ANATOMICKA STAVBA KORENE

Kofen a stonek tvori osu rostlinného téla.
Stavba kotene se v mnoha znacich lisi
od stavby stonku. Kotfen neni podélné cle-
nén na nody a internodia. Nevznikaji na ném
vyrustky podobné listiim. Lateralni, po-
stranni koreny se tvori endogenné z pletiv
uvnitt kotene. Obvykle vznikaji v pericyklu
v pomérné zralych diferencovanych ¢astech
korene vzdéalenych od vrcholu. U stonku
vznikaji laterdlni organy, postranni stonky
a listy, z povrchovych vrstev apikalniho me-
ristému prytu.

Vrchol kotene je kryt korenovou ¢epic-
kou, ktera chrani apikalni meristém kotene
a nemd v pripadé stonku Zadnou analogii.
PokozZka korene, rhizodermis, ma odlisnou
stavbu a funkci nez pokozka stonku. Jeji
bunky tvori v urcitych oblastech kotene vy-
rustky, korenové vlasky, které zvysuji prijem
vody a zivin. Vodiva pletiva, primarni xylém
a floém, netvori spole¢né svazky tak jako
u stonku, ale radidlné se stridaji. Primarni
xylém kotene je exarchni, prvni xylémové
elementy tedy dozréavaji na periférii polt
xylému a proces diferenciace probiha v téch-
to polech centripetdlné, smérem do stredu
kotene. Endarchni primérni xylém ve ston-
cich se diferencuje opaénym smeérem, cen-
trifugalné.

Vrchol kofene

Korenovy vrchol (kotfenova Spicka) obsa-
huje apikalni meristém korene. Ten vSak
neni umistén na samém vrcholu kotene, je
lokalizovan subapikalné a kryt korenovou
Cepickou (obr. 7). Apikalni meristém kore-
ne tvofi distalnim smérem bunky korenové
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ROOT ANATOMY

Roots have several characteristic anatomical
features that differ from those of the stem.
The root is not segmented into nodes and
internodes. No appendages similar to the
leaves on the stem are formed by the root.
Lateral roots develop inside the root body,
usually from the activity of the pericycle
within the relatively mature part of the root
distant from the apex. In the stem, leaves
and branches originate from the surface
layers of shoot apical meristems.

The root apex is covered by a root cap
which has no analogy in the stem and which
protects the root apical meristem where cell
divisions occur. The root epidermis (also
called the rhizodermis) has a different struc-
ture and function from the stem epidermis.
Its cells form outgrowths called root hairs
which are active in the absorption of water
and solutes. The strands of vascular tissues,
primary phloem and xylem, do not form
common bundles (as in the stem), but altern-
ate radially. The primary xylem of the root is
the exarch, the first xylem elements mature
in the periphery of the xylem poles and
maturation proceeds centripetally whereas
the primary xylem of the stem is endarch.

The root apex

The root apex grows and penetrates the soil
but the root apical meristem is sub-apical
and usually covered by the root cap (Fig. 7).
The root apical meristem can be organized
in various ways; however, it always forms
root cap cells distally and cells of the root
body proximally.
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Cepicky a proximalné bunky vlastniho ko-
fene. Apikalni meristém korene muze byt
organizovan rtiznym zptsobem.

APIKALNI MERISTEM KORENE

O organizaci apikdlniho meristému korene
(RAM, z anglického root apical meristem),
ktery je predmétem intenzivniho studia
rostlinnych anatomi a cytologt jiZ vice nez
sto let, bylo formulovano nékolik hypotéz.
V jeho organizaci totiz existuji mezidruhové
odlisnosti a nékteré z nich maji fylogenetic-
ky vyznam.

Velmi jednoduchou stavbu RAM nachazime
u nékterych vytrusnych cévnatych rostlin,
napt. kapradin, kde je jedind inicidla (apikalni
burika). U kapradin je inicidla vyrazné vetsi
nez bunky z ni vznikajici, ma tetragonalni
(CtyT'sténny) tvar a centralni umisténi v ramci
apikalniho meristému. Tvor{ derivaty délenim
ve vSech smérech a vznikajici dcetiné bunky
tvori predchtdce viech typtl pletiv kotene,
vcetné korenové cepicky.

