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ROOT PRODUCTION AND BIOMASS 
OF ARRHENATHERETALIA MEADOWS OF DIFFERENT AGE 

ABSTRACT: Root biomass and produc­
tion in meadows of varying successional sta­
ges was analysed. The net production of root 
decreased along the successional age of the 
meadows. In two years old meadow the root 
biomass equalled that of the pennanent one. 
Along the age gradient a decreasing share of 
live roots and a accumulation of dead root 

matter were observed. A new ley was charac­
terized by the most intensive turnover of root 
biomass. Jn the sequence of meadows from 
youngest to permanent one the decomposition 
of root mass slowed down. 

KEY WORDS: meadows biomass, pro­
duction, roots, succession. 

1. INTRODUCTION 

The simplification of plant communi­
ties covers continually enlarging areas of 
grasslands. In temperate zone examples of 
such areas where this process occurs are 
fens, meadows, steppes and prairies (K a -
j a k 1985, R y c h no v s k a 1985, Ti -
t l i an ova et al. 1990). 

The diversity of vegetation in the 
habitats investigated in the present study 
is closely connected with the secondary 
succession and increases with the number 
of years since the meadow was estab-
1 ished. In the majority of papers dealing 
with primary production of grasslands the 
assessment of the belowground parts is 
missing due to methodical difficulties, al-

though these parts constitute 50-803/o of 
the total plant biomass and during spring 
and late autumn they exceed even 903/o 
(R y c h no v s k a 1985). The below­

ground production is therefore the main 
source of soil organic matter (PI e w -
c z y n s k a - Kur as 1974, Ti I i an -
ova 1977, T it I i an ova et al 1990). 

The present investgations aimed at 
evaluation the poorly known problem of 
the root production of meadows of differ­
ent successional age. The attempt was also 

made at estimating the relationships be­
tween the root production and their 
biomass. 

[633] 
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2. STUDY AREA 

The analyses were carried out in the 
south-western part of the Suwalki Land­
scape Park (north-western Poland) on an 
outwash plain (K a j a k 1997) Three 
moist meadows of the order Ar­
rhenatheretal ia, belonging to different 
stages of secondary succession were cho­
sen. They represented: one year old 
meadow (new ley) (LA) sown in the pre­
ceeding autumn with Dactylis glomerata 
L., eight-year-old meadow (LC) and a 
permanent meadow (P) comprising the 
association Anthylli Trifolietum montani. 

The examined meadows were situ­
ated on a typical brown soil (Kus in -
s k a, L a k o m i e c 1997). 

Table 1. 

One-year-old meadow 
LA 

Taxonomy of meadow 

Dactylis glomerata 

Herbage biomass 
2(g dry wt m - ) 

320 

Litter thickness 
(cm) 

l 

Mean litter biomass 
2(g dry wt m- ) 

60 

Number of plant 
• • species 1n association 

4 

Number of dominant 
species of the 2 
highest persistence 

The number of plant species and lit­
ter mass increased with the meadow age 
(Table 1). The increase of soil organic 
matter content and of the exchange ca­
pacity. were also found. The nitrate-N 
content was the highest on meadow LC 
and the lowest on meadow LA (Table 2). 

The study sites were mown once or 
twice a year and pastured. The investiga­
tions were conducted in years 1988-
1989, except the meadow P, which was 
examined only in 1989. Samples were 
taken from ungrazed parts of the mead­
ows. 

The summer of 1989 was dryer than 
the preceeding one (Fig. 1 ). 

Eight-year-old meadow Permanent meadow 
LC P 

Anthylli-trifolietum 
A rrhenatheri on • 

mo111a,i1 

344 390 

2.5 2 

197 233 

31 35 

18 24 

Table 2. Soil characteristic of examined nlCadows (for layer O - 15 a1,) (after Jankowski 1997a, 
and unpubl. ). Meadow designation as in Table 1 

p Soil characteristic LA LC 

Organic matter content (%) 1. 11 1.44 1.54 

Soil sorption capacity 16.8 13.15 14.6 
(meq 100 g- 1 dry wt of soil) 

Content of N-NO3 0.3 0.04 0.9 
(mg 100 g- 1 dry wt of soil) 
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Fig. 1. Course of precipitations (mm per month) on the examined area in 1988 and 1989 

3. METHODS. 

The root production was established 
experimentally by measuring the weight 

of roots ingrowing to sandy substrate in 
mesocosms of experimental design pre­

sented in Kaj ak (1997). The sand on all 
examined meadows was of the same 

source. On each site 90 pits (in the form 
of a cylinder) of 200 cm3 area and 30 cm 

deep, were dug. The pits were ranged in 3 

rows, 30 in each row, with the distance of 

1 m between rows and 0.5 m between 

pits. The bags were made of steelon net 
of 0.28 mm mesh. 

