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Our study on the dependence of the mode and degree of cultivation of the
grassland on the rate of mycorrhizal development in the species Alopecurus
pratensis and Trisetum flavescens suggests that the degree of cultivation, and
mainly the amount of available food resources in the soil, influence the develop-
ment of the endophyte in the roots of the plant hosts.

INTRODUCTION

Studies by Gerdemann (1968) and Mosse (1973) confirmed the
generally accepted hypothesis of the importance and advantages of endo-
mycorrhizae to the host plant by modern methods. According to Harley
(1969), mycorrhizae influence considerably the uptake of phosphorus and
nitrogen by the plant, and play an important role in the natural recircula-
tion of phosphorus in grassland and forest ecosystems (Odum 1963). In
view of the fact that these problems have not received necessary attention,
they should be treated in more detail. In highly fertilized soils rich in read-
ily assimilable nuirient components the symbiotic relations between the
host plant and the fungus are as a rule non existent or of very low intensity.
The development of mycorrhizae is influenced by the physical and chemic-
al composition of the soil, the pH, the groundwater level and its changes,
the depth of the roots, humus content in the soil, soil temperature, ete,
Mejstiik 1972).
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Kletka and Vukolov (1937) were among the first to study the
ecology of endomycorrhizae in grass species. Many years later, the present
author (Mejstfik 1965, 1972) published several studies concerned with
these problems. However, endophylic mycorrhizae still require systematic
investigation. Mosse et al. (1973) indicated the perspective of utilization
of symbiotic fungal species suitable for formation of mycorrhizae, in order
to supply the plant with a sufficient amount of nutrients by natural routes
without having to increase the doses of fertilizers and disturb the natural
biological balance in the soil.

The intention of this study was to elucidate relationship between the
rate of development of endomycorrhizae on the one hand, and the degree
of cultivation of the grassland on the other hand. For this purpose, we
selected two grass species growing in differently treated localities — semi-
cultivated and cultivated meadows — i.e. Trisetum flavescens (L.) P. Beauv.
and Alopecurus pratensis L., in order to study the influence of the growth
conditions and the mode of cultivation on the morphology and density of
root hairs. I agree with Mosse (1973) in that a managed development
of mycorrhizae might result in a higher uptake of phosphorus from the soil,
its better utilization by the plant, and an increased participation of phos-
phorus in its natural circulation. If it were possible to increase naturally
the uptake of phosphorus by the plant by as little as 1% of the total con-
sumption of phosphate fertilizers, millions would be saved on a global scale.
This indicates clearly the necessity of studies on natural routes of recircu-
lation with the intention to control them to the advantage of a better
balance in artificial, man-made ecosystems.

METHODS

Growth conditions: Plant root samples were obtained from
meadows of the landscape complex "Broumovsko” in SE Bohemia in a
semiproductive agricultural area (Tables 1, 2; Fig. 1). The analyses were
performed by the Central Testing and Control Institute of Agriculture.

Exchangeable pH of the soil samples was measured. The degree of
cultivation was estimated from the doses of fertilizers applied (mode of
application, kind of fertilizer used), the number of harvests, the character
of other agrotechnical measures and the contemporary state of the cultures.
The permanent grassland was older than five years in all localities under
consideration. Vegetation characteristics of the individual grassland locali-
ties are shown in Table 3.