U semennych rostlin je v apikalnim meris-
tému korene vzdy skupina bunék - inicial;
v posledni dobé byvaji nazyvany i kmenovy-
mi buiitkami. Inicialy jsou buriky, které jsou
schopny délit se tak, Ze jedna z dcefinych
bunék zlistava inicidlou a udrzuje si schop-
nost se délit po celou dobu fungovani me-
ristému a druh4, tzv. derivat inicialy, se déli
jen omezenou dobu a takto vzniklé burnky
se diferencuji v nové bunky v jednotlivych
bunécnych sloupcich. Soubor iniciél a jejich
bezprostrednich derivatli je oznacovan ter-
minem promeristém (téZ protomeristém).
U kotent je promeristém kryty kofenovou
Cepickou.

Historicky prvnim konceptem organiza-
ce apikalnich meristému jak kotene, tak
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THE ROOT APICAL MERISTEM

Root apical meristems (RAM) have been the
subject of investigation by plant anatomists
and cytologists for a long time and several
hypotheses have been published about
their organization. There are also some in-
terspecific differences and some features
of RAM organization are of phylogenetic
significance.

The simplest organization of the RAM
occurs in some lower vascular plants, like
ferns, which have a single central initial (or
apical cell). In ferns, this cell is distinguished
by having a large size, a tetragonal shape
and a central position within the apical mer-
istem. The initial cell produces derivatives by
division in all directions and these daughter
cells form the predecessors of all root tis-
sues, including the root cap.

In seed plants there is always a group of
initials. The term “initial cell” (also called
stem cell) is defined as a meristematic cell
that divides to two cells, one of them re-
mains as an initial cell in the meristem. The
second cell (derivative) divides and produces
several generations of cells gradually differ-
entiating into specific cell types. The com-
plex composed of initials and their imme-
diate derivatives is called the promeristem
(also protomeristem). In roots the promeri-
stem is covered by the root cap.

The first concept of RAM as well as shoot
apical meristem organization in seed plants
was the “histogen theory” of Hanstein which
maintains that the origin of individual tis-
sues in the root is from clearly determined
initials located in a region between the root
cap and root body called the promeristem.
Initials are cells that are able to divide such
that one derivative cell remains as an initial



ROOT

Obr. 7 Podélny fez stfedem vrcholu
kotene lilku rajéete (Solanum
lycopersicum L.) — uzavreny typ
apikalniho meristému kotene.

cal — kalyptrogen; clm — sloupek;
gm — zékladni meristém;

pcam — prokambium;

ptd — protoderm; qc — klidové
centrum; reb — hranice korenové
Cepicky.

Fig. 7 Median longitudinal section
through a root apex of tomato
(Solanum lycopersicum L.) — closed
type of root apical meristem.

cal — calyptrogen;

clm — columella; gm — ground
meristem; pcam — procambium;
ptd — protoderm; qc — quiescent
center; rcb — root cap boundary.
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prytu semennych rostlin byla Hansteino-
va ,histogenova teorie”. Ta predpokladala,
Ze pluvod jednotlivych pletiv kotene je dan
ztetelné determinovanymi inicidlami nebo
skupinami inicidl umisténymi v oblasti pro-
meristému. Z téchto skupin inicial vznikaji
tfi histogeny - dermatogén, z néhoz dale
vznikéd rhizodermis, periblém, z néhoz
vznika primarni ktira, a plerom, prekurzor
stredniho vélce. Pozdéji se k tomuto kon-
ceptu pripojil dalsi histogen, kalyptrogén,
pritomny napriklad u trav, vytvarejici kore-
novou Cepicku (kalyptru). Vztah mezi inicia-
lami histogenti a diferencovanymi pletivy
nebyl prijat jako univerzalni princip, protoze
determinace inicial k tvorbé urcitého his-
togenu byla vyvracena. Kromé toho v kore-
nech nema pokozka své vlastni inicidly, ale
ma inicialy spole¢né bud s primarni kiirou,
nebo s ¢epickou. Pres tyto vyhrady se vSak
terminy dermatogén, periblém, plerom a ka-
lyptrogén stéle pouZzivaji, i kdyz obvykle ne
v presném puvodnim smyslu.