In the first experimental year ( 1 7 
May 1988 - 10 February 1989) the root 

growth was analysed at the end of the ex­
periment. The samples taken as whole 

sa11d bags were divided into two depth 
profiles: 0- 10 cm and 10-20 cm. In the 

next experimental year ( 10 May 1989-11 
October 1989) samples were taken from 

the depth 0-10 cm by soil coreer ( 10 

cm2
) every second month from pits. 

Method of destructive sampling was ap­

plied. Soil samples to determine root 

biomass were also taken in the vicinity of 
the pits, using the same sampler. 

The roots were washed on sieves of 1 
and 0.25 mm mesh sizes. 

In samples both from sand and from 
soil three fractions of root biomass were 
distinguished: large (bR), medium (mR) 
and small (sR) roots. Among large parts 
the fraction fo1·111ing an integral part of 
the plant was reckoned, which comprised 
live as we 11 as dead roots in various 
phases of dying off and the dead ones. 
Medium and small fraction consisted of 
the dead material freely distributed in the 
substratum and held up on sieves of dif­
ferent mesh size. The applied partitioning 
of belowground plant biomass was used 
for the evaluation of the intensity of root 
dying off and of their separation from 
plants. Besides, the proportion of live 
roots (lR) was estimated in sand and soil 
samples. Live material was distinguished 
according to PI e w c zy n s k a-Kur as 
(1974) and Fi a I a (1987a), who indicate 
that young live beloground plant compo­
nents were white, yellow with visible epi-
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dermis, and brown older ones with suber­
ized epider111is. Dead fractions were black 
and without epider111is. 

The share of live roots in sand and 
soil was measured by estimating the sur­
face area covered with the fraction of live 
(IR) and dead (dR) roots in the fraction of 
large roots (bR). Subsamples of an area 
of several cm2 were analysed. 

The total root mass was estimated 
gravimetrically after drying them at 
I os0c to constant weight ( 4-8 h). The 
mass was converted into carbon units, as-

suming the 45o/o of carbon content in dry 

plant material (U I eh 1 ova 1985). 
The number and ways of analyses 

were variable depending on the site, sea­

son and year of investigation (Table 3). 
The significance of differences be-

tween particular meadows was estimated 

by the Student t test. The coefficient of 

variability V = six x 100 (s - standard de­

viation, x - mean) was used to estimate 

the variability of the root growth rate. 

Table 3. Characteristic of samples and analytical procedure ( + evaluation made, - evaluation 
not made) 

Number of samples per 
Date of sample Sampling meadow S u b stratum . 

co 11 ect1on method ----------
LA * Le* p* 

Sand 10. Febr. 1989 from bags 20 9 

7 Jul. 1989 from pits 20 19 20 

9. Aug. 1989 from pits 13 17 20 

11. Oct. 1989 from pits 20 20 19 

Soil 

9. Aug. 1989 from pits 19 16 17 

11. Oct. 1989 from pits 19 19 19 

* Type of meadow as in Table I. 

4. RESULTS 

4.1. ROOT PRODUCTION 

Layer 
Root Share of 

analysed 
fractions live roots 

(cm) 

0-10, 
10- 20 

0-10 + 

0-10 + + 

0-10 + + 

0-10 + + 

0-10 + + 

The meadows under study differed in 

root growth rate (production) (Table 4). 