Mode of sampling and evaluation of mycorrhizae:
We selected four permanent meadows in which agrotechnical measures
applied for a number of years could be estimated. From a plot (4>4 m)
in each meadow, three soil monoliths (202030 cm) with a tuft of Tri-
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Table 1
Characteristics of the grassland
Locality h:ar?in- Viffiov Jetfichov | Benefov
ST (B) (©) (D)
(A)
Altitude 449 a70 440 490
Slape 3-5° 59 5@ 3°
Exposure SSE S5E w NwW
Soils clay loam | elay loam | loam clay | clay loam
Ground wa-
ter level (cm) 35 150 100 50
Degree of semiex- medium extensive | medium
cultivation tensive extensive extensive
Table 2
Chemical soil analyses
Martin- y .
: : Viziov Jetfichov | Benedov
Locality: 1 owics (B) © D)
(A)
pH/KCL 4.7 48 5.6 5.3
CaCO; (%) 0.0 0.0 0.0 0.0
Total K
mg/l kg soil 25.0 130.0 100.0 | 60.0
Total Mg '
mgfl kg soil 920 212.0 92.0 | 200.0
Total P |
mg/l kg soil 13.0 9.0 60 | 9.0
% of humus 3.98 6.19 344 5.45
Total N
mg/l kg soil 0.21 0.31 0.12 0.30
C:N 18,95 19.96 28.66 18.16
Broumav (410} 15°C 685mm
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Fig. 1. Climogram of the landscape complex "Broumovsko”
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Table 3
Phytosociological record from the localities Marunxovice, viznov, Jewricnov
and Benefov
Martin- : :
ksl e o ViZfiov Jetfichov Benefov
Analyzed area 300 mt 200 m* | 300 me 200 m?
Total plant cover 20 m? 16 m? 16 m# 20 m?
Mosses 95 % 85 % 85 % 95 %
Slope 0% 5% 2% 3%
Altitude 3-5° 52 4° 3
: 449 m 570 m 440 m 490 m
Achillea millefolium 5 3 4 4
Aegopodium podagraria 3 : F
Ajuga reptans i 1 2
Alchemilla monticola 4 . 4 .
Alchemilla sp. ’ . ¥ 5
Alopecurus pratensis [ 4 5 8
Angelica silvestris 3 4 2 i
Anthoxanthum odoratum 5 ] 3 5-6
Arrhenatherum elatius . . 2 .
Bellis perennis 2 2
Briza media 3 3 3 F
Campanula patula 3 2 2 i
Cardamine pratensis 2 1 3 3
Carex panicea . +
Carum carvi 1 . .
Centaurea jacea . 3 3
Centaurea phrygia 3 g i 4
Cerastium vulgare i . . 3
Cerastium vulgatum . 4 2 "
Chrysanthemum leucanthemum 2 4 4 2
Cynosurus cristatus > § 3 E:
Dactylis glomerata 5 3 4 3
Deschampsia caespitosa 4 . 3
Equisetum arvense 2 4 .
Festuca pratensis 4 . 3 P
Festuea rubra 3 4 b 6
Filipendula ulmaria i 4
Fragaria vesca . 2 .
Galium boreale . . 3
Galium mollugo 5 = 4
Galium verum & 2 ,
Geranium sylvaticum g > 4
Heracleum sphondylium 3 . 2 .
Holcus lanatus 3 : 3
Hypericum maculatum 3 G
Hypericum perforatum 8 3 1
Knautia arvensis z 1 .
Lathyrus pratensis . N . b
Leontodon hispidus 4 ] 4




Ecology of endomycorrhizae 183

Lolium perenne . . 1

Lotus corniculatus 3 4 2 2
Luzula campestris F 3

Luzula multiflora . 4 3 4
Lychnis flos-cuculi . 3 3
Lysimachia nummularia 3 : . "
Phleum pratense F . a 3
Pimpinella major F 4 4 3
Pimpinella saxifraga » ; 3

Plantago lanceolata . 3 3 3
Plantago major . 3 2 3
Plantago media ; 4 5 2
Poa pratensis . 4 4 G
Potentilla erecta 2

Primula elatior 3 F

Prunella vulgaris 4 . 3 2
Ranunculus acer 3 5 3 4
Ranunculus auricomus 2 4 .

Ranunculus repens 4 3 3

Rumex acetosa . : 3 2
Rumex acetosella i ” 2

Sanguisorba officinalis 7 3 4 (i
Suceisa pratensis 3 % i

Taraxacum officinale 4 2 4
Trifolium dubium 3 3

Trifolium pratense 4 4 4
Trifolium repens . . - 2
Trisetum flavescens . 7-8 7 6
Veronica chamaedrys 3 4 3

Vicia eraca . . 3 .

setum flavescens, and three monoliths with an Alopecurus pratensis sward
were dug up in the second half of September. The blocks were transported
to the laboratory and the roots washed in running water. From different
sites of the root system of each tuft we took 10 samples of fine roots.