Podle soucasnych znalosti zaloZenych
na analyze vztahli mezi pletivy kotene
a inicidlami se rozliuji dva zakladni typy
organizace RAM, otevieny a uzavreny typ.
Otevieny typ RAM (obr 8) je povazovan
za fylogeneticky ptvodnéjsi. Nachazi se
u rostlin nahosemennych a je béZzny i u mno-
ha dvoudéloznych a primitivnich jednodé-
loznych. Uzavreny typ RAM je povazovan
za odvozeny, fylogeneticky mladsi; nachazi
se u mnoha jednodéloZznych rostlin (napft.
u trav; obr. 9), ale i u fady celedi dvoudéloz-
nych rostlin. V uzavieném RAM lze bunky
sttedniho vélce, primarni kliry a cepicky sle-
dovat k urc¢itym skupinam inicial, pricemz
rhizodermis vzniké bud z inicial spole¢nych
s primarni ktirou, nebo s ¢epickou. Hranice
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and the other differentiates into a new cell
in a cell file. These initials were assumed to
give rise to three groups of histogens: the
dermatogen, precursor of the root epider-
mis, the periblem, precursor of the cortex
and the plerome, precursor of the vascular
cylinder (stele). Latey; another histogen layer
was added to this concept, the calyptrogen,
which generates only the root cap and is
present in some species, e.g., in grasses. The
relationship between the histogen initials
and differentiated tissues was not accepted
as a universal principle because the deter-
mination of initials to formation of specific
histogens was not proved. This aside, there
are no individual initials for root epidermis.
Root epidermis shares the initials either
with the cortex or with the root cap.
From recent information based on an
analysis of the relationships between root
tissues and initials, two main patterns of
RAM organization exist: the open type and
the closed type. The open type of meristem
(Fig. 8) is thought to be phylogenetically
primitive and exists in gymnosperms and
many angiosperms (dicotyledons and in
some primitive monocotyledons). In this
case, the RAM is formed by a large num-
ber of small, mitotically active cells (ini-
tials), which cannot be separated into dis-
tinct zones. The closed type of meristem
is thought to be phylogenetically derived
and occurs in many monocotyledonous (e.g.,
grasses; Fig. 9) and dicotyledonous families.
The boundary between the root proper and
the root cap is distinct with three tiers of
initials for the vascular cylinder, cortex and
root cap/epidermis. In grasses the epidermis
can have a common origin with the cortex
and the root cap has a specific initial tier.
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Obr. 8 Apikalni meristém kofene hrachu setého (Pisum sativum L.) — otevieny typ apikalniho
meristému. gm — zakladni meristém; pcam — prokambium; perc — periferni buriky; ptd — protoderm;
rcb — hranice korenové Cepicky; sg — Skrobova zrna.

Fig. 8 Root apical meristem of pea (Pisum sativum L.) — open type of apical meristem. gm — ground

meristem; pcam — procambium; perc — peripheral cell; ptd — protoderm; rcb — root cap boundary;
sg — starch grains.
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mezi vlastnim télem kotrene a kotfenovou
Cepickou je v tomto pripadé vyraznd, ze-
jména tam, kde ma Cepicka své vlastni ini-
cialy. U otevieného typu RAM nejsou patr-
né jednotlivé skupiny inicidl a ani hranice
Cepicky a vlastniho kotrene neni u tohoto
typu dobte rozlisitelnd. Ackoliv typ RAM je
druhové specificky, neni vZdy konstantni
po celou dobu existence korene. U rostlin
s uzavirenym typem meristému dochézi
Casto k jeho preméné na otevreny béhem
starnuti kotene, kdy ustava jeho riist. Dobte
dokumentovanym ptikladem je husenic¢ek
rolni (Arabidopsis thaliana).

Bazipetalné od promeristému dochazi
k postupnému odliSeni tzv. primarnich
meristému, protodermu, zakladniho me-
ristému a prokambia. Jako protoderm se
oznacuje zevni vrstva primarnich meristé-
mi, kterd se diferencuje v pokozku, a to bez
ohledu na to, z jakych inicial vznika. Zaklad-
ni meristém se diferencuje v primarni ktiru
a prokambium ve stfedni valec s primarnimi
vodivymi pletivy.