In the first year of experiment ( 1988/89) 
the daily root growth on the one year old 

meadow (LA) was significantly lower as 

compared to that of eight year old 
meadow (LC). This regularity occured in 

both sand layers, the upper (0-10 cm) and 

the lower one ( 10-20 cm). In the next 

year the mean growth rate of roots was 

similar in all study sites. The differences 

were not significant. However significant 

differences between meadows occured in 

particular periods. In the youngest 
meadow (LA) during the spring and 

autumn the root growth rate was higher 
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Table 4. Root production (mean + sx in g chy wt m-2 day- 1) in sand mesocosms 
(layers 0-10 cm (a) and 10-20 cm (b)) 

1988/89 1989 

Average 
from bagsb from pitsb Sitesa production rate 

17. May 10. May 7. Jun. 9. Aug. 10. May 
- 10. Fehr. - 7 Jun. - 9. Aug. - 11. Oct. - 11 . Oct 

LA a) 0.54 ( +0.04) 0.89 (+o.43) 0.38 (+o.09) 0.48 ( +o.11) 0.49 ( +o.05) 

b) 0.21 (+0.03) 

LC a) 0.77 (+0.12) 0.13 ( +o.02) 1.02 (+o.12) 0.22 ( +o.09) 0.46 ( +o.05) 

b) 0.57 (+0.13) 

p 0.10 (+o.02) 0.61 ( +0.09) 0.43 ( +0.09) 0.43 ( +0.05) 

Significance of differences between sites 

a) p < 0.05, p < 0.05, p < 0.001, p < 0.001, 
LA vs. LC n.s. 

n = 25 n = 30 n = 30 n = 40, 

b) p < 0.01, 
n = 24 

p < 0.05, p < 0.05, 
LA vs. P n.s. n.s. 

n = 40 n = 39 

p < 0.001, p < 0.001, 
LC vs. P n.s. n.s. 

n = 37 n = 39 

a Type of meadow as in Table l ; 
b Bags and pits filed with sand, inserted into soil surface ( 15 cm depth). 

than on meadows LC and P, while in 
summer it was lower than on older mead­
ows (Table 4). 

The lowest seasonal variation of root 
growth was observed on the youngest site 
(LA) (38%) and the highest one on 
meadow LC (87%), whereas the site P 
exJ1ibited a medium variation (56%). 

The comparison of all the meadows 
in vegetative season indicated that the co­
efficient of variation dependent on 
meadow age decreased during a season, 
from 98% in spring, 40% in summer to 
30o/o in autumn. 

The highest differences between 
meadows in root production, occured in 
spring. During the first month the root 
production expressed as biomass incre­
ment per day, was over 7 times higher on 

the new ley (LA) than on remaining 
meadows (Table 4). During the summer 
and autumn, the differences between 
meadows were not so important. In sum­
mer the root growth rate on older mead­
ows (LC, P) exceeded that on the new ley 
(LA), however in autumn the most inten­
sive growth was observed again on the 
latter (LA). 

On comparison of the meadows as to 
the accumulated amount of carbon 
brought in with roots to the sand, the 
highest value of accumulation in autumn 
occured on young meadow (LA) and the 
lowest in the per111anent meadow (P) 
(Fig. 2). 

On the new ley (LA) the root pro­
duction was not only higher but also 
more regular, than on older meadows 
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Fig. 2. Root production rate in sand as accumulated carbon (in 1989) 
LA - new ley, LC - eight years old Icy, P - pennanent meadow 

(LC, P). The several year old meadow the per111anent one (P) exhibited the slow­
(LC) was characterized by the most vari­ est root growth as compared to younger 
able pattern of root production, whereas meadows (LA, LC). 

4.2. ROOT BIOMASS 

The examined meadows differed 
with respect to root biomass (Fig. 3). In 
summer the meadow LC showed a sig­
nificantly lower belowground biomass 
( 1150 g dry wt m-2) than meadow LA 
(1555 g dry wt m-2) and P (1550 g dry wt 
m-2). In autumn, in comparison with sum­
mer, there was a decrease of below­
ground root biomass in all meadows, and 
the biomass was similar in all the sites 
(Fig. 3). 

The root biomass in two year old 

meadow (LA) in 1989 was similar as in 

the permanent meadow, due to higher 

root growth rate in this meadow in some 

periods of this year (Fig. 2). 

It should be emphasized as well that 

the root production in sand during the ex­

periment was a very low fraction of the 

total root biomass in soil (5- 7%) (Figs 3 

and 4). 

4.3. ROOT FRACTIONS IN SAND AND SOIL 

In the root production in sand the 

fraction of large roots (bR) comprising a 

part of the plant was distinguished. This 

fraction included live, dying off and dead 

roots. On the other hand the dead root 

matter distributed seperately in sand con­

sisted of the fraction of the finest roots 

(sR) (Fig. 4). 