Each sample weighed 5 g, the length of the cut roots was 1 cm. An
average sample weighing 5 g obtained from a complex of 40 samples.

The roots were fixed in 70% ethanol, pressed, stained with toluidine
blue (Lobanov 1960) and mounted in glycerine-gelatine, We evaluated
an average of 180-200 roots for each locality.

Mycorrhizal incidence was estimated by means of a semiquantitative
5-grade scale (Me jstfik 1965). A description is given of all characteristic
formations associated with the anatomy and morphology of mycorrhizae,
Observations were made on the relationship between the rate of develop-
ment of the mycorrhizae and the density of root hairs. The latter was
evaluated by means of a 5-grade, semiquantitative, scale: 0 denotes 0%
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of root surface covered with root hairs; 1 = 1-10% of root surface cover-
ed with root hairs; 2 = 11-30% of root surface covered with root hairs;
3 = 31-60% of root surface covered with root hairs; 4 = 61-100% of root
surface covered with root hairs.

RESULTS AND DISCUSSION

Grassland consists in the locality Martinkovice of medium cultivated
meadows; the groundwater level is relatively high (35 em). The soil lacks
a sufficient supply of the main nutrients, soil pH is relatively low (4.7).
Theoretically, these conditions should be optimal for a maximum develop-
ment of the vesicular-arbuscular type of mycorrhiza.

Trisetum flavescens: mycorrhizae were found on almost all roots col-
lected. The only type present was an endophytic mycorrhiza of the vesi-
cular-arbuscular type (Harley 1969). On the individual roots, the incid-
ence of mycorrhizae varied, the average was 1.8 (Fig. 2) in this locality.
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Fig. 2. Mycorrhizal incidence in Trisetum flavescens and Alopecurus pratensis in
localities cultivated to a different degree
A — Martinkovice, B — Vilnov, C — Jetiichov, D — Benesov

This rate of development indicates medium, but not maximum, values.
Mycorrhizal incidence increased in proportion to the decrease in the density
of root hairs (Fig. 3-4).

The formations observed on the roots of the host plants were typical
of the vesicular-arbuscular type of endophytic mycorrhiza. The parenchym-
al cells of the root cortex harboured thick, nonseptate or sparsely septate
hyphae with frequent swellings (Pl. LA). In addition we found thin,
straight, sparsely branched and poorly staining hyphae (Pl. 1.B). Hyphae
entered the root tissue through the cells of the epidermis, and occasionally
through the root hairs (Pl. I.C). Clustered and distintegrated hyphae, var-



(0001 %) () 9[21saA [BUILLI3) 3FA8] — Suaofaan) wniast ] — ¢ S(ooe ) (o Jmey jool e Bupeanauad seyd
-Ay — suagsaamf wnlasth — 2 (0007 %) S(E0 [Pwdyouaaed ul () seyddy aedas ‘paresuiyl — sisuagbad snanaad
01y — L0007 =) S [ewdlduated ur (0 adAy auglopuyg ayl Jo seydAy paem¥aIiy)] — Suadgaan]f wWnpasii] — ¥

1 =18[d



(DOET ) (&) S[[=0 [BwAYyD
~uaaed ul suonEBWAN] ayraaods — swuajvad swamdadoly — g (D001 x) (B JuEld 150y Ayl Ul UOHEWIO) aI[uojolad
ur aeyddy pajemyaryl — sisuaipad snandadojy — D H(OCET) S22 [rwilyouared ur (p) 2d£] Jualapnp Jo a191594A
— Suasaan]f wnisstdal — g (0001 =) (B) juauod Junuedd, qita apisaa pajemyaiyl — sisuapodd snenaadoly — v

1T Meldg



Ecology of endomycorrhizae 185

ious pelotons and tubular formations, vesicles and chlamydospores were
present in the cells of the root cortex. Digestion of the hyphae by the host
plant was also observed.

According to earlier results (Me jstiik 1971), the incidence of arbus-
cles oceurs during the period of flowering and maturing of the host plant.
Vesicles are always more numerous in the autumn months; this is associat-
ed with the efforts of the symbiotic fungus to survive unfavourable condi-
tions. Vesicles are oval and spherical in shape, terminal and intercalary,
and either communicate or not with the hyphae. Vesicles were found in
35% of the roots (Pl. 1.D).

