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Structure and functions of the types of Norway spruce
(Picea abies [L.] Karst.) roots

R. GEBAUER, M. MARTINKOVA
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ABSTRACT: The aim of the study was to describe variability of the structure of roots in Norway spruce (Picea abies
[L.] Karst.) from their growth tips to the stem foot, i.e. anchor roots in relation to their changing functions. Histology
and anatomy of plant organs were dealt with by the innumerable number of authors and fundamentals of knowledge
in these disciplines have become the self-evident part of botany textbooks. The description of primary and secondary
structure of roots is explained in many textbooks by means of drawings depicting the mutual position of particular
systems of tissues. However, it refers mostly to the structure of herb roots in either Magnoliophytes or Liliophytes.
Naturally, the structure of tree roots does not substantially differ from herb species. A certain problem is related to
the secondary thickening of roots, their ramification, anastomosis and changes in the structure which are enforced by
tension and pressure forces; these forces affect the roots during their mechanical load, e.g. by solifluction, soil load and
compaction or through their above-ground systems. Trees can be stressed by wind gusts, snow cover, glazed frost and
a number of other factors. Therefore, the structure of roots changes in the course of time as well as due to the increas-
ing weight of the stem and crown. In terms of histological structure Norway spruce roots were studied within a forest
stand in the area of the Kitiny Training Forest Enterprise, viz. Vranov Forest District (49°19'484"'N, 16°47 629" 'E).
Root systems were exposed with an air blast using the AIR-SPADE tool (NaDEzHDINA, CERMAK 2003) and cuts of
buttress roots, horizontal roots, root anastomosis and fine roots were selected. Histological studies were focused on
manual transversal cuts of fine roots.

Keywords: histology; primary roots; secondary structure; Picea abies (L.) Karst.

Problems of the terminology of roots within root
systems were dealt with for example by JEN{K (1957,
1964, 1974), KozLowsk1 (1971), SurToN and TI-
NUSs (1983), etc. According to the authors it is pos-
sible to differentiate several categories of roots with
respect to their diameter (age) and function.

As for the morphology of the root system Norway
spruce is characterized by a shallow root system
called “plate system” when roots reach a depth of
about 40 cm (KOSTLER in BORATYNSKI et al. 1998).
According to KerN et al. (1961), in monocultures
the densest network of roots occurs at a depth of
10 cm, in mixed stands at a depth of 35 cm. In ac-
cordance with the author, the maximum attainable

depth of roots is also 40 cm, which is supported
by studies of BJORKHEM et al. (1975). Shallowly
distributed roots are the cause of a fact that along
tourist roads, some 90% of trees show damaged or
destroyed root systems (OxoLOw 1978). Surface
root penetration also explains the fact that Norway
spruce is considerably sensitive to drought (LADE-
FOGED 1943) and windbreaks (DUBBEL et al. 1990).
Regardless of the age of a tree some authors divide
roots of trees into nutritive and anchor roots (so-
called heterorhizis).

Anchor roots are long, characterized by active
cambium. They do not fulfil only the anchoring
function but particularly they ensure the transport
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Fig. 1. Rich branching cluster of fine roots in surface layers
of soil

function between nutritive roots and aboveground
parts. Nutritive roots are short, of limited second-
ary growth. Their lateral branches are also short but
ramify in such a way that a characteristic group of
short roots originates (so-called cluster; Fig. 1) (HEj-
NowIcz 1973).

Characteristics of thin fine roots: Much atten-
tion has been paid to fine roots (< 1 mm) because
mainly these roots decide on the supply of water
and nutrients to trees (absorption function), on the
production of mucilage, growth substances, nitrogen
metabolism (metabolic and control function). All
types of roots represent an extensive storage space
for a tree.

A number of authors, e.g. ESAU (1965), PAZOUREK
and VOTRUBOVA (1997), describes the anatomy and
histology of roots very exactly, however, descriptions
are missing in schemes or microphotographs of fine
secondarily thickened roots of gymnospermous
plants or problems of roots of the large group of
plants are missing at all.