Analyza délky trvani buné¢ného cyklu jed-
notlivych bunék v RAM odhalila existenci
skupiny bunék v promeristému, které se déli
jen ztidka. Tato oblast se oznacuje jako kli-
dové centrum. Klidové centrum ma poloku-
lovity tvar a je tvoreno skupinou mitoticky
malo aktivnich bunék, tedy bunék s dlou-
hou dobou trvani jednoho buné¢ného cyklu.
Derivaty bunék klidového centra, které se
nachazeji na jeho okrajich, se naopak déli
intenzivné. Vzhledem k tomu, Ze pomalu se
délici buniky klidového centra jsou zdrojem
vsech bunék kotene, mohou byt povazova-
ny za inicidly. Existuje v3ak i alternativni
nézor, povazujici za inicidly intenzivné se
délici buniky v sousedstvi klidového centra.
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Even though the RAM type is species
specific, it need not be constant and may
vary during ontogenesis. In many plants
with closed organization, the RAM becomes
open when the root ages and terminates its
growth. The thale cress (Arabidopsis thalia-
na) is a good example of this pattern.

Above the promeristem, the dividing cells
gradually change shape and three primary
meristems, protoderm, procambium, and
ground meristem, can be distinguished.
These meristems are precursors of primary
tissues. The protoderm is gradually differen-
tiated into root epidermis, ground meristem
into cortex and procambium into central
cylinder.

Analysis of the duration of the cell cycle
of individual cells within the RAM indicates
the existence of a group of cells that divide
infrequently. This area has been called the
quiescent center (QC). The QC is a hemi-
spherically shaped aggregation of mitotical-
ly and metabolically relatively inactive cells.
These cells may serve as a reservoir of cells
relatively resistant to accidental injury and
in the maintenance of the geometry of the
RAM. Derivatives of the QC divide frequently
and represent “temporary initials” of indi-
vidual tissues. The quiescent center of the
primary root is developed during embryo-
genesis or at the beginning of germination.
The size of the QC depends on root size.
In the tiny roots of thale cress (Arabidop-
sis thaliana) it is formed by 4-7 cells only,
whereas in the thick adventitious roots of
maize (Zea mays) it contains about 1000
cells. The size of the QC may vary during
root development. It is the largest in actively
growing roots and disappears after termina-
tion of the root growth. QC cells may also
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Obr. 9 Podélny fez stfedem vrcholu korene kukufice seté (Zea mays L.) — uzavreny typ apikalniho
meristému. S podékovanim UC Davis, CA, USA. cal — kalyptrogen; gm — zakladni meristém;
pcam — prokambium; ptd — protoderm; rc — kofenova Cepicka; rcb — hranice korenové cepicky.

Fig. 9 Median longitudinal section through a maize root apex (Zea mays L.) — closed type of apical

meristem. Courtesy of UC Davis, CA, USA. cal — calyptrogen; gm — ground meristem;
pcam — procambium; ptd — protoderm; rc — root cap; rcb — root cap boundary.
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Klidové centrum zabezpecuje geometrii
RAM a pri poSkozeni ¢asti meristému nebo
korenové ¢epicky se jeho buriky za¢nou in-
tenzivné délit a nahrazuji poskozené casti.
Dalsi funkci klidového centra je pravdépo-
dobné syntéza cytokinint. Velikost klido-
vého centra je zavisla na velikosti kotene.
U jemnych korenti husenicku rolniho (Ara-
bidopsis thaliana) je klidové centrum tvore-
no jen 4 az 7 bunikkami, zatimco v tlustych
adventivnich korenech kukurice seté (Zea
mays) obsahuje asi 1 000 bunék. Velikost
klidového centra muiZe kolisat i v prabéhu
vyvinu kotfene. Nejvétsi klidové centrum je
v aktivné rostoucich kotrenech a pri ukon-
¢eni rlistu korene zanika.

Déleni bunék jednotlivych pletiv konci
v rlizné vzdalenosti od apexu kotrene. Bun-
ky, které se obvykle jako prvni prestavaji
délit, jsou bunky vodivych pletiv (floému
a xylému), posledni se prestavaji délit bun-
ky pericyklu. Rozsah meristematické zény
(z6ny bunécéného déleni) u jednotlivych
druhti kolisa a je také ovliviiovan vnéjsimi
podminkami, na kterych zavisi rychlost
ristu. MiiZze kolisat od méné nez jednoho
milimetru po nékolik milimetrt od $picky
kotene. Po ukonceni déleni se buiiky za¢nou
prodluzovat. Mezi zénou buné¢ného déleni
a zénou rychlého prodluzovani bunék exis-
tuje prechodova zona. Tato z6na je vyznam-
né jak z rtznych hledisek vyvinu korene,
tak pro reakci kotrene na vnéjsi prostredi,
napftiklad pti tropickych pohybech kotene.