Alopecurus pratensis: Hyphae of the symbiotic fungus were present
in 83% of roots. The average mycorrhizal incidence attained values of 1.18
indicating a poor development of mycorrhizae (Fig. 2). This value indicates
a statistically important difference in the significance level at p 0.05 in
contrast to the averages from the locality Jetfichov. The relationship of
mycorrhizal frequency and root hair density is illustrated in Fig. 3-4.

Martinkowice Vizrov

-

| BISEE|

3
H
.é:r
{W/munln
sl 70 | | W
 Tambs
2 /f ?

B 7By

0 1 2 3 4 g 1 2 3 4
frequency of root hoirs

D 3 1o § fine rools

% 5 to 10 fine roots

more then 10 fine rools

Fig. 3. Dependence of vesicular-arbuscular mycorrhizal intensity on the frequency
of root hairs in Alopecurus pratensis



186 V. Mejstfik

Martinkowice Viziow
4/ 7 ‘L
T =

’%// i
2 |'

- 7]

F 77,7/77,0

S0 '

-chf Tetrichdm

84 1

E A = SELT

t377 |

0 1 27 3§ 4
freguency of root hoirs

3m5n‘mmrs
smmﬁhemats

more than 10 fine roots

Fig. 4. Dependence of vesicular-arbuscular mycorrhizal intensity on the frequency
of root hairs in Trisetum flavescens

The anatomy and morphology of the vesicular-arbuscular type of endo-
phytic mycorrhiza did not differ considerably from that of T. flavescens.
Vesicles were found in 66% of roots; their type was not uniform: thinwall-
ed in 60% thickwalled, filled with a granular substance in 3% of roots,
thickwalled contrastingly coloured in 3% of roots (Pl ILB).

The meadows of the locality ViZiov were cultivated to a medium de-
gree, the level of groundwater occurred at a depth of 80-100 ecm. Nutrients
(except for phosphorus) indicated medium values. The anticipated poor
development of mycorrhizae was confirmed by soil analyses.

Trisetum flavescens: Mycorrhizae were absent in almost one third of
the roots examined; average frequency of mycorrhizae was low (0.7) sug-
gesting a very poor development of mycorrhizae (Fig. 2). Mycorrhizal
incidence increased in direct proportion to the decreasing density of root
hairs (Fig. 3). Hyphae from the surrounding soil entered the roots mainly
through the epidermis, by way of the root hairs on rare occasions only.
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Distinct appressorium like swellings were seen at the site of entrance of the
hyphae through the cellular membrane. Host cells contained disintegrated
hyphae, and hyphal digestion was observed. Hyphae did not enter the cells
of the endodermis. Tubular and saclike formations were found in 1.7%
of roots. Parenchymal cells of the root cortex harboured the two earlier
described types of hyphae. Swollen hyphae of Endogone type occurred
more frequently than straight thin ones. Sporelike formations and vesicles
were found mainly close to the endodermis.

Alopecurus pratensis: In comparison with T. flavescens, mycorrhizal in-
cidence was higher in A. pratensis. Roughly 80% of all roots were infected
with the fungus, average values of mycorrhizal incidence were 1.3 (Fig. 2).
This average showed statistically significant differences (significance level
p 0.05) from that of the plot at Jetfichov, but did not differ significantly
from exeperimental plots at Martinkovice and Bene§ov. Mycorrhizal inci-
dence increased in proportion to a decrease in the density of root hairs (Fig.
3). The mode of infection, the anatomy and morphology of the mycorrhizae
were similar to those described for the species T. flavescens. Tubular for-
mation on thin, straight, septate hyphae, and saclike formations without
communication with the mycelium occurred on 17% of roots. Vesicles were
present on 8% of roots. Thickwalled, contrastingly coloured spores occurred
on 7% of roots, thickwalled spores folled with a granular substance on 5%
of roots (Pl. ILA). Hyphae of Endogone type were more frequent in the
root tissue than straight, nonseptate hyphae.