Fig. 2. Branching of fine roots at a depth of 60 cm in much
looser groups
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MATERIAL AND METHODS

In terms of histological structure roots of all
types mentioned above were studied within a forest
stand in the area of the Kitiny Training Forest En-
terprise, viz. Vranov Forest District (49°19°484 "N,
16°47°629"'E). It is a fully closed spruce stand aged
40 years, altitude 450 m, mean temperature 6.8°C
and annual total of precipitation 685 mm. The water
regime can be classified as periodical. The soil type is
modal pseudogley (NEMECEK et al. 2001).

In the locality, on 22 May 2002 roots were sampled
from various depths including a spruce root reaching
to the groundwater table, i.e. 80 cm below the soil
surface. Moreover, root systems were exposed with
an air blast using the AIR-SPADE tool (NADEZHDINA,
CERMAK 2003) and cuts of buttress roots, horizontal
roots, root anastomosis and fine roots were selected.
Histological studies were focused on manual trans-
versal cuts of fine roots. The cuts were dyed for the
presence of lignin and starch (NEMEC et al. 1962;
PrRASAD 1986; BHANDARI 1997). In fine roots, the
form of mycorrhizal hyphae was determined. Based
on our own experience obtained in the determination
of the condition of wood of Gothic and Renaissance
statues, anchor and elongation roots were tested for
the presence and extent of fungal infections adding
H,O, (MARTINKOVA in CHAMONIKOLA et al. 1999).
The cuts were photographed in the biometrical
laboratory of Mendel University of Agriculture and
Forestry Brno; computer-based image analysis was
then carried out using the ImageTool program.

RESULTS AND DISCUSSION

The growing depth affected the morphology of
fine roots (< 0.1 mm) in such a way that while in
surface soil layers fine roots create very rich clusters

Fig. 3. Particular separate hyphae of a mycorrhizal fungus on
the soil surface
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Fig. 4. At a larger depth, fungal hyphae interweave into rhizo-
morphs closely entwisting leading roots

through their branching (Fig. 1), at a depth of 60 cm
the roots occur in much looser groups (Fig. 2). Near
the soil surface, mycorrhizal fungi are present in the
form of particular separate hyphae enlarging the
rhizosphere 6 times as against the root diameter, i.e.
in comparison with a biopore which was created by
the root growth in the soil (Fig. 3). At larger depths,
fungal hyphae are woven into rhizomorphs closely
entwisting leading roots (Fig. 4). The leading sinker
root finished elongation growth at a depth of 60 to
70 cm and branched into a broom-like form. His-
tologically, transition between the primary and
secondary structure is described. Fig. 5 depicts tis-
sues from rhizodermis to the pericycle of a central
cylinder. Fig. 6 depicts parts of the primary structure
of the central cylinder and primary bark. The central

Fig. 6. The primary structure of the root central cylinder and
primary bark. 1 — rhizodermis with hyphae, 2 — primary bark,
3 — porous cells, 4 — protoxylem, 5 — endodermis, 6 — pro-
tophloem, 7 — pericycle
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Fig. 5. The primary structure of a root depicting tissues from
rhizodermis to the central cylinder pericycle. 1 — rhizo-
dermis, 2 — exodermis, 3 — mesodermis, 4 — endodermis,
5 — pericycle

part of the root is of diarchal structure with two
strips of protoxylem. Between the strips, tracheids
of metaxylem are gradually differentiated centrip-
etally. During transition to the secondary structure,
cambium is established in the whole space under
phloem parts being gradually shifted outwards by
the centripetal production of wood the number
of cambium cells being increased. It is evident in
Fig. 7 where a triarchal radial vascular bundle after