The lowest amount of large root frac­

tion was found in meadow P in summer 
and in autumn as well (Fig. 4). Significant 

differences were found only between 

meadows LC and P in summer (n = 37, 

p < 0.02). The amount of fine roots was 

lower in the young meadow (LA) than in 

pennanent (P) one. In contrast the amount 
of large roots was higher in new ley (LA). 
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Root fractions in production in sandy substrate 
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Fig. 5. Share of live roots (lR) in the fraction of large roots (bR) in the root ingrowth in sand 
on differently aged meadows. 

Denotations of sites as in Fig. 2. 

But all these differences were not signifi­
cant (Fig. 4). In all the meadows the 
amount of large roots increased in autumn 
in relation to summer. However the fine 
roots showed an increase in autumn only 
on meadow LA and P (Fig. 4). 

The share of live roots in sand dimin­
ished with aging of meadows and this was 
observed particularly in autumn (Fig. 5). 

These data indicate that on the exam­
ined meadows there was a reduction of the 
share of live roots in total root production 
along the age gradient. 

The root fractions found in sand 
showed tendencies analogical to those in 
the root biomass in the soil. In both sam­
pling seasons a higher amount of large 
roots (being the part of the plant) on 
meadow LA than on remaining ones, was 
observed in soil samples (Fig. 3). This 
was particularly well visible in the case 
of meadows LA and LC in autumn (n = 
38, p < 0 .02). The fraction of dead roots 
(fine and medium ones) increased with 
meadow age. In autumn the site LA ex-

hibited a lower biomass of medium roots 
(243 g dry wt m-2) than sites LC (3 77 g 
dry wt m-2) with n = 36, p < 0.01 and P 
(335 g dry wt m-2) with n = 33 and p < 

0. 1 . The site P was characterized by the 
tendency of maintaining a higher amount 
of medium root fraction than the remain­
ing sites, what is well marked in summer 
(Fig. 3). The fine fractions of the dead 
roots grew significantly with meadow age 
in autumn, from 62 g dry wt m-2 on 
meadow LA, 83 and 116 g dry wt m- 2 on 
LC and P respectively with significance 
levels LA < P n = 34, p < 0.001 and 
LC < P, n = 38, p < 0.02 (Fig. 3). 

The analysis of the proportion of I ive 
roots (IR) in the mass of the large root (IR) 
fraction in autumn corroborates this obser­
vation. This value decreased with meadow 
age from 533/o (± 4.23) on meadow LA, 
through 49% ( + 3 .14) for LC down to 3 7% 
(± 2.4) for meadow P. On the permanent 
meadow P the percentage of live roots is 
significantly lower than on meadow LA, 
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with n == 33 and p < 0.01 and on LC, with 
n == 3 9 and p < 0. 0 1 . 

These data allow to conclude that ir­
respective of the method used in fractina­
tion the roots, the highest share of live 

roots was observed on the youngest site 
(LA). Along the age gradient the share of 
dead roots increased in both, the medium 
and fine fractions. 

4.4. ROOT MASS TURNOVER 

The exchange rate of root mass on 
the meadows under investigation changed 
with their age. This parameter was exam­
ined by analysing: 

1. ratio of large root biomass in soil, 
i.e. of the fraction containing live roots, 
to total belowground plant mass (bR/R). 

2. ratio of surface occupied by live 
roots to total surface occupied by large 
roots (lR/bR). Basing upon the results of 
F i a I a ( 1990) these above parameters 
were taken as the measure of root turn­
over. 

3. ratio of the total carbon contrib­

uted by root production in sand to total 

carbon cotent in sand at the end of the ex­

periment (Cr/Cs)-
In all cases the values of analysed ra­

tios decreased within the sequence of 

meadows from LA to P (Table 5.). It may 

be concluded that with meadow aging the 

proportion of dying off roots and reten­

tion of root derived carbon in the sand in­

creased. 

Table 5. Indices of root turnover on meadows under study (bR - large roots, lR - live roots, 
R - total root biomass, Cr - cumulative root increment as carbon, Cs - total carbon content in 

sand at the end of the experiment) (after Kusinska 1997) 

Indices of turnover 
rate LA * 

bR/tR 0.56 

IR/bR 0.53 

C/Cs 8.64 

• Denotations as in Table I. 

Type of meadow 

Le* p * 

0.48 0.46 

0.48 0.37 

5.12 4.22 

5. DISCUSSION 

This paper presents a comparison be­
tween meadows differing as to the time 
since establishment. It was important to 
answer how much time would require the 
root biomass of a young meadow to attain 
the level of a pet 1nanent one. 