Rust korenové 3picky je vysledkem déle-
ni bunék a jejich prodluzovani, je to vsak
predevsim prodluzovani bunék, které tlaci
$picku kotene véetné meristému vpred. Hra-
nice prodluzovaci zény je nékolik milimetr(i
aZz po priblizné jeden centimetr od Spicky
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divide and replace the injured meristem or
root cap. Another possible function of the
QC is as the site of cytokinin synthesis.

The mitotic activity of cells in different
tissues ceases at different distances from
the root tip. Usually the first cells to stop
dividing are cells of vascular tissues (xylem
and phloem), and the last are cells of the
pericycle. The extent of the meristematic
region (zone of cell division) varies between
species and is also influenced by the ex-
ternal conditions that affect the speed of
growth. This varies from less than a milli-
meter to several millimeters from the root
tip. After cessation of mitosis, the cells start
to elongate. A distinct transition zone has
been discovered between the meristem and
the zone of rapid cell elongation. This zone
is important in several aspects of root de-
velopment and in the response of roots to
their environment. In particular, cells of this
region seem to be indispensable for root
penetration into compact soils and for all
tropic movements of roots.

The growth of the root tip is a result of
cell divisions and cell elongation, but it is the
elongation of cells that is mainly respons-
ible for pushing the root tip, including the
meristem, onward. The limit of the zone of
cell elongation is several millimeters from
the root tip to about one centimeter. Its
extent is also species specific and regulat-
ed by external conditions. The zone of cell
elongation merges gradually with the zone
of cell maturation. No distinct boundary
exists because the differentiation of the
cells proceeds slowly. Moreover, some cell
types differentiate and mature close to
the apex (protophloem), whereas others
(metaxylem) can mature at considerable



korene. Jeji rozsah je rovnéz druhové spe-
cificky a je ovliviiovan i vnéj$imi podminka-
mi. Zéna prodluzovani postupné prechazi
do zo6ny diferenciace bunék; mezi jednotlivy-
mi zénami neexistuje Zadna presnd hranice.
Diferenciace bunék probiha postupné a po-
malu; nékteré typy bunék dozravaji blizko
vrcholu korene (protofloém) zatimco jiné
(metaxylém) mohou dozravat ve velké vzda-
lenosti (aZ mnoha centimetr) od vrcholu.
Pozice, ve které probiha diferenciace bunék,
je vyrazné ovlivnéna rychlosti rastu kore-
ne. V rychle rostoucich kotenech probiha
dale od kotenové $picky, zatimco v pomalu
rostoucich korenech k diferenciaci dochazi
blize kotenové Spicce.

KORENOVA CEPICKA
Kotenova cCepicka kryje a chrani $picku ko-
ene. Cepicka jen zfidka presahuje délku
nékolika desetin milimetru. Chrani apikalni
meristém kotene a usnadnuje diky sekreci
polysacharidového slizu pronikani rostouct
korenové Spicky puadou. Jeji dalsi funkci je
gravipercepce, registrace vlivu zemské tize.
Korenova cepicka se sklada ze dvou od-
lisSnych oblasti: kolumely ve stfedni ¢asti
a periferni zény na obvodu (obr. 10). Bunky
kolumely jsou pokladany za misto kontro-
ly pozitivné gravitropického riistu korene.
Obsahuji amyloplasty s agregaty Skrobovych
zrn, oznacované terminem statolity. Burky,
které je obsahuji, se proto oznacuiji jako sta-
tocyty. Jadra v téchto bunkach jsou v horni,
proximalni ¢asti, zatimco velké amyloplasty
a pocetné membrany endoplazmatického
retikula jsou ve spodni, distalni ¢asti bu-
nék. Podle ,statolitové teorie” statolity pre-
naseji gravitacni vliv na plazmalemu nebo
na endoplazmatické retikulum. Pokud ko-
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distances (many centimeters) from the root
tip. The position of differentiation events is
also a function of root growth rate. In fast
growing roots events happen farther from
the root tip and in slow growing roots those
events occur closer to the root tip.