Fig. 7. Description of the root secondary structure on the
triarchal radial vascular bundle after two growth waves of
cambium. 1 — protoxylem, 2 — resin ducts, 3 — metaxylem,
4 — rhexigenous intercellular (traumatic resin) ducts, 5 — juve-
nile wood, 6 — primary phloem/xylem rays, 7 — second wave
of cambial activities (cambial circle is closed), 8 — secondary
phloem, 9 — dilatation of phloem/wood rays, 10 — pericycle,
11 — remainder of primary bark
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Fig. 8. The network of elongation roots where particular trees
mutually compete through the rate of growth and root branch-
ing for the soil space with mineral nutrients and water
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Fig. 10. Anastomosis of several elongation roots viewed from
above in the soil space (left bottom corner) and details on the
cross-section

two growth waves of cambium illustrated. The first
growth wave resulted in the origin of juvenile wood
where the first resin ducts occurred under phloem
groups, however, the cambial circle had not been
closed yet. During the second wave of cambial ac-
tivities, the circle is closed above protoxylem groups
where pressure changes occur causing the origin
of rhexigenous intercellular effects. The growth of
the central root cylinder makes a radial pressure on
the primary bark including rhizodermis. These tis-
sues die back and above the phloem part, the root
is covered only by the layer of pericycle. Within the
layer, phellogen originates due to remeristematic
activities. Enlarging the root is compensated by the
dilatation of rays in the phloem layers. After reach-
ing a certain soil space horizontal roots (Fig. 8)
ensure particularly conductive, storage and defence
functions (Fig. 9). They are characterized by their
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Fig. 9. Transversal cut of an elongation root. It shows typical
circular cross-section, periodic and intensive diameter incre-
ment (i.e. large conducting area), large amount of starch in
the living parenchyma from bark to primary xylem, black
colouring (storage function). In the whole profile, numerous
resin ducts occur being the important part of the defence
system

Fig. 11. An anchor root dyed by Lugol’s solution in combina-
tion with H,0,. Black coloured parts of wood are living. The
umber-coloured central part (a projection marked with a
cross above) is attacked by a fungal infection. It showed itself
in starch depletion and high production of O,
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numerous anastomoses both between roots of the
same individual (Fig. 10) and between roots of vari-
ous individuals even of different species (GRAHAM,
BORMANN 1966). Initially horizontal roots change
to buttress roots under the effect of load. Their me-
chanical function is most important, particularly
supporting and strengthening functions. They are
stressed due to the bending of the tree caused by
wind, viz. on the upper windward side of the stem
they are loaded in tension, on the lower side of roots
slightly in pressure. On the leeward side, the situa-
tion is inverse. These roots soon lose their circular
cross-section because on the upper side they accrue
through tension (wider) annual rings and on the
lower side, through compression wood with nar-
rower annual rings, more red-coloured, with the
higher content of lignin (SCHWEINGRUBER 1996).
It refers to the oldest roots being right at the stem
base. They are also first attacked by possible fungal
infections (Fig. 11).