It was found that already the meadow 
of the age of two years (LA) showed a 
belowground biomass resembling that of 

the per111anent meadow (P). Other 
authors, dealing with this problem in rela­
tion to various grassy communities 
proved that the belowground plant 
biomass exhibits a growth during 2-4 
years since the meadow establishment 
(K a c p e r s k a - P a l a c z , P i e t r u c h 
1970, Janus 1976, Rutkowska et. al. 
1980). 
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The biomass ratio between below­
ground parts (R) to aboveground ones (G) 
was considered, basing on data from this 
paper and tl1ose of J a n k o w s k i 
( 1997b ). This parameter depends on plant 
species, development phase, conditions of 
the habitat, way of exploitation as well as 
clearly on fertilization (Janus 1976). It 
was then important to verify how R/G 
would change with the age of examined 
meadows. Th is problem re1nains poorly 
known. The value RIG was the highest on 
young meadow LA amounting to 3.8. On 
the remaining meadows these values were 
lower, that is 2.9 for the meadow LC and 
3 .2 for meadow P. 

This differentiation was even more 
pronounced when only large roots (bR) 
were taken into account, that is the frac­
tion where live roots are included .. The 
values bR/G in the sequence of increasing 
meadow age were 2.1, 1.4, and 1.5 respec­
tively. These data are situated within the 
RIG limits quoted by Fial a (1990) for 
various grassy communities. According to 
this author the analysis of the mass ratio of 
live roots to aboveground parts of plants 
affords a clearer picture of the relationship 
between both components of plant 
biomass than considering the total root 
mass comprising an important fraction of 
dead roots. 

The present results indicate that on 
the new ley (LA) the root production pre­
vailed over the aboveground production 
and along with meadow aging these pa­
rameters may attain an equillibrium. This 
interesting problem calls for futher inves­
tigations to confir111 the above relation­
ships. 

The present results regarding the root 
biomass approximate those of Ko -
ta 11 s k a ( 1970) and Plew c z y 11 s k a -
Kuras (1976) obtained for meadow 
associations of the order Arrhenathere­
tal ia. On the other l1and Pilar s k a et al. 

(1981) found a much higher value of root 
mass in polluted area as compared with 
meadows discussed in present paper, of 
the same order Arrhenatheretalia. The 
probable reason of this fact might be the 
industrial pollution of the environment 
and consequently the accumulation of the 
dead root mass. 

The data from Lithuania (L a p i n -
s k e n e 1986) regarding the grassy com­
munities both exploited and natural, 
situated on slopes, also approximate the 
present results. To sum up, the present 
data concerning the root standing crop and 
biomass growth are generally similar to 
those found in the 1 iterature, concerning 
this geographic region. 

The values of root production ob­
served in the present investigations were 
very low in comparison to root biomass, 
presumably however the applied method 
might have influenced the results. Namely 
the production was estimated basing upon 
the weight of roots ingrowing to the bags 
or into the pits filled with sand during a 
definite time. Fial a ( 1986, 1987a) used 
a similar method, but the containers were 
filled with sieved soil changed monthly, 
and found a root production of 34% in re­
lation to biomass. The data of the above 
quoted author may be high in relation to 
the reality due to to the application of ex­
change of containers with the substratum 
which provided constantly a new space for 
ingrowing roots and additional supply of 
mineral compounds. The application of a 
poor substratum such as sand in the ex­
periment on meadows in present paper 
may have hindered to some extent the root 
growth. It had however the advantage of 
uniformity of the substratum on all experi­
mental localities facilitating the estima­
tion of the potential tendency of root 
growth. 

According to An d r z e j e w s k a 
( 1991) who used an analogical method as 
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in the present paper, the root production 
on two and three years old meadows 
newly founded on drained fens neared that 
on leys in present investigations. However 
the ratio of root production (P) to their 
biomass (R), which on peat meadows 
amounted to 0.3 (soil layer 0-15 cm) and 
in present paper to 0.08, may indicate a 
different rate of root turnover on both 
meadow types. 

All quoted authors observed a lower 
production of roots than their biomass. 
The present results as well those obtained 
by F i a I a ( 1986, 1987b ), B a z i -
levich and Shatohina (1976) and 
Andrzejewska (1991) indicate, that 
the mentioned method of estimation the 
root production may be useful in compar­
ing different habitats. 