The meadows of the locality Jetfichov were badly managed, irregulary
harvested and not fertilized. The level of groundwater was 80 em. Nutritive
resources in the soil were poor, the soil acidic, pH 5.8. Hyphae were found
in all root samples with a considerable variation in their incidence.

Trisetum flavescens: Average mycorrhizal incidence attained values of
2.0 (Fig. 2), indicating a medium to high degree of mycorrhizal develop-
ment. Hyphae from the surrounding soil entered the parenchymal cells
mainly through cells of the epidermis, with only an occasional entrance
through the root hairs. The accepted fact that mycorrhizal incidence de-
pends on the density of root hairs could not be confirmed in this case
(Fig. 3). An occasional arbuscle was present, Vesicles of spherical and ellip-
tic shape, terminal and intercalary vesicles occurred with considerable
frequency in 27% of root samples (Pl ILB). They were present mainly in
cells situated close to the endodermis. The dominant hyphal type was that
of Endogone, the incidence of straight, thin, hyphae was sparse.

Alopecurus pratensis: All roots were infected with the fungus, the aver-
age incidence of mycorrhizae attained values of 1.88 (Fig. 2). This average
was statistically significantly different (p 0.05) from the values assessed
in the remaining localities. Mycorrhizal incidence increased in proportion
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to the decrease in root hair density (Fig. 3). The anatomical structure and
the morphology of the mycorrhizae were essentially similar to those de-
scribed for the species T. flavescens. The shape of the vesicles varied in
the roots. The presence of vesicles was confirmed in 32% of roots. Note-
worthy was the solitary incidence of hyphae of Endogone type; the domi-
nant type was straight, thinwalled hyphae.

The meadows of the locality BeneSov were cultivated to a medium
degree. The soil was acidic (pH 5.3), the amount of nutrients moderate, the
level of gr_‘uundWaler at a depth of roughly 60 cm; 80% of the roots were
infected with the symbiotic fungus.

Trisetum flavescens: Average mycorrhizal incidence 1.2 (Fig. 2) sug-
gested that the development of mycorrhizae was poorrer. A dependence
of mycorrhizal incidence on root hair density could not be confirmed (Fig.
3). Hyphae entered the roots of the symbiont mainly through the cells of
the epidermis, rarely through the root hairs. Thin, straight, septate hyphae
prevailed the incidence of hyphae of the Endogone type was rare. Tubular
and saclike formations were present in 10% of roots, arbuscles were absent,
vesicles oceurred in 3.3% of roots, spores in 6.6% of roots,

Alopecurus pratensis: Hyphae occurred in almost all root samples, but
mycorrhizal incidence showed considerable variation. The average mycor-
rhizal incidence with a value of 1.0 (Fig. 2) and a level of significance
p 0.05 was statistically very different from the values assessed for the
localities Vizriov and Jetfichov. Hyphae of the Endogone type dominated
in the parenchymal cells of the root cortex; thinwalled, straight hyphae
were scarce. Tubular and saclike formations were present in 7% of the
roots, vesicles in 15%, thinwalled spores in 10% of the roots.

General characteristics of the endophyte in both species of host plants:
thinwalled, straight, loosely septate hyphae and thin hyphae with poor
staining properties measuring 0.9-4.5 ym (2.0 um in diameter); thickwall-
ed, nonseptate, irregularly swollen hyphae (Endogone tvpe) with relatively
good staining properties; branching hyphae forming cluster and pelotons
inside the cell (Pl. II.C) and appressoria during penetration of the cell
membrane. Size of hyphae 2.0-5.4 um (3.8 um in diam.). Hyphal size 2.0 to
5.4 pm (3.8 um in diam.), Vesicles spherical and oval, terminal and inter-
calary, thickness of membrane 1 um, size of vesicles 15.8%57.0-6,3X29.9
um (31.5X18.2 ym in diam.). Arbuscles infrequent; they form typical tree-
like branched formations inside the cell of the plant host. Host cells contain
several types of spores (Pl. I1.D).