CONCLUSION

The anatomical and histological study specifies
the change in the root primary structure to the
secondary structure with rather very early loss of
primary bark and long survival of the pericycle as
a tissue which gives rise to the phellogen. It points
out the structure and functions of particular types
of roots including root anastomeses and brings a
practical method for demonstrating fungal infec-
tions in wood.
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Stavba a funkce typu kofent smrku ztepilého (Picea abies [L.] Karst.)
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ABSTRAKT: Prispévek se zabyva stavbou kofent u smrku ztepilého (Picea abies [L.] Karst.) od jejich vzrostnych vrchold
az k paté kmene, tj. kofent kotevnich, ve vztahu k jejich ménici se funkci. Histologii a anatomii orgéni rostlin se v historii
vénovala nescetnd fada autort a zdklady poznatkd v téchto oborech se staly samoziejmou souédsti u¢ebnic botaniky. Popis
primdarni a sekundérni stavby kofenti je v mnohych ucebnicich ndzorné vysvétlen pomoci kreseb s vyznacenim vzajemnych
poloh jednotlivych systémi pletiv. Vétsinou se véak jedna o stavbu kofent bylin — at jiz Magnoliofyt, nebo Liliofyt. Stavba
kofent dfevin se samoziejmé od bylinnych druhd principialné nelisi. Urcity problém je spojen jednak se sekundarnim
tloustnutim kotent, s jejich vétvenim, sriisty a se zménou stavby, kterd je vynucena tahovymi a tlakovymi silami; ty na ko-
feny pusobi pfi mechanickém zatiZen{ napf. soliflukci, zatézi a zhutniovdnim pudy nebo prostiednictvim jejich nadzemnich
systémd. Stromy mohou byt namédhdny ndrazy vétru, snéhovou pokryvkou, ledovkou a fadou jinych vlivi. Stavba kotfent
se proto v case méni — také v dsledku zvétsovani hmotnosti kmene a koruny. Po strance histologické stavby byly vyset-
feny kofeny smrku ztepilého v ramci lesniho porostu na dzemi SLP Kitiny, a to na polesi Vranov (49°19°484" “sev. $iiky,
16°47°629" "vych. délky). Kofenové soustavy byly odkryty vzdusnym proudem pomoci pfistroje AIR-SPADE (NADEZHDINA,

CERMAK 2003) a byly vybrany vyiezy kofent kotevnich, dlouzivych a kofenovych anastoméz. Histologické $etient se tykalo

rucnich transverzalnich fezt jemnych kofend.

Klicova slova: histologie; kofeny primérni; sekunddrni stavba; Picea abies (L.) Karst.

Cilem studie bylo popsat proménlivost stavby
korentt u smrku ztepilého (Picea abies [L.] Karst.) od
jejich vzrostnych vrcholt az k paté kmene, tj. kofenti
kotevnich, ve vztahu k jejich ménici se funkci.

Po strance histologické stavby byly vysetieny
koreny vsech uvedenych typtd v ramci lesniho po-
rostu na tzemi{ SLP Kftiny, a to na polesi Vranov
(49°19°484" ‘sev. §., 16°4747°629 " "vych. d.). Jedna se
o plné zapojenou smrcinu ve stari 40 let. Nadmorska
vyska stanovisté je 450 m, prameérna teplota 6,8 °C
a ro¢ni thrn srazek ¢ini 685 mm. Vodni rezim je
mozné klasifikovat jako periodicky. Pidni typ tvori
pseudoglej modalni (NEMECEK et al. 2001).

Na dané lokalité byly 22. kvétna 2002 odebrany
kofeny z rtiznych hloubek ptidy véetné hloubkového
korene smrku zasahujictho az k hladiné podzemni
vody, tj. do trovné 80 cm pod pidnim povrchem.
Dale byly kofenové soustavy odkryty vzdusnym
proudem pomoci piistroje AIR-SPADE a byly vybrany
vyrezy korena kotevnich, dlouzivych a kofenovych
anastomoz. Histologické Setfeni se tykalo ruc¢nich
transverzalnich fezt jemnych kotfenti. Rezy byly
barveny na pritomnost ligninu a skrobu (NEMEC et
al. 1962; BHANDARI 1997; PRASAD 1986). U jemnych
korenti byla zjistovana forma mykorhiznich hyf.
Kotevni a dlouzivé kotfeny byly na zakladé vlastnich
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praktickych zku$enosti, ziskanych pfi zjistovani
stavu dreva gotickych a renesanc¢nich soch, testovany
na pritomnost a rozsah houbovych infekci pfidanim
H,O, (MARTINKOVA in CHAMONIKOLA 1999). Rezy
byly nasnimdny v biometrické laboratori Mendelovy
zemédélské a lesnické univerzity v Brné; ziskané
obrazy byly nasledné analyzovéany na po¢itaci v pro-
gramu ImageTool.

