieanue rojasl K BHOBb CHHTE3UPYEMBIM IpenapaTam J00aBHIIOCH
TpeboBaHHE TOBBIIICHHUS YPOBHSA HX DKOJOTMYECKOH O€30MacHOCTH M HeoOXOOUMOCTh pa3paboTku
9HeprocOeperaroIux TEXHOJIOTMH MX IPOM3BOACTBA U mpuMeHeHus. Mcxons w3 3THX TpeOOBaHMIA,
yKe TIOJIydeH PsiJ HOBBIX CHHTETHYECKUX PETYyJIATOPOB Ha MPUPOIHOI ocHOBE [13, 17], — 6e3BpeaHbIX,
9KOJIOTMYECKH 0e30MacHbIX U BBHICOKO3()PEKTUBHBIX MPH HU3KHUX HOpMax X pacxona (5 — 50 mr/ra).
OnuH U3 HUX — npenapaT HupkKoH [11], 3apeructpupoBan I"'ocxumkomuccuel u BHeceH B ['ocynapct-
BEHHBIH KaTaJOT MECTUILHI0B M arpOXMMHUKATOB, PA3PEIICHHBIX K MPUMEHEHHI0 Ha Tepputopuu POD.
Ero nelicTByrOmMM BEIIECTBOM SIBISETCS CMECh MPUPOAHBIX TUAPOKCUKOpUUHBIX KuciaoT (I'KK) u ux
MPOU3BOJAHBIX, BBIJCICHHBIX M3 JICKAPCTBEHHOrO pAacTeHHs »>XUHaUeuw mnypnypHol (Echinacea
purpurea (L.) Moench.).

buonornuyeckas akTUBHOCTh LIMPKOHA B 3HAYMTENBHOM CTENEHU 00yCIOBIIEHA aHTHOKCUAAHTHBIMU
CBOMCTBAaMU, XapaKTEPHBIMH I PEHONBHBIX coenuHeHui [9]. CornacHo UTEpaTypHBIM JaHHBIM [2, 4, 5,
12, 19], uMpKOH aKTUBU3HUPYET MPOLECCHl CHHTE3a XJIOPO(HILIA, pOCT U PU3OTEHE3 PACTEHHA, KOMIIEHCH-
pyeT AeQUuIHUT MPHUPOTHBIX PETryISITOPOB POCTA, MOBBIIIAET YCTOMYMBOCTh PACTEHWH K OMOTHYECKHM H
abrnotnveckuM (akTopaM Cpeibl, BHIIOIHACT (YHKUMH HHAYKTOpA LBETEHHUs pacTeHui. OAHaKo, HECMOT-
Psl Ha BBISBJICHHE 3THX Ba)KHBIX CBOICTB y mpemnapara, TpeOyroTcsi Oosee AeTalbHbIE MCCICIOBAHUS €To
NEHCTBHA HA PaCTEHHUS B KOHKPETHBIX OYBEHHO-KIMMATUIECKIX YCIOBHAX.

Hcxons u3 3TOr0, 1Ebi0 HAIUX MCCICAOBAHUN SBISIOCH U3yUYeHHE BO3MOXXHOCTH MOJU(HUKALIUH C
MOMOIIBI0 IUPKOHA PEaKLUMH PACTCeHUH Ha JeiicTBHEe HeOnMaronpusTHBIX (JaKTOPOB BHEIIHEH cpeabl, Xa-
pakTepHbIX 11 ycnoBuid Kapenuu.

UccnenoBanus nmpoBoaunu Ha kaprodene (copt I[lerepOyprekuii) u Ha 1BeTHOM Kamycte MOBUP -
74 na ArpoOuonornueckoit cranuuu Mucruryra 6nonoruun Kapenbckoro nHayunoro nentpa PAH (pacmo-
JI0KEeHHOH B mpuropoze . Ilerpo3zaBoacka), MyTeM MOCTaHOBKH MEJIKOACISIHOUHBIX OIBITOB.
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