The common belief that the degree of mycorrhizal incidence depends
on the density of root hairs, could not be confirmed unanimously in our
experiments as evidenced by Figs, 3, 4. For the species Alopecurus praten-
sis, an indirect dependence of these factors has been found in the localities
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Jetfichov and ViZnov; for Trisetum flavescens, this was not observed in
any of the localities under consideration.

The degree of mycorrhizal incidence was influenced by the mode of
cultivation and by the agrotechnical measures applied (Fig. 2). The rate
of infection was, evidently, not influenced by the pH of the soil ranging
from 4.7-5.6.

Mycorrhizal development in both Alopecurus pratensis and Trisetum
flavescens was highest in the locality Jetfichov, with warst soil cultivation
and lowest amount of availablé nutrients in the soil. Poor mycorrhizal de-
velopment in both species occurred in the localities BeneSov and Viziov,
in which the meadows had received moderate care: phosphorus and nitro-
gen contents were relatively high, magnesium contents and the amount of
humus in the soil extremely high. A higher degree of mycorrhizal develop-
ment than that anticipated on the basis of considerably high contents of
phosporus and nitrogen in the soil was recorded in both species from the
locality Martinkovice,

SUMMARY

Our study on the dependence of the mode and degree of cultivation of
the grassland on the rate of mycorrhizal development in the species Alope-
curus pratensis and Trisetum flavescens suggests that the degree of cultiv-
ation, and mainly the amount of available food resources in the soil in-
fluence the development of the endophyte in the roots of the plant hosts.
Mycorrhizal development was restricted in more intensively cultivated
soils fertilized with high doses of nitrogen and phosphorus. The endophytic
mycorrhiza present in both species was of the vesicular-arbuscular type
showing vesicle- and arbuscle formation typical of this type. The roots
harboured two types of hyphae: those of the Endogone type, and thin,
straight, septate hyphae.

We have been unable to obtain unequivocal evidence of the accepted
fact that the degree of mycorrhizal development depends on the density
of the root hairs.

Our results indicate that increased attention should be given to the
problem of increased phosphorus uptake by plants infected with mycor-
rhizae as compared with those not infected with fungi in view of the fact
that this natural, biological increase in phosphorus uptake might help to
reduce doses of artificial fertilizers and thus help to improve the energetic
balance in biocoenoses managed by man.

My thanks are due to Professor E. Hadaé¢, Corresponding Member of the Cze-
choslovak Academy of Sciences, for his valuable advice and criticism of my paper.
The assistance of P. Cudlin, prom. biol. and I. Parolkovd, prom, biol. is great-
fully acknowledged.
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Ekologia mikoryzy wewngtrznej u Trisetum flavescens i Alopecurus
pratensis a intensywnos¢ uprawy gleby

Streszczenie

Badania nad zaleznoécin rodzaju i stanu uprawy gleby oraz stopnia rozwoju mi-
koryzy u Alopecurus pratensis i Trisetum flavescens wskazujy, Ze stan uprawy,
a szczegOlnie ilodé przyswajalnych skladnikéw pokarmowych w glebie wplywa na
rozwdj endofitu w korzeniach roflin. Rozwdj mikoryzy byl ograniczony w glebach
intensywniej nawoZzonych wysokimi dawkami azotu i fosforu, Mikoryza wewnetrzna
u obu gatunkdéw nalezala do typu pecherzykowato-drzewkowatego. W korzeniach
stwierdzono dwa rodzaje strzepek: typowe dla Endogone oraz cienkie, proste, septo-
wane.

Nie otrzymano jednoznacznego potwierdzenia przyjetej opinii, Ze stopien rozwoju
mikoryzy zalezy od gestodci chwyinikéw. Wyniki badan wskazujg na Koniecznosé
zwricenia uwagi na problem wzrostu pobierania fosforu przez rosliny wspolzyjace
z grzybami w poréwnaniu z roslinami nie wchodzgcymi w zwigzki mikoryzowe. Ten
naturalny, bilogiczny wzrost pobierania fosforu moze pozwoli¢ na zmniejszenie dawek
nawozu sztucznego i w ten sposoéb poprawié bilans energetyczny w biocenozach kiero-
wanych przez czlowieka.
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