The data concerning root turnover are 
of particular interest. After S p e i de l 
(1976) as much as 54% of roots lived 
shorter than one month on a meadow 
dominated by grass Trisetum jlavescens 
and only 10-15% survived over 4 months. 
The ratio of long lived roots to short living 
ones was 1 :4, the first root type appearing 
only during the second half of the year. 
Thus the root ingrowth in sand sampled in 
the autumn might be composed of long 
I ived roots. 

The root turnover may presumably 
vary according to the stage of succession 
of the meadows. The present data suggest 
that the turnover was the slowest on new 
ley (LA), the share of live root mass being 
there the highest. The f or111ation of new 
biomass predominated over depositing 
dead mass, only fine fraction of dead roots 
(sR) was found. The level of dead root 
(mR + sR) matter in soil and of the share 
of dead roots (sR) in root ingrowth in sand 
increased with the age of meadows under 
study, while the root production showed 
decrease. It may suggest that the roots dy­
ing off progressed with the meadow age. 

Thus the root decomposition might be 
slower in meadows older than new ley 
(LA). 

A slower root decomposition on older 
meadows may be connected with the kind 
of roots and with their spatial distribution. 
Titlianova ( 1977) reports a decomposition 
in one year experiment, where the single 
species root decay proceeded faster than 
of three plant species mixed together. 
These plants were Poa angustifolia (loss 
of 48% ), Calamagrostis epigeios (loss of 
51 o/o) and Ga/ate/la bijlora (loss of 58%). 
When the species were mixed together the 
loss was only 41 % of the root mass. 

This observation suggest that if com­
plexity of plant community becomes 
greater then root decomposition may be 
slowing down. Thus the suggestion about 
lower root turnover on permanent 
meadow (P) than 8 year old meadow LC is 
confir111ed. If could be assumed that in 
new ley (LA) root biomass is mineralized 
at the higher rate, than in older meadows, 
it may be the reason, that the proportion of 
dead roots is lower there than in other 
sites. This is con fir 111ed by the microbio­
logical analysis of sand used in the experi­
ment which showed greater number of 
bacteria and dehydrogenase activity on 
meadow LA than on older ones (St e -
fan i a k et al 1997). Also the lowering ra­
tio of root carbon to carbon in sand along 
the age gradient of meadows was ob­
served. On the meadow LA decomposi­
tion of the litter placed on surface of the 
sand also went faster than on older sites 
(8 o g d a n o w i c z, S z a n s e r 1997). 
These observations clearly show a picture 
that in sand on meadow LA mineralization 
processes went much faster than on older 
sites, with possibly quick dissappearance 
of dead roots and deposited carbon. Futher 
Te s a r o v a' s ( 1990) observation that 
root decomposition was faster on new 
than on pet 111anent meadow confir111s that 
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suggestion. Data presented in present pa­
per agree with F i a 1 a' s ( 1986) sugges­
tion that younger meadows are 
characterised by a higher root production 
and turnover rate, than older grasslands. 

Results obtained suggest that for ob­
taining more precise view into root dy­
namics, several carefully chosen methods 
must be applied together in such investi­
gations. 

6. CONCLUSIONS 

1. The root production in sand de­
creased along the succession gradient i.e. 
from the youngest meadow with the most 
simple floristic composition, to a per111a­
nent one with the highest degree of plant 
species richness. 

2. The young ley showed a stable root 
production during the vegetation season. 
The most variable belowground produc­
tion was found in several years old 
meadow. 

3. In the second year after estab­
lishment the root biomass on the new ley 
equalled the biomass in the per111anent 
meadow. Along the meadow aging the 

proportion of live roots decreased and that 
of dead roots increased. 

4. Within the group of young roots 
that grew for several months, the propor­
tion of dead fraction rose with the 
meadow age. 

5. Accumulation of dead root mass 
with the meadow age resulted probably 
from the prevalence of root withering over 
their decomposition. Parallelly to meadow 
aging there occured an increasing reten­
tion of carbon, brought into the sand with 
roots. It is suggested that root turnover 
was the slowest on per111anent meadow 
than on new ley. 