ROOT CAP

The root cap covers the root tip. This struc-
ture rarely exceeds a length of several hun-
dred micrometers. It protects the root apical
meristem and facilitates, by the secretion of
mucilage, the penetration of the growing
root tip through the soil. Another function
of the root cap is graviperception.

The root cap consists of two different re-
gions, the columella in the middle and the
peripheral zone around the outside of the
cap (Fig. 10). The root cap is best known for
its participation in the gravitropic reaction
of the root. Columella cells in the center of
the root cap are thought to control the geo-
tropic growth of the root. Columella cells
contain large aggregate starch grains called
statoliths. These cells are sometimes called
statocytes. Nuclei in the statocytes are in
the upper (proximal) halves of cells, while
large amyloplasts (statoliths) and numerous
membranes of the endoplasmic reticulum
occupy the lower (distal) parts. According
to the “statolith theory” certain solid cell
inclusions, like the statoliths, transmit
gravitational stimuli to the plasmalemma
or endoplasmic reticulum complexes of the
statocytes. If the root grows vertically, the
statoliths are located in the lower part of
the cell. In the case of changed root position
(to horizontal) the statoliths also change
their position and this induces transfer of
signals to the root growth zone. The uneven
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fen roste vertikalné, statolity jsou umisténé
na spodni strané bunék. V pripadé zmény
polohy kotene na horizontélni statolity také
zméni polohu a tim indukuji signal prenaseny
do ristové zony kotrene. Nerovnomeérna dis-
tribuce auxinu a nerovnomeérny rust spodni
a vrchni ¢asti kotrene zplisobuji ohyb kotene.
Prenos signéalu z korenové cepicky do rilisto-
vé z6ny neni doposud zcela vysvétlen.

Buiiky periferni zény kotrenové Cepicky
vylucuji do rhizosféry komplex polysachari-
dti oznacovanych jako sliz, mucigel (obr. 11).
Mucigel pokryva povrch $picky kotene
a také povrch mladych pokozkovych bu-
nék. Predpoklada se, Ze usnadnuje prianik
korene ptidou a tvoii kontinuum mezi po-
vrchem kotene a ptdou. Vytvari tak v padé
prostredi, které umoznuje uvoliiovani ion-
th a jejich difuzi smérem ke kotenu. Muci-
gel také predstavuje vhodné prosttedi pro
mnohé pudni mikroorganismy. Povrchova
vrstva perifernich bunék korenové cepicky,
hrani¢ni buriky, se uvolnuji do pudy, kde
dochazi k jejich interakci s mikroorganismy
ovlivitujicimi rast a funkci kotene. Tyto bun-
ky postupné odumiraji, po urcity ¢as vsak
zUstéavaji zivé, a v podminkach in vitro se
dokonce mohou i délit. Hrani¢ni bunky se
odlucuji vice z kofend s otevienym typem
apikalniho meristému nez z korent s uza-
vienym typem meristému. To naznacuje, Ze
riizné typy korenti mohou mit riizné strate-
gie kooperace s plidnimi mikroorganismy.
Kotenové Cepicky se tvoti na korenech vsech
rostlin s vyjimkou nékterych specializova-
nych typt kotentl, napt. haustorii nékterych
parazitickych rostlin.
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distribution of auxin and the uneven growth
of upper and lower root part cause root
bending. The transfer of signals from the
root cap to the growing zone of the root is
still not completely explained.

Peripheral root cap cells secrete complex
polysaccharides called slime or mucilage
(Fig. 11) into the soil rhizosphere. The mu-
cilage is spread over the surface of the root
tip and also covers the epidermal cells. It
presumably helps lubricate the passage of
the root tip through the soil and it forms
a continuum between the root surface and
the soil, creating an environment for the
soil to release its nutrient ions and for those
ions to diffuse more rapidly toward the root.
The mucilage also provides an environment
for soil-living microorganisms. The outer-
most root cap cells - the border cells - are
released into the rhizosphere where they ap-
parently interact with soil microorganisms
favorable to the root. These cells gradually
disintegrate and die. Howevey, some of them
remain alive for some time and under cul-
tured conditions they may even divide. Bor-
der cells tend to be released from roots that
have open apical organization but not from
roots having closed apical organization. This
observation suggests that roots with dif-
ferent types of root apical meristem may
have a different relationship or strategies
for cooperation with soil microorganisms.

Root caps are formed on the root tips of
all plants except for the specialized roots of
some parasitic plants.