Rostouci hloubka ovlivnila morfologii jemnych
kotfent (do 0,1 mm) tim zplsobem, zZe zatimco
v povrchovych vrstvach pidy vytvareji jemné ko-
finky svym vétvenim velmi bohaté klastry (obr. 1),
v hloubce 60 cm se tyto kofinky vyskytuji v mnohem
volnéjsich a nepravidelnéjsich skupindch (obr. 2). Pfi
ptdnim povrchu jsou mykorhytické houby pfritomny
ve formé jednotlivych rozvolnénych hyf, které svym
rozsahem roz$ifuji rhizosféru Sestindsobné proti
prameéru kotene, tj. proti biopéru, ktery kofen svym
ristem v pudé vytvoril (obr. 3). Ve vétsich hloub-
kach se houbové hyfy splétaji v rhizomorfy a vice
méné tésné oplétaji vedouci koreny (obr. 4). Vedouci
zanorovaci kofeny v hloubce 60-70 cm ukoncily
prodluzovaci rtst a rozvétvily se do metlovitého
utvaru.

Histologicky je popsdn prechod mezi primarni
a sekundarni stavbou. Pro jemné kofeny je ty-
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pickad primérni stavba (obr. 5 a 6). Pfi pfechodu na
sekundarni stavbu se v celém prostoru pod floemovy-
mi ¢astmi zaklddd kambium, které se dostredivou
produkci dfeva postupné posunuje vné a rozsifuje
pocet svych bunék. To je zietelné na obr. 7, kde jde
o triarchni radialni cévni svazek po dvou délivych
vlndch kambiélnich inicidl. Vysledkem prvni rastové
vlny byl vznik juvenilniho dfeva, v némz pod lyko-
vymi skupinami vznikly prvni pryskyfi¢né kandlky,
avsak kambialni kruh je$té nebyl uzavren. Pri druhé
vlné kambialni ¢innosti se kruh uzavira nad protoxy-
lémovymi skupinami, kde tlakové zmény zputsobuji
vznik rhexigennich interceludr. Rozrastdni centrél-

7

niho valce kofene vyviji radidlni tlak na primarni
ktru véetné rhizodermis. Tato pletiva odumiraji
anad lykovou casti je kofen kryt pouze vrstvou peri-
cyklu, v ramci které pozdéji remeristemaci vznikd
felogén. Rozsirovani korene je ve vrstvach lyka kom-
penzovano dilataci lykodfevnich paprska.

Dlouzivé koreny nékdy oznacované jako valco-

vité kofeny ¢i makrorhizy splniuji, poté co dosahly

urcitého pidniho prostoru (obr. 8), funkci predevsim
vodivou, zdsobni a obrannou (obr. 9). Jsou typické
Cetnymi anastomézami jak mezi kofeny jednoho
a téhoz jedince (obr. 10), tak také mezi koreny
riiznych jedinct i rtznych druht (GRAHAM, BOR-
MANN 1966).

Koteny zpocdatku dlouzivé prechazeji drive ¢i
pozdéji pod vlivem namahy v kofeny kotevni.
Nejvyznamnéjsi je jejich funkce mechanickd —
nosnd a upeviujici. Naméahdny jsou v dasledku
ohybéni stromu vétrem; na svrchni strané kofent
na ndvétrné strané kmene jsou namahény v tahu, na
spodni strané mirné v tlaku. Na strané zdvétrné je
tomu opacné. Tyto kofeny ztraceji brzy kruhovity
prifez, nebot na svrchni strané prirastaji tahovymi,
$ir$imi letokruhy, na spodni strané se vytvari tla-
kové drevo s uzsimi letokruhy, cervenéji zbarvené,
s niz§im obsahem ligninu (SCHWEINGRUBER 1996).
Jde o korfeny nejstarsi, nejblizsi kmenové bazi, nej-
drfive napadené eventudlnimi houbovymi infekcemi
(obr. 11).
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