7. SUMMARY 

The investigations were carried out in the 
years 1988-1989 on Arrhenatheretalia meadows 
of different age situated in the Suwalki Land­
scape Park (N-E Poland) (Table 1 and 2). They 
aimed at estimating the root production and its 
relationship with total root biomass. The sites 
under study were one year old ley (LA) eight­
-year-old ley (LC) and pennanent meadow (P). 
The production was evaluated experimentally, 
the root ingrowing to steelon bags or into pits, 
in both cases filled with sand. Bags filled with 
sand or sand samples from pits were analysed. 
The root biomass was estimated in soil samples 
(Table 3.). The samples were taken from two 
depths, 0-10 cm and 10-20 cm. The substratum 
was washed under running water on a set of 
sieves of 1.0 and 0.25 c111 mesh size. 

It was found that the root production in 
sand decreased according to the succession on 
meadows, that is from the youngest meadow 
with the simplest floristic composition, to the 

pennanent one with the highest degree of plant 
species diversity (Table 4, Fig. 2). The meadow 
LC exhibited the most variable root mass pro­
duction. The root production made only 5 .1-
7 .2% of the root mass in soil (Fig. 3, 4 ). In the 
second year of cultivation the root biomass in 
the new ley equalled that in the pennanent 
meadow (Fig. 3). Along with meadow aging the 
share of live roots decreased ( from 53 % on the 
new ley, through 48% on older meadow, down 
to 37°/o on the pennanent one) and that of dead 
roots rose in both, the root production in sand 
(Fig. 5) and in their biomass in soil. 

It has been suggested that with the 
meadow aging increase of dead root mass re­
sulted from the prevalence of root withering 
over root decomposition. The latter process also 
seems to be slower in per111anent meadow than 
in younger ones. Along with meadow aging the 
growing accumulation of carbon, brought into 
the sand with roots was observed (Table 5). 
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8. POLISH SUMMARY 

Badania przeprowadz.ono w latach 198&-
1989 na r6inowiekowych zespolach laj( Arrhe­
natheretalia na terenie Suwalskiego Parku 
Krajobrazowego (pn-wsch. Polska). Celem ba­
dan byla ocena produkcji korzeni oraz relacji 
miydzy tym parametrem a calkowitt biomas£l 
korzeni na laj(ach r6:lni£l.CY eh siy czasem trwania 
(laj(a nowa LA, laj(a osmioletnia LC oraz l<tka 
trwala P). Produkcjy oceniono w eksperymencie 
gdzie korzenie wrastaly do work6w z siatki sty­
lonowej lub dolk6w w obu przypadkach wypel­
nionych piaskiem. Do analiz pobierano odpo­
wiednio worki wypelnione piaskiem lub pr6bki 
piasku pobieralnikiem. Biomas~ korzeni ocenia­
no w pr6bach glebowych pozyskanych pobieral­
nikiem. Proby o gl~bokosci 0-10 i 10-20 Clll 

oczyszczano z podloza pod bien\:C£\. wod£l na ze­
stawie sit o srednicy oczek 1.0 i 0.25 cm. 

Stwierdzono, ze produkcja korzeni w pia­
sku malala w ci~u sukcesyjnym laj< tzn. od laj<l 
najmlodszej o najprostszym skladzie florystycz-

nym do laj(i trwalej o najwyzszym stopniu zr6z­
nicowania gatunkowego (tab. 4 i rys. 2). L<tka 
wieloletnia odznaczala si~ najbardziej 2111ienn£l 
produkcj£l masy korzeniowej. Produkcja korzeni 
stanowila ty lko 5 .1- 7 .2% biomasy korzeni w 
glebie (rys. 3 i 4). Biomasa korzeni juz w drugim 
roku uprawy na mlodej l£lce dor6wnywala wiel­
kosci£l. biomasie podziemnej na l£lce trwalej (rys. 
3). Wraz re starzeniem si~ laj( zmniejszal si~ 
udzial zywych korzeni (od 53% na l£lce nowej 
poprzez 48°/o na lctee wieloletniej do 37.0/o na l£\,­
ce trwalej), a powi~kszal si~ martwych zar6wno 
w przyrostach w piasku (rys. 5) jak i w bioma­
sie. Wyci~i~to wniosek, re wzrastaj£lca wraz z 
wiekiem laj< masa martwych korzeni byla wyni­
kiem przewagi procesu obumierania korzeni nad 
ich rozkladem. Procesy rozldadu wydaj£l si~ za­
chodzic wolniej na trwalej l£lce anizeli na mlod­
szych stanowiskach. Wraz re starz.eniem si~ laj( 
stwierdzono zwi~ksrenie si~ retencji wniesionego 
przez korzenie wwa (tab. 5). 
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